
PLATE I. 

Bog at Everett Lake in Geauga County showing the absence oC aquatic plants- a feature peculiar to northern bogs-and the 
abrupt transition from the swamp loose-strife border (Decodon verticillatus association) through a narrow belt of cranberry-sphag-
num meadow and scattered bog heaths to tamarack. The outer margin of the bog has maple, ash, elm and others. 

(Plwtograph by L. King.) 
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GOVERNOR JUDSON HARMON: 

Dear Sir:-1 transmit herewith Bulletin 16 of the Geological Survey, 
entitled "Peat Deposits of Ohio," by Dr. Alfred Dachnowski. The 
disappearance of our forests and the predicted early depletion of our 
coal supply naturally causes grave concern for the future. What our 

~ fuel will be no one can state, but peat is now used on a large scale in 
various parts of Europe and it will doubtless have its day in the United 
States. The use of this material, however, is not restricted to fuel 
and it has seemed wise, therefore, to take an inventory of these de-
posits in Ohio and the results are recorded in this bulletin. Dr. Dach-

~ nowski has pursued the investigation with notable energy and enthusi-
.., asm and his results will doubtless be welcomed by our citizens as well 
; as by geologists and botanists. 

V> Respectfully submitted, 

-" v April 1, 1912. 
'f? --~ 
~ 

J. A. BowNoCKER, 

State Geologist. 
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THE SURVEY IN ITS RELATIONS TO THE PUBLIC. 

The usefulness of the Survey is not limited to the preparation of 
formal reports on important topics. There is a constant and insistent 
desire on the part of the people to use it as a technical bureau for free 
advice in all matters affecting the geology or mineral industries of the 
State. A very considerable correspondence comes in, increasing rather 
than decreasing in amount, asking specific and particular questions 
on points on local geology. 

The volume of this correspondence has made it nece<s:try to adopt a 
uniform method of dealing with these requests. Not all of them can be 
granted, but some can and should be answered. There is a certain ele-
ment of justice in the people demanding such information, ·from the 
fact that the geological reports issued in former years were not so dis-
tributed as to make them accessible to the average man or community 
today. The cases commonly covered by correspondence may be classi-
fied as follows: 

1st. Requests for information covered by previous publications.-
This is furnished where the time required for copying the answer is not 
too large. Where the portion desired cannot be copied, the enquirer is 
told in what volume and page it occurs and advised how to proceed to 
get access to a copy of the report. 

2nd. Requests for identification of minerals and fossils.-This is 
done, where possible. · As a rule, the minerals and fossils are simple 
and familiar forms, which can be identified at once. In occasional 
cases, a critical knowledge is required and time for investigation is 
necessary. Each assistant is expected to cooperate with the State 
Geologist in answering inquiries concerning his field. 

3rd. Requests from private individuals for analyses of minerals and 
ores, and tests to establish their commercial value.-Such requests are 
frequent. They cannot be granted, however, except in rare instances. 
Such work should be sent to a commercial chemical laboratory. The 
position has been taken that the Geological Survey is in no sense a chem-
ical laboratory and testing station, to which the people may turn for 
free analytical work. Whatever work of this sort is done, is done on 
the initiative of the Survey and not at the solicitation of an interested 
party. 

The greatest misapprehension in the public mind regarding the Sur-
vey is on this point. Requests for State aid in determining the value of 
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private mineral resources, ranging from an assay worth a dollar, up to 
drilling a test well costing several thousand dollars, which represent 
extreme cases, are received. At present there is no warrant for the 
Survey making private tests, even where the applicant is entirely will-
ing to pay for the service. In many cases individuals would prefer the 
report of a State chemist or State geologist to that of any private expert, 
at equal cost, because of the prestige which such a report would carry. 
But it is a matter of doubt whether it will ever be the function of the 
Survey to enter into commercial work of this character; it certainly will 
not be unle8s explicit legal provisions for it are made. 

4th. Requests from a number of person.~ representing a diversity of 
interests, who jointly ask the Survey to examine into and publicly report 
upon some matter of local public concern. -Such cases are not common. It 
is not always easy to determine whether such propositions are real:y 
actuated by public interest or not. Each case must be judged on its 
merit8. The Survey will often be prevented from taking up such in-
vestigations by the lack of available funds, while otherwise the work 
would be attempted. 

The reputed discovery of gold is one of the most prolific sources of 
such calls for State examination. It usually seems wise and proper to 
spend a small sum in preventing an unfounded rumor from gaining ac-
ceptance in the public mind, before it leads to large losses, and un-
necessary excitement. The duty of dispelling illusions of this sort cannot 
be considered an agreeable part of the work of the Survey, but it is 
nevertheless of very direct benefit to the people of the State. 
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PUBLICATIONS OF FOURTH ORGANIZATION, 
GEOLOGICAL SURVEY OF OHIO. 

Under the law, copies of these Bulletins can be bought at the office 
of the State Geologist at the cost of publication. Postal orders, money 
orders, checks, drafts or currency must accompany orders. STAMPS 
WJLf, NOT BE ACCEPTEll. 

Bultetin t. Oil and Gas. (325 pages; 1903.) By J. A. Bownocker. 
The Oil and Gas Producing Rocks of Ohio. The Trenton Limestone 

as a Source of Oil and Gas. The Clinton Formation as a Source of Oil 
and Gas. The Carboniferous Rocks as a Source of Oil and Gas. The 
Origin of Oil and Gas and the Conditions under which they are found. 

Contains nine lithograph maps showing oil and gas fields. 
Price______ _ __________________ • ___ . _____ • __ 65 cents. 

Bulletin 2. Uses of Hydraulic Cement. (260pages; Hl04.) By Frank 
H.Eno. 
A Brief History of Cement. The Use of Cement in Mortars. The 

Uses of Cement in Concrete. The Uses of Cement in Reinforced Con-
crete. Specifications for Concrete Materials. Machinery and Tools. 

With 157 illustrations. 
Price _____ _ __ _ ____ 30 cents. 

Bultetin 3. Manufacture of Hydraulic Cement. (391 pages; 1904.) 
By A. V. Bleininger. 
General Considerations on the Hydraulic Cements. Raw Mate-

rials of the Cement Industry. Analysis and Testing of the Raw Mate-
rials .. Manufacture of Pozzuolani and Natural Cements. On the 
Nature of Portland Cement. The Compounding of Portland Cement 
Mixtures. Mining and Preparation of the Raw Materials. The Burning 
of Portland Cement. The Grinding of the Clinker and General Ar-
rangements of Plants. The Properties of Portland Cement and the 
Testing of Cement. 

With 81 illustrations. 
Price -----------------------·-- __________ 75 cents. 

Bulletin 4. 1 The Limestone Resources and the Lime Industry in Ohio. 
(361 pages; 1906.) By Edward Orton, Jr., and Samuel V. Peppel. 
The Occurrence, Extent and Economic Classification of the Lime-

stones of Ohio. Methods Employed in Sampling and Testing Lime-
stones. The Composition of the Limestones of Ohio, with E'pecial Hef-
erence to their Fitness for Portland Cement Manufacture, Considered by 
Counties. The Composition, Physical Character, and Uses of the Lime-
stones of Ohio, Considered by Geological Formations. The Uses of 
Limestones of Ohio. Technology of the Lime Industry. 

With 53 illustrations. 
Price.--------------------------------------------------45 cents. 

•Bulletins 4 and 5 are bound together. 
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Price. ___________ _ 6 cents. 
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INTRODUCTION 

Among the fundamental problems in Geology is that which relates 
to the origin as well as to the nature of soils. But the origin of soils, 
though a geological question, can often be approached only by the 
methods which the botanist employs, while the consideration of its 
nature, its productivity, and rational treatment, problems which touch 
the very foundation of a state's prosperity, are very largely within the 
domain of botany and that of its more practical aspect, agriculture. 
Thus we see that certain phases of geological inquiry have as definite 
and vital a concern for the commercial and agricultural interests as 
other lines of geological investigation have for the limestone and coal 
and iron industries of the State. 

It is a matter of common knowledge that the whole progress of the 
human race has been due to the discovery of means of conserving and 
concentrating energy, and of transforming one form into another with 
as little expenditure as possible. There is only a limited supply 
of stored-up energy in this world which may readily be trans£ ormed 
into various other available forms, and the consumption of such avail-
able supplies is proceeding at a rapid and ever accelerated rate. The 
time will soon arrive when the several sources of energy and their eco-
nomic employment will have to be considered with greater thoughtful-
ness. With the exception of the energy obtainable from water power, 
forests, and our great carbon deposits in the form of coal and peat, 
none of the other sources, such as wind, solar heat and tides, can as yet 
be considered seriously as possible supplies for energy. Attention must, 
therefore, be paid chiefly to our forest policy and to the utilization of 
our peat deposits. 

In 1909 the writer was directed to obtain for the Geological Stirvey 
of Ohio an estimate of the extent and value of the peat-bog and marsh-
land in Ohio, to determine the depth of these deposits, their general 
physical and chemical characters and in particular to study them with 
a view to their fuel, commercial and agricultural utilization. 

There has recently been shown a renewed interest in the problems 
of peat utilization. In Europe this question is receiving the most careful 
and exhaustive study by trained specialists. Reports from that country 
indicate the success of various new processes such as Ekenberg's for 
briquetting peat, the Ziegler method for the production of coke, the 
process of Caro, Frank and others for the distillation of peat, permitting 

(13) 
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the recovery of valuable byMproducts, alcohol, and gas; the Waltereck 
patent and that of Muntz and Girard converting peat nitrogen into 
ammonia and nitrates; Nelson's process for making paper. It is, ther~ 
fore, a matter of the greatest importance to determine the extent of 
our own peat resources, the conservation of which should be second 
to none of the other economic sources of wealth. The uses of peat are 
many. It can be employed as packing material, bedding, absorbent, 
fertilizer filler, as insulating .. material, for paper pulp and cardboard, in 
woven fabrics, artificial wood, paving and building blocks and for ma~ 
tresses. The chemical by-products derived from the distillation of 
peat, such as alcohol, ammonium sulphate, nitrates, and various dyes, 
have a demand which is steadily increasing. There is an interesting 
chapter on peat utilization as fuel, power or producer gas, and coke. 
Many of our peat lands make our most productive agricultural soils 
when properly reclaimed. 

Very interesting studies are connected with the agricultural possi-
bilities of peat soils: the physiological value of organic compounds in 
peat to cereals and legumes; the character and variety of crops and garM 
den plants which may be profitably cultivated on peat land; the sterility 
and the diseases of some of these soils; the nature of functional and 
structural responses in plants to such soils, and many other problems. 
This is a period of "intensive" agriculture, of investigation and dis-
covery, and attention must sooner or later be turned towards our imM 
mense peat deposits. 

The plants concerned in the formation and development of bogs 
and marsh lands bear a relation of the utmost importance to the purity, 
character, and 'thermal and physiological value of peat soils. The 
bearing of a floristic study upon the distribution of bog and marsh 
plants is also of considerable ecological and agricultural interest. The 
aim has been, therefore, not only to present a list of the plants found 
m the various areas visited, but to show also the natural association of 
the plants into societies, the order in which development and suc-
cession of plants in bogs proceeds, and the value which the natural 
vegetation has as an index of the probable agricultural possibilities 
of peat soils. Moreover, the present bog and marsh plant societies 
are being destroyed so rapidly that some historical record is indeed of 
primary importance. In almost all places the work of man has inaugu-
rated conditions by cutting, clearing, burning, ditching, pasturing, 
and cultivating, which have destroyed much of the original flora of 
Ohio; and hence in many places a mixture of arborescent plants, bog 
relicts, weeds, and invading plants has established itself. But even 
under such conditions an order of invasion and succession is to a certain 
extent characteristic in the movement of plants, and depends largely 
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upon the extent to which the plants are enabled to cope functionally 
and structurally with the changing conditions and hold their ground. 

The following bulletin on the peat deposits of Ohio has been pre-
pared by the Geological Survey of Ohio in co-operation with the United 
States Bureau of Mines. The bulletin contains the proximate analyses of 
peat samples and their fuel value. With but one exception all of these 
analyses have been made in the fuel testing laboratory of the United 
States Bureau of Mines at Pittsburgh, under the direction of Mr. A. C. 
Fieldner. 

The writer is under special obligations to Dr. J. A. Bownocker, 
State Geologist, for the opportunity to investigate this most interest-
ing problem of economic and historical geology, for much valuable 
aid and for his contribution on the soils and the topography of the 
State (pp. 199-203). Dr. Charles A. Davis, in charge of the peat in-
vestigations of the United States Bureau of Mines has been particularly 
helpful in furthering the cooperative work of the peat investigation. 
Chapter Von the utilization of peat has been contributed by Dr. Charles 
A. Davis. Prof. J. H. Schaffner and Dr. F. Detmers have unsparingly 
aided in the identification of plants. In consideration of recent differ-
ences in nomenclatorial practice synonyms have been inserted freely, 
to show the equivalence of different names which occur in Gray's Manual 
and that of Britton. To avoid repetition the botanical names have not 
been inserted in all cases with the common names. These names are 
indicated in the Index. The maps showing peat deposits and several 
figures in the text are due to the skill of Mr. W. D. Turnbull. Most 
of the photographs have been prepared by Mr. Lionel King and Mr. 
F. Brown. Much cooperation has been received in the bacteriological 
examinations from Prof. C. B. Morrey, and in the chemical analyses 
from the late Professor N. W. Lord, Professors W. E. Henderson, C. W. 
Foulk of the Ohio State University, and J. W. Ames of the Ohio Agri-
cultural Experiment Station. It is a great pleasure to express the ap-
preciation which the writer feels for this cooperation. It is a distinct 
advantage to use the exact information which by the courtesy of col-
leagues and specialists is given in this contribution. 

A number of gentlemen, owners of the peat deposits, county officials 
and citizens of the respective counties visited, have given most valuable 
information and generous personal assistance at such times as it has 
been the writer's privilege to consult them. It is a pleasure to acknowl-
ledge indebtedness to them all. 

Much information has been obtained also from a large number of 
publications, especially the many earlier histories of the respective 
counties and townships of the State. In the preparation of this bulletin 
the writer has used freely the experimental laboratory work and the 
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special ecological investigations carried on by himself and students 
for the past eight years. Several of the later papers have been pub-
lished by permission of the State Geologist. Much of the earlier subject-
matter has been published at one time or another in the Botanical 
Gazette and special acknowledgment is due, therefore, to Professor 
Coulter of the University of Chicago for permission to use the illustra-
tions and the various publications which appeared in that periodical. 
To make the various lines of investigation more easily accessible, the ma· 
terial has been recast in its present form. 



• 
PART l 

Peat, Its Distribution and Uses 

CHAPTER I 

GENERAL DISCUSSION 

Interest in peat as fuel, as soil and as partially carbonized vegeta-
tion dates back to early history. Scarcely less ancient are the attempts 
to use it for domestic and other purposes in those regions where peat 
and marsh land have been the only natural resources over wide areas. 

Exact and systematic study of peat began in Europe in 1750 when 
various scientific societies offered prizes for memoirs on the origin, for-
mation and nature of peat. Then as today some persons held that 
peat bogs were useless obstacles to commerce and agriculture; were 
places of malarious fevers and the causes of spring frosts; while others 
advanced the idea that peat, if once dug out, would grow again spon-
taneously. Since 1829 and especially beginning with 1844, the peat 
problem has been studied carefully and persistently. To Leo Lesquereux, 
a Swiss botanist with enthusiastic devotion to natural history studies, 
who died in Columbus, October 20, 1899, belongs the honor of having 
been the pioneer in the application of scientific methods. By means 
of quantitative measurements he attempted to discover and to correlate 
the fundamental facts of this great problem. The most comprehensive 
modern monograph is undoubtedly the volume of Fruh and Schroter, 
issued by the Swiss Geological Commission in 1904. Numerous other 
publications and various periodicals are exclusively devoted to peat 
and its uses; they are issued in almost every European country and in 
the United States and Canada. But the number of unquestioned facts 
and experiments is still scanty, and further work will be necessary to 
set clear and answer the many complicated questions. 

DeHnition.-To give an explanation of the word "peat" would 
lead one far into the science of language. It is of Celtic or Welsh origin 
and probably has been modified by mediaeval Latin. A definition 
of the thing itself will naturally differ according to the point of view. 
With reference to its economic importance peat is a fuel and is usually 
regarded as an initial stage in the formation of coal; as a portion of the 
earth's surface upon which plants grow, peat is a soil; with reference 
to its constitution, appearance and relation to other objects that serve 
to distinguish it from other things, peat is partly decomposed plant 
tissue. 

T., is difficult to draw sharp lines of distinction if a classification of 
the different types of peat is attempted. Based upon purely physical 

3-G. B. 16. 
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• 
characters three varieties may be pointed out. But disintegrating 
vegetable matter is exceedingly variable even in the same bog. The 
variability is unimportant for fuel purposes; for certain other uses, 
however, as in the industries and in agriculture much depends upon the 
physical condition of the peat. Texture, structure, composition, water-
holding capacity and such differences as may be indicated by weight, 
density and specific gravity often bear an important relation to the 
chosen field of exploitation. 

Varieties of Peat.-In any undrained or partly drained water 
basin of Ohio where peat is accumulating, two varieties of the material 
may be readily distinguished. One is coarsely fibrous and matted, 
containing the roots, rhizomes and aerial parts of plants from which the 
organic matter is derived. It has a light brown color, definite physical 
and chemical properties and often lies as a floating mat near open water 
on account of its low specific gravity. The outer covering of the plant 
material is more or less strongly cuticularized, disintegrates very slowly 
and hence is still in the early stages of partial decay. The other variety 
is a dark brown, almost black, well decomposed, compact peat which 
is usually found near the outer margin of the deposit and above the 
ground-water level. The fibrous structure is less apparent for it has 
disappeared through decay, and the larger part of the annual peat in-
crement is made up of leaves and disintegrating woody parts of trees 
and shrubs. Between these two varieties peat samples collected from 
a horizontal or vertical cross section are found in various intermediate 
stages of disintegration. This is indicated in most_ deposits by a pro-
gressive change in color from light to darker shades and in texture from 
coarse, loose and matted to fine, plastic and often more liquid peat 
which results largely by the gradual falling of material from the under 
side of the floating and strongly matted variety. The chemical compo-
sition, the biological soil processes, and the physiological properties of 
the different varieties and types of peat also vary, as will be shown 
in the following chapters. 

In shallow basins and upon flat areas a third but, in Ohio, a less 
common variety of peat is formed. Grasses and sedges chiefly build 
up the deposit from the bottom of the depression with the successive 
elevation of the water level. Peat of this type is felt-like and firm in 
appearance; but the fibers are short and the material is easily torn 
apart. 

Quality.-The quality of peat depends upon a number of condi-
tions. The more important of these are (1) the amount of impurities, 
(2) the nature of the vegetation from which the peat originated and · 
(3) the degree of disintegration. 

1. The mineral matter represents largely the sediment carried 
into the peat deposits by streams or the dust brought to it during dry 
and windy periods (pp. 377-3801. The quantity of mineral salts accumu-
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lated during the life processes of plants is very small, rarely 2 per cent 
of their dry weight. In the limestone region of Ohio a large per cent. 
of peat ash consists of calcium salts which have been secreted from the 
ground water principally by algae. Upon their death the material 
precipitates in the form of marl. Small animals such as crustaceans 
and bivalves contribute shells, and a number of organisms concentrate 
by the same process salts of silica, magnesium and other minerals. 
The per cent. of impurities usually diminishes as the thickness of the 
peat bed increases. Peat which contains over 25 per cent. of ash is 
considered worthless for fuel purposes. Where the proportion is still 
larger the term muck is applied. If the surface layer of a peat deposit 
is above the ground-water table and exposed to weathering and to soil 
organisms living in the air, it disintegrates more readily and changes to 
a darker color; it is then called humus. No sharp lines of distinction 
can be drawn between peat and humus. 

2. Peat is accumulated through the successive generations of 
plants and the replacement of one type of bog vegetation by another 
(Fig. 13). The rate of growth and accumulation is variable but very slow. 
The majority of the Ohio deposits are in the Wisconsin drift, and hence 
the filling has been going on since the retreat of the last ice sheet (Chap-
ter V, p. 217). The average rate of accumulation is assumed to be 
approximately one foot in about two hundred years. As aggradation 
proceeds the lower portions are compressed to about one-fourth of their 
former thickness. 

The plants from which peat is derived are commonly associated 
in more or less definite groups. Each possesses definite growth-form, 
structures, and mode of functioning, which are in close relation to the 
conditions of the environment. These characteristics of the plants are 
in part congenital, and in part a product of the specific nature of the 
habitat. Various factors enter into the correlation (p. 307), but the 
relation between the sanitary conditions of the soil and the available 
water content to the respective quantity of water required by the plants, 
is the chief limiting factor. These plants alone are successful, and en-
abled to survive the critical features of the environment through ad-
vantageous reactions. Plant associations covering peat deposits have 
been variously classified, but usually into unrelated groups. The basis 
of a genetic classification is migration and replacement occurring at 
the same time with changes in the soil processes. For example, a 
marsh, the vegetation of which is principally grass-like (reed grasses, 
cattails, etc.), is an obvious and rapid stage in succession between the 
aquatic associations of ponds and lakes and the bog, forest or swamp. 
The last named, as here understood, has trees and shrubby plants as 
the more important part of the vegetation, upon an undrained soil sub-
ject to flooding. These types all intergrade more or less, and often 
exist in the same basin. In another chapter will be presented some of 
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the striking features and relationships of the more important plant 
associations. 

Both texture and quality of peat naturally depend upon the kinds 
of plants growing in the basin. Water plants form a structureless soft 
material. Sedges and grasses furnish the fibrous turf which is generally 
poorly decomposed, except when it accumulates above the water level. 
Trees and shrubs give rise to woody peat. Frequent changes in the con-
ditions of growth or attendant upon the disintegration of the material 
likewise result in differences of composition and texture. 

The surface vegetation does not necessarily indicate the plants 
from which the peat was formed, but the native flora is nearly always 
of a character indicating the quality of the peat, and the capability of 
the soil for general farming. The choice of crops should, however, be 
determined by considerations of the plants fitted for such soils. A 
knowledge of the plant and an understanding of the various properties 
of soils of an organic nature are of the greatest importance for success. 
Peat soils are very different from mineral soils. The chapters on the 
physiological, chemical and biological properties of peat consider these 
points more fully. 

3. The degree of disintegration is indicated in general by the 
shade of color, water-holding capacity, density and weight of a given 
volume of peat. Under natural conditions and when freshly removed 
from the bog, peat contains usually a large amount of water, ranging 
from seventy to ninety-five per cent. When air-dried, peat contains 
from 5 to 20 per cent. of water. The quantity varies partly with the 
physical character of the peat, and partly with the climate and· the 
season in which it is allowed to air-dry. In general, the more fibrous 
the peat the h;gher its physical water content, but its water-holding 
power is proportionately less (Table 33). Well decayed and dark 
brown peat retains a large amount of water. Fibrous and light colored 
peat is light in weight when compared with the darker, more disintegrat-
ed material. The dry weight per cubic foot of the former variety ranges, 
according to German authorities, between 7 and 16 pounds; that of 
the latter is from 40 to 60 pounds. The weight will be greater if the 
ash content is higher than 15 per cent. There is, on the whole, a close 
relationship between the progressive changes in color, texture, water-
holding capacity and specific gravity of the different types of peat as 
the bed is cut through vertically or horizontally. The chemical com-
position and the several properties vary similarly, as might be expected. 

Peat, when macerated and compressed, undergoes physical and 
chemical changes; it becomes firm and hard, and no longer absorbs 
water with readiness. Numerous tests, corroborated by various writers, 
show, (1) that peat from bog mosses has a higher fuel value than the 
grass and sedge variety and (2)that compared with the more compact and 
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disintegrated material and the peat substratum occupied by bog shrubs 
and forests, it contains less carbon, more oxygen and hydrogen, and 
has a lower specific gravity and fuel value. 

Primary Conditions.-The primary conditions for the origin, 
formation and distribution of peat deposits will be pointed out with 
greater detail in succeeding chapters. Here it is sufficient to indicate 
that peat is the accumulation of plant debris in a relatively permanent 
body of water, or in moist shallow places; in the latter case the deposit 
is built upward from the bottom of the depression. In both places the 
partial disintegration of plant tissue is brought about partly by weather-
ing processes and partly by bacteria and fungi. The various products 
of the decay-producing organisms accumulate in the substratum, and 
the restricted access of air further checks a complete disintegration of 
the debris. It is thus evident that the distribution of peat deposits 
in Ohio is chiefly confined to regions in which a combination of topo-
graphic factors and soil processes is operative. 

The principal topographic conditions favoring the formation of peat 
are found in regions where processes of stream erosion and of sedimen-
tation are slight or have been at work a comparatively short time; where 
the topography abounds in depressions, flat divides, sheltered bays, la-
goons, bayous, oxbow basins, in depressions between sand dunes and in 
plains from which the water is but slowly drained; where lakes and ponds 
are not too deep or too much agitated by waves and sediments and are not 
drained by the deepening of channels near the heads of rivers and their 
tributaries. The geographical distribution of peat deposits shows 
that regions of immature topography, that is, glaciated areas and tracts 
along the coastal plain of both the northern and southern hemisphere, 
are particularly favorable to the accumulation of this material. 

The role which microorganisms and fungi play in the changes 
taking place during the transformation of plant tissue into peat, has 
been ignored or doubted by most workers, while others regard the 
bacterial influences as very small.• In almost no cases were studies 
carried on to obtain more specific information. It is only very recently 
that bacteriological investigations have been made to show the im-
portance _of biological processes over weathering influences, to indicate 
the reaction of bacterial by-products upon higher plants, and to de-
termine their possible relation in the displacement of one bog association 
by another in the same peat deposit.' The decay of vegetable matter 
is a complicated series of changes and must be ascribed partly to the 
action of air, moisture and temperature, but largely, however, to the 

'Friih, J. und Schriiter, C., Die Moore der Schweiz. Bern, 1904. 
2Dachnowski, A., Physiologically arid habitats and drought resistance in plants. 

Botanical Gazette, vol. XLIX, 1910, pp. 330-335. 
------, The vegetation of Cranberry Island (Ohio), and its rela-

tion to the substratum, temperature and evaporation. Botanical Gazette, Vol. 
LII, 1911, pp. 15-21. 
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growth and development of low soil organisms (Chapter X). The 
organisms which aid in the decay are mainly bacteria and fungi; they are 
relatively simple in structure, mostly of microscopic size, and they 
lack the green color. The largest forms may reach a diameter of 
0.000352 inc'1 (0.008 mm.), and the majority are not more than 0.000197 
inch (0.005 mm.) in diameter. Some bacteria are too small to be seen 
even with the most powerful microscope. Bacteria are concerned with 
almost every important phase of soil in relation to life.' They are 
most numerous near the surface and decrease more or less rapidly in 
numbers downward. The majority of them thrive even when air is 
excluded. Many types of animals, very low in the scale of organization, 
aid in bringing about decomposition. 

The functions and value of peat bacteria are variable. When the 
conditions of air, temperature, moisture and character of food supply 
are favorable, decay-organisms may bring about a rapid and complete 
disintegration of plant tissues into simple gaseous compounds such as 
carbon dioxide and water, from which green plal}ts build up the world's 
supply of organic matter. Under favorable conditions the conversion 
of plant tissue into peat and humus may be accompanied by fungoid 
and bacterial growth which affects an increase in the nitrogen content 
of the debris, possibly by the property of utilizing atmospheric nitrogen 
and transforming it into the organic state. Some of the organisms live 
in symbiotic association with plants other than the legumes (Alnus), 
and may be a factor in determining the natural succession of bog vegeta-
tion not explained by any change of climate or physical soil conditions. 

The process of decay goes on very slowly and is then less complete 
if the conditions' are unfavorable, that is, if the character of ,the organisms 
and the nature of the organic compounds produced result in the accumu-
lation of an excess of their own by-products, and the organic matter 
is not suitable for other forms or suitable only for bacteria, fungi, and 
protozoa producing harmful products. During the slow and partial 
decomposition the softer plant tissues are more easily broken down into 
simpler compounds. They disappear as carbon dioxide and marsh 
gas, or accumulate as "humus acid" (p. 386), and as complex organic 
"reducing" compounds soluble in water-none of which can be said to be 
chemically well known. Some of the organic compounds are transition 
products and injurious to higher plants (Figs. 16-21), while others have 
a nutritive value (Table 22). The secondary products are very numerous, 
and are readily affected by the temperature in the soil and the amount 
of air and water which it contains. They are of widely varying com-
position, structure, physical and chemical properties, and very different 
under different conditions. The resistant woody plant tissues remain 
more or less unchanged, but later, as they become buried under suc-

1Kellerman, K. F., The functions and value of soil bacteria, Yearbook, U. S. 
Dept. Agri., 1909, pp. 219-226. 



GEOLOGICAL SURVEY OF OHIO. 23 

cessive layers and protected from atmospheric oxidation, they are at 
the same time subjected to fermentation, to a reduction process, and to a 
gradually increasing pressure. By a series of changes which are plainly 
traceable though not fully understood, the plant tissues thus become 
carbonized to peat, lignite and coal. 

Secondary Conditions.-In this connection the geographical 
distribution of peat deposits is of interest. There are a number of lo-
calities where climatic conditions are the princip~l factor favoring the 
formation of this material. Even when the topography is not favorable 
and lakes or ponds do not exist, an abundant rainfall or heavy ·fogs 
during the warmer months make the formation of peat possible (p. 285). 
Again, there are extensive areas within regions of the most favorable 
topography, where the climate is too dry and the depressions, though 
filled with water part of the time, either dry up at some season of the 
year, fluctuate in level too greatly, or contain too much sediment or 
mineral salts. In such depressions the vegetable matter which may 
grow and accumulate during the wet season, oxidizes when dry; it loses 
its. gaseous constituents and becomes structureless, darkening in color 
as the weathering process acts upon it. With continued free access 
of air the accumulation of vegetation soon undergoes complete dis-
integration and finally disappears. Some of the western states are 
examples of unfavorable climatic conditions. 

It goes without saying that the formation of peat is favored in 
areas where the temperature during the growing season is sufficiently 
mild to permit plants to thrive in abundance (Chapter VIII). The 
formation of peat in regions as far south as Florida,1 in Brazil• and 
even about the equator• is indicative that high temperature does not 
prevent the formation of peat, nor does it promote in a marked degree 
decomposition of the material unless the humidity of the air or the 
topography is unfavorable to the growth of green plants, fungi and 
bacteria, and to the consequent accumulation of injurious decomposition 
products. Nor does a low soil or air temperature, if within the limits 
of organic functioning and growth, tend in any way to increase or to 
hinder the process of peat formation or the preservation of the debris (pp. 
292-306). It should not be inferred, however, that such temperatures 
are ineffective. The efficiency of low temperature and especially of 
smaller differences in range is one of interrelations, as is the case of most 
environmental factors. 

1Harper, M. R., A Preliminary Report on the Florida Peat Deposits, Florida 
Geologicdl Survey, 1910, p. 197. 

2Usteri, A., Flora der Umgebung der Stadt Sao Paulo in Brasilien, Jena, 1911. 
3Potonie, II., Die Entstehung der Steinkohle, 1910, p. 152. 



CHAPTER II 

OCCURRENCE AND GENERAL DISTRIBUTION 
OF PEAT 

General Distribution.-Peat occurs· in many localities in wide-
spread and extensive deposits. It is found in great abundance in 
Europe and Asia, in the southern part of Africa, in the United States 
and Canada, in South America,' in Brazil,' in Terra del Fuego, the 
Falkland Islands,• and even along the equator.' 

Europe is said to contain 212,700 square miles of bog, Canada 
30,000,000 acres, and the United States 20,000,000 acres. Peat bogs 
are common in Norway, Sweden and Ireland, on the North German 
plain and in large parts of Scotland and Holland. There are extensive 
deposits, about 70,000 square miles, in European and in Asiatic Russia. 
In northern Europe alone it is estimated that approximately 10,000,000 
tons of peat are prepared and consumed annually as fuel, stable litter, 
for san\tary purposes, and in various trades and arts. Russia produces 
4,000,000 tons annually, Germany 2,000,000, Holland and Sweden each 
1,000,000. A marked development in the utilization of peat for the 
manufacture of fuel, illuminating and producer gas, for the production 
of ammonium salts and other by-products, has recently taken place in 
Sweden, Germany, Russia and in other countries of Europe, and has 
aroused new interest in the possibility of the full latent value of peat 
deposits as public resources. 

Distribution in the United States.-The area of the peat de-
posits in the United States and the quantity workable are almost un-
known, but the glaciated areas constitute the greater bulk of 
the deposits. The southern boundary is very nearly marked by the 
line of the terminal moraine. Along and beyond the southern border 
the peat deposits are scattered and make but a small fraction of the 
total land surface. Northward as the tundra region is reached,• the 
proportion of peat deposits relative to the total land surface increases, 
and the accumulation of peat is almost continuous over wide areas 
and in situations other than those containing water. The partially 
decomposed vegetation becomes solidly frozen and increases from year 
to year by additions to its surface during the few but long summer 
days. 

1Darwin, Charles, Naturalist's Voyage Around the World, 1868, pp. 287-288. 
2Usteri, A., Flora der Umgebung der Stadt Sao Paulo in Brasilien, Jena, 1911. 
3Jour. Geology, Vol. 16, 1908, p. 585. 
"Potonie, H., Die Entstehung der Steinkohle, 1910, p. 157. 
'Russell, I. C., Glaciers of North America, 1901, p. 129. 

(24) 
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In the mountains of eastern and western United States, Harsh-
berger1 reports bog meadows and marshes in association with mountain 
lakes as well as in situations irrespective of the nature of the depression. 
The conditions are quite similar to those of northern latitudes. 

The peat deposits of the coastal plain are not nearly so extensive 
as those in the north and yet the accumulation is none the less on a 
large scale. Peat formation reaches its greatest development in Flor-
ida, on the Mississippi flood plain, in North Carolina, and Virginia. 
The vegetation from which it is derived is noted for its luxuriance and 
density and has been described by Harper, Kearney, Shaler and others. 

On the basis of various sources of information (such as publi-
cations and topographic maps of the United States Geological Survey, 
reports of the state geological surveys of New York, Michigan, Iowa, 
Indiana, Massachusetts and New Jersey; the cooperative work and 
peat surveys undertaken by the states of Connecticut, Maine and 
Wisconsin, and his own personal observation), Davis• estimates that 
the total area of swamp land in the United States is nearly 140,000 
square miles. Of this eight per cent. or about 11,200 square miles, is 
assumed to have peat beds of good quality, averaging at least nine 
feet in depth, and containing 200 tons of dry fuel per acre for each foot 
in thickness. This equals 12,888,500,000 tons of dry fuel. Its value 
at $3.00 per ton, if compressed into peat bricks, would be $38,665, 700,-
000. The value of the coke and by-products Davis summarizes as 
follows: 

TABLE I 

ESTIMATED QUANTITY AND VALUE OF PEAT COKE AND BY-PRODUCTS FOR 

'l'HE UNITED STATES FOR THE YEAR 1908. 

Peat coke -------------------------
Illuminating oils ______________ _ 
Lubricating oils __________________ _ 
Paraffine wa..x ___ -------------Phenol _______________________________ _ 
Asphalt _____________________ _ 
Wood alcohol_ __________ _ 
Acetic acid __________________________ _ 
Ammonium sulphate ------------
Combustible gases __ ---------------

Product in Tons. Yalue. 
3,608,800,000 

257,800,000 \. 
90,200,000 f 
38, 700,000 

167,500,000 
25,800,000 
43,800,000 
56,700,000 
39 I 900, 000 

738,400,000 

$26,005,300,000• 

4,474,200,000 
3,479,900,000 

66,345,100,000 
824,900,000 

7,844,000,000 
2,268,800,000 
2,777,400,000 
6,501,300,000 

It is clearly apparent that in the peat deposits of the United States 
there lies a vast amount of raw material which for the greater part 
has been left undeveloped The states containing peat that might be 

'Harshberger, J. W., Die Vegetation der Erde, Vol. XIII, 1911. 
'Davis, C. A., Peat Resources of the United States, exclusive of Alaska. Bull. 

U. S. Geo!. Survey, N. 394, 1909, pp. 62-69. 
3Chareoal price. At coke price the value would be $9,924,200,000. 
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utilized economically and which would serve to supplement the re-
sources of the nation are Ohio, Indiana, Illinois, Michigan, northern 
Iowa, Wisconsin, Minnesota, the eastern Dakotas, the New England 
states, New Jersey, New York, the coastal portions ot Virginia, North 
and South Carolina, Georgia, the swampy parts of the Gulf and the 
Pacific states, and practically all of Florida. The most extensive 
utilization has been in Canada, but factories are already in operation, in 
the New England states, in New Jersey, New York, Michigan, Illinois, 
Wisconsin, Florida and Ohio. 

Few statistics are available on the production of peat in the United 
States. In 1908 the value of the products is quoted at $133,000, for 
1909 at $127,042, and for 1910, at $140,209. In 1909 23,000 tons of 
peat were manufactured with an average value of $5.25 per ton, and 
8,000 bales each of 225 pounds of moss litter, valued at $1.25 per bale. 
The imports of peat moss were as follows: 

1906 _____________ 7,343 tons 
1907 _____________ 7,602 tons 
1908 _____________ 8,130 tons 
1909__________ 8,371 tons 
1910_______ 7,872 tons 

$43,882 
44,660 
47,829 
46,222 
43,082 

Distribution of Peat Deposits in Ohio.-The topography of 
the central and northern part of the State (Fig. 12) is still relatively 
immature, especially along the divide or watershed which separates 
the waters of the Ohio River from those of Lake Erie. The physical 
features near the lake are quite free from any marked elevations or 
depressions, and the irregular lake shore favors the development of 
marshes. The lower courses of the streams are usually sluggish enough 
to become well clogged with vegetation. But in general such accumu-
lations of plant debris are shallow and not of commercial significance. 
The interior of the State, which is undulating, has a somewhat different 
geological history from the marginal plains. In the areas of glacial 
deposition the topography has innumerable irregular depressions, de-
posits of gravel, sand and clay, and series of ridges and hollows which 
seem distributed over the State without order. They are a part of a 
belt of similar physiography extending from Indiana to Pennsylvania 
and up into Michigan (see map, p. 27). The southern portion of the 
State is a region of steep hills. The time which has elapsed since these 
changes ensued is, geologically speaking, very short, so that the present 
drainage is still in an undeveloped stage. However, many of the larger 
lakes have long since become filled with excellent peat and there are 
numerous deposits, a great many of which are extensive enough to 
warrant commercial and agricultural development. The field work 
and the analyses recorded in this report show that Ohio possesses excel-
lent deposits of peat of good quality for fuel and other purposes. 
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The area of peat land actually tested is about 150,000 acres. The 
government's estimate is 155,047 acres for Ohio, 625,999 for Indiana, 
50,000 for Pennsylvania, 192,000 for Maryland, 800,000 for Virginia 
and 23,900 for West Virginia. The average thickness of peat in Ohio is 
about 10 feet. It is more than likely that the area previously mentioned 
forms only about 85 per cent. of the total for the State. At an early 
time the area of bog and marsh land was much larger, but with the 
settlement of the State many extensive areas have been burned over 
and drained. Only black-colored soils with a high humus content re-
main today to suggest the former location of such areas. In most of 
the bogs the material is sufficiently decayed for fuel; but in a few places 
it is notably coarser and better suited for purposes in which a fiber is 
desired. All of the peat land, however, can be successfully transformed 
into profit-producing tracts of great value. The conservation of material 
resources, especially of bogs, swamps and forests, is not only a part of 
the national program, but also a state issue as well. The movement 
toward the conservation of swamp and bog resources has already been 
launched in other states, and to render them productive is a problem 
of no mean importance. 

In Ohio the peat area capable of utilization is near the eastern 
and middle-western markets and centers of population, and the de-
velopment of it should be of immediate rather than distant importance. 
The available deposits, large and small, which are to be found in the 
State, represent an enormous amount of stored-up energy. Except 
for a single experimental plant near Plymouth, where peat is prepared 
as a "filler" in artificial fertilizers, these resources are at present un-
developed. The analyses given on subsequent pages and summarized 
in table 26 show that the peat of Ohio is not greatly different from that 
found elsewhere in thermal value, in ash content, and in the ingredients 
for use in agriculture. 

The new processes in Europe for the manufacture and uses of 
peat are no longer considered in the experimental stage. Foreign peat 
appears to average somewhat lower in ash and consequently a little 
higher in thermal value, but the difference is not great, and especially 
is this true when compared to that from Ohio, Michigan and Indiana. 

But even if this enormous acreage of bog land in Ohio cannot 
yield a profit from the peat industry, its reclamation for farm land is 
certainly a matter of great importance, and tillers of the soil must learn 
sooner or later the great value of it. Reclaimed bog and swamp lands 
under judicious treatment make the most fertile and valuable farms. 
Rich in humus, such soils should yield farm products without material 
soil exhaustion. If not of importance as a source of fuel or for agri-
cultural development, then peat would be of great practical value as 
the most potent fertility factor in the improvement of the physical 
properties of soil, such as water-holding power, heat conductivity, and 



28 PEAT DEPOSITS 

as organic matter for the lower forms of life beneficial to the soil (pp. 
349-358). Owners of farms who have tracts of bog and marsh land 
should test them by boring to ascertain the depth of the deposit and to 
determine whether a stratum of marl or one of blue clay underlies the 
deposit. A post or carpenter's augur welded to detachable iron rods 
would serve admirably for the investigation. 

There are many undrained depressions and partly filled lakes and 
ponds where water is standing ·permanently. They are the places where 
the formation of peat is still actively in process and in time may yield 
resources nearly as great as those now available. 



CHAPTER III 

DISCUSSION OF PEAT DEPOSITS BY COUNTIES 

In the following account of the peat deposits in the various counties, 
the aim has not been to supply a separate report for each of the many 
peat bogs and swampy areas, for to do so would far exceed the available 
limits of this bulletin. The more detailed work of locating, describing, 
and testing each deposit must be left to the time when the demands will 
permit further peat investigations. In this chapter it has seemed de-
sirable to supply information upon the better and larger deposits in 
each county, and upon their character and quality as shown by analyses 
and fuel tests. It was considered best to investigate only those bogs 
whose situation was convenient to transportation lines, and whose 
material was most favorable for commercial development. The de-
scription of local deposits includes, therefore, the approximate size of 
the bogs, the thickness of peat in different portions and its general 
physical and chemical character. In addition the flora was noted to 
determine what plants had been most active in the formation of the 
deposits. 

The time and funds devoted to this investigation were limited, 
and although the writer has given unsparingly of his time, the results 
embodied here represent the information accumulated in the field while 
in the employ of the State during the summers of 1910 and 1911. It 
is scarcely necessary, therefore, to remark again that this report is only 
a preliminary one. Not more than a few days on the average have been 
devoted to the exploration of each of the counties. Though nearly 
every county has been studied, yet under the circumstances it was 
obviously impossible to complete a detailed and thorough investiga-
tion of each. It should not surprise the reader if many deposits have 
been overlooked, or are not found described in the text. A detailed 
field study is scarcely desirable so long as the peat industry in the United 
States is still in its infancy. 

The order in which the counties are described is alphabetical. 
This is necessarily arbitrary and cannot serve well for an illustration 
of the progressive vegetation changes, or for the several types of bogs 
found in the State. An account of the conditions of growth, the manner 
in which peat deposits are formed, and the most important natural 
plant associations which establish themselves in a rotation and advance 
upon the lakes and ponds in Ohio have been given in Chapters V and 
VI and in part III of this volume. 

Method of Testing Peat Bogs.-In all cases the samples analyzed 
consisted of a number of test borings which were made with a sampling 

(29) 
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instrument devised by Davis. The instrument is so constructed that 
a number of two-foot sections of half-inch pipe can be readily connected 
by couplings. The lengths permit an easy estimation of the depth 
reached from which the sample of peat is required. One of the sections 
has a short transverse handle at one end. Another section has a brass 
cylinder about an inch in diameter, and about nine inches long, which 
can be connected to any number of pipes and pushed down to the depth 
desired. The cylinder is provided with a metal plunger and a spring 
catch, so that the former can be partly withdrawn from its inclosing 
metal cylinder at the desired depth, locked in that position and filled 
with peat by short up-and-down movements. The cylinder thus pro-
tects the sample completely from any mixture with other peat during 
withdrawal. The sample is then ejected from the cylinder by forcing 
in the plunger, and collected in a cloth bag, or where determinations of 
the per cent. of water in the peat are desired, in well corked glass bottles. 

Chemical Analyses of Peat Samples.-Since almost all of the 
chemical analyses and determinations of fuel values were made in the 
Pittsburgh laboratory of the United States Bureau of Mines, the data 
are readily comparable with those showing the quality of peat from 
other states, and with the more general investigations of the fuels of 
the U~ited States. The determinations here given include the analyses 
of peat samples in an air-dried and in a moisture-free or kiln-dried con-
dition. The analyses show the heating value, the percentage of moisture, 
volatile combustible matter, fixed carbon, ash, nitrogen, sulphur, and, in 
a few cases, iron. The sulphur and nitrogen are part of the volatile 
matter and are determined separately. The volatile matter, fixed 
carbon and ash together make 100 per cent. 

The volatile matter represents the material which is given off 
during heating in a covered dish. The fixed carbon is in part the peat-
coke or charcoal which is not expelled during heating, but requires a 
higher temperature for consumption; the ash is the mineral matter 
left behind and with the exception of a few cases is not further ana-
lyzed. The percentage of fixed carbon is calculated from the difference 
between the weight of the ash and that of the peat coke. The per-
centage of nitrogen gives an indication of the value of the peat for 
agricultural purposes. Sulphur and iron are determined on account 
of the objectionable feature which an excess of these constituents has 
when the material is used for various chemical purposes. 

The thermal or fuel value is given in two units: (1) the calorie, 
which is the quantity of heat necessary to raise the temperature of one 
kilogram of water one degree centigrade, and (2) the British thermal 
unit, abbreviated B. t. u., which is the quantity of heat required to raise 
the temperature of a pound of water one degree Fahrenheit. A dis-
cussion of the analyses will be found on page 152 and in Chapter XI 
dealing with the chemistry of peat. 
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ALLEN COUNTY 

In the early history of the State, this county presented the features 
common to the "Black Swamp" (p. 104). Formerly Monroe Township 
had small areas of cranberry marsh, and remains of beaver dams are 
still numerous in Richland Township. The marsh land containing 
peat has been under cultivation for a long time. The peat tracts are 
usually very shallow and now contain too great a percentage of mineral 
matter to have any value for fuel. In the well drained areas the vege-
table matter is rapidly undergoing decomposition. Where the peat is 
dry it is structureless, compact and black in color, rather plastic, and 
has been transformed more or less completely into humus. The flat 
and prairie-like tracts of sections 11, 12, 13 and 14 in Auglaize Township, 
and in the vicinity of Amherst in Perry Township, have this character. 
The humus content of the soil has been decreased by constant cultiva-
tion, tillage, cropping and occasional burning until the soil has become 
largely a black peaty clay loam of great fertility. The peat runs high 
in ash, the percentage varying from 53 to 65. The leading impurity is 
clay. 

ASHLAND COUNTY 

On the Ohio divide several small lakes and marshes occupy a small 
area of the original table land which has since been deeply eroded and 
diversified. The accumulation of vegetable matter usually overlies 
an earlier deposition of bowlder clay or a laminated variety. 

Several townships, as Orange, Montgomery, Milton and Mifflin, 
have broad areas of level clay land, and, though traversed by small 
streams, the drainage is imperfect. These water plains spread out 
into wide valleys and until recently were marshy with a vegetation 
primarily of grasses, alders and swamp oak. The areas are now largely 
under cultivation. On account of the prevailing high percentage of 
ash (50 to 60) the heat value runs low.. The best use of these soils 
is for agricultural purposes. 

CLEAR CREEK TOWNSHIP 

The two Savannah lakes occupy the highest part of the divide, but 
lie in a valley (1,024 feet) of preglacial origin. The larger of the two 
has an estimated area of about 160 acres, and the smaller one, which lies 
adjacent, covers a surface of about 80 acres. Both are said to be quite 
deep, but the bottom is being silted up from the wash of the hills. The 
growth of the vegetation accumulates mostly in ·shallow water, and is, 
therefore, of no considerable depth. The vegetation differs but little 
from that around the smaller lakes of the neighboring counties. South 
of the divide the surface is covered with drift in isolated ridges and hills. 
The low depressions contain a number of peat deposits, but they are 
usually of too small. extent for commercial purposes. 
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LAKE TOWNSHIP 

Mud Lake.-The Mud Lake peat bog on section 23, one and one-
half miles northwest of Lakeville, may be considered as fairly repre-
sentative of the better grade of deposits. The area is estimated at 
about six acres, and the depth probably averages at least 18 feet. A 
considerable number of borings were made which show that the peat is 
not well humified, but is otherwise fairly uniform in quality. At the 
depth of 3 feet the material is dark brown, compact and fibrous, becoming 
lighter brown and more plastic at the 5-foot level. Below this the peat 
is again coarsely fibrous, reddish brown, alternating with several com-
pact layers of a grayish brown variety. At a depth of 17 feet the material 
is greenish and distinctly laminated and consists largely of grasses and 
sedges. No samples were taken below a depth of 18 feet. 

The mixed peat, sample No. 73, taken from the land of E. Horner, 
gives the following analysis when air-dried and then made absolutely 
dry by heating to constant weight: 

Analysis No. 73 

Air-dried. 
Moisture____________________________ 7.14 
Volatile matter _____ 62.60 
Fixed carbon ___ _ _ _ _ _ _ __ _ __ _____ __ _ _ _ 23.12 

Ash ----------- ----------------- 7.14 
Nitrogen____________________________ 2.21 
Sulphur __ _ __ __ ______ _ _ _ _ _ _ _ ___ _ _ ___ _ 0.25 

Iron ----------------------- 0.36 
Calorific value f Calories - - - - - - - - - 4681. OO l B. t. u ------------- 8426.00 

Moisture free. 

67.42 
24.91 
7.67 
2.39 
0.28 
0.39 

5039.00 
9070.00 

The analysis indicates that the deposit is low in ash and of high 
thermal value. 

On considerable areas around the margin of the bog the peat is grown over with 
maple (Acer rubrum), poison sumach (Rhus vernix), arrowwood (VilFurnum sp.), high-
bush blueberry (Vaccinium corymbosum), and other shrubs, but alders are not pres-
ent. The part nearer the open wa.ter is intermixed with cranberry (Oxycoccus Vt~c
cinium macrocarpon), bog mosses and aquatic plants. The vegetation has essen-
tially the following composition, details of which are given in Clu~pter VI: The 
semi-aquatic association is represented by the water lilies and knotweeds; the bor-
der succession consists of the rose-mallow (If ibiscus moscheutos) with occa.sional 
cattail (Typha wtifolia); loose-strife (Decodon verticil/,atus) was not observed. The 
bog meadow is a cranberry-sphagnum association with occasional clumps of the 
small huckleberry (Gaylussacia baccata = resinosa). The shrubs consist mainly of 
arrowwood with winterberry (Ilex verticil/,ata), chokeberry (Aronia = Pyrus arbu-
tifolia), blueberry and poison sumach. In the older part of the shrub zone there 
is a well defined maple-ash association. 

The bog is favorably located. The nearest shipping point is Lake-
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ville, about I! miles southeast on the Pennsylvania line (Pittsburg, Ft. 
Wayne & Chicago Railway). 

The complete drainage of the bog is impracticable, and the peat will 
therefore have to be excavated by dredging or by pumping. 

A smaller deposit of about 100 acres lies in section 4 of Mifflin 
Township and extends over into Richland County. 

ASHTABULA COUNTY 

By far the greater portion of this county is a broad level plain of 
stiff clay. The old "lake ridges" and terraces are well defined in the 
northern portion of the county. Where exposed by railroad cuts, 
remains of old swamps can be seen containing fragments of coniferous 
wood and in places deposits of bog iron. Winds gradually carried beach 
sand over the crest of the ridge into the swamp basin, burying it in 
time to a depth of about six feet. 

South of the lake ridges the surface is gently undulating. It has 
been eroded by water and modified by occasional deposits of gravel from 
the drift. The stiff clay derived from the decomposition of the Erie 
shale is very retentive and any excess of rainfall is generally conducive 
to the development of marsh areas. 

ANDOVER TOWNSHIP 

The Pymatuning Swamp.-This bog covers an area approxi-
mately 5 miles long and averaging about one mile in width, but the 
greater part is in Pennsylvania. About 500 acres of it lie in Ohio. The 
area and location are shown on the Andover sheet of the United States 
Geological Survey. The headwaters of the Shenango River have their 
source in this bog. 

The Pymatuning swamp at its southern end, about 3 miles east of 
Andover, has the characteristics of an inundated river bottom and is a 
prairie-like marsh. The area is now used for pasture. The peat is 
dark brown, well decomposed, but silty and averages 8 feet in depth. 
Its best utilization lies in agricultural possibilities. 

The vegetation of this area shows, as has been stated, a tendency toward the 
development of a pasture association. It is difficult to characterize the succes-
sion otherwise because of the number of weeds and typical marsh plants present. 
The latter consist principally of wool grass (Scirpus cyperinus) with water pepper, 
lady's thumb and others (Polygonum hydrqpiperoides, P. persicaria, P. pennsylva-
nicum). The secondary or less common species are ditch stonecrop (Penthorom 
se.doides), sensitive fem (Onoclea sensibilis), sedges (Cyperos strigosus), yellow dock 
(Rumex crispus), white grass (Leersia virginica), cleavers (Galium trifidum), bur 
reed (Sparganium eurycarpum), water purslane (Ludvigia palustris), false nettle 
(Boehmeria cylindrica), water plantain (Alisma plantago-aquatica), marsh speed-
well (Veronica scuteUata), bur marigold (Bidens laevis) and ~ occa.sional willow 

4-G. B. 16. 
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(Salix nigra, S. lucida). Farther north on the Ohio side of the State line the cat-
tail (Typha latifolia) with various species of arrow head (Sagittaria sp.) predominate 
in the wet places. 

Still farther north in Richmond Township, wooded conditions prevail which 
have been interfered with considerably by fire and the cutting of timber. Tam-
arack and yellow birch (Betula lutea) must have made up the bulk of the original 
forest, for the relative abundance of birch is considerably greater than that of any 
other. tree. Aspens, closely followed by red maple and the black ash, have started 
a secondary succession. It varies in density from an almost impenetrable thicket 
to an open wood with abundant undergrowth. 

In the northeastern corner of Andover Township is found a narrow strip of bog 
in which the tamarack forms an almost continuous and nearly pure growth. Sev-
eral groves of this show but little admixture of deciduous trees and the timber is in 
good condition. The trees average about 40 years or more in age. There is a slight 
admixture of white pine,' yellow birch, and hemlock and an occasional red maple. 
The undergrowth is fairly dense. The moUI1tain holly (N emQpanthus Jllicoides 
mucranata) and chokeberry (Pyrus melanocarpa= Aronia nigra reach in places 
a height of 25 feet, forming a distinct secondary vertical layer. Beneath them are 
the high-bush blueberry (Vaccinium corymbosum), arrowwood (Viburnum cassinoides, 
V. dentatum), black huckleberry (Gaylussacia resinosa = baccata), flowering ferns (Os-
munda cinnamomea, 0. regalis), se.nsitive fern (Onoclea sensibilis), swamp honey-
suckle (Azalea= Rhododendron viscosum), black alder (lle::c verticillata), and the yew 
(Taxus oonadensis). The painted trillium (Trillium undulatum), wild sarsaparilla 
(Aralia nudicaulis), shield fern (Aspidium= Dryopterisnoveboracensis, D. goldieana, 
D. spinulosa) and the woodbine (Ampelopsis= Psedera quinquefolia) are not uncom-
mon. They form a mixed tertiary layer with but slight reference to substratum 
conditions. The smaller species are club mosses (Lycopodium dendroideum), white 
fringed orchid (Habeooria. blephariglottis), clintonia (Clintonia borealis), gold~ 
thread (Coptis trifolia), Indian cucumber root (Medeol,a virginiana), lady's slipper 
(Cypripedium acaule), dalibarda (Dalibarda repens). The little May flower 
(Maianlhemum= Unifolium canadense) and the bog mosses (fJphagnum and Polytrichum) 
occur scattered throughout as a substratum cover. They are found on prostrate 
trunks and on the loose covering consisting principally of tamarack needles. 

Testborings revealed a brown, well decomposed peat with fragments of wood. 
Its thickness is 5 feet and it rests on a grayish blue clay. · · 

In a number of places severe fires have swept over the area.. This was about 
20 years ago when large tamarack groves were almost completely destroyed. Since 
then a fairly good growth of tho same tree has started, but shrubs have made the 
most rapid growth and now present an interesting stage rarely found in Ohio. 

The open places are occupied by a dense growth of leather leaf (Clwmaeilnphne 
calycul,ata) which reaches everywhere a height of 3 feet. Associated with it are 
occ!l8ional ferns (08munda cinnamomea, 0. regalis) and underneath them a ground 
cover of Sphagnum and Polytrichum overgrown with prostrate bramble (Rubu8 hi8-
pidus), the !IBl.'ending bramble (R. se!o8U8) and wintergreen (Gaultheria procumbens). 
Scattered like i.'!lands throughout the leather leaf association, are dense thickets 
of tall shrubs averaging a height of 7 or 8 feet. The mountain holly is most abun-
dant and with it are chokeberry, the high-bush blueberry, and an occasional alder. 
In several places the thickets are extensive and altogether impenetrable. 

Among the leather leaf association in the better lighted, open and moister 
places occur low blueberry (Vaccinium pennsylvanicum), bartonia (Bartonia vir-
ginica), and some characteristic forms like the sedges (Care:i: trisperma, C. tenella), 
cotton grass (Eriaphorum viruinicum) and sphagnum mosses with the round-leaved 
sundew (Drosera rotundifolia). This is merely a passing phase of an early cranberry-
sphagnum association i the open places are to be looked upon as remnants of a former 
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vegetation cover rather than as characteristics of a fire succession. In shallow 
depressions, which usually result from deep-burning fires or from the uprooting and 
fall of trees, the plants most common are cattails and water arum. 

Crossing into Pennsylvania at a point two miles east of Padanarum, the north-
ern end of the Pymatuning swamp has a vegetation cover which consists of a rela-
tively well developed Maple-black Ash-Elm aBsociation. Tamarack, hemlock and 
white pine occur rarely. MagnoliaB (Magnolia acuminata) are observed frequently. 
The undergrowth noted contains among other plants, the spice-bush (Brmzoin aesti-
vale), swamp honeysuckle (Azalea= Rhododentlron viscosum), dogwood (Cornus cir-
cinata), lizard's tail (Saurorus cernuus), touch-me-not (Impatiens bi.flora) and others. 
This type of forest represents the general character of a mature phase of bog suc-
cessions. 

DORSET TOWNSHIP 

Leon Bog.-In the southeast corner of Dorset Township, about 
2! miles west of Leon, is a bog of considerable proportions, but the exact 
limits were not determined. It is claimed that the area approximates 
300 acres. The location is shown on the Andover sheet of the United 
States Geological Survey. The bog is favorably located on the Lake 
Shore and Michigan Southern Railroad, but is very heavily wooded 
with black ash, maple, elm and others. The vegetation tenanting the 
deposit represents a mature phase of bog forest association. Near the 
railroad is an area of several acres which has been damaged by fire. On · 
the unburned tract the thickness of peat averages 4! feet, with occasional 
pockets which are considerably deeper. The wooded character of the 
area and the abundance of logs buried in the peat would increase the 
cost of exploitation. The headwaters of Pymatuning and Mill creeks, 
the former flowing south and the latter north, have their source in this 
swamp. An artificial embankment, supposedly formed by beavers, 
extends across the middle of it. A smaller bog similar in character lies 
a mile north, but time did not permit a study of it, or of the bogs in 
Morgan Township. 

ORWELL TOWNSHIP 

OrweU Tamarack Bog.-The Orwell bog is a part of an extensive 
peat deposit which extends from Orwell Township south into Bloomfield 
within Trumbull County, a distance of more than 7 miles. The Ash-
tabula branch of the Pennsylvania Railroad passes within 1! miles to 
the west of the deposit. The area and location are shown on the Jeffer-
son sheet of the United States Geological.Survey (Fig. 1). The part 
within this county comprises about 1,000 acres and lies in a depression 
formerly occupied by an old lake which was gradually filled by plants.· 
The peat is brown, well decomposed, though slightly admixed with 
coarsely fibrous material and is in part formed by remains of sedges, 
grasses and aquatic plants. Large quantities of roots, charred logs and 
fallen trees are intermingled with the peat at the 3-foot level. The 
thickness of the deposit varies from 3 to 5 feet. , It rests on a grayish 
blue clay. 
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The greater part of the bog is heavily wobded with tamarack, 
yellow birch, red maple and black ash; the shrubs beneath the trees 
are arrowwood, chokeberry, poison sumach, high-bush blueberry 
and others; a lower layer of huckleberries, royal and cinnamon fern, 
lizard's tail, touch-me-not with dodder and a number of other herbaceous 
plants, is found underneath them. The ground layer consists in part 

Fig. 1.-Map showing location and area of Orwell Bog, Ashtabula County. 
Scale, 1 inch = 1 mile (2.5 cm= 1.6 km). 

of sphagnum mosses, polytrichum, mayflower and several more. The 
vegetation on the whole so closely resembles that of the Pymatuning bog 
that much of the description given of it will serve equally well here. 

Natural valleys are gradually draining the area. The settling of 
the peat resulting from the drainage is shown by the large r,oots of trees 
exposed in a network which makes the bog almost impassable in many 
places. 

The quantity and purity of the peat is not such as to render the 
bog commercially important. Its heavily wooded nature and the fallen 
and charred timber beneath ·the surface layer hardly permit of manu-
facturing machine-peat on any scale. However, if the wood is removed, 
the remaining part can be cut by hand and utilized for domestic purposes. 
The deposit, now practically worthless, would be considerably enhanced 
if the bog were drained and the land utilized for agricultural purposes. 

Analysis No. 44 represents a composite sample of peat from a part 
of the bog covered with shrubs, alder and maple: 



GEOLOGICAL SURvEY OF o:ato. 

Analysis No. 44 

Moisture ___________________________ _ 
Volatile matter ____________________ _ 
Fixed carbon _______________________ _ 

Ash --------------------------------Nitrogen ___________________________ _ 
Sulphur ____________________________ _ 

Calorific value J Calories------------
\ R. t. u. ------ --

Air-dried. 
9.08 

57.51 
23.78 

9.63 
2.23 
0.41 

4531.00 
8156.00 

Moisture-free. 

63.24 
26.18 
10.58 
2.45 
0.46 

4981.00 
8966.00 
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The analysis shows a relatively high ash content, but a good thermal 
value. The ash indicates that the creeks which traverse the area 
carried more silt from the neighboring hills during the earlier stages 
of bog growth than at present. The upper layers of peat are consider-
ably purer than the lower. Possibly the percentage of ash may be lower 
in other parts of the bog. 

PLYMOUTH TOWNSHIP 

Two well drained bogs, midway between the cities of Ashtabula 
and Jefferson, covering an area of about 2,000 acres, are now almost 
wholly under cultivation. The area and location of the deposits are 
shown on the Ashtabula sheet of the United States Geological Survey. 
The larger of these is over 3 miles long and averages one-half mile in 
width. Coffee and Center creeks traverse the area westerly and empty 
into Grand River near Austinburg. Borings were so distributed as 
to test all parts of the bogs, but failed to show more than a few inches of 
peat. Several pockets and depressions were encountered in which the 
thickness is 3! feet. The peat is well decomposed, dark brown to 
black, and has been changed to humus by constant cultivation. The 
deposit runs high in ash (80 to 85 per cent.) and the leading impurity is 
a sandy clay. 

The deposit had its origin in the causes which raised the two ridges 
traversing the northern part of the county. Between these the soil in 
many places is a black, rich muck. Evidently the deposit represents 
a former shallow basin which became filled with vegetation at a time 
when the water of the lake was held back by the south ridge. 

WAYNE TOWNSHIP 

There is a narrow belt of peaty soil approximating 500 acres along 
Pymatuning Creek in Wayne Township. The area and location are 
shown on the Andover sheet of the United States Geological Survey. 
The creek and its numerous smaller tributaries flowing through the de-
posit carry silt, and hence the peaty substratum in this locality contains 
sandy layers which represent seasons of excessive floods. In some 
places the depth of peat averages only a few inches, while in others 
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occasional pockets occur with a thickness of several feet. The samples 
frequently contained more than 50 per. cent. of mineral matter and were 
not regarded worthy of chemical analysis or test for fuel value. In the 
townships of Trumbull, Morgan, and Hartsgrove are heavily wooded 
deposits of peaty soil varying in area between 100 and 300 acres. The 
character of the material is not suitable for anything but agricultural 
purposes. 

AUGLAIZE COUNTY 

This county in places is quite flat with many features of the Black 
Swamp (p. 104). More frequently it is undulating with three morainal 
ridges and many irregular successions of gravelly knolls. The drainage 
is imperfect over considerable areas. The eastern part of the county 
had formerly extensive wet grassy prairies on which from several inches 
to a foot or more of water was standing during the wet months of the 
year. These areas had a peaty soil resting on a sandy clay, but free 
access to the air and cultivation have reduced the deposit to a shallow . 
layer of humus. Beds of peat and marl are common in the county, but 
they are small-from one to five acres in area. The thickness of the 
peat deposits varies from 2 to 8 feet. Testborings indicate a well 
decomposed, but often silty variety, with a percentage of ash so high that 
further examination is unnecessary. The deposits might be valuable 
for local commercial use. Almost all are now under cultivation. A few 
basins have been cleared and are used as fish ponds. 

The vegetation on uncleared portions of peaty soil consists principally of sedges 
and grasses, willow bushes and others.' The following plants were found: Willows 
(Salix discolor, S. sericea), dogwood (Cornus stolonifera), vetchling (Lathyrus pal-
uslris), shield fern (Aspidium Dryopteris thelypteris), shooting star (Dodecalheon 
meadia), parnassus (Parnassia caroliniana), sedges (Carex lurida, C. vulpinoidea, C. 
scirpoidea), spike rush (Eleocharis obtusa), soft rush (Juncus effusus, J. tenuis), bul-
rush (Scirpus atrovirens) and horsetail (Equisetum arvense). 

Remains of the mastodon are found in many of the peat bogs and marshes 
throughout the county. Nine specimens of this great animal and two of the rodent, 
Castoroides ohioensis, have been exhumed. The following account is quoted in 
large part from C. W. Williamson's History of Auglaize County, 1905: 

(1) A mastodon was found in 1870 in Clay Township in the Muchinippi swamp, 
two and one-half miles east of the village of St. Johns. The depth of the swamp at 
the point at which the discovery waa made is about eight feet, of which the upper 
third is of peat, and the remainder of marl or marly clay. The bones were found 
in a posture natural to a quadruped when sinking in the mire. The head and tusks 
were thrown upward and the right forefoot thrown forward as in the act of walking. 

(2) The second mastodon was found in section 4 of Clay Township, about the 
same time. 

(3) A third mastodon was discovered by Mr. S. Craig, in 1878, while engaged 
in surveying section 19 in Washington Township. No careful search for the skel-
eton has yet been made. 

(4) The remains of the fourth mastodon were discovered about fifteen years 
ago in a ditch excavation in section 33 in Duchouquet swamp. The remains were 
so badly decayed that they crumbled upon exposure to the air. 
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(5) About eighteen years ago a mastodon was discovered in digging a ditch 
in Wayne Township. The writer saw the terminal portion of one of the tusks a few 
years after it was found. 

(6) In 1881 a mastodon was unearthed in digging a ditch in Union ToWllBhip. 
It, too, fell to pieces upon exposure to the air. 

(7) A report of the discovery of a mastodon in Salem ToWllBhip has been made 
to the writer, but the particulars have not been given. 

(8) In 1891 a ma.stodon was discovered by some laborers engaged in deepening 
and widening the bed of a creek, extending through section 22 of Duchouquet Town-
ship. The tusks, which projected across the ditch, were severed by the workmen 
and carried to Logan County. No attempt has yet been made to recover the body 
of the ruiimal. 

(9) In 1894, a ma.stodon calf was discovered by J. Nuss, in section 29, Pusheta 
Township, imbedded in a layer of muck at the bottom of a circular pond. For the 
first time in many years the pond was dry, and the owner decided to deepen and con-
vert it into a fish-pond. In removing the humus the skeleton was uncovered, and 
it was the most complete that has been found in this or adjoining counties. It meas-
ured about three feet in height and approximately four in length. Its tusks were 
about one foot long. The discoverer kept it two or three years expecting to receive 
a high price for it, but at the end of that time it was worthless from long exposure 
to the air. 

The head of a great rodent,Castoroides ohioensis, with the exception of the lower 
jaw, was found buried at the margin of a bog in section 29, Washington Township, in 
1889. An investigation disclosed a bed of humus, resting on a bed of gravel, of ex-
cellent quality for road-making. Soon after the discovery, the gravel-bed was pur-
chased by the village council of New Knoxville for gravelling the streets of that 
corporation. In removing the carbonaceous deposit near the margin of the pond, 
on the south side the habitation of the rodent was uncovered. The house was about· 
eight feet square and between three and four feet in height. The willow poles of 
which the pen was constructed, were about three inches in diameter and were laid 
in the manner in which beaver houses are constructed at the present time. Within 
this house the great beaver died. After his death his domicile was tenanted by wolves 
and other carniverous animals, as was shown by the bones of deer and other animals 
strewn over the floor. The body of the modern beaver is about three feet long, 
exclusive of the tail, whilst Castoroides ohioensis was over five feet in length. It 
should be noted that this animal is not related to the modern beaver but to the Coypu 
rut of South America. 

CHAMPAIGN COUNTY 

URBANA TOWNSHIP 

Da11as Arbor Vitae Bog.-The most interesting of the many 
kinds of bogs in Ohio is a cedar bog near Urbana, in Champaign County, 
about 40 miles west of Columbus. In a few places the topography is 
hilly, and peat deposits occur in the depressions. As a whole, however, 
the general form is that of a broad shallow trough, lying north and south. 
Mad River runs through the middle of it and drains the main body of 
the territory. 

On the east side of Mad River, in the southeastern part of the town-
ship of the same name, in sections 31 and 32, and extending largely 
o.ver into Urbana Township, is a tract of land known as the Dallas 
cedar swamp. It is about 6 miles south of Urbana, and easily reached 
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by means of the Ohio Electric Railway, the Erie Railroad and the Big 
Four (C. C. C. & St. L. Ry.) The cedar swamp is a part of an area 
of cleared bog, comprising today about 600 acres, but formerly covering 
approximately 7 ,000 acres. On a small portion of land owned by M. 
and G. L. Dallas occur, as described below, groves of arbor vitae (Thuja 
occidentalis) in a good state of preservation. The groves occupy a 
habitat near which the soil water is derived from cold springs along 
the poorly drained valley. A considerable number of soundings were 
made which disclosed for the first two feet a blackish brown, compact, 
well decomposed, non-fibrous peat. At the three foot level the peat 
appeared dark brown, somewhat fibrous, with a considerable admixture 
of marl below. A number of well preserved logs and branches were en-
countered. At four feet the peat appeared brown and compact, but 
fibrous in texture with fragments of rhizomes and roots. At the 5-foot 
level the sounding instrument encountered a coarse gravel with stones 
showing glacial striations. This rested on beds of quicksand. Analysis 
No. 60 represents a composite sample of peat from this bog. 

Analysis No. 60 
Moisture ___________________________ _ 
Volatile matter _______ _ __ _ 
Fixed carbon _______________________ _ 

Ash ------- ------··---------Nitrogen _ _ _ _ __ _ _____________ _ 
Sulphur ____________________________ _ 

C 1 .6 1 {Calories------------
a on cvaue B. t. u -------------

.Air-dried. 
10.73 
50.89 
23.59 
14.79 
2.29 
1.08 

3753.00 
6755.00 

Moisture-free . 

57.01 
26.43 
16.56 
2.56 
1.21 

4204.00 
7567.00 

The bog harbors a unique dependent flora which long throve unmolested and 
was once a favorable resort for botanists. Now the cedars and the accompanying 
undergrowth are rapidly disappearing as the clearing of the area nears completion. 
The indications are that in a few years the last vestige of this interesting aggrega-
tion of plants will be destroyed. 

This type of bog is distinctly northern in its distribution and has not been ob-
served by previous writers to occur south of the central part of Michigan. The brief 
time which could be given to the locality made a mor& detailed study and the map-
ping of the area impracticable. Yet the notes and records made have revealed a 
considerable number of spetjies hitherto supposed to be confined to states north 
of Ohio. 

In several places the groves of arbor vitae are dense pure stands or facies with 
scarcely any undergrowth. The association has only a single vertical layer in which 
the lowest branches of the trees bear a common spacial relation to light. The ground 
is littered with cedar foliage and only occasionally small sprouts of the chokeberry 
(Aronia arbutifolia), and stunted seedlings of yellow poplar (Liriodendron tulipif era) 
or small plants of the spice bush (Benzoin aestivale), alders, and woodbine are vis-
ible; generally there are no members of a subordinate species other than a few mosses 
and liverworts. In more open stands in which the effects of fire and cuttings are 
still present the arbor vitae is found in association with the red maple (Acer rub-
rum), yellow poplar (Liriodendron tulipifera), black ash (Fraxinus nigra), white wal-
nut (Jugl,ans cinerea), sycamore (Pl,at,anus occidenwlis), and wild cherry (Prunus 



Gli10LOGICAL SURVEY OF OHIO. 41 

serotina). The undergrowth is not only numerous in species but of exceptional height 
and in five layers. The poison sumach (Rhus vernix) reaches frequently a height of 
twenty-five feet. Other members of this structural part of the association, and 
determining more specifically the physiognomy of the layer, are the alders (Alnus 
incana, A. rugosa), the winter-berry (llex verticillata), the chokeberry (Aronia ar-
butifolia), and the round-leaved dogwood (Cornus circinata). The inferior layers 
which seem entirely determined by the density of the mixture of facies are really 
overlapping communities of woodland and bog plants. There seems scarcely any 
relation to habitat factors. Seedlings and sprouts occur in all directions, in various 
degrees of abundance, and only the less hardy plants lose ground, thus proaucing 
examples of an indiscriminate alternation. The spice bush (Benzoin aestivale) is only 
of relatively less importance in the (second) stratum of bushes to the red bud (Cercis 
canadensis) and the elderberry (Sambucus carwdensis). 

The subordinate position with regard to the taller species is occupied by the 
cinnamon fern (Osmunda cinnamomea), the meadow rue (Thalictrum dasycarpum),the 
spikenard (Aralia racemosa). the bladder fern (Cystopteris IYulbif era), and touch-
me-not (Impatiens sp.). With them in varying abundance occur, as a lower herba-
ceous layer, the maiden-hair fem (Adiantum pedatum), the dwarf raspberry (Rubus 
triflorus), wood ferns (Dryopteris = Aspidium cristatum), miterwort (Mitella di-
phylla), wakerobi.1 (Trillium erectum, T. grandiflorum), false Solomon's seal (Smila-
cina trifolia), violet (Viola blanda), the star flower (Trientalis americana), the Indian 
cucumber-root (Medeola virginiana), manna grass (Glyceria torreyana), and others. 

In many places the various shrub layers immediately below the trees interpose 
as dense screens. These are often of sufficient density to reduce the light to a dif-
fuseness which leads to frequent modification and a consequent rearrangement of 
the individual plants in the ground stratum. The number of such plants present is not 
large; they are all past flowering when shade conditions become extreme. The little 
mayflower (Maianthemum canadense) and various mosses and liverworts are the more 
resistant members of the living ground cover; they tend to disappear only when the 
shade condition approaches a light value similar to that of the pure stands of cedar. 

To the east of the mature association and adjoining it is an open area; in it occur 
a number of low wet places. The water of the cold springs is overcharged with 
carbonate of lime. The average soil moisture content is near saturation, and the soil 
temperature uniformly low throughout the year. In other places the water content is 
not quite so high, but higher usually than in any of the soils frequented by the cedars. 
Testborings indicate a surface layer of black non-fibrous peat about two feet thick, 
resting on a cream-colored, fine-grained marl, three feet in depth and underlaid by 
sandy gravel. The marl is frequently of the nature of calcareous tufa. In the wet-
ter habitat the plant association resembles that of an open sedge zone. The domi-
nant plants are the rushes, J uncus brachycephalus, Eleocharis obtusa, E. palustris, and 
Scirpus americanus. The physiognomy changes in places on account of an admixture 
of shield fern (A.~pidium= Dryopteris thelypteris) and the parnassus (Parnassia caro-
liniana),with an occasional lizard's tail (Saururus cemuus),some goldenrods (Solidago 
riddellii, S. oh.ioensis), the Canadian burnet (Sanguisorba canadensis), twayblade 
(Liparis loeselii), water avens (Geum ri~ale), millet grass (Milium ejfusum), the 
marsh bell flower (Campanula aparinoides), lousewort .(Pedicularis lanceolata), the 
golden ragwort (Senecio aureus) and swamp asters (Aster puniceus, 11ar. lucwulum). 
Until recently orchids (Habenaria psycodes) and lady slippers (Cypripedium hirsu-
tum, C. parviflorum) were not uncommon. 

Nearer the cedar groves a low shrub society appears, among which the shrubby 
cinquefoil (Potentilla fruticosa), the bog birch (Betula pumila), several willows (Sa-
lix discolor, S. petiolaris), the buckthorn (Rliamrms alnifolia), and dogwoods (Cornus 
stolonifera, C. alternifolia), are the more characteristic members. The ground 
cover is almost throughout one of mosses, such as H edwigia albicans, Anomodon ros-
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tratus, and a species of Chara. In this association lateral zonation is most clearly 
in evidence and arises in part from the characteristic growth form of the respective 
species, and in part from the physical features of the habitat. Of the latter the fac-
tor chiefly concerned is the water content of the soil. The essential connection 
between this is evident where springs are the source of shallow pools. Tension lines 
in the vegetation (ecotones) are not well marked, however. The zones are too often 
incomplete or obscure. There is in consequence more or less of a transition from the 
ground layer of mats of mosses and algae to the lower grass and herbaceous layer and 
to the tertiary layer of bushes and shrubs. 

'i'he habitat across the road and south of the areas just described, bears less 
resemblance to extremes in water content. The cedars are of less mature age and 
size, and deciduous invaders are still lacking. Next to the arbor vitae the predom-
inant trees are the yellow poplar l!Jl.d the red maple. The flora seems more distinctly 
related to a transition stage. This may be due to a former partial clearing of the 
area. The young cedar trees average a height of ten to fifteen feet, and appear to 
be in about equal abundance. The shrubs resemble those of open bogs, Aronia ar-
butif olia and Ilex verticillata being the most notable species. Betula pumila and 
Potentilla fruticosa are rare. The shrubs form a vertical layer nearly equal in height 
to the cedars. The interesting peculiarity of the ground layer is the frequent occur-
rence of mats of sphagnum (Sphagnum cymbifolium, S. acutifolium) with the round-
leafed sundew (Drosera rotwndifolia) clinging around the stems of small bushes of huck-
leberry (Gaylussacia resinosa= baccata). These. hummocks are often overgrown with 
the prostrate blackberry (Rubus hispidus). Parnassia caroliniana, the fringed gen-
tian (Gentiana circinata), the marsh bellflower (Campanula aparinoides), violets 
(Viola blanda, V. arenaria) and St. John's-wort (Hypericum prolificum) with the great 
lobelia (Lobelia siphilitica), and a similar but slender dwarf form (Lobelia spicata) 
are found indiscriminately, but usually near small pools in which the small bladder-
wort (Utril'ularia minor), mosses (Hypnums) and algae (Chara sp.), are some of the 
frequent species. The cattails (Typha latifoHa) are still of sparse growth. 

Adjoining this open association is a clearing, now used for pasture, which was 
formerly burned over. The peat soil is black in color, non-fibrous but rather wet. 
The entire cleared area is densely covered with the shrubby cinquefoil (Potentilla 
fruticosa) averaging a height between three and four feet (Plate VIL B). In a few 
undisturbed places a succession is indicated with arbor vitae as the dominant tree. 
Seedlings of red maple and yellow poplar are close associates. The succession is 
virtually an indeterminate rejuvenation, that is, the habitat still dominates the 
vegetation. The degree of stabilization still gives expression to xerophytic forms. 
The physical conditions which are changing extremely slowly, remain unfavorable 
to invaders, and tend to preserve many of the most important early vegetation stages. 
The persistence and dominance of the cedar association in this latitude follow for 
these reasons, but partly also on account of the predominance of the trees present; 
for the association itself must be considered as an essential, active factor in fur-
nishing seeds, and in eliminating diversity. Largely, however, the dominance is 
an adjustment to the available soil water content. A competition with seedlings 
of deciduous trees other than the yellow poplar and red maple does not seem to ensue,_ 
although the light is favora:ble. A relation of seed production to ecesis, that is, 
to germination and establishment, is nowhere obvious. The various species of de-
ciduous trees have a larger seed production and more effective dissemination con-
trivances, but so far as the actual number of seedlings is concerned the relative ab-
sence of them suggests some edaphic agency in selective operation. There is some 
sort of correspondence in the arbor vitae, in plasticity of function, or in habitat 
form, to the life relations of the soil. Definite conclusions, however, can only be 
reached by experimental studies. The field observations would indicate that the 
nature of the primeval forest of this region did not consist of a combination of trees 
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such as now exist on the drier areas described above. The deciduous arborescent 
group of plants in which the sequence is the development to the deciduous elimax 
forest, is at present decidedly a mixture, and though a closed association, yet one 
whose original members were allied more to the northern cedar bogs. · 

JOHNSON TOWNSHIP 

Mosquito Lake.-This is an irregular body of water, which until 
recently comprised about sixty acres in the northern part of Johnson 
Township. Encircling the lake and extending northwest along Mosquito 
Creek is a peaty area of about 300 acres. The deposit contains a fine-
grained, well humified peat, varying between one and six feet in thick-
ness and resting on a bluish colored shell marl that is underlaid with drift. 
As a result of extensive erosion and drainage the depo~it in many places 
is covered with soil washed in from the adjoining hills. The difficulty 
in digging and the considerable distance of the deposit from the rail-
road, make it improbable that it will ever be worked extensively for 
commercial purposes. No analyses were made of the samples. 

RUSH TOWNSHIP 

Brush Lake.-The only visible deep accumulations of peat are 
in sheltered places. It is sometimes 10 feet or more in thickness, and 
the upper layers are rather coarse and fibrous, but toward the center 
of the lake it is finer grained. The peat is sandy in many places. The 
deposit is too small as yet to be of much importance and no chemical 
analysis was made of the samples collected. The vegetation in and 
around the lake is arranged in more or less concentric zones, corre-
sponding to the depth of the water. The characteristic plants and 
their arrangement will be found described in the proceedings of the 
Ohio State Academy of Science.• 

SALEM TOWNSHIP 

In the early history of the county this township, as well as Goshen, 
Harrison, Union and Wayne, had large areas which were covered by 
a dense growth of prairie grasses, rushes and sedges. The areas have 
been tiled and drained and now contain a firm, well settled peat varying 
in thickness from a few inches to a foot. The upper layers are well 
humified and hence are of greater agricultural than commercial value. 

CLARK COUNTY 

This county is dotted with knolls and ridges which often enclose 
basin-shaped depressions of small extent. The physical features of the 
county are principally due to the present drainage system. The valley 

•Schaffner, J. H., Ecological Study of Brush Lake; Proc. Ohio Acad. Sci., Vol. 
IV., 1904, pp. 151-165. 
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of Mad River with its swampy borders-locally called "cat-head prairies,'' 
which consist largely of the accumulation of plants like the cattail, 
rushes and grasses-is the most marked topographical feature of the 
county. The tributaries of this stream share in this peculiarity, me-
andering in broad flat plains with shallow swampy borders. The de-
posits of vegetable matter are rarely very thick, for previous to the 
settlement by immigrants the Indians set fire each year to the grassy 
prairies to facilitate hunting. 

The northeast.em portion of the city of Springfield, between sec-
tions 29 and 30, rests on a peat deposit of good quality, varying be-
tween eight and twelve feet in thickness. The area approximates over 
100 acres. The peat is brown, fibrous and contains a relatively small 
quantity of mineral matter. 

In Bethel Township near Medway, in sections 25 and 26, are 
several lakes fed chiefly. by springs. There are around them deposits 
of blackish, well decomposed peat one-half to one foot in thickness, 
which are highly charged with lime and which rest upon shell marl of 
excellent quality. In the lakes the dominating plant is the stonewort 
(Chara sp.); the vegetation along the borders consists principally of 
sedges and rushes which pass rapidly into a bog heath and a pasture 
association. The shruhby cinquefoil (Potentilla fruticosa) predomin-
ates in places along the southern shore of the first Sister Lake. 

No analysis was made of the peat on account of its high marl con-
tent. 

COLUM:BIANA COUNTY 

The northwestern portion of Columbiana County is all high land 
and forms a portion of the divide between the waters of the Ohio and 
those of Lake Erie. The surface is generally covered with drift, but 
the coating is thin and the material in many places is coarse. The soil 
of the other portions of the county is for the most part formed by the 
disintegration of sandstone, limestone, and shales. The drainage has 
given great variety to the surface of the county, and hence the deposits 
of peat are not of 'exceptional extent, depth or purity. 

BUTLER TOWNSHIP 

Damascus Swamp.-This deposit is two miles east of Damascus 
in sections 3 and 4. The area, approximately 50 acres or more, and the 
location are indicated on the Lisbon topographic sheet of the United 
States Geological Survey. The peat which is in a shallow basin is 
fibrous and partially humified, but in most places scarcely more than 6 
inches in thickness. The vegetation consists of wool grass (Sciryus 
cyperinus), several species of rushes (Junciis sp.) and sedges (Carex sp.). 
The samples were not analyzed. 

In sections 33 and 34 is a peaty tract of about 100 acres in which 
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the Mahoning River rises. The peat contains sandy layers probably 
due to seasons of flood. 

CENTER TOWNSHIP 

Guilford Bog.-This deposit is one-half mile east of Guilford in 
sections 7 and 8 of Center Township. It is a fairly large deposit of more 
than 200 acres with well decomposed peat averaging in places 6 feet. 
The area and location are shown on the Lisbon sheet of the United States 
Geological Survey. 

An analysis of the sample taken from different layers and locations 
has been made by the writer in the laboratory of the Ohio State Uni-
versity. Though not to be compared with those of the United States 
fuel testing laboratory, it is of sufficient interest to be included here. 

Analysis No. 24 
.Air-dried. 

J\1oisture ----------------------
Volatile matter _____________________ _ 
Fixed carbon _______________________ _ 

.Ash --------------------------------
Nitrogen 
Sulphur 

10.96 
47.01 
21.00 
22.12 

1.98 
0.71 

The Calorific value is approximately 7520. B. t. u. 

Moisture-free. 

50.25 
23.75 
25.90 
2.42 
0.80 

Along the eastern end the peat is woody. Lack of time made it 
impossible to put down holes for further samples, or to note the character 
of its vegetation. In places tamarack was observed; much of the area 
is tenanted by cattails; and about 40 acres of it are under cultivation. 

A small deposit of about 80 acres in Salem Township, section 3, 
along Beaver Creek, proved too sandy for further anaylsis. 

CRAWFORD COUNTY 

Crawford County lies on the summit of the great watershed. The 
general flatness is relieved by broad surface swells or ridges often bor-
dered on both sides by low peaty basins; almost all of these are now 
under cultivation. 

AUBURN TOWNSHIP 

From three to five hundred acres of peat land lie in the northern 
tier of sections of Auburn Township. It is part of a tract comprising 
several thousand acres in Huron County (p. 80). Ill early years this 
area was an extensive cranberry marsh, very wet and unproductive, 
except for the berries which grew there in great abundance. A much 
larger part of it was then covered with peat. Within the memory of 
the older residents the portion of the "New Haven Marsh" in this county 
extended over 3,000 acres more than at present. The tract in this town-
ship is today among the most productive in the county. Where well 
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drained, cultivation and tillage have reduced the originally fibrous and 
matted deposit to a dark brown peat, well decomposed and partially 
humified. ·The thickness in places is between 4 and 6 feet; over the 
greater portion of the area the peat has unfortunately been burned, ex-
posing a clay subsoil. 

A composite sample of peat, taken near section 5, just across the 
boundary line of Crawford and Huron counties, gives the following 
analysis: 

Analysis No. 64 
Air-dried. 

Moisture ___ . __________ ---- ____ --- __ _ 
Volatile matter _____ .. _________ _ 
Fixed carbon ________ • ______________ _ 

Ash ------ ----------------------Nitrogen __________________________ _ 
Sulphur ____________________________ _ 

Calorific value { ~~~~r!~s- ____ ~ ~ ~ ~ ~ ~ ~ -

9.24 
49.81 
23.24 
17.71 
2.45 
0.82 

3756.00 
6761.00 

Moisture-free. 

54.87 
25.62 
19.51 
2.70 
0.90 

4138.00 
7448.00 

The fact that the surface of the bog has been burned over repeatedly 
probably accounts for the high ash content. 

C~ANBERRY TOWNSHIP 

New Washington Bog.-Two miles south of New Washington is 
a peat deposit which originally was the largest cranberry marsh in the 
county and is said to have comprised over 2,000 acres. Prior to about 
1881 the marsh extended over a considerable area in Chatfield Township. 
In the early years prior to 1820 "Cranberry Marsh" was known far and 
near by trappers and hunters as the retreat of wild animals. Large 
portions of the bog had plants of the shrub type with willow, red maple, 
poison sumach, alder, sphagnum mosses, cranberries, shield fern and 
others. Sycamore Creek, a winding branch of the' Sandusky River, has 
its source in this marsh. During wet seasons the water in many places 
was quite deep, but now the level has been lowered by ditches and tiling. 

With the exception of about 300 acres in sections 24, 25 and 26 the 
bog is now largely under cultivation. The greater part of the peat area 
has been burned off to a depth of 5 feet. A number of borings were so 
distributed as to test the southern half of section 25 and the eastern por-
tion of 26. The peat has a thickness varying between 4 and 6 feet. It is 
coarsely fibered, light brown and is formed principally of bog meadow · 
plants. Part of the surface is covered with an association consisting 
mainly of chokeberries, black alder and other shrubs. The peat under-
neath is of a better quality, that is, less fibrous, darker in color, firm and 
often well decomposed, but the lower portions are frequently fluid. 
Analysis No. 89 represents the composition of a mixed peat sample from 
section 26, on and adjoining the farm of A. F. High. 
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Analysis No. 89 
Air-dried. 

Moisture------
Volatile matter 
Fixed carbon 
Ash ----
Nitrogen ___________ _ 
Sulphur ____________________________ _ 

Calorific value f Calories------------
\ B. t. u -----

13.53 
54.06 
23.39 
9.02 
2.79 
0.41 

4171.00 
7508.00 

HOLMES TOWNSHIP 

Moisture-free. 

62.52 
27.05 
10.43 
3.23 
0.47 

4824.00 
8683.00 
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Burnt Swamp.-This is an area of about 50 aeres in the western 
part of Holmes Township which is now well drained and under culti-
vation. When the first settlers came, this bog was thickly covered with 
poison sumach, alders, and willows, growing upon a peat bed about 3 
feet in thickness. Fires have been repeatedly lighted by the Indians 
and settlers to dislodge the game. The deposit is well humified and 
contains a high per cent. of mineral matter. No analysis was made of the 
samples. 

SANDUSKY TOWNSHIP 

Bear Marsh.-The survey of 1838 indicates an extensive peaty 
tract of land of about 300 acres in section 1, Sandusky Township, about 
3 miles southwest of Tito. Since all of it is today under cultivation and 
has been repeatedly burned over, no further tests were made. 

The early surveys of the county indicate extensive swamps in sec-
tions 1, 2, 11 and 20 of Liberty Township, and in section 17 of Vernon. 
Many were cranberry marshes and impenetrable thickets. Extensive 
drainage and cultivation have transformed these to humified soils which 
are now very shallow. 

CUYAHOGA COUNTY 

The wide area of drift clays which form the superficial material in 
many of the southern townships has yielded but little marshy or bog 
land. Near the lake the soil is sandy and derived from three ancient 
beaches which mark the position of the lake shore when the water level 
was from 100 to 200 feet higher than at present. The sandy belt between 
the ridges exhibits in places a black humus soil. This represents former 
shallow water basins which filled with vegetation, but rapidly underwent 
decomposition as cultivation increased. Of the more elevated localities 
only one, Solon Township, on the east of the Cuyahoga valley, has been 
found to contain a peat deposit. 

SOLON TOWNSHIP 

Solon Bog.-The deposit is in the extreme southwestern corner 
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of the township near Geauga Lake station on the Erie Railroad. The 
location and area of 300 or 400 acres are shown on the Chagrin Falls 
topographic sheet of the United States Geological Survey. The deposit 
extends south into Summit County for a distance of about two miles, 
and over into Geauga and Portage counties on the east (Fig. 2). 

Fig. 2.-Map showing peat deposits at the intersection of Cuyahoga,Geauga,Portage 
and Summit counties and at Aurora and Geauga lakes. 

Scale, 1 inch = 1 mile (2.5 cm. = 1. 6 km.) 

· Borings made in all four counties are sufficient to show that in 
many places the thickness of the deposit is considerable, averaging 8 
eet. The more easterly portion of the bog is probably in large part 

shallow. The deeper portions indicate at the first foot level a well de-
composed blackish, but charred peat, but at a depth of 3 feet the material 
is slightly fibrous with woody fragments, while the sample near the 4-foot 
level shows roots and occasionally logs intermingled with the peat. At 
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the 5-foot level the material is brown, slightly woody and almost non-
fibrous. The quality of the peat increases toward the bottom of the de .. 
posit; at the 7-foot level it is dark brown and well decomposed, and at 
the 9-foot level a greenish brown peat is encountered, fine-grained in 
texture and formed largely from aquatic plants. At the depth of 11 
feet the peat is clayey. 

The surface of the bog is free from trees, the vegetation consist-
ing mainly of sedges and grasses. Among the plants tenanting the area 
were noted wool grass (Scirpus C1fPerinus), a stiff sedge (Carex vulpinoidea), 
species of rush (Juncus sp.) 1 arrow-leaved tear thumb (Polygonum sag-
ittatum), bur reed (Sparganium eurycarpum), cleavers (Galium sp.), 
vervain (Verbena hastata) and sphagnum mosses. The sample to be 
transmitted for analysis was lost in transit, but inasmuch as the peat 
appears to be continuous with that of Geauga Lake a short distance to 
the east, and was formed possibly during the same time-interval, the 
analysis of the composite sample from that locality is given here: 

Analysis No. 49 
Air-dried. 

Moisture ___________________________ _ 

Volatile matter ---------------------
Fixed carbon------------------------
Ash -- --- - - --- -- - -- -- - - --- -- --- -- - - -
Nitrogen----------- ___ --------------
Sulphur ____________________________ _ 
Calorific value f Calories------------

\ B. t. u -------------

9.01 
46.45 
21.39 
23.15 
1.93 
0.71 

3795.00 
6831.00 

Moisture-free. 

51.05 
23.51 
25.44 

2.13 
0.77 

4169.00 
7504.00 

The ash content of this sample is too high and the fuel value too 
moderate to make the deposit suitable for the manufacture of peat fuel. 
But the quality of the peat, however, in the middle portions of the bog 
is considerably better. Nevertheless the exploitation for fuel purposes 
should not be attempted until further tests and analyses have been 
made. 

DARKE COUNTY 

This county is situated upon the southern slope of the Ohio divide 
and formerly abounded in numerous small lakes and accumulations of 
vegetable material. Several peat deposits of considerable area exist in 
different portions of the county, but all are under cultivation today. 

In the majority of townships the deposits in the main are small and 
it frequently happens that one and sometimes several gravel knolls or 
kames occur in the midst of a deposit. In accounting for them, Lin-
demuth in his report on the Geology of Darke County1 attributes them 
to material of mud and gravel from melting icebergs, which was sorted 
and shaped by eddies, currents, and streams from melting glaciers. 

1Lindemuth, A. C., Geol. Surv. of Ohio, Vol. III, 1878, p. 506. 
5-G. B. 16. 
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BUTLER TOWNSHIP 

Mud Creek Bog.-The deposit, which was formerly a shallow lake 
extending from its source in Harrison Township near New Madison to 
Greenville, a distance of about 10 miles, is indicated on the West Man-
chester topographic sheet of the United States Geological Survey. The 
portions examined and tested are near New Madison in Butler Town-
ship, sections 7 and 18, and in Harrison Township, section 13. In the 
former the peat is black, granular, slightly fibrous and well humified, and 
rests on clay. The area has been burned over, hence the peat is very 
shallow in many places and seldom has a thickness greater than two 
feet. Analysis No. 88 is that of a composite sample from the farm of 
C. McMillcr and indicates clearly that the best use of the deposit is for 
local agricultural purposes. 

Analysis No. 88 

Moisture __ --------------------------
Volatile matter ---------------------
Fixed carbon------------------------
Ash ______ ----- -- ----- ----- __ --- ___ _ 
Nitrogen------------------- __ -------
Sulphur --------------------- --------
Calorific value {Calories------------

B. t. u -------------

A.Ir-dried. 
12.72 
37.91 
10.03 
39.34 
2.00 
0.30 

2248.00 
4046.00 

HARRISON TOWNSHIP 

Moisture-free. 

43.44 
ll.48 
45.08 
2.30 
0.35 

2576.00 
4637.00 

The deposit just west of New Madison in Harrison Township, and 
that north of the town on the road to the Lakeview School, have a better 
quality of peat. The thickness averages 3 feet and in places 4. Fires 
have destroyed much of it. In texture the peat is somewhat fibrous 
and the upper layers are well humified and granular. Analysis No. 87 
represents a composite sample of peat from the farm of F. Schlentz. 

Analysis No. 87 
Moisture ___________________________ _ 

Volatile matter ---------------------
Fixed carbon------------------------
Ash _____________ ---- ______ ------ __ _ 
Nitrogen ___________________________ _ 
Sulphur ______________________ ----- __ 

Calorific value {Calories------------
B. t. u -------------

A.Jr-dried. 
16.24 
45.86 
16.34 
21.56 

2.55 
0.53 

3163.00 
5693.00 

Moisture-free. 

54.75 
19.51 
25.74 
3.05 
0.64 

3776.00 
6797.00 

The nitrogen content in this sample is large, but that of ash is suf-
ficient to injure the value of the peat as fuel. 

The deposit is favorably situated on the Pennsylvania Railroad. 
It appears to be of good quality and perhaps amply sufficient for local 
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needs, but the purity of the peat is not such as to render the deposit 
commercially important. 

Along the railroad, numerous other places might be cited where 
peat occurs, but the indications are that the deposits are all of the same 
character as the two cited above. Near Weaver's Station in Neave 
Township and at Bridge Creek, approximately one and one-half miles 
southeast of Greenville, about two feet of well decomposed peat rest on 
the native Niagara limestone. The areas are not sufficiently extensive 
and in places the material contains too much mineral matter for com-
mercial purposes. 

Portions of the remains of a mastodon and of a mammoth are said 
to have been found in the peat deposits of Mudcreek Prairie. Local 
histories report that parts of fifteen or twenty skeletons of these great 
animals have been exhumed in various parts of the county. 

The peaty areas in Brown Township, sections 9 and 17, cover an 
area of about 200 acres; Jackson Township has about 100 acres in section 
26; in Washington Township the deposit in sections 23 and 24 has an 
area of about 50 acres. The peat is relatively impure and was not tested 
for analyses and fuel value. 

DEFIANCE COUNTY 

Almost the ~hole of the county, which belongs more properly to 
the Black Swamp district, exhibits a nearly flat and but slightly varied 
surface, rich in humus, that rests upon bowlder clay. Milford Town-
ship, in the northwestern corner of the county, is the only portion which 
is rolling and contains peat deposits. · 

The county had orginally much waste, marshy land and peaty soil. 
The land survey of 1818 shows that at that time tamarack bogs with 
red maple and black ash occupied almost the entire central portion of 
Mark and Farmer townships. The thickness of peat varied between one 
and three feet and lay on a level clay surface. The northwest corner 
of Farmer Township, sections 4, 5, and 6, had tamarack bogs quite re-
cently. Artificial drainage, fire and cultivation have reduced the area 
of peat very considerably. A number of the deposits are traversed by 
streams and subject to occasional flooding and accession of silt. As 
might be expected the percentage of ash is high, the thermal value less 
than moderate, and the peat not of quality to justify the manufacture 
of fuel or of other products. 

The great prairie, in section 16 of Adams Township, was formerly 
a shallow lake surrounded by extensive marshy land and was made by 
beavers cutting timber and damming the outlets. The county ditch 
has drained the area, all of which is now well humified and under culti-
vation. Elk horns and skeletons of various animals were found during 
the excavation of the ditch. 
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Washington Township had, in sections 10, 14 and 15, an extensive 
but shallow cranberry marsh, all of which is now well drained and 
being farmed. 

In Hicksville Township the southern and eastern portions have well 
drained peaty tracts, which have been under cultivation for some time. 
Platter Creek and Gordo!l Creek marshes are shallow tracts of well humi-
fied soil that lie partly in this township. 

Ladd's Lake, about one-fourth of a mile south of Clarksville in 
Milford Township, is surrounded with a narrow border of peat, ap-
proximately 12 acres in area. The material is light brown and fibrous 
to the depth of 5 feet, but at lower levels it is slightly fibrous, granular 
and rather fluid. The bottom was not reached at a depth of 18 feet. 
The vegetation around the inner margin consists principally of cattails 
and aquatic plants; toward the outer border are bog shrubs and red 
maples. 

Little Lake is about one and one-half miles southeast of Clarksville 
in section 10, on the outside of St. Mary's ridge, a beach of glacial Lake 
Erie. A zone of peat about 10 feet in width surrounds the lake. The 
vegetation tenanting the area is found in almost continuous concentric 
zones. White and yellow water lilies are succeeded by knotweeds, cat-
tails and sedges, and these in turn are replaced by shrubs and trees. 

The following plants were noted: Several bog rushes (Juncus acuminatus,J. 
tenuiB, J. effusu1), sedges (Carex lurida), spike rush (Eleocharis obtusa), manna grass 
(Glyceria= Panicularia ftuitanB), panic grass (Panicum BPho.erocarpun), chokeberry 
(Aronia nigra= Pyrus mela11ocarpa), poison sumach (RhuB vernk), buttonbu.sh (Ceph-
alanthUB occidentalis), meadow sweet (Spiraea salicifolia), willow (Salk discolor, 
8. amygdaloides), red maple, black ash, wild cherry and elm. 

Leman's Lake is about one and one-half miles southeast of Clarks-
ville at the corner of sections 2 and 11. The vegetation surrounding 
this lake is in part that of the preceding one, but the swamp loose-strife 
is here the important mat-former. 

A forest association surrollllds the lake, consisting of red maple, aspen, 
oak (Quercus coccinea), black ash, elm, tulip tree (Liriodendron tulipifera), a few 
isolated walnut trees (Juglans nigra) and hickories (H icoria minima= Carya cordi-
f ormis ). · 

This association leads on the northwest side of the lake into a tamarack bog. 
The water table of the lake has been lowered 5 feet within recent years and as a re-
sult the tamaracks are rapidly dying out. They will be replaced ultimately by an 
association of deciduous trees such as that'mentioned above. Sphagnum and poly-
trichum mosses are a frequent grolllld cover. Ferns such as the royal and the cin-
namon are numerous and of .luxuriant growth; tulip tree seedlings indicate the coming 
vegetation aspect. The high-bu.sh blueberry (Vaccinium corymbosum), winterberry 
(flex verticillata), the swamp honeysuckle (Azalea= Rhododendron viscosum) and 
several other bog shrubs determine more specifically the physiognomy of the sec-
ondary layer. 
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The total area of the peat deposit about Leman's Lake is possibly 
100 acres, but the exact limits could not be obtained. The peat is more 
or less uniform in quality in most places where tested; it is light brown 
in color, slightly fibrous, at times woody, and often somewhat fluid. Its 
thickness averages 14 feet. Over considerable areas around the outer 
margin of the bog, the peat is very shallow and heavily grown over with 
young aspen. The bog is not very advantageously situated as regards 
shipping facilities. The nearest point on the railroad, the New York 
Central line, is Edgerton, about 7 miles north. 

The analysis of sampks from the tamarack portion of this peat de-
posit is as follows (for the fertilizer constituents of this sample see table 
32): 

Analysis No. 8'i! 

Moisture ________ . _. _ ... _. __________ _ 
Volatile matter . ___________________ _ 
Fixed carbon ______________________ · __ 
Ash . _____ • _ ___ _ _ __ .. _________ • _ 
Nitrogen ____________ _ 

Sulphur --~-------------------------

Calorific value { ~~~~r!es·--------~~ --

Air-dried. 

8.58 
57.07 
23.08 
11.27 
2.34 
0.47 

4277.00 
7699.00 

Moisture-free. 

62.44 
25.24 
12.32 
2.58 
0.52 

4678.00 
8420.00 

A small peat deposit occurs east of the barn on the farm of F. Krill. 
The bog was originally a "cranbeFry marsh," but has been under culti-
vation for the past ten years. The peat is of almost the same character 
and texture as that just described. To the depth of 3 feet it is fibrous, 
compact, often matted and dark brown. At a depth of 5 feet water 
pockets are encountered with finely fibrous, brown material. Peat of 
this texture continues to the 11-foot level, where it becomes fibrous, light 
brown and firm. At the 13-foot level the peat is of the same texture. 
The bottom was not reached with the sampling instruments, the avail-
able length of which was 15 feet. The thickness of the deposit at the 
center, however, is more than that. Around the margin the peat is olive 
green, granular and only slightly fibrous. It rests on a blue clay; 
marl was not found. The total area of this bog is not over 5 acres. 
Analysis No. 83 represents a composite sample from this bog; its fertilizer 
value is indicated in table 32. 

Analysis No. 83 
Air-dried. 

Moisture ___________________________ _ 
Volatile matter --------------------
Fixed carbon -------------------
Ash _______ . _. -- -·---- - - --- ---- ---- --
Nitrogen ___________________________ _ 

Sulphur -----------------------
Calorific value f Calories---------- --

l B. t. u ----------- --

8.97 
55.10 
25.46 
10.47 
2.63 
0.34 

4331.00 
7796.00 

Moisture-free. 

60.53 
27.96 
11.51 
2.90 
0.36 

4759.00 
8566.00 
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A number of test borings were made on the east side of Leman'i:s 
Lake. The samples were taken along a ditch which runs in an easterly 
direction on the farm of W. L. Wiles and receives the surplus water 
from the lake and from part of the bog under cultivation. 

At a distance of 5 rods east from the inner margin of the lake, in 
the swamp loose-strife zone, the peat is fine-grained and dark brown to 
a depth of 9 feet. No bottom was reached with the available length 
of the sampling instrument. Twenty rods east of the border vegetation, 
in a portion of the bog covered with aspen and red maple, the peat is 
dark brown, slightly fibrous and very compact; the bottom was not 
reached. At 40 rods from the lake margin, in a clearing mostly covered 
with nettles, the peat is similar in character to that of the preceding 
sample, but at the 9-foot level the peat appears greenish, fibrous and 
often somewhat fluid. Another testboring was made at a point 50 rods 
from the lake border in an area under cultivation. Little difference 
was observed in the texture of the peat, and at a depth of 14 feet blue 
clay was found. No analyses were made of the peat samples. 

HIGHLAND TOWNSHIP 

Cranberry Marsh.-This bog is in section 15, one-half mile south-
east of Ayersville. Its form and location are shown on the Defiance 
topographic sheet of the United St~tes Geological Survey. The bog, 
which is partly encircled on the north, east and south sides by a sandy 
ridge, was until recently a cranberry marsh. It was partly burned over 
about 20 years ago, and though it has been under cultivation repeatedly it 
has never been productive and today is considered worthless. The area 
is probably 25 acres, and the average thickness of peat one and one-half 
feet. The samples taken from a variety of locations show a slightly 
fibrous, dark brown peat, decomposed but poorly humified. Its analysis 
indicates a high per cent. of ash, most of which is sand. The underly-
ing subsoil is a compact sand. 

On the portions of the bog which have been severely bumed over, dwarfed 
plants or the following species were noted: Sedges (Carex virescens), bur marigold 
(Ridens discoidea), feld sorrel (Rumex acetosella), knotweed (Polygonum pennsyl-
vanicum), ragweed (Amtrosia trijida), pokeweed (Phytolacca decandra). 

Toward the southeast, small trees of wi'uow, aspen and poplar (Salix petiolaris, 
Populus trcmulofrles, P. hetercpl.ylla), with an occasicnal black gum (Nyssa sylt-at-
ic a) and several bog shrubs, like chokeberry (Aron ia nigra = Pyrus melanocarpa) and 
others, begin to arpear. 'Ibey are encroaching rapidly on the abandoned clearing 
and gradually beccme larger and denser as the uncultivated, wooded portion of the 
bog is approached. In the more open places near the burned area, the association 
in eludes polytrichum mosses more or less abundant as a ground cover, several sedges 
(C arex virescens, C. canescens, C. scoparia), bog rush (Juncus effusus), grasses (Pan-
ic um huad,ucae, P. Ep.), spike rush (Eleocharis obtusa), cinquefoil (Potentilla man~ 
sp eliensis), wild oat grass (Danthonia sp.), marsh St. John's-wort, (Hypericum vir-



GEOLOGICAL SURVEY OF OHIO. 55 

ginicum), seed box (liudvigia alternifolia), prostrate bramble (Rubus hispi.dus), 
meadow sweet (Spiraoo salicifolia), wild rose (Rosa carolina), and several ferns 
(Aspidium= Dryopteris thelypteris, Onoclea sensibilis). 

The slightly elevated sandy ridge, which borders the bog on the south, is wooded 
and contains among others red maple, yellow poplar {Liriode:ndron tulipifera), large 
toothed poplar (Populus gmndidentata), sassafras (Sassafras variifolium), several 
oaks (Quercus velutina), witch hazel (Hamamelis virginiana), chokeberry (Aronia 
nigra), black alder (/lex verticillata), black huckleberry (Gaylussacia baccata), 
prostrate bramble (Rubus hispi.dus), sedges (Care:c virescens), and shield fern (As-
pidium= Dryopteris thelypteris), indeed a peculiar mixture of southern and northern 
plants on a habitat of this character. In low and wet depressions sphagnum mosses 
and the dwarf bramble (Rubus triflorus) abounded. 

Another and larger bog, considerably more advanced in develop-
ment, lies south of the ridge, and is continuous with the one just de-
scribed. The peat, which nowhere is more than 3 feet in thickness, is 
of the same texture and character, but more moist. This tract of land 
is considered worthless. The peat samples from this locality were not 
analyzed. 

The central portion of the bog is open and covered with sedges and grasses. 
The vegetation around the bog meadow is arranged concentrically. A zone of wild 
rose (Rosa carolina) and spirma (Spirrea salicifolia), with Sphagnum hummocks, is 
surrounded by the high-bush blueberry (Vaccinium corymbosum), black alder (flex 
verticillata) and chokeberry (Aronia nigra= Pyrus melanocarpa). This association 
leads into a willow, aspen and red maple zone. The outer border of the bog, along 
the sandy ridge, supports a woodlot vegetation. 

ERIE COUNTY 

E_rie County has a surface that is quite flat and but little elevated 
above Lake Erie. With the exception of the valleys excavated in the 
drift, the ridges of glacial Lake Erie, which traverse the county from 
east to west, constitute the only diversity of topography. The slope 
is very gradual toward the lake, and along its shore in Margaretta, Port-
land and Huron townships, between the bar sections and the mainland, 
are at least 4,000 acres of marsh. The location and area are shown on 
the Bellevue, Sandusky and Vermilion topographic sheets of the United 
States Geological Survey. The accumulation of plant remains has been 
continuous over a long period of time. The vegetation consists princi-
pally of bulrushes (Scirpus validus, S. americanus), reed grasses (Phrag-
mites communis), cattail, bur weed, arrow head and others. 

The mass of the accumulation is loose, but homogeneous in texture. 
In most instances it seems to consist of a mixture from many places. 
Fragments of wood are not uncommon. The debris contains a high per 
cent. of mineral matter, principally fine sand and clay. By the aid of 
cribwork, jetties or piers much of this marsh could be reclaitned. Similar 
tracts have been brought into an arable condition without much diffi-
culty in other states. No samples of peat were taken for analysis. 
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MARGARETTA TOWNSHIP 

Casta.Ua. Prairie.-A marshy prairie of about 3,500 acres extends 
from Castalia to the west and north. There are moderately elevated 
hills to the south of the prairie, but the northern portions slope gradually 
toward Sandusky Bay. The peat over the greater part of the prairie 
is very shallow. Fires have swept over large areas. On a few small 
portions the peat is deeper. 

The most common and characteristic plants prior to the drainage of the prairie 
were the reed (Phmgmites communis), hoop-pole (Spartina cynosuroides), and blue 
joint. At present these plants occur only at a few isolii.ted localities on deeper peat 
north and west of the Portland cement works. There are relatively large areas of 
a peaty marl upon which a heath association, consisting principally of shrubby cin-
quefoil (Potentilla fruticosa), with an occasional fringed gentian (Gentiana crinit.a), 
a small white lady's slipper (Cypripedium candidum ?), and several grasi>es, is the 
characteristic cover. The stonewort (Chara sp.) is very abundant in the shallow 
pools formed by surface erosion. The association resembles the heath bog near 
Urbana in Champaign County, which has a similar substratum, but is of a greater 
depth. · 

The northwestern portion of the prairie has been artificially drained. 
The water from subterranean springs formerly flowed through the 
prairie. Of these the best known is the "Blue Hole," an orifice in the 
native limestone. The spring is a short distance east of Castalia, along 
the Sandusky division of the Cleveland, Cincinnati, Chicago and St. 
Louis Railroad. It maintains a nearly constant temperature and volume-
of water throughout all seasons, except during severe and protracted 
drought. The water is clear and cold, and being charged with lime in-
crusts all objects, as grasses, sedges and logs, with which it comes in 
contact. The spring is carpeted with masses and festoons of algae to a 
depth of more than thirty feet. The water contains much carbonate of 
lime and has given rise to extensive marl deposits which are now used 
on a large scale for Portland cement. The deposit of this material covers 
an area of several square miles. 

The prairie, like many other areas situated along Lake Erie, has 
undergone a great many changes. Of these the most interesting and 
important is the one due to tilting and subsidence. 

Testborings were made at a point about one mile west of the Port-
land cement factory, and indicate the following cross section. At a 
depth varying from one to two feet below the marly surface occurs a 
layer of peat ten inches in thickness. Below this is a fine-grained, cream-
colored marl consisting principally, it seems, of Chara nodules. The 
thickness of the bed is 4 feet. It is underlaid by four inches of coarser 
stonewort intermingled with pebbles of calcareous tufa, a layer of which, 
about one foot in thickness, lies immediately below. Incrustations of 
rhizomes of the reed grass (Phragmites communis) and of other plants 
are more or less abundantly scattered throughout the coarser stonewort 
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material. Beneath the tufa lies a second layer of peat two feet in depth, 
which is black, well decomposed, and slightly fibrous. Fragments of 
root-stocks, of reed grass and of wood are frequently found. Trunks 
of willow and red cedar have been removed in several places by the 
dredge on the land of the Portland Cement Company. The peat con-
tains toward the bottom a mixture of shell marl. Below the peat is 
found another layer of Chara marl, one and one-half feet thick, inter-
mingled with pebbles of calcareous tufa. The marl rests upon a third 
layer of peat, some~hat marly but apparently of the same texture and 
character as that of the second layer. The deposit in turn is underlaid 
with a marly blue clay. 

This record provides additional evidence in support of the statement 
made by geologists that the country about the western portion of Lake 
Erie was once dry land at least 200 feet above the present lake level. 
The submerged marl beds and peat deposits, the caves upon the islands 
of the lake (Point Pelee, Kelley's Island, Put-in-Bay Island and several 
others), the inequalities in the height of old beaches on the mainland 
near Lake Erie, and along the other great lakes, indicate that the whole 
region has undergone subsidence. The comparison of the heights of 
benchmarks above the normal lake level shows that tilting is still going 
on, raising the water level on the entire southwestern border of the basin, 
converting into marsh extensive areas which were dry prairie. The. 
rate of the deepening of the water has been studied by Moseley, 1 who 
investigated the age of the parallel ridges on Cedar Point and from the 
vegetation upon them obtained evidence that the water in Lake Erie 
has risen ·a little over two feet per century. 

The formation of the peat deposit is unquestionably due to sub-
mergence, just as that of the marshes along the shore. Twice during 
the progress of each submergence, shore materials, the pebbles derived 
from tufa beds that formerly existed where the bay now is, spread over 
the surface covered by the advance of the lake. This deposit was 
followed first by mixed mechanical and organic material, then by almost 
pure Chara marl and finally by accumulations of vegetable matter. This 
indicates possibly a retreating, shallowing lake or else the formation of 
sand bars near its shore, which later acted as barriers to the northward 
drainage. After the filling and complete closing of the marsh by the 
growth and partial decay of plants there followed a lower water table, 
firmer surface conditions and favorable soil. Reed grasses and other 
plants occupied the area. Drainage and the nature of soil processes were 
then as now the factors which determined the order of success.ion of the 
series of plants leading to a natural meadow or to tree encroachments. 
These plants do not grow well now where it is wet, and hence point to 
a return of land conditions during which no deposition was made on 

1Mosely, E. L., Formation of Sandusky Bay and Cedar Point; Proc. Ohio Acad. 
Sci., Vol. IV, 1904, pp. 179-238. 
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the surface. But the submergence of the west end of the Erie basin 
continued and again caused the lake to extend southward, and it may 
reasonably be expected that the waters will continue ~o spread over the 
adjacent lowland, in a manner similar to that of past centuries. 

FAIRFIELD COUNTY 

The northern part of the county has a relatively fiat surface with 
occasional saucer-shaped depressions a few acres in extent, which hold 
water only long enough to form shallow accumulations of vegetable re.-
mains. Neither the quantity nor the quality of the material would 
warrant commercial development, for it is usually a black mucky peat 
with considerable mineral matter 

Farther south the topography is hilly, and hence offers no con-
ditions for peat formation. Only the territory lying upon the western 
slope of the divide between the Hocking and Scioto rivers shows any 
indication of having peat deposits. 

AMANDA TOWNSHIP 

The position of the peat deposit is shown on the Lancaster topo-
graphic sheet of the United States Geological Survey but is not indicated 
as bog land, for all of it is under cultivation. The area examined is in 
section 26 on the farm of J. A. Madden. 

A number of testborings were made, which show that a large part 
of the deposit is underlaid by several sandy knolls. At a point one-
fourth of a mile northwest of his residence one of these knolls was en-
countered. The peat at the 3-foot level is grayish black, somewhat 
fibrous, with roots and rhizomes of reed grass (Phragmites communis); 
it has the same color at the 5-foot level but is less fibrous. Near the 
7-foot level the material is reddish brown, woody and more or less fluid. 
At the 9-foot level begins an admixture of sand, and below this was 
found quicksand with a sandy shell marl resting on gravel. 

A line of holes due west from this elevation shows peat of a texture 
similar to that just mentioned, except that the woody layer occurs at the 
9-foot level. At a depth of 11 feet the peat is fairly well decomposed, 
only slightly fibrous and somewhat woody Near the. 13-foot level is 
material with a greenish layer formed principally from aquatic plants, 
sedges and grasses. A thin layer of shell marl on sand lies below. 

In several places the presence of pyrite (?) and of gas was noticed . 
which seemed confined near the 5-foot level. The peat from that level 
has a sulphurous odor. Considerable suction was encountered at some 
of the holes when the peat samples were withdrawn. 

The deposit apparently represents an extensive, ponded area which 
was converted into a peat basin through the accumulation of aquatic 
plants, sedges and grasses which were later succeeded by willows and 
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shrubs. At that stage of the development the area was flooded, possibly 
through the activity of beavers and probably on account of the growth 
of vegetation near a former outlet. Grasses and sedges began to en-
croach in greater numbers and gradually built up and thus filled the 
basin. The water level must have been considerably higher than at 
present, for the surface of the peat upon the knolls is at least 4 feet 
above the general level of the deposit. 

Analysis No. 66 represents a composite peat sample from this 
locality. 

Analysis No. 66 
Air-dried. 

Moisture--------------------------
Volatile matter _ _ _________ _ 
Fixed carbon ________________ _ 

Ash ---------------------------Nitrogen _________ ..... ______________ _ 
Sulphur ____________________________ _ 

Calorific value { ~~~~r~es_ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ • 

7.58 
53.35 
19.42 
19.65 
3.00 
3.90 

3904.00 
7027.00 

Moisture-free. 

57.72 
21.02 
21.25 

3.25 
4.21 

4224.00 
7603.00 

The sample analyzed shows the peat high in ash and only moderate 
in thermal value, but the percentage of nitrogen is relatively higher than 
that of many other samples from Ohio. The ash content forms the 
principal handicap to the commercial development of the deposit. 

FULTON COUNTY 

Prior to 1858 there were large areas of land within the county upon 
which t:J.arshes and bogs abounded. Deep drainage has since been re-
sorted to for the reclamation of the beds of vegetable matter. The 
areas have been burned over in large part, and are mostly under cultiva-
tion. Save a few small tracts of peat land in the centrally located town-
ships there is little that would be favorable for anything other than 
agricultural development Neither the quantity nor the quality of the 
peat is satisfactory. 

CHESTERFIBLD TOWNSHIP 

A large part of the surface consists of a succession of knolls, dunes 
and short ridges. Between them are numerous marshy tracts and peaty 
soils, all of which show considerable admixture of sand. 

On the land of H. E. Borton, in section 28, is a tamarack bog which 
originally covered about 40 acres. The deposit is in a broad, shallow 
basin and is surrounded by low sand hills. With the exception of one 
acre on which the marketable tam'l.rack had been cut out quite recently, 
most of the deposit is used as pasture. The peat has been burned in 
places. The deposit was sampled at various points, but nowhere was 
found a thickness greater than 2! feet~ The peat is dark-brown in 
color, well decomposed, with sandy layers resting on a hard clay. Even 
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the best samples were more than half mineral matter, and hence were 
not transmitted for further analysis. Marl was not found, but it is 
said to occur in similar deposits in the neighborhood. 

DOVER TOWNSHIP 

A large number of the depressions among the sand dunes contain 
peat. The thickness varies between six inches and two feet. The ma-
terial in some places is moderately coarse, not much decomposed and con-
tains many living roots of the herbs and grasses tenanting the habitat. 
No analysis was made of the samples. 

ROY AL TON TOWNSHIP 

In this township the redeemed swamp, marsh and bog land is said 
to be more fertile now than the higher land. An exception to this is a 
tract of peaty soil of about 100 acres in sections 28 and 29, which was 
originally a cranberry marsh. The area has been drained and burned 
over and has been repeatedly cultivated with but poor success. The 
deposit is shallow but there are occasional pockets of greater thicknese, 
though the location of these has not been determined. 

Much of the peat is charred, only moderately fibrous and tht> pro-
portion of mineral matter rather high. The underlying material is san<.1 
and in places clay. Them constitute the principal drawbacks to its 
commercial development. It is possible that over certain small areas 
the thickness of the peat is greater and the texture and quality better. 
No analyses were made of the sample. 

GEAUGA COUNTY 

The characteristic physical feature of the county is the elevated 
table land, a conglomerate or pebbly sandstone, whom limits define 
almost exactly the western, northern, and eastern boundary of the county. 
The cen1ral part is a nearly level surface that was Emoothed by ice 
action. The elevated position of the county with its rounded hills and 
the peculiarities of the iwil, a tenacious clay n:sulting from the disinte-
gration of clay shales mingled with· the drift, would seem to promh-:e a 
supply of peat sufficient at least for local purpose:s. In the northeast-
ern portionR of the county, particularly in Men ville Township, thue 
are several <mall shallow bogs with a clay l:ottom, in one of which was 
found in 1870 the skeleton of a young mastodon. In only two town-
ships of the county is there an indication of an ·mportant amount of 
peat. There are several small lakes which have peat in them. They 
afford the most interesting examples in the State of the p::irt·a1 filling 
by the grov1rth and decay of vegetation, and the character of the plant 
associations succeeding each other during the filling process. At the 
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extreme southwestern corner of the county is a deposit wh' ch represents 
a completely filled water basin. This was at one time u large lake which 
was gradually filled with an accumulation of vegetable matter and thus 
converted into a peat deposit. The plants, which are now growing 
upon the surface of the peat in the partially filled lakes described below, 
undoubtedly formed the peat of the deposjts in que-,tion. 

BAINBRIDGE TOWNSHIP 

Solon Bog.-W est of Geauga Lake in the extreme southwest corner 
of the township there are, approximately, 70 acres of peat land. The 
location and the area are shown on the Chagrin Falls topographic sheet 
of the United States Geological Survey (Fig. 2). The deposit extends 
west into Cuyahoga County, southwest into Portage, and south into 
Summit for a distance of about two miles. 

The testborings were so distributed as to cover portions in all four 
counties They show that in many places the thickness of the deposit 
averages 8 feet. In considerable areas around the margin, the peat is 
shallow and shows the effects of repeated fires. The middle part of the 
deposit could well be utilized for industrial purposes and the rest for 
agricultural uses. But before exploitation for fuel is attempted, further 
tests and analyses should be made. 

The borings of the portion of the bog in this county indicate at the 
first foot level a well decomposed peat intermingled with charred, woody 
fragments. At the 3-foot level the peat is slightly fibrous and woody 
but stumps and roots were not found. The peat at the 5-foot level is 
of a better texture, well decomposed and rather firm but containing 
woody fragments. It is similar in character at the 7 -foot level but more 
thoroughly decomposed. The deposit below the 9-foot level rests on a 
clay substratum. The samples taken for analysis were lost in transit. 

The surface of the bog is free from trees, and the vegetation grow-
ing on the deposit is mainly a typical lowland pasture association that 
contains sedges and grasses. 

Geauga Lake:.-This body of water occupies a rathei; deep de-
pression which is fed by underground springs. The shore on the east 
and west side has a border of peat the exact limits of which were not 
determined. The deposit probably nearly corresponds to the limits of 
the 1,020-foot contour line indicated on the Chagrin Falls topographic 
sheet, but the swamp symbol is not given on the map. 

The major portion of the peat border is covered to the water's edge 
on the west side with bog shrubs and on the east with tamarack. The 
marginal succession comprises a submerged association consisting of the 
tape grass (Valisneria spiralis), pond weeds (Potamogeton sp.), and 
others; several members of the semi-aquatic and floating associations 
such as the water lilies, knotweeds, pickerel weed and several more. 
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The vegetation of the shore includes the swamp loose-strife associa-
tion among which are crowded the shield fern, pickerel weed, arrow-head, 
marsh St. John's wort and sphagnum mosses. The peat at this point, 
about 5 feet to the west of the water's edge is light-brown, fluid, somewhat 
fibered but otherwise well decomposed to the depth of 14 feet. Below 
the 14-foot level the peat is greenish brown, almost laminated. At the 
depth of 15 feet a pond filling is encountered; that is, a fine-grained, 
rather compact vegetable detritus which spreads over the lake bottom 
filling it with a soft oozy mud. This is found at the 17-foot level and 
deeper; the bottom of the layer was not reached with the available 
length (19 feet) of the sampling instrument. 

The swamp loose-strife association is closely followed by a bog 
shrub association; alders (Alnus rugosa, A. incana), and poison sumach 
with a ground cover of sphagnum mosses, sedges (Carex sp.), ferns 
(Onoclea sensibilis) and occasionally skunk cabbage. This zone is a 
narrow belt and leads into a bog shrub and bog forest association which 
on this side (the western shore) consists principally of the red maple. 
The shrubs underneath the trees are arrowwood, buttonbush and oc-
casionally poison sumach; the lower layer is one of ferns (Osmunda cin-
namomea, Onoclea sensibilis), sedges, marsh St. John's wort and huckle-
berry. This zone extends outward about 40 feet from the border of the 
lake. The peat at this point is brown and fibrous to a depth of 9 feet 
and is intermingled with woody fragments. At the 11-foot level it is very 
fluid and is woody at the 13-foot level, but appears a laminated, green-
ish brown to the 15-foot level. · Below this lies an olive-green, fine-grained 
clayey peat. The bottom was not reached. 

The bog foreEt association leads into a vegetation zone which com-
prises for its main species the swamp rose, elderberry, meadow sweet, 
several asters and willows. The peat underneath the vegetation cover 
is very sandy and varies in thickness from 3 to 5 feet. 

The samples of peat from the testborings in the shrub zone give 
the following analysis. 

Analysis No. 49 
Air-dried. 

Jllfoisture ___________________________ _ 
Volatile matter ____________________ _ 
Fixed carbon------------------------Ash _______________________________ _ 
Nitrogen ___________________________ _ 
Sulphur ____________________________ _ 

Calorific value { Calories - - - - - -- - - - - -
B. t. u -------------

9.01 
46.45 
21.39 
23.15 

1.93 
0.71 

3795.00 
6831.00 

:Moisture-free. 

51.05 
23.51 
25.44 
2.13 
0.77 

4169.00 
7504.00 

From this analysis it appears that the ash content is high and the 
thermal value only moderate. This is attributed mainly to the fact that 
samples from the sandy layers and from near the bottom are included. 
The quality of the upper portions is undoubtedly better. 
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The peat would have to be excavated by dredging or by pumping. 
The Erie Railroad passes just a short distance north of the lake. 

Part of the deposit on the eastern shore of the lake is covered to 
the water's edge with tamarack. Beneath them is a rather open growth 
of bog shrubs, chiefly those belonging to the heath plants. Of these the 
chokeberries, the high-bush blueberry and the mountain holly are most 
frequent and noticeable. With these heaths occur the alder, button-
bush and poison sumach nearer the water's edge; red maple and young 
elms are found farther inland. The ground cover consists in part of 

Fig. 3.-Map showing location and area of peat deposit about Bradley Pond (Kell-
more Lake) and South Pond (Snow Pond) in Geauga County. 

Scale, 1 inch =-1 mile (2.5 cm. = 1.6 km.). 

sphagnum mosses, a frail growth of tall sedge (Dulichium arundinaceum), 
several ferns (Aspidium = Drycrpteris thelypteris, Osmunda cinnamomea, 
0. regalis) and others. 

The water level of the lake must have been lowered several years 
ago. The extent to which the peat deposit has settled is shown by the 
tamarack trees with exposed roots. The depth of the deposit was not 
determined. 

BURTON TOWNSHIP 

Bradley Pond (Kellmore Lake).-This most interesting of all 
the ponds visited in this county is located in the southeastern quarter 
of the township. It is about midway between the Burton branch and 
the Garrettsville branch of the Eastern Ohio Traction Company. The 
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form and the area of the basin are shown on the Garrettsville topo-
graphic sheet of the United States Geological Survey (Fig. 3). The 
deposit of peat around the basin approximates 100 acres and the limits 
correspond very closely with the 1,120-foot contour line but the swamp 
symbol for these tracts is not indicated on the map. The major part 
of the lake and adjoining peat deposit is on the land of E. Moore and C. 
H. Kellso. 

The lake as a whole represents a later stage than Geauga Lake of 
the process of filling a basin by vegetation. In many ways, even to the 
species of the plants concerned in the succession of plants it corresponds 
to types of peat bogs characteristic in northern Michigan. The only 
possible difference which could be noted consists in the greater luxuriance 
of southern shrubs in the wooded portion of the bog. 

Vegetation of the submerged aquatic type is practically absent in 
the lake (Plate II). There are some aquatic mosses on small patches 
of bare peat just below the water surface. The bottom of the pond is 
apparently made up of dark colored peaty ooze. The yellow and white 
water lilies, pickerel weed. and arrow-arum appear scattered and in places 
thickly crowded. The filling process in this basin is proceeding very 
slowly. The greater part of it seems to be done by the aquatic plants, 
for the associations of bog meadow and of bog heath plants which lead 
into the tamarack occur in rather narrow zones. 

The lake is fringed by a zone of swamp loose-strife. The cattail occurs only 
rarely. The shore vegetation, above the surface of the water, is quite different in 
character and species in different parts of the pond. At. the southern end a dense 
growth of sphagnum mosses and cranberry vines forms a well marked zone, several 
feet in width. The association has a varying distance from the edge of the swamp 
loose-strife border. Confined to this zone almost exclusively are several sedges 
(Carex canescens, C. interior), the buckbean, shield fem, tall sedge (Dulichium sp.) 
pitcher "Plant and others. The surface of the quaking mat is but little above the 
water's level. The testboring shows a coarsely fibrous peat to a depth of about 
nine feet. Below this level the peat is finer in texture and gradually assumes the 
character of a greenish brown, well decomposed filling. • The depth beyond the 
17-foot level was not determined. 

Shoreward the cranberry-sphagnum association is closely followed by a narrow 
zone of low bog shrubs-the leather leaf and the bog rosemary with low blueberry 
(Vaccinium vacillans). Of these the former is more conspicuous in point of numbers 
and size. The absence of any extensive areas of sedge and heath points to relatively 
slow encroachment upon the open water by the plants, since shrubs do not spread 
as rapidly in the form of a mat as the sedges and some of the heaths such as cran-
berry, leather leaf and others. Yet the step-like advances which plant associations 
make over the surface of the water and the filled-in portions in a well-marked zona.-
tion are very distinct~ 

As the distance from the open water is increased, the bog heaths merge into a 
tall bog shrub association, the members of which are alders, poison sumach, choke-
berries, winterberry, mountain holly, the high-bush blueberry, low blueberry, aza-
lea, arrowwood, and occasionally small tamaracks. As an undergrowth are plants 
belonging to the bog meadow and the bog heath, hut they are less common and in 
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poor condition as though in an unfavorable situation. The surface or the peat is 
higher, firmer and less easily shaken. 

Around the tall bog shrub association and extending nearly a.round the entire 
lake is a mature tree-covered zone. Ta.ma.rack, yellow birch, white pine and hemlock 
make up the growth. The tamaracks are in several places the taller and presum-
ably the older trees. They generally overtop the other species and appear or greater 
age. A portion or the margin of this lake is shown in Pl.ate II. Sphagnum mosses 
cover occasional spots in this conifer zone, but they are nowhere abundant. It is 
often pale in color and quite dry at the top as though dead. In moist depressions · 
it seems to be growing better; areas several square feet in extent are frequent, cov-
ered with green and fresh sphagnum. Polytrichum mosses and club mosses (Lyco-
podium lucidulum) are often found as dense mats. Several orchids (Habeno.ri.a cla-
vellata, Cypripedium acaule), a.re quite common with. wintergreen (Gaultheri.a pro-
cumbens) and occasionally Indian pipe (Monotropa unf./Wra), gold thread (Coptis 
t~i/oli.a), and the long sedge (Carex /olliculat.a). The ferns are the most abundant 
plants. The cinnamon fern especially makes a striking display with its large tufts 
of long and broad fronds. The shrubby species, most of which have been listed 
above constitute the greater part of the association under the shade of the trees. 

Several borings were so distributed as to test the peat of the wooded 
zone. The notes which were taken agree in the main and show a well 
decomposed, somewhat woody, reddish brown peat near the surface, 
which becomes dark upon exposure to the air. At the 5-foot level the 
peat is of a similar character but slightly more fibrous and very fluid. 
Below this occurs a coarsely fibrous variety. At the 7-foot level the 
material is ·again well decomposed but more or less woody. In.a few 
places layers of sandy peat were noted near the 11-foot level, resting 
on a blue clay, but deeper pockets of the material are frequent in which 
a fine grained filling occurs at a depth of 17 feet. . 

Farther landward where the peat is drier, firmer, darker in color and 
well decomposed, a dense growth of red maple, black ash and elm occupies 
the area and extends practically around the lake. The trees are all of 
fairly large size.· Associated with them are the wild cherry, beech, 
whjte oak, basswood, magnolia and juneberry with an undergrowth of 
spice bush, dogwood, swamp honeysuckle, high-bush blueberry and 
othe~ of the bog shrub association. The fertilizer value of this sample 
is indicated in Table 32. The analysis of the peat samples from the 
portion of the bog covered with deciduous trees, is as follows: 

Afllllysis No. 51 

Moisture----------------------------
Volatile matter ---------------------
Fixed carbon------------------------
Ash - --- -- - --- - - -- -- - -- - -- --- - - - - -- -
Nitrogen ---- --- - --- ----- -- -- --- - --- -Sulphur _____ ----- ___ ------ _________ _ 
Calorific value f Calories------------

\ B. t. u -------------
6-G. B. 16. 

.Alr-drled. 
10.11 
54.01 
25.16 
10.72 
2.00 
0.26 

4366.00 
7859.00 

Molature-free. 

60.09 
27.96 
11.95 
2.24 
0.29 

4856.00 
8741.00 
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Everett Lake.-A smaller pond, Everett Lake, lies a short distance 
south of the one just described (Fig. 3), and is quite dissimilar in the 
plant associations which border it: In the open water are a few much 
scattered water lilies. The swamp loose-strife zone is narrow. A 
densely crowded tamarack growth surrounds the entire lake as a nearly 
concentric border. The younger trees form a successively lower vertical . . . 
layer.as the edge of the water is approached (Plate I). A very abrupt 
change is noticeable in the character of the vegetation usually found 
between the tamarack zone and the bog shrub, bog meadow and the shore 
associations immediately' lakeward. This is due to the very small 
width of the respective zones. Under the shade of the tainarack are 
a few plants which have been given in the list above for Bradley pond. 

There are no indications here of any recent advance lakeward of 
the marginal and shore successions. The trees are growing nearly to the 
water's edge and several are of good size and many years old. The 
exceedingly narrow zones of bog meadow and bog heath consist of plants 
which appear thrifty but do not seem to make much growth upon the 
open water. 

TROY TOWNSHIP 

South Pond (Snow Pond).-This body of water is small and is 
surrounded by a dense growth of bog shrubs. Its area and location 
are shown on the Garrettsville topographic sheet of the United States 
Geological Survey (Fig. 3). The northern shore of the lake has a de-
posit of peat of good quality. It extends in a deep narrow basin north-
ward into Burton Township almost to the limits of the 1,100-foot contour 
line and is bordered by high hills. The area was not determined but 
probably approximates 200 acres. A number of borings were made and 
so distributed as to test various portions of the deposit. The great£r 
depths are along the creek which traverses the pond in a direction from 
northwest to southeast, and on both sides of the track of the Eastern 
Ohio .Traction Company which traverses the bog in an east and west 
direction. 

At points near the lake the peat to a depth of 15 feet is brown and 
well decomposed, but at the 17-foot level the material is somewhat marly. 

North of the electric railway tqe peat is of a 'similar texture to the 
depth of 17 feet. As the 1,000-foot contour line is approached, east, 
north and west of the deposit, the borings indicate a sandy peat resting 
on blue cla.y which in turn lies on the conglomerate. · 

The part of the bog south of the track is an open grassy meadow; 
while to the north the larger portion of the deposit is heavily wooded. 
Tamarack and white pine at"e fairly abundant and in good condition. 
In the character of the vegetation this bog is similar to that of the Pyma-
tuning tamarack bog (p. 33), but in some respects it represents a more 
advanced stage. The undergrowth has a more southern aspect because 
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of the preponderance of southern shrubs and herbs. Its physiognomy 
is similar to that of the Mantua bog (p. 110). 

·The peat samples from this locality were lost in· transit. It is 
probable that the ash content will be found high because of the proximity 
of sandy ridges; the presence of the creek rendering this fact still more 
probable. Tests and · analyses should be made, therefore, before the 
exploitation of the deposit for fuel purposes is attempted. 

MUNSON TOWNSHIP 

Quite different in the stages of development are the sand-plain 
lakes so numerous in Munson, Newbury, Claridon and other townships. 
Some of these unfilled lakes are shallow with scarcely a trace of peaty 
deposit, while others are partly filled. Only one of these, the pond at 
Fowler's Mills, is densely covered with aquatic plants like the white and 
yellow water lily, pickerel weed, arrow arum, hornwort, water weed and 
others. Several species from the shore succession grow in dense masses 
throughout the central area occupied by the water plants. Cattail al-
ternates with the slender sedge (Dulichium 8f>.), swamp loose-strife and 
woolgrass. Among these appear, and apparently without relation to the 
nature of the substratum, sticktight, touch-me-not, cleavers, wire grass 
and milkweed (.A.sclepias tuberosa). Thickets of wild rose, alders and 
buttonbush fringe the pond shoreward. It is an unusually indiscrimi-
nate combination, and probably the result of recent disturbances in 
the water level. There is no indication that the bottom of this depression, 
shallow as it is, has ever been filled with peat. 

Bass Lake, Punderson Lake and others show the more usual suc-
cession of plant associations. The percentage of ash is high in much of 
the peat. Sand and clay, derived from erosion during seasons of heavy 
rain, are the main impurities. The plants which advance over peat 
of this character and closely follow the swamp loose-strife zone are 
buttonbush, arrowwood, alders and willows. They form around the 
pond a thicket border from a few feet to a few yards wide and sometimes 
grow to the edge of the water. Back of these shrubs, shoreward, are 
the red maple, ash, elm, wild cherry, dogwood, and others. 

Here more than anywhere else, perhaps, is the importance of the 
character of the peat in relation to succession of plant associations im-
pressed upon the observer. Better physical conditions, especially in 
sanitation and biological processes within the soil are the efficient 
factors in the elimination of bog meadow and bog shrub association. 

GREENE COUNTY 

Aside from the valleys the general topographic features of the 
county are those of a plain. Deposits of drift, consisting of water-
washed seams of sand and gravel intermingled with bowlder clay, have 
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been left over much of the county. Most of the impervious clay has 
been changed into a porous, light and permeable layer of soil through 

• the action of weathering, the iµcorporation of vegetable matter and the 
excavating action performed by earthworms, beetles, ants, crawfish and 
other animals. Even the poorest and most stubborn clay of the State 
can be made highly serviceable through this process. As ;n many 
other sections a negligent system of farming has reduced much of the 
upland soils to an unproductive, tenacious clay. Robbed of the amount 
of vegetable matter which they contained at the time they were covered 
with marshes and forests, their color is now whitish. While there is no 
lack of the mineral constituents needed for plant growth there is a short-
age of humus. Doubling the amount of organic matter would increase 
more than two-fold the productivity of the so-called "worthless" clay 
soils. Experts are. agreed that the want of fertility in most unpro-
ductive soils of whatever character must be ascribed to their· physical 
condition. 

There are a few flat-lying districts of greater or less extent in which 
the deposit of bowlder clay has given rise to an accumulation of peat 
several feet in thickness. Most of the deposits are small and occur 
scattered as isolated tracts throughout the county. l:h the southeastern 
part, in Jefferson, New Jasper, Silver Creek and Ross townships, there 
are areas considerably larger, which extend beyond into Fayette and 
Madison counties. But their proportion of organic matter-39 to 55 
per cent.-though high, is not sufficient to class them among the profit-
able peat accumulations. They are occasionally upland prairies, but 
for the most part "bottom iands" and do not need an extended descrip-
tion. It may be possible that they contain a considerable amount of 
peat in isolated pockets~ Most of the localities visited in these town-
.ships are some distance from any station and hence were not tested 
sufficiently to show the area and depth of the accumulation of vegetable 
matter. 

BATH TOWNSHIP 

An example of a better grade of peat is that in Bath Township, 
which may be taken as a good representative of a completely filled basin 
in the drainage valley of Mad River. 

Simm's Bog.-This peat deposit is in section 1 and 2 near Simm's 
station, about 6 miles northeast of Dayton. It is favorably located 
along the Dayton and Springfield Electric Railway, the Big Four (Cleve-
land,' Cincinnati, Chicago and St. Louis Ry.) and the Cincinnati line 
of the Erie Railroad. The Dayton topographic sheet of the. United 
States Geological Survey shows its location, but the swamp symbol is 
not indicated on the map.· The area is well drained and most of it is 
under cultivation or in use for pasture. The deposit includes many 
isolated knolls and sca:ttered ridges which were formerly islands in the 
flat-lying tract of over a thousand acres. 
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Borings were made on the land owned by J. S. Delong, and we_re so 
distributed as to test portions of the peaty area. The surface layer is a. 
structureless, nearly humified black peat and contains a large amount 
of shell marl. At a depth of two feet the peat is fibrous, grayish black, 
but soon takes on a reddish color as the deeper portions of the deposit are 
reached. Below the 3-foot level the peat is dark brown in color and well 
decomposed but not entirely free from fibers. At the 5-foot level the 
debris is of a lighter brown color, intermingled with woody fragments 
and with marl below. At a depth of 7 feet the peat is grayish brown, 
structureless, and formed of a mire or mud which is intermixed with 
shells and a sandy marl. 

A composite sample of the peat from this locality gives the follow-
ing analysis: 

Analysis No. 85 
Air-dried. 

Moisture ___________________________ _ 
Volatile matter ---------------------
Fixed carbon _______________________ _ 

Ash --------------------------------Nitrogen ___________________________ _ 
Sulphur ____________________________ _ 

Calorific value { ~~~~r~~~ = = = = = = = = = = = = 

15.56 
49.58 
20.44 
14.42 
3.04 
1.62 

3869.00 
6964.00 

Moisture-free. 

58.72 
24.20 
17.08 
3.60 
1.92 

4582.00 
8248.00 

The sample is moderately low in ash and of medium thermal value. 

HANCOCK COUNTY 

The county is in part somewhat undulating in its general surface 
features, but the larger portion is flat and little diversified. Several low 
ridges of stratified gravel and sand cross the county. The soil is a heavy 
clay. Depressions or water basins do not occur with a greater depth 
than a few feet. Before its settlement the county contained vast tracts 
of marsh, and extensive areas were under water for several months in 
spring and early summer. They were prairie-like areas, destitute of 
trees, with a vegetation cover consisting mostly of grasses and sedges. 
Between the ridges were low, marshy areas known locally as "swales;" 
artificial drainage has brought all of these under cultivation. Accumula-
tions of peat are mostly shallow and contain a high per cent. of mineral 
matter. In Amanda Township, where occasional peaty tracts were 
thinly timbered, willow thickets predominated. The peat has been 
burned off. In section 7, of the northweste~n quarter, is an impure peat, 
the area covering about 5 acres. Several strips of similar material are 
found between McComb and Deweyville in Pleasant Township. 

BIG LICK TOWNSHIP 

Big Spring Prairie.-:--A bog-like area comprises a number of sec-
tions in this township, and extends southeastward into Big Spring Town-
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ship, Seneca County. It is part of a. peat-covered basin containing ho 
tween 1,500 and 2,000 acres. From the fact that within the memory 
of the older residents no trees were known on the soil, it is locally spoken 
of as the "prairie," and was formerly a famous cattle range. The lo-
cation is shown on the Fostoria topographic sheet of the United States 
Geological Survey. No swamp symbol is given on the map but the 
exact limits of the peaty deposit in this township correspond nearly 
with the limits of the 800-foot contour. Whatever the cause or the 
nature of the depression, whether between two beaches of glacial Lake 
Erie or a drainage channel of the ice sheet, the prairie was undoubtedly 
a lake. Wave-formed ridges and beaches, small sand dunes such as the 
wind has produced in bays and along the shore of Lake Erie, quicksand, 
and similar evidences of glacial lakes exist in various portions of the 
prairie in this township, and in sections 29 and 30 of the adjoining one 
(Big Spring ToWD$hip in Seneca County). 

Borings were made at various places on sections 33 and 34 at the 
junction of the Carey-Findlay road with the one north of Vanlue, and on 
sections 20, 21, 22, 27, and 28. The peat is well decomposed, nearly 
humified at the surface, only slightly fibrous below, and very compact 
throughout. It is nowhere more than 3 feet thick, and rests on a clay 
hardpan. Near the low dunes the peat is sandy. 

No analysis was made of these samples, but the peat is in every. 
respect like that of the deposit extending into Seneca County. The 
analysis here furnish~d is that of a composite sample from section 30 
in Big Spring Township. It indicates a medium thermal value. 

Analysis No. SB 

Jldoisture ___________________________ _ 

Volatile matter ---------------------
Fixed carbon------------------------
A.sh -------~------------------------
Nitrogen----------------------------
Sulphur ---------------------- -------
Calorific value f Calories------------

\ B. t. u -------------

Air-dried. 
11.02 
50.48 
20.96 
17.54 

3.09 
1.48 

3831.00 
6895.00 

UNION TOWNSHIP 

Moisture-free. 

56.72 
23.56 
19.72 
3.48 
1.67 

4305.00 
7749.00 

Cranberry Marsh.-This is a narrow strip of peaty soil of about 
400 acres in sections 23 and 24 and which extends across the line into 
Orange Township. The area is partly under cultivation, covered in places 
with impenetrable alder and willow thickets, and now gives but little 
indication of having been a cranberry marsh. The vegetable accumula-
tion is rapidly undergoing disintegration and oxidation. The debris, 
which is well humi:fied, granular and contains a high percentage of 
mineral matter, is more correctly called a peaty clay loam. The area, 
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in most places, has been almost constantly under the plow, but unless 
the organic matter exceeds that in the subsoil it is safe to say that its 
physical texture will alter and the color of the soil become whitish; it 
will revert to a tenacious, unproductive clay that can scarcely be called 
a soil. Processes precisely similar to these but only far more rapid in 
their action are going on in the soils of many uplands. They are the 
incipient stages of "exhaustion" and usually lead to the abandonment 
of the farm. 

HARDIN COUNl'Y 

This county is situated on the watershed between Lake Erie and 
the Ohio River. The surface of the northern part is flat with a clay 
soil; the southern portions have numerous gravel knolls upon a brown 
hard clay and the topography is gently undulating. 

Three extensive marshes,-(!) the Scioto, (2) the Hog Creek and 
(3) the Cranberry-lie on the western half of the county (Fig. 4). Their 
aggregate area is about 251000 acres or approximately 39 square miles. 
Formerly water covered them during the greater part of the year. The 
Scioto River enters the first of these marshes and until. recently the 
channel of the stream is said to have become lost in it. In a similar 
manner Hog Creek drained the other marsh. "The frequent occurrence of 
such marshes/' says Winchell in his report on the geology of the county,• 
"on the broad watershed between the Ohio River and Lake Erie, or 
near the sources of streams which flow in opposite directions from its 
summit, is a feature in the general physiography of northwestern Ohio 
which. deserves special mention. There seems no doubt that they were 
once shallow lakes. The occurrence of shell marl below the peaty 
surface, and of sandy deposits about their margins, indicates not only 
that there was a time when they were receiving the annual freshet wash-
ings of calcareous matter from the adjacent drift surface, but were also 
agitated by the wind into little waves which broke upon a sandy beach. 
Other similar undrained places in the old drift surface, situated further 
down the slopes of the great watershed, were sooner filled by the greater 
accumulation of alluvium, or were drained by the more rapid excava-
tion of their outlet by the increased volumes of the streams." By the 
lowering of the outlet and the construction of a system of tributary 
ditches the whole area has been brought under cultivation, and is now 
ranked among the best farming land in Ohio. Immense crops of onions, 
potatoes, corn, celery, cabbage, carrots, etc. 1 are grown annually. 

JllARION TOWNSHIP 

Scioto Marsb.-The area of the Scioto marsh is about 161000 
acres. More than one-half of it is within the boundaries of Marion 
Township, while the balance is located in Round Head, McDonald, 

'Winchell, N. H., Geological Survey of Ohio, Vol. II, 1874, p. 353. 
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Lynn, and Cessna townships. Two natural ridges cross the county. 
The most southerly of these prevented the northward drainage of the 
Scioto marsh and deflected the Scioto River easterly across the county 

Fig. 4.-Map showing location and area of Scioto Marsh and Hog Creek Marsh, 
Ilardin County. 

Scale, 1 inch = 3 miles. 

instead of permitting it to follow the natural slope. The marsh was a 
constant source of malarial disease to the early settlers until its arti-
ficial drainage, which was begun in 1859 and resumed i:µ 1883. With 
the exception of a few acres, all of the marsh has been brought under 
cultivation. 



GEOLOGIC.AL SURVEY OF OHIO. 73 

The nearly level surf ace of the drift clay which forms the bottom of 
the former lake basin is covered with peat varying in thickness between 
two and ten feet. 

A series of testborings was made at various places on the marsh. 
The peat near the surface is well decomposed and of a blackish brown 
color. At a depth of 3 feet the peaty soil is grayish brown, firm, some-
what fibrous, containing seeds, fragments of rhizomes of the reed grass 
and of several other grasses and sedges. Below this, at a depth of 5 
feet, the. peat is greenish gray, indicating a high silt and clay content, 
with quantities of fibrous plant remains and shell marl. 

Analysis No. 61 represents a composite sample from an onion field 
on the land owned by W. H. Millikin, on section 27 of Marion Township, 
about 2! miles south of McGuffy. The tract has been under cultiva-
tion 15 years; onions and corn being grown in alternation. 

Analysis No. 61 

l\:loisture ___________________________ _ 

Volatile matter ---------------------
Fixed carbon------------------------
.Ash --------------------------------Nitrogen ___________________________ _ 
Sulphur _______ ----------------------

Calorific value { ~~~~r!es_:::::::::::: 

Air-dried. 
10.85 
52.47 
23.98 
12.70 
3.00 
1.09 

3921.00 
7058.00 

Moisture-free. 

58.86 
26.90 
14.24 
3.37 
1.22 

4398.00 
7916.00 

To indicate the "fertilizer" constituents of the soil, analyses quoted 
by Bonser• are given. 

Analysis of Poot Soil from Scioto Marsh 

Sample. 1 i s 4 5 
Nitrogen as Ammonia ______________ 1.09 0.95 0.90 1.40 1.44 
Phosphoric acid (P,Q,) _____________ 0.09 0.13 0.09 0.07 0.10 
Potash (K,O) --------------------- 0.10 0.10 0.15 

Less than a quarter of a mile northeast of the farmhouse is a wood 
-lot, the vegetation cover of which consists mainly of red maple, several 
willows, buttonbush, elderberry, red osier dogwood, and weeds such 
as the ragweed (Ambrosia trifida) and horseweed (Erigeron = Leptilon 
canadensis), the latter more than 12 feet high. The area shows the effects 
of frequent fires. It is said that the filling of the entire basin was serious-
ly retarded by the Indians -who annually burned the grasses and sedges 
for the purpose of driving deer and other wild animals from their hid-
ing places. · 

'Bonser, T. A., Ecological Study of Big Spring Prairie; Proc. Ohio Acad. Sci., 
Vol. III, 1903, p. 93. 
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The peat is of the same character and thickness as that just de-
scribed. No crops have been grown upon: this tract. A composite 
sample from the wood lot gives the followjng ,analysis. 

Analyaia No. BS 

Moisture----------------------------
Volatile matter ---------------------
Fixed carbon--···--------------·-·--
Ash •. _________ •.• ______ •• _________ _ 
Nitrogen .•. __ . __ . __________________ _ 
Sulphur 
Calorific value Calories------------

. B. t. u -------------

A.lr-drled. 
10.81 
54.12 
24.53 
10.54 
3.04 
0.87 

3962.00 
7132.00 

Moisture-free. 

60.67 
27.51 
11.82 
3.41 
0.98 

4442.00 
7996.00 

It is not necessary to discuss the inferences which may be. drawn 
from a comparison of these two samples. They show well defined re-
lations which may be summarized as follows: 

Cultivation and aeration are the two main factors in the deteriora-
tion of peat~ This is due to the escape of volatile matter and the break-
ing down of nitrogenous and sulphur compounds. A reciP.rocal relation 
exists between the percentage of ash and that of volatile matter, and a 
similar relation is traceable between ash content and thermal value; an 
increase in ash means a decrease in vol!l-tile matter and in thennal value. 
Other inferences will suggest themselves to the intelligent reader. 

The marked disparity in the .amounts of nitrogen and sulphur 
which cultivated and virgin soils, respectively, contain, is, in part at 
least, due to the abstraction of these substances in some available form 
by the crops that have been raised here and shipped to distant markets. 
Only a small amount is absorbed, and there is still left in the soil a large 
aggregate of these conatituents. The writer has met many farmers who 
reiterated the claim that large tracts of such soils have not failed for at 
least 30 consecutive years to produce a crop of either corn or celery, . 
or some other adapted plant without any application of artificial ferti-
lizers. Manure is chiefly used, and that doubtless because of its con-
tent of suitable microorganisms and fungi which aid in giving rise 
to organic compounds that may be assimilated by the higher plants. No 
charge can be made against well decomposed peat soils as lackiug in 
durability and y.et other tracts mentioned in this bulletin of equal original 
fertility show themselves now to be in a state of unproductiveness and 
are abandoned as "worthless." . Such a system of farming, lacking con-
sideration of the nature of diseases and the rational treatment of peat 
soils, impoverishes lands like these within a few years of the· time when 
they were covered with a luxuriant primeval growth of grasses, shrubs 
and trees. 

Excessive drainage and cultivation have transfol'.med the surface 
peat in several localities into a fine-grained material which is readily 
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blown about by the winds. From this cause the crops are frequently 
destroyed by the fine particles driven along the surface. 

JACKSON TOWNSHIP 

Cranberry Marsh.-W est of Forest and extending largely into 
Wyandot County is a tract of about 500 acres which was originally a 
cranberry marsh. Drainage was begun in 1865 and completed within 
three years. The peat has been burned off almost completely. The 
isolated peaty strips are shallow and now contain a high percentage of 
ash. All of the area is under cultivation. 

Testborings were made at various places in sections 20 and 21, on 
a line running westward into Wyandot County. The tests failed to 
show more than one foot of peat, much of which is impure. No analyses 
were made of the samples. 

WASHINGTON TOWNSHIP 

Hog Creek Marsh.-The extensive peaty basin, known as Hog 
Creek marsh, lies principally in Washington Township and extends 
across the line into Liberty. As in the case of the Scioto marsh, a natural 
ridge or glacial moraine, which crosses the county along its northern 
boundary line, prevents the northward drainage of the area. The marsh 
includes about twelve sections of land, comprising approximately 8,000 
acres. An early pioneer record says: "This marsh was covered in 
summer with a tall coarse grass in places with a thick growth of bushes. 
The only benefit derived from it was a· crop of flags which it produced; 
these were gathered in great abundance and from them the leaves were 
stripped and used by the coopers in the manufacture of barrels; and 
along the borders of the marsh some coarse grass was cut and cured for 
hay, and in some few places large crops of cranberries were gathered." 
Another early record has this to say concerning the depth of the peaty 
basin: "In •the construction of the Fort Wayne branch of the Pennsyl-
vania Railroad this great marsh proved a very expensive portion of 
the road; much trouble was experienced because of the sinking of the 
road bed; the material upon which to lay the ties and rails had to be 
hauled great distances, and after completion, when trains-were running 
over it, every now and then a portion of the road would sink and require 
a large amount of material again to fill up and raise the bed of the marsh 
and obtain a solid roadbed. This condition of things lasted for about 
ten years. During that period of time many a train, it is said, was 
precipitated into the marsh." 

This interesting account has been cited to show how varied may be 
the depth of a marsh before and after its complete drainage. The peat 
was tested by a line of borings so distributed as to show its thickness on 
either side of the Fitzhugh ditch and the area betw~n Hog Creek ditch 
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and the tracks of the Pennsylvania Railroad, all of which traverse the 
marsh in a nearly east and west direction. This portion is shown on the 
Arlington topographic sheet of the United States Geological Survey. 
The swamp symbol is not indicated on the map. The borings were made 
on sections 9, 10, 16, and 8, 17 and 20 about three miles west of Washing-
ton (Dola). The peat at all points is black, firm and well decomposed 
near the surface, dark-brown and slightly fibrous at the 2-foot level and 
gradually, passes into a blackish peaty clay below a depth of 3 feet. 
Underneath is a plastic blue clay of great thickness somewhat darkened 
by fine-grained plant remains. 

Bonser in discussing the comparative value of the "fertilizer" con-
stituents of peat soil from Scioto marsh, Hog Creek marsh and Big 
Spring prairie, quotes the following analysis: · 

Analyaia of Peat Soil from Hog Creek Marah 

N"itrogen as Aininonia______________________________ 0.99 
Phosphoric acid (P,O,) _ __ __ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ ___ _ __ trace 
Potash (K:,O) ------------------------------------- trace 

The peat samples collected gave every indication of a high per-
centage of ash and of a low thermal value. The samples were, on that 
account, not transmitted for analysis. The exploitation of the deposit 
for fuel purposes should not be attempted, even if the quality of any of 
it in the occasional deeper pockets is such as to warrant utilization. 

HENRY COUNTV 

This county is within the Black Swamp area. The waters of glacial 
Lake Erie formerly covered the whole county, rising about 180 feet above 
the present level. The whole area is fiat and its streams are sluggish. 
The soil shows the characters of a glacial hardpan; it is ft. rich, black 
loam through the incorporation of large amounts of vegetable matter. 
The loam is sandy in the vicinity of the Belmore and Blanchard ridges 
but in other portions of the county the soil is a clay loam. 

WASHINGTON TOWNSHIP 

The first settlers found the county in large part marshy. In Wash-
ington Township quicksand swamps are said to have been numerous . 
in the depressions between the sandy knolls, and in fact such a swamp 
approximately 100 acres in extent may now be found in section 27. The 
location is shown on the McClure topographic sheet of the United States 
Geological Survey. The black peat is well decomposed but sandy, and 
averages two feet ill thickness. It is underlaid by sand resting on blue 
clay. The area has.been drained. The samples were not analyzed. 
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HOLMES COUNTY 

High hills and deep valleys compose the greater part of the surf ace 
of the county. The valley of Killbuck Creek, which traverses the county 
in a north and south direction, divides it into two nearly equal parts. 
At the close of the glacial period this valley was one of the channels by 
which the waters of glacial Lake Erie, when at a much higher elevation 
than now, found their way into the valley of the Ohio River. The 
torrents which poured over the great divide farther north, carried away 
the surface drift and washed out the valleys. The soil of the county is, 
therefore, largely one derived from the disintegration of local lime-
stones. In the western part of the county, especially along the watershed 
which conducts innumerable creeks into the valley of the Mohican, the 
drift evidences are more marked. 

The peat deposits of Holmes County are not very extensive, but 
they differ somewhat from those of the adjoining counties. The only 
deposits which were examined are those in Washington Township. Near 
Big Prairie in Ripley Township, a buried peat bed was observed in which 
the peat is several feet thick. To all external appearances the peat here 
is of a fair quality, except that it has a layer of silt above it over one 
foot in thickness which probably represents the wash from the hills. 

WASHINGTON TOWNSHIP 

Cranberry Marsh.-This bog is about ll mile northwest of Lake-
ville in section 26. It is nearly circular in outline and comprises little 
more than two acres. To the north the bog connects by a narrow 
channel with Bonnet Lake (Long Lake), but on the east, south and west 
it is surrounded by morainal hills. 

The bog is an excellent example of a deposit which represents the complete 
closing of a lake or pond by the bog meadow association. The open water ha.a dis-
appeared entirely and in its place there is now centrally located a wet meadow, 
covered with sphagnum mosses, cranberry vines, pitcher pla.nt, buck bea.n, beakrush, 
ta.II sedge (Dulichium ap.), tall cotton-grass, arrow grass, marsh St. John's wort a.nd 
others. The . occasional bushes of black huckleberry which are growing near the 
outer margin a.nd the numerous young seedlings of the red maple indicate the ap-
proach of the end of the wet bog meadow. It is surrounded by a narrow concentric 
zone of bog shrubs. Alders were not observed, but poison sumach, chokeberry, the 
high-bush blueberry, winterberry, a.nd arrowwood are the most important members 
of this association. The cinnamon fern with its long broad fronds and the wood fern 
predominate in the undergrowth. Next to the shrub zone where the peat is firm, 
and up the steep incline of the hills, the aspect of the vegetation changes to one in 
which the red maple dominates. 

The peat is of an excellent quality. A number of borings were 
made and so distributed as to test the central portions of the bog as well 
as those parts lying near the margin of the shrub association. The peat 
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is nearly all well decomposed, slightly fibrous, of a reddish brown color 
and averages more than 19 feet in thickness. With the available length 
of the sampling instrument the bottom of the deposit was not reached. 
Analysis No. 72 represents a composite sample from this bog. 

Analysis No. 72 

Moisture ___________________________ _ 
Volatile matter ---------------------
Fixed c.arbon ------------------------
Ash --------------------------------
Nitrogen------------------------- __ _ Sulphur ____________________________ _ 

Iron --------------------------------
Calorific value f Calories------------

'\. B. t. u -------------

Air-dried. 

6.96 
64.35 
23.30 

5.39 
2.20 
0.21 
0.19 

4944.00 
8899.00 

Jllolsture-free. 

69.15 
25.04 

5.81 
2.38 
0.23 
0.23 

5317.00 
9571.00 

The analysis shows the peat to be high in fuel value. The deposit, 
though small, is one of the best in the state. It is owned by Miss Grace 
Lovett. The location of the bog near the Pennsylvania Railroad is 
favorable for commercial development. The nearest shipping point is 

· Lakeville, one and one-fourth miles distant. 
Mud Lake. - A somewhat extensive peat deposit surrounds the 

open water of this pond in section 26, and extendl'I over the line into Lake 
Township, Ashland County. An account of this bog and the analysis 
of the peat sample are given on page 32, in the discussion dealing with 
the deposits of Ashland County. 

HURON COUNTY 

The distinctive topographic feature which characterizes the surface 
of Huron County is that of old water plains, diversified by sand 
dunes, old lake beaches and various channels e]{cavated by present 
streams. Glacial Lake Erie covered much of the surface of the county 
near the close of the ice age. As the waters receded the terraces were 
formed, and each for a long period constituted a shore marsh which was 
later occupied by shrubs and trees. In Huron County the deposits all 
represent the final.stages in the process of peat accumulation, the com-
plete closing of the ancient lakes by plants. The replacement of one 
plant association by another in definite successions is, however, still 
going on. The conditions, as described for the New Haven marsh, 
illustrate the sharply drawn lines of the advance of shrubs, trees, and 
meadow plants. The vegetation zones have been maintained for a 
considerable period d~ring which existing conditions were constant. 
Changes have taken place only recently. 
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L YMB TOWNSHIP 

The upper beaches of glacial Lake Erie were long subjected to the 
action of shore waves and wind. Their surface is occupied by sand 
dunes which in places rise to a height of 30 feet. The north side of the 
ridge exhibits the irregular, winding outlines of an old lake beach. The 
south side is bordered by irregular billowy dunes of fine sand with waved 
lines of stratification formed by the wind. Back of the beach extends 
the peaty soil of a former marsh which was caused by the ridge acting 
as a barrier and preventing the northward drainage of the basin. The 
deposit extends under the dunes because the sand was drifted over it. 
The peaty "prairie" rests upon a heavy subsoil of bowlder clay. Near 
Monroeville in Ridgefield Township, the marsh is said to have contained 
abundant remains or coniferous trees. 

The area deserves special attention and a much more extensive 
study than could be given it. Testborings were made at various places, 
but the peat beds seem generally very shallow, a foot or slightly more in 
depth. It is evident that drainage, followed by drying, cultivation and 
occasional fires, has reduced the thickness of the peat bed considerably. 

The samples were not analyzed. The peat is structureless and well 
humified, but too high in mineral matter; this constitutes the principal 
drawback to its commercial development. The difficulties which were 
met in reclaiming the peat deposit for agricultural purposes, the in-
terpretation of the character of the soil disease and the remedy applied, 
are illustrated in the following account given by Read in his report on 
the Geology of Huron County.• 

"While the peat body of this level land reclaimed from the old 
swamps is exceedingly fertile, there is a remarkable exception in a large 
tract north of Monroeville, and extending into Erie County, to which my 
attention was called some years before the survey was authorized. The 
soil is a fine black, peaty mold, presenting nothing to the eye to dis-
tinguish it from the productive corn lands surrounding it. It was 
cleared and ·put under cultivation, upon the supposition that it was of 
equal value with the adjacent lands; but it refused to tolerate grass, or 
corn, or any valuable crop. Here and there an apple tree sprang up, 
spontaneously seeded, and grew vigorously; but the principal crop was 
a small one-a light growth of weeds. The effort was made to amelior-
ate a part of it by a more thorough drainage, and ditches were opened 
through it at considerable expense; yet the land was nothing bettered, 
but rather grew worse. The soil is comparatively thin, the bed rock 
coming near the surface; but equally thin soils, in other places in the 
neighborhood, are productive, and I am confident this is not the real 
cause of its infertility. A washing of the soil showed, with litmus-paper 
test, a decided acid reaction, and selected specimens gave the taste of 

'Read, M. C., The Geology of Huron County, Geol. Surv. Ohio, Vol. III, 1878, 
pp. 293-294. . 
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acid when touched by the tongue. The vegetation, also, indicates the 
presence of acid. The soil has every element of fertility, and there can 
be little doubt that this deleterious substance is the sole cause of its 
sterility. If this is so, it only remains to inquire what is the origin of 
this acid, and how it can be removed from the soil, or have its injurious 
properties neutralized. The underlying rock is the Huron shale, which 
is filled with nodules and concretions of the bisulphide of iron. Wherever 
this is exposed to the joint action of air and water, it is decomposed, 
the sulphur set free, which, uniting with the oxygen of the air, produces 
sulphuric acid. These changes are facilitated by cultivation, and by 
more perfect drainage of the soil, so that the steps taken to improve the 
soil only aggravated the evil. If this is the cause of the difficulty, the 
remedy is easily found_:_a generous dressing of ashes, or of quicklime, 
will be sufficient. The lime, uniting with the ·acid, will form a sulphate 
of lime, or "plaster," of itself a good fertilizer. The alkali must be well 
mixed with the soil, and the application may have to be repeated, until 
all the pyrites within reach of atmospheric influences has decomposed, 
and yielded up its sulphur. In a similar case in Trumbull County, a 
single application, made some ten or twelve years ago, was sufficient to 
neutralize the acid, and no repetition of the remedy has been required. 
The amount of lime needed can only be learned by experiment." 

HARTLAND TOWNSHIP 

There were formerly a number of marshes and swamps in this 
township. The largest of these were known as Canterbury Swamp, 
Cranberry Marsh and Bear Swamp. The first was over two miles in 
length, and about one-half mile in width. It lay southeast of Hart-
land. Cranberry Marsh lay north of Hartland and contained about 
100 acres. They a.re today shallow deposits, ·in large part burned over, 
well drained and under cultivation. 

RICHMOND TOWNSHIP 

The New Haven Marsh.-This bog is one of the most extensive peat 
deposits in the State. It represents an old water plain on the lower 
terrace of glacial Lake Erie. A tongue of the glacial lake reached far 
into the southern part of the county at that time. The depression be-
tween the two almost parallel shore lines of glacial Lake Erie constitutes 
the deeper portion of the peat deposit. The bog covers the southwestern 
corner of the county and contains about 20 square miles. It is six miles 
long from east to west, and over three miles in width, covering an esti-
mated area of 51500 acres in Richmond Township, 3,500 in New Haven 
and about 800 in Auburn Township, Crawford County (Fig.· 5). Not 
all the territory is now underlaid by peat, but within the memory of the 
older residents the portion in Crawford County is said to have extended 
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over 1,000 acres more than at present. The bog is undoubtedly one 
of the largest and best peat deposits in the State. It is well located be-
tween the Baltimore & Ohio Railroad, the Northern Ohio Railroad and 
the Sandusky branch of the "Pennsylvania Lines." 

The New Haven marsh has the appearance of an extensive grassy 
prairie with "islands of trees and bushes." The bog feeds a small 
stream known as "Marsh-run," which is a tributary to the Huron River. 
It also gives rise to ~ stream flowing in the opposite direction and appar-

Fig. 5.-Map showing the approximate area and location of New Haven Marsh, 
Huron County. 

Sea.le, 1 inch= 3 miles. 

ently into the Ohio River. The connection is not so distinctly marked, 
yet it is a general characteristic of the streams in this part of the State 
which have their origin near the Ohio divide. They take their .common 
origin in marshes where they receive the surface drainage from the higher 
lands and then flow in opposite directions. 

In the northwest portion, fires have swept repeatedly over a large 
part of the bog. Tickseed, sunflower, blue vervain and ragweed pre-
dominate on the area most severely burned over. Boneset, goldenrod, 
and sedges occur in relatively smaller numbers though qmte abundant. 
The peat is brown and fibrous at a depth one foot below the surface; 
underneath this layer is a well decomposed, structureless variety, about 
eight inches thick, resting on a grayish blue clay underlaid by sand. 

In the areas where slight surface fires prevailed, the peat is of great"'. 
er thickness, averaging along the margin 7 to 8 feet. It is generally 

7-G. B. 16. 
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wet and fibrous near the surf ace, and dark-brown, less fibrous and partly 
decomposed below. The vegetation consists principally of shield, cin-
namon and flowering fems, cotton grass, beak and bog rush. Scattered 
among them are small thickets or isolated plants of poison sumach, 
willow and poplar, with such shrubs as the wild rose, the. chokeberries 
and meadow sweet. In many places twig rush, and occasionally spike 
r11sh, is the dominant plant, giving a distinct physiognomy to the area. 

A number of testborings were made on lines running east along the 
northern part and south across. the central portion.S of the bog. Near 
the point where both the creek, a branch of the Huron River, and the 
ditch, running north and south, have their origin, the area is wet and low. 
Twig rush is the prevailing plant; on the higher parts of the marsh, 
about 300 feet farther south along the ditch, shrubs like dogwood, elder-
berry with meadow rue, trumpet weed and king fern, prevail. The 
twig rush ·society grows on peat lli feet deep, brown in color, plastic, 
thoroughly decomposed, with fragments of well decayed wood. At a 
depth of 13! feet occurs a blackish clayey peat with an admixture of 
silt. The shrubs are more abundant on peat which is firm to a depth of 
11 feet. It rests on a layer of clay 2 inches deep over a blackish sand. 

Along the creek in an easterly direction, at a point which probably indicates 
a comer of a section, the marsh is wet as the following plants show-bluejoint grass, 
water parsnip, shield fem, swamp loose-strife, arrow head (Sagittari.a latifoli.a), and 
several sedges. Poison sumach and. dogwood,. golden rod, hedge bindweed, royal 
fern, meadow rue (Thalictrum purpuraacens), violet and skull cap occur on drier 
places. The peat substratum is generally a fibrous, light-brown turf, showing roots 
and root-stocks to a depth of 9 feet. The material is well decomposed just above 
the ~foot level, but more coarsely fibrous below. Fragments of roots, leaves and 
disintegrating wood are frequently encountered at the lower depths. The peat is 
wet and plastic toward the bottom and at 11 feet below the surface merges into a 
bluish sandy and silty clay. 

The greater part of the area was probably surrounded originally 
by the maturer phases of bog plant successions. Shrubs and trees were 
undoubtedly the dominant elements before fires produced the many 
changes. which are apparent. At present the interior portions of the 
bog, which have been burned over by unscrupulous trespassers even as 
late as the fall hunting season of 1909, show bog meadow and bog shrub 
associations in various stages of rejuvenation, and "tree islands" on the 
higher levels of peat. It is still possible to get some idea concerning the 
successions of :vegetation and the ~anner in which the plants have built 
up the peat deposit. 

About midway in the first quarter-section of the township a cranberry-sphagnum 
meadow covers a fairly large area. In places a sedge (Carex ripari.a or C. utricula-
ta ?) gives distinct character to the meadow, forming an easily differentiated soci-
ety. In wetter portions the twig rush is dominant. The sprouts of arrowwood 
(Vilnlmum dent.atum) and black alder (Ilex 11erticillata) form occasional intrusions 
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into the cranberry meadow and a scrubby willow (Salix myrtillowes = pedicella-
ris), was also frequently noted. The cranberry vines and the sphagnum mosses are 
by far the more active plants and yet there were patches where these two were over-
grown and even suppressed by the prostrate bramble (Rubus hispwus). In places 
the scrubby willow and similar small bushes were completely covered. 

A testboring in this area indicated at the depth of 3 feet a light-
brown, fibrous, poorly decomposed, matted peat. At the 5-foot level 
the peat is somewhat darker; at the 7-foot level very wet, light-brown, 
fibrous and composed in part of fine roots of sedges; at the 9-foot level 
the peat is fine-grained, blackish brown and considerably firmer. Be-
low this is a dark-brown fine-grained material with wood fragments 
which contains seeds and roots of water plants near the 13-foot level. 
At a depth of 15 feet the peat is more or less fine-grained, somewhat 
sandy, with bits of wood and the seeds of water plants. The bottom 
layer, at a depth of·17 feet, is a thin bed of clay, resting on a·coarse sand 
and darkened by plant remains. 

West of the meadow toward one of the larger "tree-islands" the bog shrubs are 
clearly the intermediate vegetation succession. The high-bush blueberry predom· 
inates, and poison sumach and chokeberries are less abundant. The undergrowth 
consists mainly of stragglers from the bog meadow, tall sedge (Dulichium sp.), 
cotton grass, bog sedge (Carex sterilis), shield fem, patches of cranberry and 
sphagnum with the prostrate bramble, several species of orchids (Pogonia ophicr 
glossowes, Calopogon sp.) and the larger blue flag (Iris versicolor). The cinnamon 
fem and the royal fem are fairly abundant. 

The peat is rather fibrous but otherwise well decomposed to a depth of 7 feet. 
At the 9--foot level the material is coarser, lighter in color, and continues that way 
to the 11-foot level. Below this at a depth of 13 feet, the peat merges into a plastic, 
fine-grained, blue clay. 

The "tree islands" on the higher levels of peat rest, apparently, on low knolls 
and ridges. The principal trees are red maples with an undergrowth of shrubs and, 
occasionally, small patches of bog meadow plants. The effects of fire are seen every-
where. The area presents many depressions in which the cattail, with a number of 
water plants, is making an appearan,ce. · 

The samples from the various localities just described give the 
following analysis: 

Analysis No. 42 
Air-dried. 

Moisture ___ ------------------------_ 
Volatile matter ---------------------
Fixed carbon------------------------Ash _______________________________ _ 

Nitrogen----------------------------Sulphur ____________________________ _ 

Calorific value f Calories------------
l B. t. u -------------

8.77 
54.50 
26.79 
9.94 
2.60 
0.86 

4520.00 
8136.00 

Molsturs-free. 

59.73 
29.39 
10.88 
2.84 
0.95 

4952.00 
8914.00 

There are several places along the southern and eastern portions 
of the bog, near the road leading to Chicago ·Junction, in which the reed 
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(Phragmites communis) is very common and spreads densely over the 
surface. Several testborings were made about one mile north of the 
Crawford County line and at points toward New Pittsburg. The peat 
is well decomposed at the surface; below this, at the 3-foot level, it is 
dark-brown, firm and contains quantities of rhizome fibers of the reed. 
This texture continues to a depth of 9 feet. The peat b~low this level 
was not determined, since shallow areas became more general . toward 
the county line. An analysis of the composite sample is as follows: 

Analysis No. 64 
Air-dried. 

Moisture----------------------------
Volatile matter ---------------------
Fixed carbon------------------------
Ash ----- -- ------ -- ---- -- ------ - -- --
Nit'rogen --------- -------------------
Sulphur -----------------------------
Calorific value f Calories------------

\ B. t. u -------------

9.24 
49.81 
23.24 
17.71 
2.45 
0.82 

3756.00 
6761.00 

:Moisture-free. 

54.87 
25.62 
19.51 
2.70 
0.90 

4138.00 
7448.00 

The high ash content and the low thermal value render the peat of 
questionable commercial value for fuel, but not for agricultural purposes. 

LAKE COUNTY 

The general surface of the county is an almost uniformly inclined 
plain, sloping toward Lake Erie with an average descent of about 5 feet 
to the mile. It is quite extensively modified by the erosion and drainage 
of numerous small streams. The surface also exhibits old lake beaches, 
mostly composed of unstratified clays, but irregular and not well de-
fined. In many places the ridges are masked with the debris of bluffs. 
The soil is generally a stiff clay loam, containing much vegetable matter. 
This indicates that extensive marshes for a long time occupied the areas 
south of the old lake beach. At Painesville the "south" ridge is in 
places composed of coarse stratified gravel modified by subsequent water 
action, while the "north" ridge is of finer, water-washed and drifted sand, 
frequently of the character of irregular sand dunes. A short distance 
from this place the north ridge is less disturbed and changes but little 
under the influence of the wind. On the north side is an extensive de-
posit of peaty material which until recently had an average depth of six 
feet. Large amounts of roots and trunks of tamarack and pine are inter-
mingled with the debris. The soil has been used largely by gardeners 
and nurserymen. The deposit is now very shallow in most places and 
the percentage of clayey sand is sufficient to injure its value as a com-
mercial product. 

The northern portion of Mentor Township has a marsh of approxi-
mately 800 acres. The location and area are shown on the Mentor 
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topographic sheet of the United States Geological Survey. The basin 
is apparently the broad channel of an old river. The banks on each 
side are abrupt and about a half mile apart, but nearer the lake this 
distance increases to a mile or mor~. The intervening marsh contains 
areas of open water. At the lake shore a sand bar stretches from one 
bluff to the other, through which channels are cut at periods of heavy 
rainfall. The thickness of the deposit and the character of the vegetable 
accumulation have not been determined. It is undoubtedly well worth 
a more detailed study on account' of its probable relation to an early 
drainage system, and also because of its interest to the ecologist. 

LICKING COUNTY 

The county has several well marked topographic features. The 
northeastern and the southwestern parts constitute an undulating table-
land covered with unmodified glacial clay. The southeastern part, 
like the northeastern, is hilly with deep, narrow stream channels. Farther 
west and south a series of low hills project into plaias. A deep pre-
glacial valley from the north extends southward to Newark, wpere it 
divides and is now occupied by the north and south branches of Licking 
River. The latter flows with a reversed current to join the main stream 
at Newark. Along the valley of the old channel the surface is in many 
places occupied by bogs and marshes. Buckeye Lake marks the higher 
elevation of this area. , 

Peat covers over three thousand acres in this county. Most of the 
original "prairies" and "swamps" had the characteristics of w~t marshes 
and bogs. Some of the more important W!'lre in Bowling Green, Lima, 
Liberty and Hartford townships. Most of the deposits are today not 
over two feet thick; the underlying clay is heavy, yet light-colored. Al-
most all of the peaty areas have been plowed and are now under culti-
vation. 

In Harrison Township, two miles southeast of Kirkersville, the sur-
face is marked by several peaty areas, of which the largest is "Bloody 
Run Swamp." The smaller ones are now merely depressions in the fields 
and are under cultivation. Bloody Run Swamp covers an area of 400 
acres, of which 250 have peat with an average thickness of 12 feet. The 
deposit rests on yellow clay 3 feet deep; underneath the clay the borings 
for wells indicate gravel. Twenty years ago a bog forest of red maple, 
swamp ash and other deciduous trees with an undergrowth of poison 
sumach, willow and bog shrubs, is said to have been the characteristic 
vegetation. 

In Washington Township a few miles southeast ()f Utica, an ex-
tensive deposit was known as "Cranberry Prairie/' Weathering and 
cultivation have reduced this to a shallow layer of well humified peat. 
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Buckeye Lake.•-The area and location are shown on the Thorn-
ville sheet of the United States Geological Survey. The lake basin lies 
near the margin of the great ice sheet, and up to 1828 was a swamp 
covered with large trees. The area given by early surveys approxi-
mates 4,000 acres. 

The present lake was formed in 1830 to serve as a reservoir for the 
Ohio aud Erie Canal. A dike was built around the west end and a part 
of the north side of the swamp, which permitted a rise of the water surface 
8 feet higher than the original level. Most of the peat mat with the 
tree:-cover was not sufficiently elastic to rise more than a few feet. It 
remained attached at the sides and consequently disappeared beneath 
the rising water. The larger number of trees then standing soon died 
and fell into the water, where they remained beneath,the surface. They 
were gradually cut away and only recently the greater part of the stumps 
has been removed. 

However, not all of the original vegetation di&appeared with the 
inundation of the area. Near the northern bank and about one-half 
mile southeast of Buckeye Lake is a bog island, approximately one-
tenth the dimension of the lake (Plate III, A). With the rising of the 
water level the lighter fibrous top layer separated from the grounded 
mat and thus the vegetation survived. · There are a number of smaller 
floating islands and periodic ones. Some of the former which were sepa-
rated through the action of waves beating against the mat of vegetation, 
were set adrift by the wind and floated about until anchored in shallow 
water. The periodic islands are large peat masses, devoid of any vegeta-. 
tion, which usually rise from the water in summer and sink again in fall. 
Such islands owe their appearance both to the activities of gas-pro-
ducing microorganisms and to the descent of the warmer surface water. 

Borings, about 50 in number, which were made at various points 
on Cranberry Island to determine the thickness and character of the 
peat, indicate an average thickness of 30 to 35 feet along the southern 
shore of the bog island and Ii fe.et along its northern shore. Tests made 
to a depth of 40 feet at the southernmost points of the island and in the 
lake south of it failed to reach bottom. The borings were made at a 
time when, for purposes of repair, the water surface of the lake was low-
ered five feet' below the normal level ·and gave the following results: 

1Detmers, F., An Ecological Study of Buckeye Lake; Ohio Academy of Science, 
1912. . 
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TABLE 2 

ANALYSIS OF PEAT SPECIMENS FROM CRANBERRY ISLAND, BUCKEYE LAKE, 
Omo. 

Analysis 
Nos. Station. Depth 

ft. meters. Description of peat sample&. 

5 ______ Centralzone; 5 1.5 Brown, fibrous pellt1; most1y cranberry, sphag-
num, and sedges. aphagnum-

cranberry 
7 ______ . 14 4.2 Brown, non-fibrous, plastic peat with diatoms 

and shell marl 
8 _____ _ 

9 _____ _ 
IL _____ Maple-alder 

zone 
12 _____ _ 
14 _____ _ 

21__ ___ _ 
22 ______ Northeast 

station 
26 _____ _ 

27 _____ _ 
28_ _ _ _ _ _ Southeast 

station 
29 _____ _ 

30 _____ _ 

31__ ___ _ 

32______ Southwest 
station 

36 _____ _ 

38 _____ _ 

40~----- Northwest 
station 

42 _____ _ 
45 _____ _ 
48______ Lake station 
49 _____ _ 

25 7.5 

40 12.0 
6 1.8 

10 3.0 
18 5.4 

31 9.3 
5 1.5 

18 5.4 

28 8.4 
5 1.5 

Dark-brown, well decayed, finely granular 
peat; algae (?) and filling from marginal 
borders. 

Nearly black, non-fibrous, clayey peat. 
Dark-brown, slightly fibered peat, coarser 

fibered below. 
Brown and fibrous peat. 
Dark-brown, well decayed, finely granular 

peat with shell marl. 
Fine sand with clay underneath. 
Brown, fibrous peat; mostly cranberry, sphag-

num, and sedges. 
Granular peat; very sandy above, marly 

beneath. 
Sandy marl; blue clay beneath. 
Brown, coarse fibrous peat. 

10 3.0 Dark-brown, slightly fibrous; a lighter colored 
coarse fibrous peat underneath. 

20 6.0 Brown, fibrous peat containing roots and 
rhizome fragments. 

40 12.0 Black, plastic, non-fibrous peat; bottom not 
reached. 

5 1.5 Light-brown, coarse fibrous peat. 

20 6.0 

40 12.0 

5 1.5 

20 6.0 
28 8.4 
6 1.8 

40 12.0 

Plastic, fine-fibered, dark-brown peat con-
taining shell marl. 

Black, plastic, non-fibrous peat; bottom not 
reached. 

Light-brown: fibrous peat, composed of sphag-
num and other bog plants. 

Fine-fibered, dark-brown peat. 
Sandy gravel underlaid by blue clay. 
Dark-brown, slightly fibrous peat. 
Black, plastic, non-fibrous peat; bottom not 

reached. 

The accumulation of vegetable matter has been sufficient to fill 
the lake basin with a layer of peat of considerable depth. The deeper 
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portioiis have been largely reduced by humification to the form of a black 
humus, a semi-liquid muck. Its fineness of grain and peculiarly soft 
consistency suggest that it is in part made up of the remains of algae 
and in part a filling from the border of the lake that has been spread over 
the bottom. The upper portions are lighter in color and very fibrous, 
loosely felted in structure and have a matted appearance. As the island 
is sounded from top to bottom, the samples show a progressive change 
in color from light to darker shades and in texture from coarse and loose 
to fine and more compact peat which is always' saturated with water. In 
some places this sequence is repeated; that is, below the peat muck there 
oc.curs a second fibrous, brown layer followed by muck or clay. The 
escape of gases is very noticeable during the test borings, and also the 
staining of the brass peat sampler to a bluish purple bronze, indicating 
the presence of a gas like hydrogen sulphide. Only a small deposit of 
shell marl has thus far been found in places underlying the peat·sub-
stratum. The Characeae and Cyanophyceae concerned with this pro-
cess are not abundant enough to be considered as agents in the aggrada-
tion of the basin. The lake bottom is of clay and in places somewhat 
sandy. The thickness of the peat in this morainal depression indicates, 
therefore, that the vegetation must have obtained an early foothold. 

The Border Zone.-The outermost growth which immediately 
borders the open water and forms a more or less broken fringe around 
the island is for the most part hydrophytic (Plate III, B). A considerable 
admixture of shrubs occupies the firmer parts of the peat sub~tratum. 

Along the southern shore swamp loose-strife (Decodon verticillatus), and in 
places cattails (Typha latifolia and T. angustifolia) dominate. This facies has for 
its principal and secondary species Hibiscus moscheutos, Sagittaria lat if olia, Poly-
gonum emersum, Scutellaria galericulata, Lathyrus myrtifolius, B'idens disco'idea, B. 
cemua, Potentilla palustris, Campanula aparino'ides, Galium triflorum, Cicuta bulbi-
f era, Pelt.andra virginica, Radicula = Roripa palustris, R. aquatica, Dianthera 
americana and others. They are generally abundant with Decodon and Typha form-
ing a dense growth, which attains a height of from 2 to 6 feet above the substratum. 
The vertical zonation is that of the differences in habit of growth of the individual 
species. The members differ widely from one another both in external features and 
from their demands upon the environment. In these regards the vegetative shoots 
adapt themselves but little to the prevailing exposed conditions. Growing upon 
a peat substratum whose depth and physical characteristics are in every way like 
that of the other plant zones to be described below, the xerophytic type and quality 
are least marked in this vegetation. The well decomposed peat soil of the border 
zone permits here a luxuriant growth. The plants are able to secure all of their raw 
food materials from the water and air and build their own substratum. The large 
water capacity of peat, the absence of a mineral soil, the smaller perc~tage of 
oxygen in the water, and the incoherency of the substratum afford no precarious 
conditions for growth. Here the toxicity of the substratum and the consequent 
physiological aridity are least marked. It is evident that the dilution and the capa-
city for absorption of soluble salts by the humus soil along the margin of the island 
corrects any harmful effect. 
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A.---Cranberry Island in Buckeye Lake. 

PLATE III. 

1 B.-A near view of the border vegetation of a cranberry meadow. The pools 
are almost covered with plants of the floating association. Swamp loose-strife is 
the pioneer mat former. 
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The following is an analysis of peat from the border zone of the 
island. The texture of the material is indicated in table 2 (p. 87). 

Analysis No. 43 
Air-dried. 

Moisture ______________ -------- _____ _ 
Volatile matter ---------------------
Fixed carbon------------------------
Ash --------------------------------
Nitrogen------- - - -- ---------- ---- - __ 
Sulphur ________ - _ - _ - _ - _ - _ - ___ - - - - - - -
Calorific value { Calories - - - - - - - - - - - -

B. t II -------------

9.90 
55.53 
24.43 
10.14 
2.00 
0.58 

4065.00 
7317.00 

Moisture-free. 

61.63 
27.11 
11.26 
2.21 
0.64 

4512.00 
8122.00 

Unless the lake is drained, it would be necessary to excavate the 
peat by pumping or dredging. 

The Dewdon-TUPha association has a transition appearance, for a considerable 
admixture of plants such as Rosa carolina, Cephalanthus occidentalis, Comus stoloni-
f era, Salix discolor, S. nigra, S. pedicellaris, Alnus rugosa, Ilex verticillata, Pyrus 
melanocarpa = Aronia nigra, Rhus vemix, and various secondary dependent asso-
ciates among which are Rubus nigrobaccus and Viola blanda, occupy the firmer parts 
of the marginal zone and form an almost continuous fringe, the Alnus-Rhus asso-
ciation. In places it extends diagonally across the bog island as scattered dense 
thickets. This community of plants presents on the whole very little zonation within 
itself. It constitutes a zone of varying width, 5 to 30 feet and more, and attains a 
height of 8 to 12 feet. In only a few places along the southern shore this type of bog 
shrub association is absent altogether and· is replaced, as has been stated, by Deco-
don and TUPha. The edaphic conditions of this part of the habitat seem to approxi-
mate those of the undrained swamps as described by Cowles.' Nearer the lake 
there is a tendency toward the segregation of Decodon verticillatus and Hibiscus 
moscheuotos. Of the two, the former is more vigorous and occupies the deeper water. 
Rosa carolina prefers the outer border also, but clings quite closely to Alnus rugosa 
and Comus stolonifera. Contemporaneous with the thicket-formers, various spe-
cies of lianas invade the association. The mature thickets are often covered with 
an impenetrable growth of tangled vines of Apios tuberosa, Solanum dulcamara, Con-
volvulus sepium, lpomoea sp., and Cuscuta gronovii. Cephalanthus occidentalis does 
not constitute a large part of the shrub association. Together with Decodon it is 
found often indiscriminately mixed with facies in the central zone. In fact, 
the differences in the associations are to be seen largely in the ratios between the 
numbers of individuals present and not in their absence from either group of plants. 

The Maple-Alder Zone. - With the maturity of the plants, a 
gradual change in the environmental conditions for the plants takes 
place. The annual leaf-fall covers the substratum with a visibly thicker 
layer of vegetable material, rich in organic matter, and is followed by 
the growth of fungi and bacterial organisms favorable to succeeding 
plants through the formation of available nitrogen. Like snow and ice, 
the covering of fallen foliage reduces the extremes of soil temperature, 

'Cowles, H. C., Physiographic Ecology of Chicago and Vicinity; Botanical 
Gazette, Vol. XXXI, 1905, pp. 73-182. 
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suppresses the growth of cranberry, sphagnum mosses and similar plants 
from the adjoining central zone, and improves the production of a kind 
of humus of great significance to the animal life as well. Moles, earth-
worms, snails and insects are not uncommon in this zone. The shade 
of the trees during summer and autumn checks extreme evaporation, 
and thus reduces the transpiration from the herbs and shrubs beneath 
the trees. Tb.rough the combined action of these and various other 
agents, there is a corresponding rearrangement of some species and the 
disappearance of others. In places along the margin, the peat sub-
stratum is firmer, fairly well above the level of the lake and comparatively 
better drained. These conditions are sufficiently established at the 
southeast side of the island to be characterized as the maple-alder zone. 

The bog tree association is quite prominent and though not extensive is still a 
strongly marked zone. The most conspicuous plants are large-sized maples (Acer 
rubrum), alders (Alnus rugosa, llex verticillat.a), the chokeberry (Aronia nigra= 
Pyrus melanocarpa), black cherry (Prunus serotina) and poison sumach (Rhus vernix). 
Oaks (Quercus palustris, Q. imbricaria), ashes (Fraxinus nigra), and the silver maple 
(Acer saccharinum) are still relatively rare. The trees are surface-rooted but the roots 
do not penetrate to a depth of more than one foot. They spread out in all direc-
tions from the trunk and are of sufficient size and length to withstand the mechani-
cal strains due to the action of air currents. The association is still an open commu-
nity of plants and has four distinct vertical layers. The trees cast a relatively dense 
shade in which grow seedlings and young trees of oak and maple and a variety of 
shrubs and herbs. Fairly abundant are Sambucu8 caoodensis, Impatiens biftora, 
Rubus sp., Viola blanda, Aspidium spinulosum, Osmunda regalis, Carex scirpoides, 
Aspidium crist.atum, Habenaria clavellat.a and Bartmiia virginica with a ground cover 
in part of Pallavicinia lyellii and Cepllalo'zia sp. 

The following is an analysis of peat from the Maple-Alder zone. 
The texture of the material is indicated in table 2 (p. 87). An analysis 
of the bog water is given in tables 29 and 30; that of the fertilizer con-
stituents in table 32. 

Analysis No. 40 
· Air-dried. 

Moisture ___________________________ _ 
Volatile matter ---------------------
Fixed carbon------------------------
Ash --------------------------------Nitrogen ___________________________ _ 
Sulphur ____________________________ _ 

Cii.lorific value f Cii.lories - - - - - - - - - - - -
l B. t. u -------------

7.87 
68.91 
19.66 
3.56 
2.32 
0.26 

4267.00 
7681.00 

Moisture-free. 

,- - -- -- -
74.79 
21.35 
3.86 
2.52 
0.28 

4632.00 
8338.00 

There is protection from strong air currents and in the changed 
light, heat and moisture conditions the plants offer a striking contrast 
to the vegetation next to be described. Many of the herbaceous and 
shrubby species occur only sparingly and are really constituents of the 
other societies of the border zone. In the numerous maple and oak 
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seedlings evidence is seen that the Rhus-Alnus association will not con-
tinue to occupy the habitat. The lowering of the water table due to 
the continued addition of debris and leaf humus will hasten the advent. 
of better soil, drainage and shade conditions. Alder, poison sumach 
and their associates will find the new conditions unsuitable; they will 
disappear, leaving the zone more typically an oak-maple-ash association. 
It is improbable that this coming vegetation group represents a climax 
forest for filled lake basins in this locality. There are limited portions 
of Cranberry Island which in the course of years are bound to revert to 
the central-zone bog type, and that perhaps intermittently, for a settling 
and shrinkage of the numerous water pockets in the peat substratum 
will continue until all of the lower portions have become firm and com-
pact. With continued accumulation of forest litter, the soil conditions 
will finally become drained and more xerophytic, to an extent that will 
constitute an ecological habitat considerably different from that exist-
ing in the neighborhood. Should the water level remain constant the 
amount of upbuilding will be limited to the height to which the water 
will rise through the accumulation of peat, and will supply the growing 
plants at the surface with the necessary physiological water. It must 
not be assumed, therefore, that the development of a mesophytic forest 
could continue in the same direction indefinitely. 

The Central Zone.-This is a cranberry-sphagnum meadow, 
(Plate VII, A), situated in the middle of the island. It occupies the 
larger part of the island and in its floral structure is very distinct. 

The plants consist principally of Vaccinium = Oxycoccus macrocarpon and several 
species of Sphagnum, with Rhynchospora alba, Eleocharis obtusa, Aspidium = Dry-
opteris thelypteris, Dulichium arundinaceum, Carex comosa, C. interior, C. filiformis, 
C. limosa, Scheuchzeria palustris, Juncus canadensis, Eriophorum virginicum, Osmunda 
cinnamomea, Drosera rotundifolia, M enyanthes trifoliata, several orchids and other 
light-demanding forms variously grouped. The surface is characterized by hollows 
and elevations. The latter are due, in the opinion of the writer, to various causes: 
(1) in part to the upward growth of sphagnum competing with cranberry, (2) in other 
places to a mutual protection which is afforded by. the massing of forms of similar 
height against excessive loss of water, (3) in still other places cranberry and sphag-
num whic!i are growing beneath shade-producing forms, notably around fems and 
invading maples and sumachs. Here they possess the ability to grow in such 
a way as to give rise to a thick, soft mass which rises to a considerable height, but 
more at the center than at the edge. The maximum height to which hummocks of 
sphagnum can grow is in part limited by the vertical saturation gradient of the water 
content in the air. The vertical level of this vegetation is otherwise fairly uniform, 
varying only between 6 and 15 inches above the peat substratum and forming a low, 
dense, compact growth. The taller grasses and sedges and the occasional bushes 
of Gaylussacia baccata, Pyrus melanocarpa, and P. arbutifolia occur chiefly scattered 
and as open facies. They do not dominate the general vegetation enough to inter-
fere with the transpiring organs of the plants at the lower level. 

A more detailed study of the distribution of species in the lower stratum shows 
habits of growth giving rise to layers sufficiently defined to show vertical zonation; 
especially the differences in height of growth in the sphagnums, Gaylussacia and Vac- . 
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cinium in areas of varying physiological aridity, show that the plants are adapted 
to a given average supply of water. But in the zone under consideration, the differ-
ences in habit of form shade into each other 8.ndin consequence are lees distinct than 
those in the adjoining border zone. The prevailing, grass-like growth-form and the 
general reduction in size of leaves assumed by the· different species are in harmony 
with the environment. This harmony expresses itself not only in external features 
but also in the anatomical structure. As an ecological unit the community of plants, 
identical in type but different in floristic composition, exhibits well within itself 
the impress of its conditions of life. 

That the plants are adapted to a given average supply of water but with great 
specific differences among themselves, is further seen in the frail growth of Ce'[Jha-
lanthus and Decodon, in the small trees of Acer rubrum and Rhus vemix ·and in the 
stunted forms of various other invaders from the neighboring plant societies which 
occur scattered throughout this zone. For the past few years thousands of maple, 
sumach and alder seedlings have been observed sprouting, and yet few have suc-
ceeded to live beyond the first year. Of those which succeeded, the stunted growth, 
the numerous dead branches and the ragged crown of foliage, are a. clear illustration 
that the resistance offered by the invaders to the toxic conditions of this habitat 
is but slightly effective. · 

There are several small ponds in the cranberry-sphagnum zone where the dom-
inance of Decodon and Typha as important members of the border vegetation is es-
pecially conspicuous. Decodon is particularly well adapted for making an advance 
outward upon the water by the curvature at the tips of the slender mature stems. 
From the submerged part, roots arise in considerable numbers, and new plants de-
velop which remain moored to the parent plant for a year or two. As soon as the 
stools are built, they become the habitat of a number of forms such as Bidens cemua, 
Polygonum hydropiperoides, Cyperus strigosus, Impatiens ·biflora, Peltandra virginica 
and others. These with Decodon and Typha seem however unable to persist, for 
dead stems of Typha and remains of stools of Decodon may be seen in the cranberry-
ephagnum association immediately behind this border vegetation. 

The following is an analysis of peat from this zone; the texture of 
the material is indicated in table 2 (p. 87). Analysis of the bog water 
is given in tables 29 and 30; that of ash in table 32. 

Analysis No. 41 

J.IAoisture ----------------------------
Volatile matter ---------------------
Fixed carbon------------------------
Ash --------------------------------
Nitrogen----------------------------Sulphur _________________________ --·~ _ 

Calorific value {Calories------------
B. t. u -------------

AJr-drled. 
9.23 

60.90 
22.19 
7.68 
0.92 
0.39 

4349.00 
7828.00 

67.09 
24.46 
8.45 
1.01 
0.43 

4792.00 
8626.00 

The sphagnum-cranberry association should not be regarded as an 
intercalation. The organic matter deposited by past generations of 
plants shows that sphagnums, cranberry and their associates occupied 
this surface long before the maple-alder zone was formed. It is, there-
fore, an earlier and normal stage of succession under conditions of de-
velopment and a combination of factors which favored persistence and 
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succession in that direction, and which are not suitable even today for 
the ecesis of a shrub association or for germination and growth of the 
seeds blown over in great quantities from the wood lots and fields sur-
rounding the lake. 

The vegetation in the central zone agrees very largely with plant 
societies in bogs and swamps of more northern regions. Many other 
bore~l plants which were doubtless concerned in the early development 
stages of the local bog are now extinct. This is especially true of the 
pitcher p1ant (Sarracenia purpurea), the creeping snowberry (Chiogenes 
hiS'pidu"la), wild rosemary (Andromeda polifolia), leather leaf (Cha-
maedaphne calycu"lata), labrador tea (Ledum groen"landicum). pale laurel 
(Kalmia polifolia) and larix (Larix laricina). These plants are still 
found in bogs in the northern part of the State. A number of them 
have been recently transplanted and are now in good condition on the 
island. 

LOGAN COUNTY 

The whole county, notwithstanding its high elevation, was originally 
wet and swampy. Numerous small lakes and ponds still exist. In 
Rush Creek Township a bog-like meadow formerly extended northward 
about three miles from Rush Creek Lake and about the same distance 
southeast. Most of the deposit is relatively shallow and has been under 
cultivation for some years. Shell marl underlies it. 

The Cranberry Marsh near Lewiston in Washington Township 
was probably among the larger peat deposits of the county. It covered 
an area of about 250 acres and had an average depth of 5 feet. Sphagnum 
mosses in great quantities were taken up and shipped to florists and 
nurserymen for use as packing material. The marsh was drained about 
twenty years ago and a large part of it is now under cultivation. 

In Zane Township, Mill Branch and Mackachack creeks take their 
rise in a low wet meadow. The peaty deposit covered 100 acres, most of 
which is now under cultivation. 

There are numerous small peat deposits and sink holes in Liberty, 
McArthur and Union townships. The debris is well decayed and humi-
fied and averages a thickness of 2! feet. 

LORAIN COUNTY 

Peat is found in several localities as may be seen from an inspection 
of the swamp areas of the Vermilion and Berea topographic sheets of 
the United States Geological Survey. All of the basins are small and 
in large part under cultivation. Brighton, Avon and Camden town-
ships have small deposits which were doubtless once cranberry marshes. 
The time at the writer's disposal was too short to permit testborings. 
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LUCAS COUNTY 

The surface of Lucas county is more or less flat and level. Oregon 
Township and the eastern part of Washington form a part of the tract 
to which the name "Black _Swamp" has been applied. The soil is a fine 
clay, black with decayed vegetation and varied by streaks having an 
admixture of sand. 

The greater portion of Spencer and Springfield townships Mnsists 
of a deep sand presenting all the features of dunes. The sand was 
accumulated by the currents of glacial Lake Erie and deposited by the 
waves in beaches and later built into dunes. The ridges are covered by 
an open growth of oaks, The marshes lie in depressions that originated 
between the sand dunes and occasionally contain small deposits of peat. 
North of Holland, in Springfield Township, about one-half mile from 
the Indiana and Western Electric Road, is an extensive series of swampy 
depressions, locally known as the "old iron ore-bed swamps". Four 
years ago, 100 to 150 acres of· these swampy lands were drained and are 
now in part under cultivation. The peat is black and well decomposed; 
it averages from one to two feet in thickness and is underlaid with sand. 

It is reported that the tooth of a mastodon was obtained from one 
of the marshes but it was impossible to ascertain the precise locality. 

The "Barrens," the .marshy prairies, aspen swamps,-all stages 
of a succession of plant associations-constituted a body of land that 
only recently was supposed to be almost worthless. Through drainage 
and cultivation it has become highly productive and valuable. The 
portion of "unproductive" marshes now lies along the lake and bay, 
principally in Jerusalem Township, and consists of approximately 6,000 
acres of marshy land. Improved methods of drainage and cultivation 
have made small tracts of even this exceedingly fertile. 

MAHONING COUNTY 

Topographically this county is a part of the northeastern highland. 
Its surface consists of an alternation of broad valleys and excavations, 
separated by rounded hills and table-land with gentle slopes. 

BEA VER TOWNSHIP 

Snyder Bog.-This tamarack bog is about one and one-half miles 
east of Snyder in sections 24, 25 and 36. It is favorably located on the 
Youngstown and Southern Electric Railway. The location and the 
area are shown on the Columbiana sheet of the United States Topographic 
Survey (Fig. 6). The bog now covers about 500 acres, but it is said that 
fires have destroyed other portions which formerly extended for a great 
distance northeast. 

The northern end of the bog is largely a cattail marsh. The plants 
are very dense and more abundant than any of the secondary species 
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listed below. The peat 
over 12 per cent. of ash. 
deeper parts. 

has a decided sulphurous odor and contains 
Its thickness ranges from 2 to 5 feet in the 

The following species were observed as a secondary layer, growing among the 
cattails: Arrow-leaved tearthumb (Polygonum sagiUatum), bur reed (Sparganium 

Fig. 6.-Map of Snyder Bog in Mahoning County. 
Scale, 1 inch= 1 mile (2.5 cm. = 1.6 km.). 

eurycarpum), arrow-head (Sagittaria ln.tifolia), water dock (Rumex britannica), shield 
fem (Aspidium = Dryopteris thelypteris), touch-me-not (Impatiens bijfora) and 
milkweed (Asclepias tuberosa). 

The southern portion of the bog is densely covered with trees. Tamarack is 
the dominant species, and red maple thrives near the outer border. The shrubby 
undergrowth consists of alders (Alnus incana, A. rugosa), poison sumach (Rhus ver-
ni:c), high-bush blueberry (Vaccinium corymbosum), winterberry (flex verticilln.ta), 
silky willow (Salix sericea), chokeberry (Pyrus meln.nocarpa = Aronia nigra), wild 
black cherry (Prunus serotina), arrowwood (Viburnum dentat-am) and others. Sev-
eral of these form almost impenetrable thickets, especially near the edges of the bog 
and at a point almost directly south of the Pine Hill school in section 36. Where 
the stand of the trees and shrubs is dense the ground-cover is principally one of tam-
arack needles, leaves of shrubs and a few seedlings. In the more open areas the 
following species are fairly numerous-flowering ferns (Osmunda regalis, 0. cinna-
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momea), chain fern (Woodwardia virginica), manna grass (Glyceria canadensis), 
sedges (Car~ tribuloides, C. uulpinoidea), common rush (Juncus ejfu8U8), occasionally 
a silky willow (Salix sericea) and cushions of sphagnum mosses with prostrate 
bramble (Rubus hispidus), violets and mayflower (Maianthemum = Unifolium 
canadense). 

A number of testborings were made, all of which indicate a well 
decomposed, brownish peat at the 3-foot level, a fibrous, blackish peat 
at the 5-foot level and a finely fibrous, brown peat from this to the 9-foot 
level. Below this the debris is more coarsely fibrous, but again becomes 
a well decomposed and reddish brown peat as the 15-foot level is ap-
proached. Near the 17-foot level the debris is slightly charged with 
clay which increases in proportion a few inches below. The chemical 
composition of the mixed sample is as follows: 

Analysis No. 50 

Moisture ___ ------ ______________ ---- _ 
Volatile combustible ----------------
Fixed carbon------------------------
Ash __ - - - -- -- -- - -- - -- - -- - -- -- ---- - - -
Nitrogen----------------------------
Sulphur -----------------------------
Calorific value f Calories------------

'\.. B. t. u -------------

Air-dried. 
10.01 
55.76 
26.14 
8.09 
2.39 
0.28 

4370.00 
7866.00 

Moisture-free. 

61.97 
29.05 
8.98 
2.66 
0.31 

4854.00 
8737.00 

The relatively small percentage of ash and the fairly high thermal 
value are only two of the good qualities of this peat. The well decom-
posed condition of the debris, which permits its use in various ways, 
and especially its agricultural possibilities, are no less important excel-
lencies which. this deposit possesses. 

GOSHBN TOWNSIUP 

Garfield Bog.-The bog is one-half mile west of Garfield and 
easily reached by means of the Stark Electric Railway. There are 
approximately 200 acres in sections 30 and 31. The area and outline 
are shown on the Lisbon quadrangle of the United States Geological 
Survey. The deposit is not very extensive and the peat is rather im-
pure, probably on a()count of the silt and clay which washed in from the 
adjoining hilly country. Cattail (Typha latifolia), bur reed (Sparganium 
simplex), and impenetrable thickets of spirea, willows, buttonbush and 
alders make up the vegetation in the areas not used for pasture. A 
part of the tract is under cultivation. A few isolated specimens of 
tamarack were found in the deciduous woods along the eastern border 
of the deposit. No analyses were made of the peat samples. 

GRBBN TQ_WNSHIP 

New Albany Marsh.-The marsh is in sections 9 and 16 of Green 
Township about one and one-half miles northeast of New Albany. 

• 
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The area is rather extensive, approximating 400 acres, as may be seen 
by reference to the Lisbon quadrangle of the United States Geological 
Survey. High hills surround the swamp along its eastern border. 
Material washed in from these banks and the silt brought in by the creek 
passing through the peat deposit make it of little value for purely com-
mercial purposes. 

Berlin and Canfield townships have small deposits, but they were 
not visited. 

MEDINA COUNTY 

This county is situated along the northeastern highland which 
divides the water between the Ohio River and the Mississippi, and Lake 
Erie and the St. Lawrence. The eastern half of the county is quite 
rolling and the soil is loamy. The western half is much more level, the 
soil being largely clay .. Most of the bogs with the great marshes occur 
on land much lower than 11ny other along the divide and yet many of 
them are drained in both directions. The peat deposits are of various 
sizes and shapes. The larger tracts are ancient finger lakes and cover 
several hundred acres, as, for example, those near Seville in Guilford 
Township, while the smaller ones approximate three to four acres. All 
have been drained and are under cultivation. 

HARRISVILLE TOWNSHIP 

Garden Isle.-This deposit was originally an extensive shallow 
lake which was completely filled with the debris from the vegetation 
growing upon it. It is today an extensive peat prairie, dry and firm 
enough to support any agricultural crop. It is said that trees, vines, 
shrubs and ferns formerly grew in dense clumps and were characteristic 
of the vegetation in neighboring peat deposits. However, all of the 
area-about 2,000 acres-has been plowed and is now under cultiva-
tion (Plate VIII, B.). 

The deposit lies south of Lodi along the Millersburg branch of the 
Baltimore and Ohio Railway. The topography and location are shown 
on the Wellington sheet of the United States Geological Survey. Test~ 

borings were made at various places and showed a deposit of peat not 
over three feet in depth over the greater part of the area; The under-
lying clay is heavy and grayish in color. The surface peat is dark- brown 
and well decomposed. At a depth of three feet and extending down to 
the 5-foot level the material has a grayish brown color, is slightly fibrous 
and contains woody fragments, and seeds of s(ldges and grasses. The 
digging of ditches has revealed shell marl, but not in large quantities. 

A composite sample gives the following chemical analysis; the fer-
tilizer constituents are given in table 32: 

S--G. B. 16. 
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Analysis No. 70 
Air-dried. 

Moisture----------------------------
Volatile matter ---------------------
Fixed carbon------------------------
.Ash --------------------------------
Nitrogen----------------------------
Sulphur-----------------------------
Iron --------------------------------
Calorific value f Calories------------

\ B. t. u -------------

7.53 
51.43 
24.66 
16.38 
2.38 
0.63 
1.24 

4195.00 
7551.00 

Moisture-free. 

55.60 
26.69 
17.71 
2.58 
0.69 
1.34 

4538.00 
8168.00 

While the great body of the prairie is exceedingly fertile, there is a 
remarkable exception in a small tract at a place two miles southeast of 
Lodi and one and one-sixth miles northeast of the office building of the 
Horr-Warner Company. The soil is a peat which, in its physical tex-
ture, presents nothing to the eye that serves to distinguish it fiom the 
productive area surrounding it. It is under cultivation, but the crops 
do not grow and the plants are dwarfed, the yield usually being a 
light growth of weeds. Testborings show at the 3-foot level a coarsely 
fibrous, reddish brown peat which contains small quantities of pyrite and 
darkens rapidly upon exposure to air. A peculiar pungent sulphurous 
odor is very characteristic of the peat from this depth. At the 5-foot 
level the peat is of a darker color shading into a black, well decomposed 
debris. At the 7-foot level the peat is again reddish brown, very com-
pact but slightly fibrous, with seeds of water plants. Near the 8-foot 
level the peat is grayish in color and contains fragments of wood. The 
debris is underlaid by a sandy clay. The peat from this section gives 
the following chemical analysis: 

Analysis No. 71 

Moisture ___ ----- ___________________ _ 
Volatile matter ---------------------
Fixed carbon------------------------
.Ash --------------------------------
Nitrogen----------------------------
Sulphur -----------------------------
Iron--------------------------------
Calorific value f Calories------------

\ B. t. u ------------.-

Air-dried. 
7.67 

52.56 
19.35 
20.42 
2.36 
4.21 
2.01 

3659.00 
6586.00 

Moisture-free. 

56.93 
20.93 
22.14 
2.55 
4.57 
2.16 

3962.00 
7132.00 

The fertilizer coristituents are given in table 32. The difference 
between this sample of peat and that taken in the immediate vicinity 
of the sterile tract is one which is best expressed in terms of soil pro-
cesses. The physical texture of the peat, as revealed by the testborings, 
clearly shows that this portion of the ancient lake, because of its greater 
depth, remained for a long time open water. Prior to its cultivation, 
it had just grown over with a coarsely fibered mat of grasses and sedges. 
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It is now a well known fact that microorganisms in the soil aid in the 
partial disintegration of a peat mat. During an early stage the organic 
decomposition products are mostly injurious to crops and agricultural 
plants, but in the later stages of the process the peat soil contains nitro-
genous and other organic substances which can be assimilated readily 
by higher green plants. The soil has as elsewhere every element of 
fertility, and there can be little doubt that the deleterious reducing 
substances of the early decomposition phase are the sole cause of the 
sterility encountered. Laboratory methods have shown the presence 
of the organisms; and the fact that the quantity of sulphur and iron is so 
small in the one sample, and so excessively large in the other further 
indicates that the conversion of sulphur compounds to hydrogen sulphide 
gas is still going on in the smaller peat tract. A discussion of the soil 
process is given in another chapter (p. 343 ff). 

A deposit of peat of about 600 acres occurs in the central part of 
Granger Township. The area and location are indicated on the Akron 
topographic sheet. The depth and character of the peat were not tested. 

The extensive peat prairie, north and south of Seville in Guilford 
Township, is almost wholly under cultivation. No detailed examination 
was made of the character and the depth of the deposit. It represents 
an ancient finger lake approximately twenty miles in length, extending 
along the valley of the Chippewa River from Medina southward past 
Seville almost to Canal Fulton in Stark County. Chippewa and Luna 
lakes are remnants of this lake. The valley has only restricted areas of 
peaty soil, much of which has an admixture of sandy clay. The survey 
made by the United States Bureau of Soils indicates 5,760 acres of peat 
for the Wooster area varying in depth from 2 to 15 feet.• 

MERCER COUNTY 

The topography of this county is that of a continuous plain with 
the natural slope toward the north. Three successive ridges or belts 
of glacial drift cross the county and mark the periodic resting places of 
the glacier in its retreat. North of St. Mary's ridge the surface is flat 
and uniformly clayey. In Black Creek Township, sections 19 and 20, 
is a small shallow peat deposit, less than 300 acres in extent, which is 
known locally as Duck Creek Prairie. Much of the peat cover has been 
burned off from time to time so that the surface is now largely a black 
alluvial-like deposit. 

The portion of the county between the Wabash River and St. 
Mary's ridge is characterized by several prairie-like tracts and marshes. 
The soil seldom shows any gravel and has all the features of the noted 
Black Swamp of which it undoubtedly is a portion. 

1Caine, T. A., and Lyma.n, W. S., Soil Survey of the Wooster Area; Field 
OperatioDS of the Bureau of Soils, 1904, pp. 543-564. 
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GRANVILLE TOWNSHIP 

The portion of the county south of the St. John's ridge has a notice-
ably rolling contour. It forms part of the highland known as the 
divide, but until recently contained several large uncultivated cranberry 
marshes. The area is even now subject to inundation in spring time. 
The larger one of the marshes which is in Granville Township forms an 
extended low basin of about a thousand acres, situated between Burketts-
ville (Gilbert Station on the Cincinnati Northern Railway) and the 
village of Cranberry Prairie. The peat is a rich, black deposit, fairly 
well drained and wholly under cultivation. 

Several test borings were made on the land owned by J. Muhlen-
kamp. The surface peat, which shows signs of repeated fires, is dark-
brown, almost black, in color; it is finely fibrous and becomes a matted 
turf toward the 3-foot level. At the 5-foot level the material is a black 
muck which rests on brownish, fibrous peat. At the depth of 7 feet the 
debris is olive green in color with an admixture of charred peat; the de-
posit rests on grayish clay which in some places is quite marly. 

The fertilizer value is indicated in table 32; the proximate analysis 
of the composite sample is as follows: 

Analysis No. 81 

Moisture---------------------------. 
Volatile matter ---------------------
Fixed carbon------------------------
Ash --- ______ ------ ------ __________ _ 
Nitrogen---------------------------. 
Sulphur ------------·----------------
Calorific value {Calories------------

B. t. u -------------

Air-dried. 
8.72 

58.89 
25.66 

6.73 
2.53 
0.47. 

4522.00 
8140.00 

:Moisture-free. 

64.51 
28.12 
7.37 
2.77 
0.51 

4953.00 
8915.00 

A number of testborings were made on land owned by G. Vanden-
bush, showing a physical texture of the peat very much like that just 
described. Much of the material has been burned off so that the thick-
ness of the deposit averages only about 4 feet. The chemical analysis 
is as follows : 

Analysis No. 80 
Air-dried. 

Moisture -------------7--------------
Volatile matter· -------J·------------
Fixed carbon------------------------
Ash - ---- ------ - - - - - --- -- - - -- -- - - - - -
Nitrogen-----------------------~----

Sulphur -----------------------------
Iron --------------------------------
Calorific value f Calories------------

\ B. t. u -------------

9.28 
50.62 
23.37 
16.73 
2.98 
1.25 
0.92 

3922.00 
7060.00 

:Moisture-free. 

55.79 
25.77 
18.44 
3.19 
1.38 
1.02 

4323.00 
7781.00 

It was thought poBBiblEl that in some places the deposit might be of 
greater thickneBB than found thus far. Testborings were made, therefore, 
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at various places in sections 25, 26 and 35, but almost everywhere it 
seemed that before long the plow would extend through the well humi-
fied peat and penetrate the underlying clay. Fire has undoubtedly re-
moved the greater part of the accumulation. A mixed sample of the 
testborings gave the following result: 

Analysis No. 79 

Moisture----------------------------
Volatile matter ---------------------
Fixed carbon------------------------
A.sh --------------------------------
~itrogen ___________________________ _ 

Sulphur -----------------------------
Iron --------------------------------
Calorific value { ~~~~r!es_:::::::::::: 

Alr-drled. 
10.23 
50.0'l 
21.98 
17.77 
2.67 
0.98 
0.75 

3871.00 
6968.00 

Moisture-free. 

55.72 
24.49 
19.79 
2.97 
1.10 
0.84 

4312.00 
7762.00 

The quality of this peat warrants agricultural exploitation only. 

MIAMI COUNTY 

The general slope of this county is from north to south, with two 
subordinate systems of drainage which carry the water across the entire 
county. East of the Miami River the surface is rolling; gravelly ridges 
are abundant. The free drainage prevented an accumulation of peat 
on the low lands. On the other hand, the wide scope of land on the 
watershed between the Miami and Stillwater rivers is fl.at and poorly 
drained. Years ago numerous marshes abounded which were known 
locally as "shaking prairies." The peat deposits of the county are al-
most wholly under cultivation. The soil is structureless, compact and 
black in color. It has a per cent. of mineral matter too high for profit-
able commercial utilization. Tillage, burning, and constant cultivation 
have transformed the peat more or less completely into humus. Mr. 
Hussey in his report of the Geology of Miami County• gives the follow-
ing interesting account: "Rough sedge-grasses, mosses and kindred 
vegetation flourished in this region, growing and perishing successively, 
until several feet of deep, black soil had been accumulated. At a certain 
time, trees suitable to a wet region, such as elms, soft maple, and shrubs 
such as buttonbush, and finally, bur-oak and ash, began to grow. The 
vegetable material perishing, underwent a process of decay, or rather, a 
process of preservation. The substance of the vegetation broke down 
into a number of compounds, which, situated as they are in moisture, 
do not undergo further decay. This material was arrested in a stage 
of decomposition different from that of the drier substances on the roll-
ing driftland east of the Miami River. In the case of much of the vege-
tation east of the river, it passed back by complete decomposition into 

1Geol. Surv. Ohio, Vol. III, 1878, pp. 468-481. 
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"thin air," into invisible gases, and left no trace behind. A certain 
other portion was arrested in the process of decay, and forms the mould, 
which, with the clay commingled, constitutes the soil. On this side 
flourish the oaks, beeches, walnuts, sugar maple, with an undergrowth 
of dogwood, redbud, haw, pawpaw, with a_peculiar vegetable growth 
which sprung up and perished annually. The most of the growths of 
the east side differed entirely from those in the swampy district of a 
former day, where the deep, fibrous, black soil is found west of the Miami 
River. The moisture retained on the surface has a two-fold influence-
one to favor a vegetation, as I have said, of a peculiar class, the other 
to prevent its decomposition, in fact, to preserve it. The two classes of 
soils differ in four respects: (1) In the quantity of vegetable substances; 
(2) in the condition they are in as regards the extent of decay which 
they have undergone; (3) in the character of the vegetable substances 
which make up the material, and (4) in the different proportion of clay 
they contain-that on the east being composed largely of clay, while 
very little clay is found in the swamp soil." 

MONTGO:MERY COUNTY 

Peat deposits that existed at one period over a large part of the south-
western and southern portion of the State, either in independent basins 
or in more or less continuous sheets, have been almost completely re-
moved by the intense denudation which the region subsequently under-
went. A few small deposits still remain, the largest being the one which 
has lately been found one mile east of Germantown, in section 18 of 
German Township. The topographic features of the area are indicated 
on the Miamisburg topographic sheet of the United States Geological 
Survey. It is a fossil peat bed, exposed in the channel of Twin Creek, 
a tributary of the Miami River. The river valley seems to have been 
deeper formerly than it is at present for it is partly filled with drift, the 
stream no longer flowing over the bed rock. In fact the absolute depth 
of many of the Ohio River valleys has been diminished by the later 
glacial deposits. 

GERMAN TOWNSffiP 

A deep deposit of a sandy clay, blackened by organic matter to a 
depth of several feet from the former soil surface, holds a nearly hori-
zontal position and shows it to have been marshy in its general condition. 
There are indications that the marsh had a considerable extent to the 
northward and eastward and that the peat bed represents the deeper 
portion of an extensive water basin. A deposit of stratified clay and 
gravel from about 80 to 100 feet in thickness covers the peat bed. The 
constant undermining action of the stream has kept the drift along the 
east bank nearly vertical. Beneath this heavy deposit the exposed peat 



GEOLOGICAL SURVEY OF OHIO. 103 

is found varying in thickness from 1 to 4 feet, but an early geological 
report• gives the thickness as ranging from 12 to 20 feet. 

The uppermost layers of the deposit contain undecomposed sphagnum 
mosses which are covered with a fine, silty blue clay. The lower por-
tions are at first slightly fibrous, and then grade into a well decomposed, 
very compact peat which contains woody fragments. In color the debris 
varies from brown to nearly blackish brown as the bottom of the deposit 
is approached. The peat rests on a bed of fine sand several feet in thick-
ness, underlaid by clay and gravel. It is_ said that at the southern 
margin of the deposit a large amount of timber was encountered, "trunks, 
roots, branches and twigs, much of which has been flattened by the 
pressure of the 80 feet of clay and gravel that overlies it. Branches that 
were originally two inches in diameter now afford lenticular sections with 
no more than one-fourth of an inch for the shorter axis, while many of 
the smaller stems have been compressed into ribbons. The berries of 
the cedar (Juniperus virginiana) are abundant in the upper layers of 
the peat. At a point one-half mile higher up the stream, trunks of cedar 
nearly two feet in diameter have been taken from beneath these same 
drift beds and turned to account for fencing posts." 

"The wood is in great part coniferous, but not exclusively so; for 
according to the testimony of intelligent and observing practical men, 
who deem themselves entirely competent to give a judgment in the 
case, ash, hickory, sycamore, together with wild grape vines and beech 
leaves, have been found covered with drift deposits." 

"Two mastodon tusks, each measuring eight feet in length, were 
taken in the spring of 1870, from the northern part of the same drift 
bed to which the peat belongs and at about the same level." 

The following is the chemical analysis of a mixed sample of fossil 
peat from this locality: 

Analysis No. 84 

Moisture ______________________ - - - - - -
Volatile matter ---------------------
Fixed carbon------------------------
Ash --------------------------------
Nitrogen----------- ____ ---------- __ _ 
Sulphur-----------------------------
Calorific value f Calories------------

\ B. t. u -------------

Air-dried. 
7.02 

24.95 
5.77 

62.26 
0.86 
0.51 

1505.00 
2709.00 

OTTAWA COUNTY 

Moisture-free. 

26.83 
6.20 

66.97 
0.93 
0.55 

1619.00 
2914.00 

The surface of this county is elevated but little above Lake Erie, 
and hence a large part of the shore and the flood plain of the streams is 
marshland. There are approximately 7,500 acres of marsh, the location 

1Geol. Surv. Ohio, Rept. of Progress, Report on Geology of MontgomeryCounty, 
1869, pt. 3, pp. 165-167. 
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of which is shown on the Oak Harbor, Fremont and Put-in-Bay topo-
graphic sheets of the United States Geological Survey. As in Erie 
County, the accumulation of vegetable debris has been continuous with 
the rise of the water in the lake over a long period of time. The vege-
tation is one principally of bulrushes, reed grasses, cattail, bur-reed and 
others. 

With the aid of jetties, piers or crib-work the marshland could be 
easily relieved of its surplus of standing water and brought into an arable 
condition. · 

Sandusky County has in Riley Township marshland of a similar 
character. The area, approximately 3,500 acres, is shown on the Fre-
mont topographic sheet. 

PAULDING COUNTY 

This county, in its entire area is within the "Black Swamp" region. 
The topographic features are those of a broad, level plain. There are 
no peat basins, bogs or marshes. The soil is a retentive clay which re-
ceived its level surface from the action of the ancient glacial lake that 
formerly covered this and neighboring counties. The area in this county 
remained submerged the longest, and when the surface appeared above 
water again the general character of the surrounding vegetation con-
sisted of deciduous trees and shrubs. Oak, beech, elm and walnut, sugar 
maple, dogwood, pawpaw, redbud and others invaded the new territory. 
The vegetable mold from the leaf-fall and from decaying trunks covered 
the clay. Burrowing animals, crayfish, insect larvre and earthworms 
which abounded on the undrained plain, brought the lower soil to the 
surface and thus mingled the upper and lower portions to a depth of 
several feet, until today the incorporation of the organic matter with the 
clay soil has imparted to it a black color and a remarkable fertility. 

PORTAGE COUNTY 

This county, in common with many others that contain peat, is 
located on the watersP,ed which separates the streams flowing into Lake 
Erie from the tributaries of the Ohio River. The surface is formed 
mainly by a sheet of clay with occasional heavy beds of gravel which 
form well defined swells and rounded hills on the northern and southern 
slope of the watershed. There are 'numerous lakes on the watershed and 
in the basins inclosed by the gravel hills and ridges _which are usually 
supplied by subterannean springs. Long ago many of these were filled 
by vegetation and now exist as peat prairies, while others show various 
phases of the filling-in process. 

There are several extensive peat deposits of excellent quality in the 
county, and many smaller ones known locally as cranberry marshes, 
huckleberry bogs, blueberry swamps and tamarack bogs. They occur in 
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nearly every township. The fact that Portage County peat ranks high in 
quality and in units of thermal value seems to have been well known, 
since as early as 1869 a factory was established near Ravenna for the 
cutting of peat and putting it into a commercial form. Operations were 
suspended when the buildings were destroyed by fire in 1906. The peat 
in ~any bogs is frequently underlaid by Chara and shell marl and the 
accumulation of the latter in several localities is large enough for use 
with profit. 

ATWATER TOWNSHIP 

The Atwater Bog. - This bog is about one-half mile northeast of 
Atwater Center. It extends northward for two miles and varies in 
width, averaging about one-fourth of a mile. Its form and dimensions, 
approximating 400 acres, are shown on the Ravenna topographic sheet 
of the United States Geological Survey. Deer and Willow creeks have 
their source in the bog, much of which has been burned over repeatedly. 

Tamarack groves occur scattered here and there with an undergrowth of choke-
berry (Pyrus melanocarpa = Aronia nigra), arrowwood (Viburnum dent.alum, V. 
nudum), winterberry (!lex verticillat.a), mountain holly (N emopanthus = llliciodes 
mucronat.a), blueberries (Vaccinium corymbosum, V. pennsylvanicum), stemless lady's 
slipper (Cypripedium acaule), wood fem (Aspidium = Dryopteris crisl.al.a), and 
others. Cassandra or leather leaf (Chamaedaphne calyculat.a) is not uncommon in 
more open areas and with it are found often sphagnum and polytrichum mosses, the 
prostrate bramble (Rubus hispidus), cranberry vines, sedges (Carex trisperma), and 
several of the larger ferns such as Osmunda regalis and 0. cinnamomea. Of the de-
ciduous trees, red maple and black gum (Nyssa sylvatica) were frequently noted. 

The southern border of the bog is surrounded by an exceedingly dense and im-
passable thicket, consisting of Viburnum dent.atum and Aronia species. Adjoining 
them toward the outer edge of the marsh are areas densely covered with briar (Ru-
bus sp.). This condition is attributed to repeated fires. 

The testborings indicate that the deposit is shallow. The debris 
is a reddish brown, coarsely fibrous peat, very compact and extending 
to a depth of 3 feet. It is underlaid by a blackish silty, fluid peat, rest-
ing at the 4-foot level on a grayish blue clay. A number of testborings 
were made·at various places and the composite sample gives the follow-
ing chemical analysis. 

Analysis No. 55 
Air-dried. 

Moisture ________________ -- __ - __ - - - - -
Volatile matter ____________________ _ 
Fixed carbon _______________________ _ 

Ash --------------------------------Nitrogen ___________________________ _ 
Sulphur ____________________________ _ 

Calorific value f Calories------------
"\. B. t. u -------------

8.65 
62.12 
23.68 
5.55 
2.74 
0.25 

4794.00 
8629.00 

Moisture-free. 

68.01 
25.91 
6.08 
3.01 
0.26 

5246.00 
9443.00 
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AURORA TOWNSmP 

Solon Bog.-In the extreme northwest corner of the township are 
approximately 70 acres of peat land, the location a:nd area of which are 
shown on the Chagrin Falls topographic sheet of the United States Geo-
logical Survey (Fig. 2). The deposit extends into the adjoining counties. 
The vegetation covering the peat area consists principally of grasses and 
sedges, cattails, ferns (Aspidium = Dryo-pteris thel1fPteris, Onoclea sensi-
bilis), sphagnum mosses and occasionally willow thickets. The material, 
which is well decomposed and blackish near the surface, brown and woody 
to a depth of 11 feet, greenish and laminated at the 12-foot level, rests 
upon clay. Signs of fires are not uncommon. The samples taken for 
analysis were lost during transportation. 

Aurora Pond.-This body of water, which is about one mile south 
of the deposit mentioned above, has a border of shallow peat, the exact 
limits of which probably correspond to that of the 1,000-foot contour line 
indicated on the Chagrin Falls topographic sheet (Fig. 2). An almost 
concentric border of water lilies, 10 to 25 feet in width, is the most notice-
able feature. Pickerel weed (Pontederia cordata) is found well mixed at 
various places with cattail. Along the western portion of Aurora Pond 
the swamp loose-strife, ·with buttonbush and swamp rose, forms the 
shore vegetation succeeding the water lilies and leading into a bog 
meadow. The most conspicuous representatives of the meadow are wool 
grass (Scirpus cyperinus), St. John's wort (H11Pericum sp.), several ferns 
(Aspidium=Dryo-pteris thel1fPteris, Osmunda cinnamomea, Onoclea sensi-
bilis), species of Sagittaria and occasionally a clump of willows or of aspen. 
Changes in the water level and fire have undoubtedly caused the dis-
jointed distribution of the plants, for at other places their arrangement 
and distribution correspond more nearly to the genetically related 
successions spoken of in another chapter. On the southwestern side 
.the meadow adjoins a heavily wooded area. Tamarack, hemlock and 
white pine were until recently the dominant trees. Today they occur 
only scattered as members of a bog forest which has for its principal 
species red maple, black ash, elm and some birch (Betula lutea), with an 
undergrowth of alders, dogwood, arrowwood (Viburnumdentat,um) choke-
berry, mountain holly, lizard's tail, sphagnum mosses and several others. 

A number of testborings were made at various places. The peat 
is not of great thickness; it averages 4 feet and throughout this depth 
is relatively impure. The chemical analysis of mixed sample No. 48 
for this locality has not been received, the material having been lost 
during transportation. 

BRIMFmLD TOWNSmP 

Brimfield Bog. - Most of the deposit is forested with hardwood 
shrubs and trees. The area and locality are shown on the Kent topo-
graphic sheet of the United States Geological Survey (Fig. 7). The bog 
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is a depression in the drift and averages 12 feet of peat. The latter is 
resting on a cream-colored marl of great purity, varying in thickness 
from 2 to 4 feet. The deposit extends northwest and southwest and is 
about one and one-half miles east of the Wheeling and Lake Erie Rail-
road. The total area of the bog, which is not considerable, approxi-
mates about 200 acres. A creek tributary to the Cuyahoga River has 
its source near the central portion of the bog. 

A number of testborings were made at various places. On the land 
owned by Mrs. B. Bauman, the deposit southeast of the residence is of 

Fig. F.-Map of Brimfield Bog in Portage County. 
Scale, 1 inch = 1 mile (2.5 cm. =-1.6 km.) 

excellent quality. A line of testborings was run in an east and west direc-
tion across the central portion of the bog beginning near the residence. 
The readings are as follows: 

On the west side near the border of the bog is a blackish brown, 
well decomposed peat to a depth of 3 feet, underlaid by peaty clay rest-
ing on sand. About 200 feet farther east the peat is of similar texture 
but slightly more fibrous to a depth of 8 feet; below this is a plastic, non-
fibrous debris. underlaid by 5 feet of cream-colored, fine-grained marl 
with shells, resting at the 15-foot level upon a grayish blue clay. At a 
point approximately in the center of the deposit, and 350 feet east from 
the last mentioned boring, the peat is similar in texture to a depth of 16 
feet. Below this level a greenish brown, fine-grained peat filling was 
encountered. Near the eastern border of the bog the material is also 
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well decomposed but rather fluid at the 5-foot level, compact and dark-
brown near the 9-foot level, slightly woody at the 11-foot level and 
coarsely fibrous to the 17-foot level. 

The vegetation covering the deposit consists in part of tamarack, much of which 
shows signs of severe fires. There are occasional trees of yellow birch (Betu.la lu.tea); 
ash (Fraxinu.s nigra), oaks (Qu.erC1LIJ palu.stris, Q. alba, Q. platanoides [?] ) and elm 
(Ulmu.s fu.lva). Among the shrubs and smaller plants were noted alders (Alnu.s in-
oona, A. rugosa), arrowwood (Vibu.mu.m nw:lum), chokeberry, mountain holly, high-
bush blueberry, willow (Salix sericea), buttonbush (Cephalanthus occidentalis), june-
berry (Amelanchier oonadensis), dogwood (Comus oondidissima, C. sto'Wnif era), low 
blueberry (Vaccinium penn~ylranicum), black huckleberry (Gaylussacia resinosa= 
bacoota), tickseed (Bidens trichosperma), partridge berry (Mitchella repens), several 
ferns (Osmunda cinnamomea, 0. regalis, Onoclea sensibilis) and others. 

The land is owned by Mrs. Bauman. The composite peat sample 
No. 52 from the maple-ash-elm association gives the following chemical 
analysis: 

Analysis No. 52 

Moisture--------- __ -----------------
Volatile matter ---------------------
Fixed carbon------------------------Ash _____ ------ ____________________ _ 
Nitrogen ___________________________ _ 

Sulphur-----------------------------
Calorific value {Calories------------

B. t. u -------------

Air-dried. 
11.25 
51.15 
27.65 
9.95 
2.08 
0.70 

4220.00 
7596.00 

Moisture-free. 

57.64 
31.19 
11.17 
2.33 
o.'74 

4758.00 
8564.00 

It shows a moderate percentage of ash and a relatively high thermal 
value. 

Two deposits, one of which is a mile south of Kent and the other 
in the southeastern corner of the township, were not tested. They are 
said to be of considerable thickness and of good quality. 

Cranberry Marsh. -This is a typical cranberry bog covering an 
almost circular area of about two acres; it is located in the drift, about 
one-half mile east of Brimfield Station on the farm of Frank Lauten-
slager. Sphagnum mosses and cranberry vines are the dominant plants 
with several sedges and grasses and a few scattered thickets of high-
bush blueberry (V accinium corymbosum), alders (A.lnus incana), choke-
berry (Pyrus =A.ronia arbutifolia), winterberry and low-bush blueberry 
Vaccinium vacillans). Testborings indicate at the 3-foot. level a dark-
brown, well decomposed peat, slightly fibrous and reddish brown toward 
the 5-foot level, greenish in color near the 7 -foot level and re~ting 
on a very compact blue clay at the 9-foot level. Nearer the margin (with 
Juncus ejfusus dominant) the peat is more coarsely fibrous. The anal-
ysis of a sample from this bog is as follows: 
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Analysis No. 59 

Moisture------------ _________ -------
Volatile matter ---------------------
Fixed carbon------------------------
.Ash --------------------------------
Nitrogen------------------------- __ _ 
Sulphur -----------------------------
Calorific value f Calories------------

'\. B. t. u -------------

Air-dried. 
8.41 

52.75 
25.30 
13.54 
1.48 
0.23 

4581.00 
8246.00 

FRANKLIN TOWNSHIP 

M11lsture-free. 

57.58 
27.64 
14.78 
1.62 
0.25 

4998.00 
8996.00 
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"Eckert Bog." -One of the best illustrations of the final stages of 
bogs is found in a steep-sided depression in Franklin Township about 
5 miles northeast of Kent. The bog is north of Brady Lake near the 
Cuyahoga River and about one mile southwest of the northeastern 
corner of the township. The area is approximately 30 acres. In the 
middle of the bog is an irregular elliptical area, somewhat higher and 
slightly wetter than the general surface, which represents the part of 
the open water last covered. Upon this wetter portion the principal 
plants are cassandra with relatively few specimens of bog rosemary 
(Andromeda polifolia =glaucophylla). Black huckleberry is another 
heath rather abundant in the drier portions of the bog. Cranberry 
vines and sphagnum mosses cover most of the surface, the latter plant 
often in dense conical masses 3 or 4 feet above the ground water level. 
Seedlings and young trees of tamarack occur scattered over this well 
marked central portion. With them in a zone more shoreward are 
several big shrubs such as winterberry, mountain holly, chokeberry, 
high-bush blueberry and arrowwood beneath the older tamaracks. 
Testborings indicate a dark, reddish brown, slightly fibrous peat to a 
depth of 11 feet. Beneath this level the peat is woody, and fallen timber 
is frequently encountered. From the 13-foot to the 18-f oot level the 
peat is more coarsely fibrous. The bottom was not reached. 
- The growth of tamarack surrounding the central portion of the bog 
forms a well marked zone. It is a dense, almost pure stand with an 
occasional yellow birch (Betula lutea)_ The undergrowth is largely one 
of the shrubs above mentioned The ground cover consists of several 
species of orchids and ferns, wintergreen, prostrate bramble, mayflower 
and others. The testborings indicate a depth and a texture of peat in 
all respects similar to that of the more central portion. The bottom was 
not reached. 

Around the tamarack grove and to the shoreward border of the 
depression a number of deciduous trees are dominant. Red maple is 
most abundant, swamp oak (Quercus palustris), birch (Betula lutea) 
and wild cherry with white rod (Vi'burnum cassinoides) are occasionally 
found. The undergrowth is principally one of ferns; the bog shrubs a.re 
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rarely of a uniform height or of vigorous growth. Testborings indicate 
10 feet of peat and the underlying material of drift. 

Analysis No. 56 represents peat from several test borings in the 
tamarack association. It shows a very high thermal value and but very 
little ash. 

Analysis l{o. 56 
Air-dried. 

Moisture _____ -----------------------
Volatile matter ---------------------
Fixed carbon------------------------
Ash --- - - -- -- --- - - - ----- - - - -- - --- - - -
Nitrogen-------------------------- __ 
Sulphur -----------------------------
Calorific value f Calories------------

'\ B. t. u -------------

9.36 
60.50 
26.84 
3.30 
1.51 
0.20 

4903.00 
8825.00 

Moisture-free. 

66.73 
29.62 
3.65 
1.66 
0.21 

5409.00 
9736.00 

Fig. 8.-Map showing area and location of Mantua Bog in Portage County. 
Scale, 1 inch-1 mile (2.5 cm.=1.6 km.). 

The deposits in the southwest comer of the township and the one 
about a mile northeast of Kent were not tested. The peat area aggre-
gates about 300 acres. 

MANTUA TOWNSHIP 

"Mantua Bog."-This bog is of a still more mature type than the 
one just described. The location and area are shown on the Chagrin 
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Falls and Garrettsville topographic sheets of the United States Geologi-
cal Survey (Fig. 8). Red maple, black ash, wild cherry and elms are 
the dominant trees. 

A list of the undergrowth includes the following species: Chokeberry, moun-
tain holly and winterberry, azalea (Rhodendron viscosum), high-bush blueberry, 
wild black cherry, arrowwood (Viburnum lentago, V. dentatum, V. nudum, V. 
cassinoides), dwarf huckleberry (Gaylussacia dumosa), buckthorn (Rhamnus alni-
folia), wild currant (Ribes floridum), the flowering ferns, mayflower, star flower 
(Trientalis americana), golden thread (Coptis trifolia), sedges (Carex leptalea) 
and patches of sphagnum mosses. Tamarack and yellow birch (Betula lutea) have 
suffered severely from fires and the surface of the bog in several places has been 
lowered from the same cause. In the clearings, cattail, nettle, touch-me-not, fire 
weed (Epilobium coloratum), spindle tree (Evonymus obovatus), evening primrose 
(Oenothera biennis), virgin's bower (Clematis virginiana), shield fern, spiraea and 
others are present. 

The thickness of peat varies from a few inches along the border to 
8 feet in the deeper portions. It is of very good quality except that it 
contains sandy layers, probably representing seasons of floods. The 
samples of peat from the portion of the bog covered with deciduous 
trees give the following proximate analysis (for fertilizer value see table 
32): 

Analysis No. 47 

l\1oisture ___________________________ _ 

Volatile matter ---------------------
Fixed carbon------------------------
Ash --------------------------------
Nitrogen--------------------- ______ _ 
Sulphur-----------------------------

Calorific value { ~~~~r~es_:::::::::::: 

Air-dried. 
10.40 
50.48 
23.42 
15.70 
2.20 
0.77 

4076.00 
7337.00 

Moisture-free. 

56.33 
26.16 
17.51 
2.46 
0.86 

4550.00 
8190.00 

Randolph, Nelson, Suffield, Shalersville and Streetsboro townships 
contain several deposits, approximately 2,000 acres in all, the area· 
and locality of which are indicated on the Kent and Chagrin Falls topo-

. graphic sheets. Except the bogs near Moran, the testborings' which 
were made at various points failed to show more than 4 feet of peat. 
The samples were almost half mineral matter and the deposits are, there-
fore, unsuitable for fuel purposes. This is well shown in the following 
analysis of sample No. 46 from a heavily forested peat deposit 41 miles 
northeast of Garrettsville and ll miles east of Nelson. 
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Analysi8 No. 46 
Air-dried. 

Moisture ___________________________ _ 

Volatile matter ---------------------
Fixed carbon------------------------Ash _______________________________ _ 

Nitrogen __ ------------------------ __ 
Sulphur ---------- -------------------
Calorific value f Calories------------

"\. B. t. u -------------

9.12 
36.68 
16.51 
37.69 

1.56 
0.39 

2586.00 
4655.00 

RAVENNA TOWNSJUP 

Moisture-free. 

40.37 
18.16 
41.47 

1.72 
0.43 

2845.00 
5121.00 

The bogs near the city limits of Ravenna are quite interesting 
and in some respects unique. They are among the first deposits which 
were explored in Ohio for commercial purposes, and are. said to have 
given much trouble along the line of the Pennsylvania Railroad. On 
the east side of this road, about one mile south of the city limits, a cass 
andra bog is still in fairly good condition, although fires occur here almost 
annually. The list of plants includes, in addition to the dominant 
growth of cassandra (Chamaedaphne calyculata), thickets of chokeberry, 
winterberry, mountain holly, high-bush blueberry, several arrowwoods, 
alders, huckleberry, ferns and others. The weight of the material used 
for filling in the embankment has broken the mat and caused its dis-
plaeement. Its rise in several places amounts to from 3 to 6 feet. The 
peat was examined at various points and testborings indicate 17 feet of a 
well decomposed, slightly fibrous variety. The bottom was not reached 
with the available lengths of the sounding instrument. 

On the west side of the embankment the peat deposit is more ex-
tensive. Fire sweeps periodically over the area, and hence the growth 
of trees, shrubs and herbs is dense only along the shores of the small 
lake which represents the part of the original basin still uncovered. 

The vegetation around the lake and shoreward to the border of the depression, 
has much in common with that of the other lakes along the divide. The open water 
is bordered by swamp loose-strife; shoreward of this is a meadow-like association 
consii;iting of shield fem, St. John's wort, sphagnum mosses, bur marigold, water 
hemlock, golden rod (Solidago rugosa) and others. A narrow zone of alders, white 
spirea, wild rose with sphagnum in abundance, follows the meadow. Testborings 
indicate a dark-brown, well decomposed peat, containing a quantity of fallen timber. 
Below the 13-foot level the peat is blackish, non-fibrous, well decayed and rather 
plastic. The bottom was not reached. 

The narrow zone of alders is followed by a heath association similar in char-
acter to that on the east side of the embankment. Cassandra is relatively abundant 
and occurs with poison sumach, several arrowwoods, buttonbush, spiriea (Spiraea 
tomentosa), black huckleberry, ferns, sphagnum mosses and others. Trees, such 
as red maple, pin oak (Q. palustris), juneberry (Amelanchier canadensis), wild 
black cherry (Prunus serotina) and aspen, with an undergrowth in part of that of 
the shrubs and herbs just mentioned, form a well defined forest zone toward the outer 
limits of the deposit. The unusual relation of alder and heaths, and the fact that 
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the tall shrub zone is in many places higher than the surface of the heath associa-
tion, may indicate that severe fires (the evidences of whicl_i are seen clearly) 
destroyed much of the peat up to the narrow border near the water where the ma-
terial was too wet to burn. The portion became the nucleus of the present growth 
of shrubs at the margin of the lake, and in the depression behind it the heaths have 
since established themselves. · 

The peat is more than 17 feet deep, somewhat fluid to the 9-foot 
level but below this rather compact. Below the 15-foot level an olive-
green, layered peat is encountered. The bottom of the deposit was not 
reached. The chemical analysis of the several peat samples is as follows: 

Analysis No. 54 
Air-dried. 

Moisture ___________________________ _ 
Volatile matter ____________________ _ 
Fixed carbon _______________________ _ 

Ash --------------------------------Nitrogen _______________________ -- - - -
Sulphur ____________________________ _ 

Calorific value { ~~t~r!es_ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

8.98 
51.44 
23.52 
16.06 
2.02 
0.36 

4247.00 
7645.00 

Moisture-free. 

-l -------
: . '1. 56.52 

' : : I 25.65 
. 17.63 
I [I },2.21 

.· A:n.40 
. 4669.00 

J j _8402.00 

The analysis of this sample shows the percentage of ash to be re-
latively high but the thermal value better than moderate. The sample 
does not seem typical of much of the material of the bog. The quality 
of the peat is undoubtedly better above the 10-foot level. 

PUTNAM COUNTY 

This county holds no peat deposits of economical value. The 
surface is flat and its general slope is toward the north. Much of the 
soil is peculiar to the Black Swamp and consists largely of clay inter-
mixed with vegetable matter. Sand and gravel ridges are found in Liberty 
and Van Buren townships, being in part the shore line of glacial Lake 
Erie. In the depression between them were formerly several wet, 
marshy prairies. The Medary Beaver marsh prairie is a deposit of 
five inches of black peaty soil underlaid by two feet of black clay and an 
unknown thickness of a typical glacial hardpan. Fossil remains of the 
mastodon were discovered in the marsh near the center of section 6 and 
in section 8. All of the peaty area in the county has been cleared, 
drained and placed under cultivation. The material was not analyzed 
on account of its high content of mineral matter. 

SENECA COUNTY 

All of Seneca County west of the Sandusky River belongs properly 
to, and is a portion of the Black Swamp. All east of the Sandusky 

9-G. B. 16. 
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River is high land, and the many depressions in the drift surface are 
filled with peat varying in thickness from a few inches to five or six feet. 
The greater portion pf the 70 or 80 deposits are small in area, drained 
and under cultivation. In the northeastern part the deposits rest 
generally upon sand or gravel and those of the southeastern part are 
underlaid by a sandy or marly clay. The peat deposits of Seneca County 
are distributed among the townships, according to the land survey of· 
1846, as follows: Adams; 3; Big Spring 1; Bloom 1; Clinton 6; Eden 3; 
Hopewell 5; Pleasant 1; Reed 8; Scipio 2; Seneca 20; Thompson 14; 
Venice 17. This table does not include deposits less than a few acres 
in area. 

HOPBWBLL TOWNSHIP 

On the Mohawk road, one and one-half miles south of Tiffin in 
section 31, on the land of L. Smith are several small deposits of peat. 
The marsh symbol for this area is not indicated on the Tiffin topographic 
sheet of the United States Geological Survey. The bog, about 250 feet 
northeast of the house and the same distance west of the road, has an 
area of two or three acres. Several borings, so distributed as to test all 
parts, disclosed an excellent light-brown, compact, fibrous peat three 
feet in depth, derived principally from sedges. It is underlaid by a 
sandy blue clay. The deposit is tenanted by spike rush (Eleocharis 
obtusa), bog rush (Juncus effusus), several species of sedges (Carex sp.), 
marsh fern (Aspidium = Dryo-pteris thelypteris), several species of knot-
weed (Polygonum sp.), bushes of meadow sweet (Spirwa latifolia), wild 
rose (Rosa carolina), and along the southern edge a border of willows. 

Directly east across the road is a deposit of perhaps four acree 
with three feet of peat, covered with water almost the year round. 
Southwest of the Smith dwelling, is a depression approximately six acres 
in area, which contains a deposit of peat. Its form is a narrow strip 
from southeast to northwest. The surface material is fibrous, but sandy 
and firm. To the depth of five feet the peat is grayish brown in appear-
ance, slightly fibrous and with a.n admixture of shell marl. At seven feet 
a sandy gray clay is found, underlaid by a blackish clay containing root 
fibers. In various places wood fragments are encountered, giving indi-
cations of fallen timber. Bog iron ore occurring in irregular patches and 
frequently in marly accumulations is found along the hillsides. The 
origin of these deposits is due in great part to the lime left from the 
evaporation of spring waters which overflowed the surface. 

It is said that in Herold's Hollow, about a mile south of Tiffin, on 
the Mohawk road is a deposit of seven feet of peat, the first foot of which 
is coarse and fibrous; farther down it is fine and firm, and at the end of 
the 7 feet plastic. The water which accumulates in the hole washes 
the peat nearly all out of the augur. 

,A.bout two miles southeast of Tiffin, near the cemetery, is a deposit 
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averaging about one and one-half feet of peat, resting on a soft gray clay 
which is underlaid by limestone. It is intensively cultivated and during 
the past eight years has grown crops chiefly of celery and onions without 
rotation. 

In Honey Creek bottom, in the southeast quarter of section 31, 
is a deposit forming a narrow strip extending north and south and con-
taining upward of six acres. It is a deposit of fairly good peat; the first 
two feet are firm and slightly fibrous, but from there down to a depth of 
5 feet it is non-fibrous, impure and fluid. A deposit of shell marl under-
lies the peat but not in quantity for economic use. 

There i~ a similar deposit in section 11, Clinton Township, on the 
south line of the former Seneca Indian Reservation. 

BDBR TOWNSHIP 

On the Infirmary farm in the northwest corner of section 5, Eden 
Township, is a deposit of about 20 acres of peat. It forms a depression 
on high land and is traversed by a ditch running in a northwesterly di-
rection. It produces clover abundantly and is used for pasture. 

A line of testborings was made beginning at a point about 250 feet 
east of section 6, midway in the field, and 400 feet south of the Clinton 
Township line, which disclosed the following texture of peat: 

At a depth of 8 inches below the surface a black, well decomposed 
compact material; at 1! feet a dark-brown, non-fibrous, compact peat; 
at 3 feet a light-brown, non-fibrous, compact peat; at 5 feet a brownish 
gray, slightly fibrous, somewhat fluid material; at 7 feet a brownish gray 
peat with shell marl; at 9 feet an olive-green, fine-grained, fluid peat; at 11 
feet a blackish green, fluid, peaty clay; and at 13 feet a pulpy, clayey 
peat. 

Testborings nearer the edge of the field indicate a compact, blackish, 
non-fibrous peat, 4 feet in thickness; at the 7-foot level a light, olive-
green peat, consisting in large part of leaves in layers, is encountered; 
at a depth of 11 feet the debris is brown, non-fibrous and underlaid by a 
greenif!h peat of the same consistency and at the 13-foot level is a black, 
peaty clay. 

In section 6, Eden Township, are a number of small peat accumu-
lations, with a layer of the debris from ten inches to two feet in thickness. 
Most of the deposits are underlaid by a sandy clay. 

On Brook's farm on Honey Creek, an early survey records a bog of 
"twenty-five or thirty acres; the soil in the immediate vicinity is peaty 
and the marsh itself is covered with brownish colored water. In pene-
trating this marsh, a deposit of eight feet of good peat was disclosed and, 
between 8 and 11 feet in depth, was a deposit composed of lime in cal-
careous mud intermingled with stringy fibres." The writer did not 
visit the place. 
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Extending along Honey Creek into section 7, is the greater part 
of the Van Meter huckleberry swamp. Fire has reduced the deposit to 
a thickness averaging less than two feet and it is now under cultivation. 

BLOOM TOWNSIUP 

A bog is located one mile south of Bloomville; the area and location 
are shown on the Tiffin topographic sheet of the United States Geo-
logical Survey. The bog is traversed by a small stream flowing south 
into Silver Creek. Along the edges the peat is blackish brown, non-
fibrous to the depth of 2 feet, and underlaid with blue clay. At a point 
500 feet from the schoolhouse, in a southeast direction, the deposit is 
slightly deeper. A number of depressions are evidence of former fires. 

About one and one-half miles south of Bloomville and 600 feet east 
of J. E. Miley's house, several testborings were made. They indicate 
at the 4-foot level a dark-brown, fibrous, matted, very compact peat; 
at the 5-foot level, a brown, partly fibrous, somewhat fluid peat; at the 
7-foot level, a light, grayish brown, non-fibrous, plastic peat, which at 
the 9 foot level is underlaid by a blue clay. 

This portion of the bog was only recently heavily forested and an 
examination of the stumps showed that swamp oak and soft maple, 19 
to 27 inches in diameter, had grown here. The eastern border now 
supports a similar flora, but the soft maple is more numerous. Other 
plants are aspen, elm, wild cherry, wild rose and willows. 

BIG SPRINGS TOWNSIUP 

In the southwestern part of this township is a marsh known as 
Big Spring Prairie. It is part of an extensive area about ten miles long 
and from one-half to a mile wide, and has the shape of a horseshoe. 
About two and one-half miles of its length lie in Seneca County, an area 
of about the same extent in Wyandot and five miles of it extend into 
Hancock County. The widest portion of the peat prairie, where it 
curves to the west, is in Seneca. It represents a depression in the drift 
and in the underlying limestone which at one time formed a drainage 
channel, then a lake, later a swampy forest, and only more recently ex-
isted as a marsh or prairie. It is in,teresting to note that the deposit lies 
almost entirely within the depression marked by the shore lines of 
glacial Lake Erie. A tongue of this lake, with shore lines almost par-
allel to each other, extended for some distance eastward. The New 
Haven marsh in Huron County and several other bogs occur in this old 
basin. 

As a lake the area differed but slightly in outline from the present 
prairie. Various test borings indicate that the greatest thickness did 
not exceed 25 feet in Wyandot County, while considerable portions in 
Seneca County were only a few feet in thickness. That this area was 
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a lake in postglacial times is shown by the presence of old lake beaches 
or ridges formed by waves and small billowy sand dunes produced by 
the wind. Similar results are now produced by the action of waves and 
wind in bays and along the shore of Lake Erie. This peat deposit is 
analogous in origin and development to the marshes and bogs of Hardin, 
Huron and Ashland counties, but was sooner drained and brought into 
an arable condition by the more rapid excavation of its outlet by the 
Sandusky River and the Timochtee Creek. 

Centrally, in section 30, Big Spring Township, occur a number of 
sand dunes which were blown up by the winds while the prairie site was 
still a lake. The dunes are located between the Bower ditch on the north 
·and the outlet of Big Spring on the south. Bonser,1 who studied this 
region with great detail, finds that as a natural stream the Bower ditch 
had eroded a perceptible valley on the ridge to the northeast and had 
doubtless carried a considerable amount of silt into the old lake. The nat-
ural currents from the Big Spring and those from the south also carried 
along some silt. As these two silt-laden currents encountered the sweep 
of the prevailing westerly winds, much of the material was deposited and 
in time formed a sand bar or bank. After portions of this san<t. bar were 
sufficiently elevated to remain above the water throughout the year, low 
dunes were formed by the winds. Seeds soon found lodgement and plant 
life appeared. The same currents which transported the silt also trans-
ported many seeds. The general order of the advance of plant life on 
these dunes resembled that on the dunes along Lake Michigan, as dis-
cussed by Cowles. 2 Annuals :first appeared, then grasses and sedges 
which acted as binders for the sand and this made possible low dunes; 
shrubs and tree seedlings appeared later. A diversified :8ora gradually 
established itself, of a character similar to that found today on the minia-
ture dune area in this section. The dunes were formed principally by 
the southwest, west and northwest winds. The highest portion of this 
area is about 7 or 8 feet above the surrounding level. The humus over-
lying the dune sand is from six to eight inches thick. The underlying 
sand is very fine but of unknown depth. 

Three of these dunes are wooded. The most abundant trees are white oak 
(Quercm alba), 18 to 40 inches in diameter,shingle and swamp oak (Q. imbricaria, 
Q. palmtriB), elm (Ulmua americana), 30 to 50 inches in diameter, maples (Acer 
aaccharinum, A. rubrum), ash (Fra:z;inua americana), wild cherry (Prunus aero-
tina) and cottonwoods (Populua deltoides, P. tremuloides). Underneath the trees 
occur hawthorns (Crataegm ap.), red osier (Cornm stolonifera), the common black-
berry (Rubua villosus), wild grape (Vitia sp.), climbing bittersweet (Celastrus 
scandena) and smooth sumach (Rhus glabra); as a distinct zone a.long the edge of 

1Bonser, T. A., Ecological Study of Big Spring Prairie; Ohio Acad. Sci., Vol. 
III, 1008, pp 1-96. 

'Cowles, H. C., The Ecological Relations of the Vegetation on the Sand Dunes 
of Lake Michigan; Botanical Gazette, Vot XXVII, 1800, pp. 95-361. 
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the dunes, these and many othel'S form an almost impenetrable jungle. Bonser' 
states that the dune complex is of greater age than either the north or west dune. 
It is richer in genera and species, and the herbaceous plants are fully four times more 
numerous than on either the north or west dune. 

The depressions between the dunes have a thicker deposit of peat than that 
overlying the dune sand, but various testborings show that it nowhere exceeds 3 feet 
in depth. The depressions are tenanted by grasses (Phleum pratense and others), 
several species of goldenrods (Solidago sp.) and a few sedges. 

The peat of Big Spring Prairie in Seneca County is relatively 
shallow. At a point 1,000 feet west of the sand dunes and the same dis-
tance east of the bridge on the coun~y road, the peat is two feet in depth, 
black, well decomposed and compact; it rests on a sandy blue clay under-
laid by limestone and is under cultivation. North of this point test-
borings show peat averaging 3 to 4 feet in thickness. 

In the extreme southeastern comer of section 31, and 20 feet north 
of the county road which runs east and west, the deposit is considerably 
deeper. The surface peat is black and granular; at three feet it is fibrous, 
and grayish black in color; at 5 feet a grayish sand is found, intermingled 
with woo.d fragments. In a few places pockets of a yellow clay occur. 

The deepest deposit was met at a point 50 feet north of the county 
line road on section 32, and 200 feet west of the Hocking Valley Rail-
road. The field is not under cultivation but is used to a certain extent 
for pasture. The area is humm~cky and in places shows signs of fires. 
The shrubby cinquefoil (Potentilla fruticosa), swamp rose (Rosa carolina) 
and several sedges occur here, but not as frequent as in the area farther 
south in Wyandot County. The surface peat is well decomposed and 
dark-brown in color. At 3 feet the debris is slightly fibrous and rather 
wet; at 5 feet it is brown, slightly fibrous and somewhat fluid; at 7 feet 
it is reddish brown, slightly fibrous with a distinct odor of sulphuretted 
hydrogen,-the brass instrument used for sampling the material was 
stained a bluish purple bronze. At 9 feet occurs a peaty sand with shell 

· marl which is underlaid by limestone. 
The analysis of a composite sample of peat is as follows: 

Analysis No. SB 

Moisture ------- __ -------- -- ------ ---
Volatile matter ---------------------
Fixed carbon------------------------
Ash --------------------------------Nitrogen -------- _ -------- __________ _ 
Sulphur -----------------------------
Calorific value {Calories------------

B. t. u -------------

Air-dried. 
11.02 
50.48 
20.96 
17.54 
3.09 
1.48 

3831.00 
687.5.00 

Moisture-free. 

56.72 
23.56 
19.72 
3.48 
1.67 

4305.00 
7749.00 

'Bonser, T. A., Ecological Study of Big Spring Prairie; Ohio Acad. Sci., Vol. III 
1903, pp. 1-96. 
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The nitrogen content of this sample is high, but the fuel value is 
moderate on account of the percentage of silt. 

SHELBY COUNTY 

The surface of the county- is tolling, sloping gently toward the south, 
and is well drained. Along some of its rivers the soil is largely composed 
of debris made by vegetation which existed as an extensive marsh on 
either side of the sluggish water courses. Several beds of peat, which 
mark the line of the water shed, are found on the upland soils. The 
shallower deposits seem to have been formed by fallen trees and the 
work of beavers. Dams made by these animals have been pointed out 
to the writer at various places. The deeper deposits are in depressions 
in the drift where erosion is not sufficiently effective to drain the basins. 

VAN BUREN TOWNSlilP 

The peat deposits in this township are not extensive but rather 
numerous. In, section 10 about 140 acres are reported; in section 14 
about 10 acres; in section 22 about 30 acres. Smaller deposits aggre-
gate possibly more than 300 acres. It is said that the majority of them 
average at least 10 feet in thickness. The deposits which the writer 
examined occur ll miles south of Kettlersville in sections 22 and 23. 

Testborings were made on the deposits owned by George Williams. 
The peat is of a more or less uniform consistency, somewhat fibrous, 
light-brown, and contains woody fragments. The average thickness 
in the deeper portions is 12 feet. The sample gives the following chem-
ical analysis: 

Analysis No. 86 

Moisture ___________________________ _ 
Volatile matter ---------------------
Fixed carbon------------------------
Ash ------------- -- ---- ---- ------ - - -Nitrogen _____________________ c _____ _ 

Sulphur-----------------------------

Calorific value { ~~~~r!e~============ 

Air-dried. 
16.28 
47.89 
20.48 
15.35 
2.23 
0.48 

3570.00 
6426.00 

Moisture-free. 

57.20 
24.46 
18.34 
2.66 
0.57 

4264.00 
7675.00 

East of Kettlersville, on the Solomon farm, the peat has a thickness 
of 19 feet and is similar in texture to that just described. The deposit 
rests on gravel. 

Interest attaches to a note of warning by Hussey of the danger which 
threatens the destruction of peat beds when they are too well drained 
for the purpose of bringing them under cultivation. 1 

1Hussey, J., Report of the Geology of Shelby County, Geol. Surv. Ohio, Vol. 
III, 1878, p. 455. 
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"Where the peat becomes dry it is porous, light and friable. It requires no 
breaking up to receive the crop, but is only furrowed out to secure precision in the 
rows of corn, that it may be worked with the plow.- The process of drying must con-
tiime from year to year where the system of drainage is complete. The result may 
be disastrous if such a bed of inflammable matter is exposed, as it must be, to the 
malice or carelessness of any one who might set fire to it in the extremely dry weather 
of our late summer seasons. Already, imperfectly dried out as the beds are, yet, 
where persons have carelessly allowed fire to catch in the surface of the peat, deep 
holes have been burned, extending doubtless to, the undried substratum. No means 
that could be brought to bear in those regions would be effectual in quenching a fire 
in one of those peat beds if they are once thoroughly dried out. The remedy I would 
suggest is one of prevention-it is to close up the system of drains during the winter, 
allowing the water to stand in them, saturating the beds completely. The drains 
being opened in the spring, the beds of peat would not become fully dried out during 
summer. By retaining moisture, they will bring better crops and be safe from con-
flagration." 

STARK COUNTY 

The surface of this county is generally rolling, and in its eastern 
portion reaches up to the great watershed between the Ohio and Lake 
Erie. Like most of the other counties which lie on the watershed, that 
part is dotted with small lakes and ponds, several of which were long ago 
filled with peat, while in others the place formerly occupied by the water 
has been much restricted through the encroaching bog and marsh vege.: 
tation. The area and extent of the peat deposits for commercial utili-
zation is not very large. 

CANTON TOWNSHIP 

West of Canton, about one mile, in sections 6 and 7 of ·Canton 
Township, were tamarack bogs which have been drained preparatory 
to truck farming. The peat is black and well decomposed near the 
surface, slightly fibrous and lighter in color to the 5-foot level, and 
coarsely fibrous to a depth of 15 feet. Below this, to the 19-foot level, 
the accumulation has a greenish color and consists of a laminated peat 
from sedges and grasses. It rests on an olive-green, plastic mud under-
laid by clay and gravel. The chemical analysis of peat from land owned 
by J. H. Vail is as follows: 

Analyai& No. 74 

Moisture --------- __________________ _ 
Volatile matter ____________________ _ 
Fixed carbon------------------------
Ash "-- ____________________________ _ 
Nitrogen ___________________________ _ 
Sulphur ____________________________ _ 

Iron --------------------------------
Calorific value {Calories------------

B. t. u -------------

Air-dried. 
10.43 
51.34 
29.92 
8.31 
2.64 
0.34 
0.17 

4330.00 
7794.00 

Moisture-free. 

57.32 
33.39 
9.29 
2.94 
0.38 
0.18 

4834.00 
8701.00 
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The percentage of ash is low while the thermal value and nitrogen 
content are moderately high. 

Near Meyer's Lake, northwest of the city limits, the deposits are 
shallow. They seem to occupy part of an old valley between Canton 
and Massillon now filled with gravel and so thoroughly obliterated as to 
give little indication of its existence, except through a study of the records 
from borings made for coal. The valley dates from a time when the 
whole ancient continent stood at a higher level than now. The streams 
then emptied from highlands to sea levels which have long been obli-
terated. Subsequent depressions and periods of glaciation filled these 
valleys. At a later age, when the water of Lake Erie stood several 
hundred feet higher than now, the line of drainage by way of the Niagara 
was not open and the surplus water flowed into the Ohio River by several 
outlets of which this was one. It connected the valleys of the Cuyahoga 
and Tuscarawas rivers and poured a flood of water and drift across the 
county, obliterating the preglacial drainage channels and leaving here 
and there undrained water basins which subsequently became filled with 
peat. The thickness of the accumulated debris, which is not great, 
varies between 3 and 5 feet. The peat is dark, reddish, brown in color 
and well decomposed near the surface, somewhat fibrous below and 
rests on gravel. The vegetation growing on these deposits consists of 
tamarack trees 18 to 20 feet high, with an undergrowth of shrubs such 
as poison sumach, high-bush blueberry, several willows (Salix petiolaris, 
S. candida), chokeberry, winterberry, scattered patches of leather leaf, 
bog rosemary, pitcher plant, sphagnum mosses, orchids and ferns. 
For comparison the analysis of two samples of peat from this locality is 
given. The points of interest are brought out in the chapter dealing 
with the chemistry of peat. 

Peat sample No. 75 is taken from a tamarack bog owned by G. B. 
Samuels. The area has been under cultivation one year. 

Analysis No. 75 

Moisture---------- ___ ---------- ____ _ 
Vole.tile matter ---------------------
Fixed carbon------------------------
Ash --------------------------------Nitrogen ___________________________ _ 
Sulphur-----------~-----------------
Iron ___ . ________________ --- _ -- ___ - - - -

Calorific value { i~~~r!es_ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

Air-dried. 
8.82 

49.01 
30.67 
11.50 
2.55 
0.34 
0.18 

4305.00 
7749.00 

Moisture-free. 

53.75 
33.64 
12.61 
2.79 
0.37 
0.19 

4721.00 
8498.00 

Sample No. 76 represents peat from a virgin deposit covered with 
tamarack near the portion under cultivation. 
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Analysis No. 76 

Moisture------------------------- __ _ 
Volatile matter ---------------------
Fixed carbon------------------------Ash _______________________________ _ 
Nitrogen-------- ___________________ _ 
Sulphur-----------------------------
Iron --------------------------------
Calorific value { ~~tr!es_:::::::::::: 

Air-dried. 
8.01 

57.06 
29.29 
5.64 
3.11 
0.30. 
0.16 

4518.00 
8132.00 

Moisture-free. 

62.03 
31.84 

6.13 
3.39 
0.33 
0.18 

4912.00 
8842.00 

In Marlboro Township, sections 5, 6, 7 and 8, about 600 acres of 
peat land are under cultiva'f(ion. Small deposits, aggregating 100 acres, 
occur in Lake Township, section 14, and in Perry Township, sections 2 
and 11. These and the deposits in Sugar Creek, Bethlehem and Law-
rence townships near Canal Fulton were not tested. 

SUMMIT COUNTY 

This county as its name indicates, is situated on the watershed 
which separates the tributaries of the Ohio River from the waters drain-
ing into Lake Erie. The most striking surface feature is the great num-
ber of small lakes in basins of glacial drift. They form part of 
that series of lake basins which mark the line of watershed, and which 
has been described in the foregoing counties. Many of the ancient glac-
ial lakes have been completely filled by the growth of vegetation, while 
others show various stages of the process of peat accumulation. Almost 
every township contains deposits of this kind, some of which are ex-
tensive and between 15 and 20 feet in thickness. · They are known as 
cranberry marshes, blueberry marshes, tamarack bogs, cat swamps and 
peat prairies, according to the character of the vegetation which covers 
the surface. The larger deposits are in the central part of the county. 
A few thousand acres, .known as "The Plains," formerly presented the 
aspect of a prairie. It was said to be destitute of timber, and covered 
with grasses, sedges, a great variety of plants with showy flowers and 
scrub oak. 

West and southward from Akron, beds of gravel and sand form part 
of a belt which extends through Stark County. They represent an 
old, preglacial, and now partly obliterated valley of the Tuscarawas 
which at one time served as a drainage chaDJlel from the lake basin to 
the Ohio. There are many facts which indicate that once a powerful 
current of water flowed from the lake basin to the Ohio through deeply 
excavated channels, over falls and through valleys, and that subse-
quently part of this channel was dammed up by heavy beds of drift, 
diverting the drainage from the Mississippi system into the lake basin. 
This channel has been referred to in connection with the peat deposits 
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of Stark County. It is referred to here again, since many of the more 
extensive peat bogs of the county mark the line of its southern extension. 

COPLBY TOWNSHIP 

Copley Bog.-The Copley bog extends through three townships 
in a direction north and south. It embraces about equal portions of 
Copley, Portage and Norton townships. Its length is about 5 miles 
and its width from one-fourth to one and one-half miles. The location 
of the deposit is shown on the Akron topographic sheet of the United 
States Geological Survey (Fig. 9). The area is traversed in its entire 
length from the north southward by Shocalog Run, Pigeon Creek and 
Wolf Creek, and a succession of ponds, designated as Shocalog Lake, 
White Pond, Black Pond, Yellow Pond and Chemical Pond. In many· 
portions of the bog there are quite large areas of drift hills, kame-like in 
nature, known as "islands." 

At Barberton and north of the city in Norton Township the peat-
covered area is narrow, relatively shallow and has lately been contam-
inated with silt from the embankment of the Akron and Barberton Belt 
line and from Wolf Creek. 

In Copley Township about two miles west of Sherbondy near Akron, 
the deposit of peat is of great depth. A number of testborings were made 
on the land owned by M. Stano, in a field partly under cultivation and 
partly covered with a dense growth of tall weeds (8 to 10 feet high), bog 
plants and deciduous trees. The peat, which is reddish brown and well 
decomposed to a depth of 13 feet contains many seeds of water plants 
and sedges at the 14-foot level. Below this the material is a dark-brown, 
fine-grained :filling, but the bottom of the deposit was not reached with 
the available length of the sounding instrument. The chemical analysis 
of the peat sample, from a cultivated portion formerly covered with de-
ciduous trees, such as maple, ash and elm, is as follows: 

Analysis No. 59 

Moisture----------------------------
Volatile matter ---------------------
Fixed carbon------------------------
Ash --- ---- - - -- -- - - - - -- -- ---- -- - -- - -
Nitrogen---------------------------_ 
Sulphur-----------------------------
Calorific value {~~::es-============ 

Alr-!lrled. 
11.35 
50.39 
28.26 
io.oo 
2.41 
0.81 

4365.00 
7857.00 

lllolature-free. 

56.85 
31.87 
11.28 
2.72 
0.89 

4923.00 
8861.00 

The testborings which were made on the land owned by the Peterson 
& Wright Company of Akron indicate a depth and texture of peat of the 
same character as that just described. Through the courtesy of Prof. 
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Fig. 9.-Map showing Copley Bog in Summit County. 
Scale, 1 inch-1 mile (2.5 cm.-1.6 km.). 
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J. W. Ames of the Chemical Department of the Ohio Agricultural 
Experiment Station at Wooster, an analysis of five samples is here added. 
The first three samples represent peat several years under cultivation 
but of poor crop-producing fertility; the fourth sample is peat one year 
under cultivation, giving good results; the last sample is a similar grade 
of peat four years under cultivation. 

TABLE 3. 

ANALYSES OF PEAT .AND ITS AsH. 

Peat samples. 
Constituents. 

No. 5302. No. 5303. No. 5304. No. 5305. No. 5306. 

Ash --------------- 9.66 14.58 9.84 14.38 11.65 
l\1:n ---------------- 0.0056 0.0099 0.0220 0.0332 0.0515 
SiO. --------------- 3.21 6.18 4.05 5.26 4.01 so, ________________ 1.20 0.97 1.03 1.03 0.88 
Fe.Oa and AI.o, ____ 2.04 2.91 2.19 2.44 2.65 
Cao --------------- 2.39 2.87 3.58 3.65 2.80 
:Mg0 -------------- 0.311 0.331 0.361 0.297 0.345 
P.Oa --------------- 0.299 0.345 0.342 0.469 0.337 l{.0 ________________ 0.1594 0.3117 0.1531 0.2956 0.1860 
N ----------------- 3.42 3.24 3.38 3.10 3.18 

The chemical analyses show but small differences in the various 
grades of peat, and fail to explain the differences in crop production. 
Biological processes are involved which are of the utmost importance to 
the life of plants, and which chemical analysis cannot disclose. The more 
typical features of the correlation must be looked for in a study of the 
physiological effects of the organic decomposition products of such soils 
upon plants and in the factors which affect the decomposition of organic 
matter and limit nitrification in soil. In another chapter the chemistry 
of peat soils in their relation to agricultural plants is discussed (Chap. XI). 

Near the kame-like deposits of drift the peat is naturally more 
shallow. The debris contains much wood, is often in places more coarsely 
fibrous and generally rests on a gray quicksand underlaid by several 
inches of clay, below which in turn is another thick layer of quicksand. 

PORTAGB TOWNSHIP 

The tamarack grove about two miles west of Akron, along the Copley 
road and near the intersection of the Akron and Barberton Belt line, 
is a small remnant of a more extensive bog which formerly covered the 
area. The tamarack bog is a part of Copley bog (fig. 9), but the swamp 
symbol is not indicated on the Akron topographic sheet. Signs of fire 
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are in evidence at several places i much of the area is used for pasture. 
Test borings which were made about 300 feet east of the railroad crossing 
indicate at the surface a compact, black-brown peat, which becomes 
fluid at the 3-foot level, and is again compact, slightly fibrous, with 
fragments of wood to the 9-foot level. At this level the brass sampler 
was tarnished from contact with sulphur gases. The peat is plastic and 
slightly fibrous to the 11;.foot level, more compact to the 17-foot level 
and reddish browp. and coarsely fibrous below. The bottom was not 
reached. Farther to the east the testborings indicate a thickness of 
15 feet of peat resting on sandy gravel. The chemical analysis of the 
composite sample from this locality is as follows: 

Analyaia No. 58 

l\foisture ----------------------------
Volatile matter --~------------------
Fixed carbon------------------------
.Ash --------------------------------
Nitrogen----------------------------
Sulphur-----------------------------
Calorific value { Calories -- - -- - -- - -- -

B. t. u -------------

A.Ir-dried. 
10.54 
54.25 
25.87 
9.34 
2.57 
0.68 

4327.00 
7789.00 

HUDSON TO\VNSIDP 

lllolstute-free. 

60.66 
28.92 
10.42 
(2.88 
I 0.75 

4835.00 
8703.00 

Mud Lake Bog. -This bog and its lake are a part of an extensive 
peat deposit about two miles southwest of Hudson. It lies midway be-
tween the Akron, Bedford and Cleveland Electric Railway, and the 
Cleveland and Columbus branch of the Pennsylvania Railroad. The 
bog has a north and south direction, a length of about 5 miles and a 
width varying from one-fourth to one and one-half miles. The area and 
locality are shown on the Kent topographic sheet (Fig. 10). Much of 
the peat deposit is covered with trees and shrubs. 

The aquatic vegetation borders the open water in more or less distinct and 
concentric zones. The submerged association consists of hornwort, bladderwort, 
species ofpondweeds (Potamogeton ap.) and others. It is followed by a zone of white 
and yellow water lilies, among which are several species of floating duckweeds and 
mats of algae. The pioneers of the land vegetation have their most typical repre-
sentative in the swamp loose-strife. It forms a concentric zone, and shows only in 
a few places an admixture of cattail. Toward the outer margin, a narrow belt of 
meadow-like vegetation shows a variety of herbs such as knotweeds (Polygon.um 
aagiUatv.m), arrow head (Sagittaria ap.), wood mint (Blephilia hirav.ta), willow 
herb (Epilobiv.m coloratv.m), hairy grass (Agroatia hyemalia), wood reed grass (Cin-
na arv.ndinacea), common everlasting (Gnaphaliv.m polycephalv.m), swamp fly · 
honeysuckle (Lonicera oblongifolia) and bluebell (Campanv.la americana). Adjoin-
ing this belt is a zone of shrubs such as buttonbush, willows (Sali:& diacolor) and 
dogwood (Comm atolonijna, C. panicv..lata) which merge in a succession of taller 
layers with the broad.:.leaved trees that surround the lake on all sides. The red 
maple, elm (Ulmm Juloa), ash (Ji'rm:inm qv.adrangulata, F. nigra) walnut and an 
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occasional yellow birch (Betula lutea) are the species dominating in numbers in the 
order here given. The undergrowth consists of alders (Alnus incana), arrowwood 
(Viburnum dentatum, V. sp.), high-b11Sh blueberry (Vaccinium corymbosum), wild 
cherry (Prunus virginiana), spicebush (Benzoin aestivale), elderberry (Sambucus 
canadensis), various ferns and heaths (Vaccinium pennsylvanicum, V. vacillans). 

Several testborings were made in the wooded portion of the bog, 
about 30 feet from the water's edge. The surface peat is compact, 

Fig. 10.-Map of Mud Lake Bog and Turtle Lake Bog in Summit County. 
Scale, 1 inch= 1 mile (2.5 cm. = 1.6 km.). 

dark-brown and well humified; from the 3-foot level down to the 7-foot 
level the peat is woody and fluid. At the 9-foot level the texture of the 
debris is more uniformly fil>rous, but often woody. Near the 15-foot 
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level the peat is dark olive-green. The bottom of the deposit was not 
reached at a depth of 17 feet. 

The chemical analysis of the composite sample of peat is as follows: 

Analysis No. 57 

Moisture __________ ::.. ________________ _ 
Volatile matter ---------------------
Fixed carbon ____ ~ __________________ _ 

Ash --------------------------------Nitrogen ___________________________ _ 
Sulphur ____________________________ _ 

Calorific value { ~~t~:es-~~~~~~~~~~~~ 

Air-dried. 
8.91 

54.02 
24.06 
13.01 
2.12 
0.91 

4236.00 
7625.00 

Moisture-free. 

59.32 
26.38 
14.30 
2.34 
0.98 

4651.00 
8372.00 

North of the road through the bog to Hudson a tamarack grove with 
yellow birch still maintains itself as a relatively pure stand. The under-
growth is also more northern in character. Repeated fires have enabled 
nettles, brambles and willows to grow so luxuriantly around the conifer 
grove as to form an almost impenetrable jungle. 

Newberry in his report on the Geology of Summit County• reports 
a long peat bog in Stow Township, the depth of the deposit being not 
less than 30 feet. In Coventry Township the bogs adjacent to Turkey 
Foot lakes and along the several water courses bore large quantities of 
cranberries (Plate IV). There is one deposit in which the peat is said 
to be 30 or 40 feet thick and from this considerable peat of excellent 
quality has been manufactlired by J. F. Brunot. Deposits of shell marl 
of great thickness and of bog iron ore also are reported in various parts 
of the county by the same writer. In the early days of Akron this iron 
ore was worked in the blast furnaces. of that time. 

The deposit in the northeastern corner of Twinsbury Township 
(Fig. 2) has an area approximating 400 to 500 acres. An account of it 
is given on page 47 (Solon Bog). 

In Green Township the peat deposit in section 33 has an area of 
about 200 acres. The bog was not tested. 

TRUMBULL COUNIY 

The peat deposits of Trumbull County are interesting in that many 
of them rest upon deposits of clay which fill wide ancient valleys. The 
stiff, tenacious drift clays show in many places an admixture of fine sand 
or angular granitic gravel. The present water courses have been found 
to run sometimes one hundred feet above their ancient beds, and the 
peat dep01i1its in the undrained basins are at still higher levels. 

The extensive bog in Bloomfield Township, which comprises several 
thousand acres, is evidently an old lake basin upon a bed of drift clay 

1Newberry, J. S., Report on the Geology of Summit County, Geol. Surv. Ohio, 
Vol. I, 1873, p. 'Jl.Jl. 
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Tamarack bog at Turkey Foot Lake in Summit County. 
(Photographed by L. King.) 
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of this nature. The bog extends from Orwell and Colebrook townships 
in Ashtabula County south almost entirely across Bloomfield Township. 
One mile east of it is the Ashtabula branch of the Pennsylvania Railway. 

' .. - ...._ \ ...:....-...........: ..........__ ·. 
L:_-~-·., 
-=-~--:.41i.... 

91/ -

\ _________ _ 
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909 • 

Fig. 11.-Map showing area and location of Bloomfield Bog in Trumbull County. 
Scale, 1 inch~l mile (2.5 cm.=1.6 km.). 

The area and location of the bog are shown on the Bristolville topographic 
sheet of the United States Geological Survey (Fig. 11). The basin is now 
completely filled with peat varying in thickness from one to five feet. 
Depressions are frequent in which the peat has a greater thickneiIB. The 

10-G. B. 16. 
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area is severely burned over annually by hunters, and hence most of the 
bog vegetation, which once consisted of tamaracks, various bog shrubs, 
blueberry, huckleberry, cranberry and sphagnum mosses, has been re-
placed in large part by cattail. 

Several testborings were made at points along the road leading 
from Lockport to Greene and along a line north to Sugar Island, pass-
ing through the center of the bog. . The peat is usually brown and fibrous, 
except near the surface, and often rather woody. The thickness aver-
ages 4 feet. The analysis of a composite sample from this locality is · 
given below. 

Analysis No. 45 

Moisture_------ ____________ ------- __ 
Volatile matter----------------------
Fixed carbon------------------------
Ash ------------- -------- -----------
Nitrogen ____ ---------- __________ ----

Sulphur -----------------------------
.Calorific value {Calories------"-----B. t. u _____ , ______ _ 

Air-dried. 
8.38 

54.63 
20.74 
16.25 
2.50 

. 0.34 
4147.00 
7465.00 

Moisture-free. 

59.62 
22.64 
17.74 
2.73 
0.38 

4526.00 
8147.00 

Smaller deposits of peat are found in Champion and Mesopotamia 
townships. They are heavily wooded, shallow and contain much 
mineral matter. Of the same character are the scattered areas of peaty 
soil in Howland; Fowler, Johnston, Vernon and Kinsman townships. 
The deposits vary between 80 and 100 acres. 

The general surface of this county is flat. There is a gentle de-
scent toward the northeast which is however insufficient to drain the 
land freely. The whole county lies in the Black Swamp region, the 
features of which have been described in reports on neighboring counties. 
It was originally densely forested with timber, the species of which are 
mentioned by Winchel11 in his report on the geology of the county. 
There were formerly several large marshes in Harrison, Jennings, Liberty, 
Tully and Willshire townships-portions of shallow· basins between the 
St. Mary's and the Van Wert morainal ridges. These were continuous 
when the waters of glacial Lake Erie covered all the northern counties 
and reached up to the passes in the divide. One of these is now tra-
versed· by the Miami Canal at the St. Mary's summit. When the 
county was first settled the marshes and prairie tracts were characterized 
by sedges, cattails and similar grasses, and clumps -0f willow and button-
bush. 

1Winphell, N. H., GeologyofVa.nWertCounty, Geol. Surv. Ohio, Vol. II, 1874, pp. 
314-323. . . 
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· In Tully Township, sections 14, 15, 22 and 23, and also in sections 
30, 31, and 32, a large "shaking prairie/' also known as the Bear Swamp-
is said to have comprised about 18,000 acres. The tract is now under 
cultivation, but much of the original peat deposit has been burned off 
entirely. The portions which remain vary in thickness from six inches 
to two feet. The material of the deeper parts is a dark-brown compact 
turf that crumbles and burns easily, but contains too much ash to have 
commercial importance. The deposit rests on yellow clay. 

"Twenty-seven Mile Prairie," in Willshire and Liberty town-
ships, is a deposit similar in character and condition to the one just de-
scribed. The peat samples were not analyzed. 

WAYNE COUNTY 

Wayne County has no special characteristics distinguishing it 
from the counties to the west and southwest. It has in part the table-
land and the features of the divide which were described for counties to 
the north. Ancient water channels entered the county from the north 
expanding into broad alluvial plains and water basins. The several peat 
bogs and marshes plainly indicate the site of the former waters, several 
of which are finger lakes. The larger peat deposits are near Orrville 
and Fox Lake in Baughman Township, and near Creston in Canaan and 
Wilton townships, extending almost to Canal Fulton in Stark County. 
The smaller bogs and marshes are confined to Clinton, Franklin, Plain, 
Sugar Creek and Wooster townships. When the county was first settled 
there were extensive tracts thickly covered with P.lants belonging to the 
bog meadow association and with bog heaths· such as leather leaf, bog 
rosemary, huckleberries and other low shrubs from three to four feet in 
height. Tamarack, pine, spruce and several tall bog shrubs and many 
deciduous trees were commonly found in abundance near the borders 
of the bogs. 

BAUGHMAN TOWNSHIP 

Orrville Bog. - The location of this finger lake peat deposit is 
·one and one-half miles east of Orrville along the Pennsylvania Rail-
road. The swamp symbol is not given for this or any other one of the 
several deposits on the Wooster and Massillon topographic sheets of the 
United States Geological Survey. Almost all of them are now well-
drained and under cultivation. A considerable number of testborings 
were made on the land of the Brenneman-Eyeman Company. The 
deeper portions of the deposit consist of :fibrous peat, which is grayish 
brown in color near the 3-foot level, reddish brown to the 7-foot level, 
somewhat wet and containing fall en timber and similar wood fragments 
at the 9-foot level, and compact light-brown and non-fibrous toward the 
ll·foot level. The deposit rests on blue clay. In the shallower p9r-
tions of the basin the peat is dark-brown in color, only slightly fibrous 
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and otherwise well humified on account of cultivation. For comparison 
the chemical analyses of three samples from this locality a.re given below. 

Peat sample No .. 67 is a. mixed sample ta.ken every two feet to the 
10-f oot level. The area. is now under C\lltiva.tion for onions. 

Analysis No. 67 
• .A.lr-drled. 

Moisture---------------------------- 7.00 
Volatile matter ____________ _-________ 57.50 
Fixed carbon------------------------ 25.28 Ash __ . ___ :.__________________________ 10.22 

Nitrogen---------------------------- 2.78 
Sulphur----------------------------- 0.74 
Calorific value {Calories------------ 4446•00 

B. t. u ------------- 8003.00 

Moisture-free. 

61.83 
27.20 
10.97 
2.97 
0.81 

4782.00 
8608.00 

Sample No. 68 represents peat from the first foot below the surface 
layer. It is a. coarsely fibrous, reddish brown variety from an a.~ea. 
which is now being brought under cultivation. 

Analysis No. 68 
.A.Ir-dried. 

Moisture ------- --- ----- _ -- --- ---- - --
Volatile matter---------------------

7.44 
58.56 

Fixed carbon------------------------ 29.78 
Ash -------------------------------- 4.22 
Nitrogen _ ---~------ -- --- -- ------ --- -
Sulphur ___ ------- -- ------ -------- - - -

. Iron --------------------------------
Calorific value { i~~~e~---~~~-======= 

2.05 
0.27 
0.20 

4919.00 
8854.00 

Motmue-free. 

63.29 
32.14 
4.57 
2.22 
0.27 
0.23 

5316.00 
9569.00 

Sample No. 69 is also peat from the first foot below the surf ace 
layer, but from an area. which has been under cultivation for some time. 
It is well humifi~d and almost black in color. Originally it had, to a. 
certain extent, the characteristics of sample No. 68. 

Analysis No. 69 
.A.lr-drled. 

Moisture _ ------ -_ -- ------ ------- - -- -
Volatile matter -·--------------------
Fixed carbon------------------------
Ash ------------ --------------- -- - --
Nitrogen ------- ------- --- -------- -- -
Sulphur---------~------------------
Iron --- __ ------------ -----·-------- --
Calorific value { Calories------------

B. t. u -------------

7.60 
53.35 
24.09 
14.96 
2.40 
0.38 
1.28 

4250.00 
7650.00 

Moisture-free. 

57.73 
26.08 
16.19 
2.59 
0.42 

. 1.38 
4600.00 
8280.00 

The analyses and the fertilizer value of these samples (table 32) a.re 
discussed with greater detail ~ Chapter XI. 
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Fox Lake.-This deposit is three miles south of Warwick along 
the Fox spur of the Cleveland, Akron and Columbus Railway. Its 
area and location, in sections 1 and 12, are shown on the Massillon 
topographic sheet. The vegetation is mostly of the typical tamarack 
and heath bog type, with high-bush blueberry, cranberries in great 
abundance and a shore vegetation around the open water of the lake 
consisting primarily of cattails. Severe fires have brought about many 
changes in the original distribution of the plants. A description of 
the former vegetation of this locality, as well as of the other bog areas 
now under cultivation, may be found in the "History of Wayne 
County," edition of 1878. 

A number of testborings were made, which indicate a thickness 
varying from 3 feet or less along the shallower portions to more than 12 
feet of peat in the deeper parts of the deposit. The material is fibrous, 
brown in color and fairly well decomposed. Peat sample No. 77 is 
from the deeper portions of the area which supports tamarack trees and 
an associated undergrowth. An analysis of the fertilizer value of this 
sample is given in table 32: 

.Analysis No. 77 

Moisture----------------------------
·volatile matter ---------------------
Fixed carbon------------------------
Ash --------- --- - -- - - -- --- - -- ---- -- -
Nitrogen ______ --- ______ ---- -- ---- -~ _ 
Sulphur -----------------------------
Calorific val~e {Calories------------

B. t. u -------------

Alr-drled. 
7.Zl 

61.60 
Zl.49 
3.64 
2.13 
0.23 

4712.00 
8482.00 

Moisture-free. 

66.44 
29.63 
3.93 
2.30 
0.24 

5082.00 
9148.00 

Sample No. 78 represents various testborings in the tamarack-
covered, shallower portions of the bog, very little of which is under 
cultivation. 

Analysis No. 78 

Moisture-------------------------- __ 
Volatile matter ---------------------Fixed carbon ____________________ c __ _ 

Ash -- -- --- -- --- - -- - - - - -- --- - -- - - -- -
Nitrogen----------------------------
Sulphur -----------------------------
Calorific value { Calories ----c-------

B. t. u -------------

Alr-drled. 
8.99 

50.63 
23.28 
10.08 
2.24 
0.83 

4069.00 
7324.00 

Moisture-free. 

54.46 
25.02 
20.52 
2.41 
0.89 

4375.00 
7875.00 

Both of the samples analyzed show a high nitrogen content, but 
the percentage of ash in the· 1ast is too high for commerci~l utilization. 

West and south of Wooster is a level-floored valley, the bottom 
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of which contains a black carbonaceous soil of a peaty nature. Hubbard• 
recognizes this as one of a group of finger-lake basins in northeastern 
Ohio. 

About one mile northeast of Big Prairie station in the southwestern 
portion of the county, the floor of another finger lake is easily recognized. 
Ditches a11d excavations near the Pennsylvania Railroad indicate in 
places rather extensive peat deposits on this lake bottom. At several 
points layers of fine sand and·clay occur in the peaty area. The amount 
and purity of the peat were not determined. 

W1LUAMS COUNTY 

The topography of the county is generally rolling. Marshes and 
bogs abound on the surface of the unmodified drift, for the county is 
divided into two somewhat marked soil provinces by the shore line of 
glacial Lake Erie. Two ancient lake beaches, only one of which is well 
marked, cross in a northeast and southwest direction, just east of the 
St. Joseph River. West of the upper beach the surface consists of un-
modified glacial clay with enough sand to render it permeable. Swales 
and water basins without natural drainage are relatively frequent. East 
of the upper beach and the second lake ridge near it, the surf ace pre-
EJents the features of the Black Swamp,-a plain of rich, friable clay 
loam, entirely free from gravel and stones and derived from the glacial 
clay. The gen~ral slope is to the southeast, and the descent is gentle 
and uniform throughout. 

It is interesting to note that the majority of the tamarack bogs 
are west of the St; Joseph River in St. Joseph, Florence, Superior and 
Madison townships. Crossing the ancient beach to the more level 
country eastward the bogs with the exception of the strip of peat be-
tween the lake ridges, are occupied by elm, red maple and black ·ash 
instead of tamarack. · 

Shell marl is found mingled in all proportions with clay but it 
occurs only in small quantities. It is said that beds of bog iron-ore have 
been found interstratified with the marl. 

As yet none has been encountered of sufficient magnitude and 
quality for commercial purposes. 

St. Joseph Township. -Much of the peat soil in this township 
has been destroyed by fire. Testborings were made in section 8 on 
the land owned by J. McCurdy and F. Cornell, north of the Wabash 
Railway. The deposit is largely a cranberry-sphagnum peat and is 
now under cultivation. It is matted, fibrous and light-brown from near 
the surface to a depth of 4 feet. Below this the peat is quite plastic 
and rests on blue clay at the 7-foot level. On the farm of Mr. Cornell 

1Hubba.rd, G.D., Ancient finger lakes in Ohio. Amer. Jour. Sci., Vol. XXV, 
1908, pp. 239-243. 
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there are pockets of greater depth. Fallen timber is frequently en-
countered, and at the 9-foot level the accumulation is a peaty marl, 
light olive-green in color, which rests on blue clay at the 13-foot level. 
In and near the tamarack groves the material is shallow, the soil in some 
places consisting almost entirely of peat ashes mixed with clay. The 
thickness of the accumulation varies greatly, on account of its destruct-
ion by fires, so that an estimate of its amount is impracticable. There 
can be no doubt, however, that it would supply the demand for local 
uses. 

PLORBNCB TOWNSHIP 

Southwest of Edon the early county survey indicated a tamarack 
bog three miles long and one-half mile wide. Most of it is under culti-
vation except an area in section 30 containing approximately 300 acres 

·of an impassable tamarack bog. The trees are in an excellent condi-
tion, occurring, however, in scattered groves. 

A number of testborings were made in section 30 on the farm of 
H. Kline in a cleared tract along the bor'1er of the bog. The peat is 
flaky, matted, rather coarsely fibrous and of a light brown color. It 
appears to be a cranberry-sphagnum variety, and ranges in thickness 
from 3 to 5 feet, resting on 2 feet of sand with blue clay 'below. The 
an~ysis of sample No. 33 is as follows: 

Analysis No. 33 

l\.foisture ___________________________ _ 

Volatile matter ---------------------
Fixed carbon------------------------Ashes ______________________________ _ 
Nitrogen ___________________________ _ 
Sulphur ____________________________ _ 

Calorific value { ~~~~r~es-~~~~~~~~~~~~ 

Air"dried. 
10.12 
57.17 
20.98 
11.73 
2.37 
0.26 

4167.00 
7501.00 

Moisture-free. 

63.61 
23.34 
13.05 
2.63 
0.29 

4636.00 
8345.00 

In the tamarack bog northwest of the barn the first 3 feet of peat 
are compact and well decomposed. From the 5-foot to the 13-foot level 
the material is very watery, finely fibrous, with fragments and trunks 
of fallen timber. The bottom was not reached with the length of the 
sampling instrument. 

The vegetation seems to grow on a peat mat of not more than 4 feet in thick-
ness, and over a kettle hole of great depth. Tamarack is the dominant tree, but 
red maple is almost equally numerous. The undergrowth is the usual one, contain-

. ing poison sumach, alders, winterberry, chokeberry, mountain holly, high-bush blue-
berry, black huckleberry (Gaylussacia resinosa = baccata), saplings of black ash, red 
elm and oak (Quercus bicolor~ platanoides), various ferns, and sedges (Carex lepta-
lea, C. stipata, C. lurida) and hummocks of sphagnum mosses. Willows and aspens, 
with dogwoods and others, prevail in the burnt areas near the tamarack groves. 
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The following chemical an8.lysis is that 9f a mixed sample from the 
locality. 

Analysis No. 34 

Moisture----------------------------
Volatile matter ---------------------
Fixed carbon------------------------
.Ash --------------------------------Nitrogen_·-----____________________ _ 

Sulphur -----------------------------
Calorific value {Calories------------B. t. u _____________ _ 

Air-dried. 
10.41 
53.70 
25.09 
10.80 
2.62 
0.30 

4247.00 
7645.00 

Moisture-free. 

59.94 
28.01 
12.05 
2.93 
0.34 

4740.00 
8532.00 

From four to five hundred acres of peat largely under cultivation 
are found scattered over sections 28 and 29. but nowhere was a thick-
ness of more than 3 or 4 feet found. The borings show that the vege-· 
table debris is mixed with at least 35 per cent. of clayey material. 

Almost in the center of section 29 occurs a bog which seems to have 
been left undisturbed for some time. It occupies a depression not more 
than 3 acres in area and is surrounded by low hills. The center of the 
basin is occupied by cranberries and sphagnum mosses together with the 
buckbean and pitcher plant. Cotton grass and other sedges and grasses 
were not noted. Young tamarack trees and saplings of red maple 
occur near the outer border and are completely surrounded by a forest 
of red maple, black ash and elm. 

SUPBRIOR TOWNSHIP 

About one mile southeast of Montpelier, along the Wabash RaH-
road and south of it, is a peat deposit of about 120 acres. Twelve to 
fifteen years ago it was a cranberry marsh and tamarack bog, but now 
most of it is under cultivation. A number of testborings were made on 
the truck farm owned by A. G. Chapman. The peat is generally non-
fibrous and dark in color along the border, varies in depth from 6 to 12 
feet and rests on blue clay. In the deeper portions near.the 7-foot level 
the material is usually fibrous and very fluid. Near the 11-foot level 
fragments of wood and roots of trees are encountered, but at the 13-foot 
level the peat is olive-green, finely grained and compact. 

On the truck farm owned by J. S. Underwood more than a dozen 
borings were made, so distributed as to test the portion of the bog south-
east of the residence and along a line parallel with the_railroad and at 
right angles to it. For some distance from the border of the bog the 
peat is dark-brown, slightly fibrous and scarcely more than 4 feet thick. 
It rests on a blue clay, but frequently the instrument brought up sand and · 
fragments of black shale. In a few places a layer of angular stony gravel 
was found above the blue clay. As the deeper portions of the deposit are 
approached, the surface peat is more coarsely fibrous and mat-like in tex-



GEOLOGICAL SURVEY OF omo. 137 

ture. From the· 3-foot level to a depth of 4 feet the material is light-
brown, fibrous and rather fluid. Near the 7-foot level fragments of wood 
are encountered. At this depth the peat has a low temperature, is 
rather fluid and has a decidedly sulphurous odor. From the 9-foot level to 
a depth of 13 feet the debris is more compact and less fibrous. At several 
places the bottom was not reached below the 13-foot level, while in other 
parts an olive-green, fine-grained peat was encountered at this depth. 

The following is the analysis of a mixed sample consisting largely of 
cranberry-sphagnum peat from this locality. 

Analysis No. 90 
Air-dried. 

Moisture ___________________________ _ 

Volatile matter ---------------------
Fixed carbon------------------------
1\sh --------------------------------
Nitrogen-------------------------- __ Sulphur ____________________________ _ 

Calorific value J Calories------------
\. B. t. u -------------

8.38 
64.16 
18.55 
8.91 
3.08 
0.22 

4537.00 
8167.00 

Moisture-free. 

70.02 
20.26 
9.72 
3.36 
0.24 

4952.00 
8914.00 

In nitrogen content and in thermal value the deposit is of a high 
grade and would warrant extensive "development. 

MADISON TOWNSHIP 

Little is left of the bogs and peat deposits which are said to have 
been extensive in the early pioneer days. Most of them have been 
burned over, and are now under cultivation or used as pasture. Two · 
and one-half miles northwest of Pioneer, testborings were made in 
the tamarack bog owned by Mrs. R. Brown. The deposit has an area 
of about 40 acres most of which is heavily wooded. Tamarack and 
red maple are the dominant trees with an undergrowth of bog shrub. 
The greatest thickness of the deposit is 9 feet. The peat is dark-brown 
and rather fibrous below the 2-foot · level. A greenish brown, non-
fibrous variety is found near the 7-foot level and passes below into a 
marly peat. The deposit is underlaid by a bluish, sandy clay. 

The following is the chemical analysis of a mixed sample, No. 65, 
from this locality. 

Analysis No. 65 

Moisture ___________________________ _ 
Volatile matter ____________________ _ 
Fixed carbon------------------------
1\sh - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -Nitrogen ___________________________ _ 
Sulphur ____________________________ _ 

Calorific value { ~~~r~es-============ 

Air-dried. 
12.01 
56.69 
14.58 
16.72 
2.14 
0.46 

4552.00 
7834.00 

Moisture-free. 

64.43 
16.56 
19.01 
2.43 
0.53 

4947.00 
8905.00 
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The percent~e of ash is somewhat high and tlie thermal value 
moderate for commercial purposes, but the deposit may possibly prove 
valuable for local use. · 

West of Pioneer about 4! miles are scattered areas of peat, mostly 
cleared, burned over or in use as pasture. The deposits are rarely more 
than a few acres in extent. The larger deposit, whose owner could not 
be determined, has a .thickness varying between one and 7 feet. The 
peat is very compact, chocolate-brown, slightly fibrous near the surface, 
and well decomposed but rather fluid to the 7-foot level. The sami:;les 
give the following results: 

Analysis No. 63 

Moisture ___________________________ _ 
Volatile matter ---------------------
Fixed carbon------------------------
Ash --------------------------------
Nitrogen _____ ---------- __ -------- __ _ 
Sulphur-----------------------------

Calorific value { ~~~~~es_~~~~~~~~~~~~ 

A.lr-drleq. 
9.09 

56.56 
27.45 
6.90 
1.34 
0.19 

4743.00 
8537.00 

Moisture-free. 

62.21 
30.20 
7.59 
2.03 
0.21 

5216.00 
9389.00 

The material is low in ash and of high thermal value and is worthy 
Of careful consideration. 

WOOD COUNIY 

The surface of this county is broadly undulating; presenting little 
diversity with the exceJ)tion of a few sandy knolls and ridges. It holds 
no extensive peat deposits. The soil is in large part a heavy clay. An 
area of prairie occupied the more elevated part in the northern and 
central portions between the Portage and the Maumee rivers. . The 
map, accompanying the report of 1874 on the Geology of Wood County 
by Winchell,• indicates the extent and location. Before artificial drain-
age was resorted to, these tracts, spreading not infrequently over areas 
of several thousand acres, were covered in spring with standing water 
and clothed only with a growth of grasses and sedges. Today the 
vegetable matter is largely a well humified black muck, and averages a 
thickness less than one foot. 

A number of peat deposits under cultivation were observed south of 
Bradner in Montgomery Township and along the Hocking Valley Rail-
road. The area is traversed by low sandy ridges between which the 
peat lies in basins that were formerly a chain of small lakes and ponds. 
Underneath the peat is a blue clay intermixed more or less with sand. 
The peat is light-brown, somewhat fibrous and below the surface layer 

'Winchell, N. H., Geology of Wood County, Geol. Surv. of Ohio, Vol. .II., pp. 
368-386. 
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only sparingly decomposed. In thickness the deposits vary from 21 to 5 
feet. The relatively small areas did not seem to call for a closer in-
spection with reference to their commercial utility. 

It is reported that in Weston, Plain, Liberty and Milton townships, 
marl has been found. 

WYANDOT COUNTY 

Wyandot County has several extensive peat deposits which were 
formerly grassy plains, but never forested. Like many other depressions 
in Ohio, they are on the higher levels, near the great watershed and 
give rise to some of the tributaries of Tymochtee Creek. The marshy 
plains were once the sites of lakes, which later became converted into 
peat. deposits by the slow accumulation of debris from plants growing 
from the bottom a.Rd from the shores of the lakes and gradually filling 
the basins by their growth and decay. 

The more extensive of the deposits is near Carey in Crawford Town-
ship. The accumulations near Wharton in Richland Township, those 
in the southeastern part of Miffiin and the southwestern part of Pitt 
townships have been mostly burned off to the clay subsoil. The cran-
berry marshes in Crane and Jackson townships are of less ~xtent, yet 
in many ways analogous to Big Spring Prairie. 

CRAWFORD TOWNSHIP 

Big Spring Prairie. - Within the city limits of Carey and north 
and west of it, extending largely into Seneca and Hancock counties, 
is the marsh known as Big Spring Prairie. It is an extensive area from 
10 to 12 miles long and from one-half mile to one mile wide, having the 
shape of a horseshoe. The area of the part within Wyandot County is 
enclosed by two ridges of Niagara limestone, rising to a height of from 
40 to 50 feet. The included portion, which is about 21 miles long and 
about one mile wide, is drained in opposite directions. Spring Run 
drains the deposits into the Sandusky River, and "The Outlet" into the 
Blanchard. The narrowest and deepest portion of the deposit is in 
this county. 

Originally the marsh represented a depression in the limestone, 
probably as a preglacial drainage channel or an old river valley. A 
tongue of glacial Lake Erie extended far into the eastern part of the 
county, and the old beach lines undoubtedly constituted the northern 
and southern boundary of this depression. The accumulation of drift 
around it made this a deeper basin which at one time formed a lake, 
but later became converted into a swampy forest, and only more recently 
formed a grassy prairie. As a lake it differed but slightly from the 
present marsh. Testborings indicate that the greatest depth does not 
exceed 30 feet, while the portions within Carey and the north end of the · 
area near Springville in Seneca County measured only a few feet. 
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That this area was a lake in postglacial times is shown by the 
beaches and sand dune soccurring in section 30 of Big Spring Township, 
in Seneca County. The layer of clay which is found overlying the sand 
indicates that the valley was occupied for some time by very slow mov-
ing water, for only such conditions favor the deposition of the fine mud 
and a growth of aquatic plants. Soon after the waters subsided a 
shallow layer of peat accUm.ulated over the clay bed of the lake; later 
tree seedlings established themselves and a forest began to flourish, 
where within the memory of man only a typical marsh existed. This is 
known by numerous tree trunks which were encountered while workmen 
were digging ditches. A glance at the description of the testborings 
given below corroborates this view. The diameters of the trunks vary 
'from 6 inches to 3 feet. The tree remains were found in some places 
near the surface of the peat, while in other portions of the prairie they 
were found at a depth of 4 and 6 feet. The identity of the several 
species has not been determined. This forest was destroyed by ob-
structions of the natural outlets. Beaver dams were probably the 
most common agent in the sudden rise of water level, for indications still 
exist showing that not one but a series of such dams were constructed 
along the area, so that very extensive surfaces came to be covered per-
manently with water. The trees were killed and fell over and the basin 
became filled and covered with the accumulation of the annual growth of 
aquatic plants, sedges,. grasses and heaths. Within the peat the horns 
of elk are said to have been found. 

Until recently, it formed for miles a marsh tenanted mostly by sedges and 
marsh grasses, while the drier portions were natural meadows or distinct heath so-
cieties, the latter possessing species quite characteristic of peat bog associations; 
namely: shrubby cinquefoil (Potentilla fruticosa), bog rosemary (Andromeda po-
lifolia -= glaucophylla), swamp birch (Betula pumila), and marsh fem (Aapidium 
= Dryopteri8 thelypteri8). Less frequentiy found, are the swamp rose (Rosa car-
olina), poison sumach (Rhus verniz) and the buttonbush (Cephalanthus occiden-
talia). In a few places, orchids (Calopogon pulchellus) were noted, a silent witness 
of the character of the former conditions and plant societies. It is interesting to 
report that in the heath~overed areas, the stinging nettle (Urtica gracilis) is very 
common, and has a rank growth (5 to 7 feet) on the roadsides crossing the prairie, 
but does not seem to attain a height greater than one foot when growing upon the · 
peaty areas. It is, moreover, the only weed which occurs in moderate quantities 
among the plants of the heath society. 

"Big Spring Prairie" supported various plant associations prior to the degree 
of cultivation now followed. These varied with the nature and character of rela.-
tive elevation, proximity to drains and ditches, exposed outcrops, e1fects of fires and 
the reversion to marsh conditions. An account of the flora is given by Bonser in 
the reference cited (page 117). 

When thrown open to settlement in 1833, the prairie was covered with water 
for the greater portion of the year. It is now drained, and, with the exception of a 
few tracts of "unproductive" heath fields, almost wholly under cultivation. In the 
drained areas the loosely textllred, fibrous peat settled into a firmer, compact de-
posit. The extent of this movement is shown in the vicinity of Carey by sev~ra.I 
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trees with exposed roots. But especially convincing is a large bowlder, resting on 
drift clay and located in the northeast comer of the city limits of Carey. A dark 
band along the side of the rock near the top marks the old marsh level. The portion 
above the band is old and exceedingly weatherwom, while the portion below has a 
clean and bright surface. The drop in level of this part of the peat deposit is fully 21 
feet. Borings around the bowlder and at points so distributed as to test various 
parts of the field, have shown a thickness of peat le1111 than one foot; the well decom-
posed black muck is underlaid by a peaty clay of ~ few inches in thickne1111. This is 
followed by a fine gray sand resting on the native Niagara limestone. 

Northward from Carey the peat becomes deeper and is of better 
quality. This is shown by the following testborings which were made 
along a line across the prairie and then at right angles on the Walter's 
farm about a mile and one-half north of Carey. This portion is in the 
northwestern part of se()tion 8, Crawford Township, along the 820-foot 
contour line of the "Upper Sandusky" sheet of the United States Geo-
logical Survey. The field is not in cultivation, very hummocky and ten-
anted by heaths, of which the shrubby cinquefoil (Potentilla fruticosa) 
predominates. . The remaining plants are the ma.rSh shield fem (Aspi-
dium thelypteris) and·dwarfed specimens of the stinging nettle (Urtica 
gracilis). Near the margin of the prairie at the 1-foot level the peat is 
dark-brown, compact and slightly fibrous; at the 3-foot level the debris 
is grayish blue, and consists of a sandy clay slightly gravelly below, 
with fragments of root fibers; at a depth of 3l feet, limestone was en-
countered. 

At a point 200 feet east of the above testboring and 70 feet south of 
the road, the peat has a thickness of from 3 to 5 feet; the debris is dark-
brown and non-fibrous; at the 7-f oot level the instrument brought up a 
fine-grained peaty sand which is underlaid by a blue-gray sand with 
fragments of root fibers. At the 8-f oot level limestone was encountered. 

At a point 600 feet east of the first test boring and 75 feet south of 
the road, the surface soil is a dark reddish brown, granular peat, chang-
ing at the 3-foot level to a fibrous, brown material. Near the 7-foot 
level the peat is somewhat plastic and fallen timber is frequently en-
countered. The underlying 4 feet is similar in character; at the 12-foot 
level the debris is underlaid by gray sand resting on limestone. 

The chemical analysis of a mixed sample from this locality is as 
follows: 

Analyaia No. S5 

~oisture·----------------------------
Volatile matter ---------------------
Fixed carbon------------------------
Ash - -- - - ---- - --- - - -- ---- ------ - - -- -
Nitrogen------------------------- ---
Sulphur -----------------------------
Calorific viLlue {Calories------------

B. t. u -------------

Air-dried. 
10.63 
51.19 
25.11. 
13.07 
2.67 
1.02 

4157.00 
7483.00 

Hol.ature-!ree. 

57.25 
28.14 
14.61 
2.98 
1.13 

4654.00 
8378.00 
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A number of borings were made at points located centrally in the 
peat prairie and near the Bower ditch. The character of the peat is 
similar to that just given, except that the thickness of the deposit 
averages 14 feet. Mixed sample No. 36 represents the analysis from 
that portion of the deposit. The samples were collected every two feet 
in depth to the 11-foot layer, below which the material was rejected. 

Analysis No. 36 

Moisture------------------------- ---
Volatile matter ---------------------

.Fixed carbon------------------------
Ash --- - - ------- - --- ----- - - -- -- - - - - -
Nitrogen------------------------- __ _ 
Sulphur --------------------------- __ 
Calorific value f Cllolories ------------

\ B. t. u -------------

Air-dried. 
10.35 
51.14 
26.35 
12.16 
2.54 
1.28 

4224.00 
7603.00 

Moisture-free. 

57.04 
29.41 
13.55 
2.84 
1.43 

4712.00 
8482.00 

Johnson's Celery Farm. -This farm, a portion of Big Spring 
Prairie, is located in section 5 about two miles north of Carey. It was 
brought under cultivation in 1891.- Prior to the breaking of the virgin 
soil the peat was tenanted by various species. 

The shrubby cinquefoil (Potentilla fruticosa) predominated in some portions, 
while at other places reed grasses and sedges (Phragmites communis, Carex sp.) and 
herbBCi'OU8 plants (Solidago riddellii, S. ohioensis, S. canadensis, Aspidium = 
Dryopteris thel,ypteris, Verbena hastata, Lobelia kalmii) were found. Closer to the 
ditches were willows (Salix myrtilloides = pedicellaris, S. candida, s: rostrata, S. 
lucida) and other shrubby plants such as birch and poison sumach (Betula pumila, 
Rhus 11erniz). 

Several testborings were made of which the following are typical 
examples. The samples were taken ·at points east of the Bower ditch 
and· north of the road extending east and west. The surface peat is a 
dark-brown, fibrous material; at the 3-foot level the material is brown, 
compact, coarsely fibrous and rather wet toward the 7-foot level. Near 
the 9-f oot level the peat is fluid and contains quantities of shell marl. 
Wood fragments and fallen timber were encountered orily toward the 
margin of the deposit which rests at the 14-foot level upon 4 inches 
of gray sand underlaid by limestone. 

It is interesting to note that here as elsewhere;· limited areas of 
peat have been reported as "troublesome" and unproductive for onions 
or celery. The material contains small amqunts of pyrite and at the 
9-foot level was distinctly odorous and tarnished the brass sampler. 
Sample No. 37 is from. this section. of the prairie. 
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Analysis No. 37 

Moisture ___________________________ _ 
Volatile matter ---------------------
Fixed carbon _______________________ _ 

Ash -----~--------------------------Nitrogen ___________________________ _ 
Sulphur ____________________________ _ 
Calorific value {Calories------------

B. t. u -------------

Air-dried. 
9.85 

51.54 
19.75 
18.86 
2.64 
1.76 

3848.00 
6926.00 

Moisture-free. 

57.17 
21.90 
20.93 
2.92 
1.95 

4268.00 
7682.00 
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At first, drainage was resorted to chiefly to render the prairie safer 
for pasturage. Later corn was the crop commonly grown, but it ·is 
reported that only three paying yields could be grown in succession on 
any area. After the third year the yield was small and of inferior quality. 
Wheat' and oats generally·proved unsuccessful, "going down" before they 
ripened. Clover was sown as an experiment, but too many weeds gained 
a foothold; when mixed, however, with grass-seeds, the soil furnished 
excellent pasturage. 

Since the establishment of the celery and onion culture the land has 
risen rapidly in value. It is drained by tile every 50 feet, but ordinarily 
by means of lateral ditches 4 to 5 rods apart. On account of the cold 
soil water from springs and ridges, it has been found necessary in addi-
tion to rescirt to open ditches. At present the principal agricultural 
products are onions, celery, potatoes and various kinds of garden truck. 
The crops are occasionally injured by late frosts and also by the sand-
blast action of the dry surface soil readily blown about by the winds. 
Where this occurs frequently, rows of trees should be set around the 
fields as wind breaks. 

CR.ANB TOWNSHIP 

An interesting, though small deposit, is a former cranberry marsh 
on the land of H. A. Langley one and one-half mile north of Upper San-
dusky on section 19 of Crane Township. It is a oemicir6ular area of 
possibly 200 acres, the form and location of which are shown on the 
Upper Sandusky sheet of the United States Geological Survey. The 
peat deposit occupies a basin in the drift clay, and with the exception of 
a few "holes" is relatively shallow. Over 20 borings were made along 
two lines at right angles, and at points so distributed as to test nearly 
all parts of the field. The entire section is well drained and under culti-
vation; the present (1910) crop, sugar beets, is an experiment. 

The surface peat is generally light-brown, and consists in large 
part of broken pieces of the inatted, fibrous variety. Beneath this is 
found a layer of blackish brown, well decomposed peat, averaging about 
one foot in depth, resting on a marly clay. For a distance of 200 to 350 
feet from either margin no thickness of peat greater than two feet is 
encountered. Th.e southern margin shows indications of fires. 
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The testborings toward the central portion of the deposit indicate 
a blackish brown, well decomposed and compact peat near the surface, 
which passes below into a light-brown fibrous and frequently woody 
variety. At the 5-foot level the peat is usually olive-green in color, 
fine-grained and intermingled with rhizomes and the laminated remains 
of marsh grasses. The deposit rests at the 8-foot level on a plastic blue 
clay. 

In the deeper depressions of the basin the peat is similar in character. 
A light-brown, woody, but otherwise fluid, variety with fragments of 
shrubs is encountered at the 5-foot level. At the 7-foot level the peat 
is fibrous and contains many rhizomes of sedges and grasses. It rests 
at the 9-foot level on a grayish marly clay. 

A composite sample from these testborings has been analyzed 
and the results follow: ' 

Analysis No. S9 

Moisture ___ -- -- __ -- --- --- __________ _ 
Volatile matter ---------------------
Fixed carbon------------------------
Ash --- - - -- -- ---- -- -- -- - -- --- ----- --
Nitrogen ___________ ------ __ ------ __ _ 
Sulphur -----------------------------
Calorffi.c value {Calories------------

B. t. u -------------

Air-dried. 
8.84 

47.26 
22.90 
21.00 

1.96 
1.98 

3881.10 
6986.00 

Molature-free. 

51.85 
25.12 
23.03 
2.16 
2.18 

4259.00 
7666.00 

A study of a number of testborings makes it seem evident to the 
writer that the cranberries and sphagnum mosses appeared after the 
sedges and marshy grasses had built up the surface of the bog; and that 
the margin of the deeper depressions was early occupied by bog 
shrubs, willows and others. Obstructions in the natural drainage, · 
probably due to beavers, caused a sudden rise of the water level and 
consequently the destruction of the bog shrubs. In this deposit the 
plants followed later the same succession as those which were fully ex-
amined in a cranberry marsh near Columbus and in various places in 
the northern peninsula of· Michigan. 



.CHAPTER IV 

THE USES OF PEAT* 
CHARLES A. DA VIS 

Introduction.-Other chapters of this report have fully described 
the occurrence and origin of peat in Ohio and the qualities which give 
it value as a fuel, and which must be considered in converting it into a 
salable product on a commercial scale. Before successful production 
can be made even in a small way, however, other points must be taken 
into account depending wholly -0n the properties of peat and its fitness 
for specific uses. Consideration is given some of these here as an intro-
duction to the more technical part of the paper, because the success or 
failure of any or all attempts to make any product from peat is based on 
fully understanding them. They have been often overlooked or de-
liberately ignored by those about to enter upon or promote the manu-
facture of peat products in the past, but the need of such a discussion 
is clearly shown by a glance at the history of the numerous attempts at 
making peat fuel that have been made in the United States during the 
last fifty years. Large sums of money, aggregating many hundred!!! of 
thousands of dollars have been spent upon such enterprises, from which 
no financial returns have been received by their supporters. 

These facts are so well known in some sections of the country where 
there are numerous peat deposits that a large part of the conservative 
investing public can no longer be interested in any enterprise based 
on peat utilization, no matter how attractively it may be presented. 
This section of the r~port is designed to show that causes which are 
avoidable have been chiefly responsible for the losses and failures of 
peat enterprises of the past-not a lack of desirable qualities existing 
primarily in the peat itself and in the products made from it. 

PRINCIPLES GOVERNING PROFITABLE UTILIZATION OF PEAT DEPOSITS 

To state the matter simply, the study of unsuccessful peat:.fuel 
plants in this country, and an analysis of their history, emphasizes 
the fact that a number of important matters must be taken into ac-
count before any peat bog can be made the source of a paying busi-
ness, even when the peat is of good quality, and can be shown to be 
valuable fuel if rightly treated. It seems clearly obvious from such 
examination that much of the lack of success observed has been due 
to failure to take such factors into account, to ignorance of their existence, 
or to too great optimism when they were under consideration. 

The most important single group of such errors may be charged, 
•Largely adapted from Bulletin 16, Bureau of Mines, by Charles A. Davis. 

11-0. B. 18. 
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perhaps, to ignorance and inexperience. Ignorance is not excusable, 
however, since there is a very considerable mass of literature in nearly 
every European language, which details at length records of the theo-
retical and business experience gained during more than a hundred 
years of experiments. Although these experimental data have been 
gathered under economic conditions differing somewhat from those in 
America, the difference is not so great that the results can not be made 
applicable here; to entirely overlook or throw them aside is to invite 
failure when success might almost as easily be attained. For example, 
much greater progress could be made in a given time by taking the best 
types of European machinery and processes for manufacturing peat and 
improving them than by beginning anew and working .out similar ones 
independently. Large sums of money and much disappointment would 
also be saved. 

Many of the difficulties which have been encountered in peat utili-
zation in the United States, as well as some of the failures, may be 
attributed to what may be termed "faulty engineering." Under this 
head m~y be grouped mistakes :niade in choosing sites for the erection 
of plants; poor planning and erection; unwise selection of the kind 
of product to be made and the way to make it; the choice of inefficient 
machinery by which it is to be made; and even in imperfect prospect-
ing, surveying, and proving up peat bogs. 

There have 8.Iso come to the attention of the writer many cases 
in which certain fundamental business considerations seemingly have 
been· ignored or overlooked, thus predestining the ultimate collapse 
of the enterprises. 

As the results of overlooking or neglecting these factors have been 
observed in many parts of the country, persons who, without previous 
experience, are considering . investment in some form of peat utiliza-
tion, may be helped by a brief statement of som~ of the economic and 
related principles that must govern the founding and successful growth 
of any business that has the use of peat as a basis. Attention may 
in this way be directed to some of the dangers of loss which may be 
encountered as the result of inexperience. 

Market. One· of the first objections raised against the use of 
peat for fuel is the one inade by economists and others that the State 
is already so well supplied with good fuel in other forms, such as wood, 
coal, oil, and gas, that there will be no sale for peat; they contend, a 
priori, that there will be no market for peat fuel; hence investigation 
of its possibilities is useless. The market is rightly considered to be 
the most important factor and the one upon which the fate of any 
peat development must hinge, for unless the product of an industry 
finds a ready sale at prices which will meet all costs, maintain the plant, 
and give a profit on the capital invested, it can have no permahence-
jp. fact, there can be no industry. 
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At first thought, any desirable type of fuel, would seemingly find 
a ready sale at good prices, but more careful consideration will raise 
the question as to whether a substance like peat, which is quite un-
known and untried in most American fuel markets, will be accepted 
by any number of buyers until they have learned by experience that 
it may be depended upon. Experience shows that most people are 
conservative in adopting new materials in place of those which they 
have long known and have found satisfactory. The conclusion may 
be drawn, therefore, that the market for any form of peat, as for other 
new materials, must generally be won by slow and persistent effort, in 
which a first-rate product, skillful manufacture, careful advertising, 
and constant demonstration must be combined. 

The important markets for fuel are located in the larger towns and 
cities; hence a peat-fuel factory should be situated where one or more 
large centers of population and manufacture can be worked up for a 
market. It must be remembered, however, that the fuel trade in such 
places is thoroughly and closely organized, and therefore opposition 
must be expected to any new and independent product. This opposi-
tion, if effective, will result in reduced sales, in lower prices, and obviously 
in smaller profits durlng the stage while competition from these agencies 
is active. 

A good market, then, generally must be built up. Not less than five 
years· after peat fuel is put on a given market would probably be needed 
for it to find its proper place among other fuels. At the end of the period 
peat could hardly be expected to form more than 10 per cent. of the entire 
quantity of fuel used for all purposes in the region surrounding the 
proposed plant. . 

Conversely, time is needed in all new manufacturing enterprises to 
get the plant to a stage where its efficiency permits other than slow 

· and expensive production. This period of development ought to be the 
time when a market is being secured and established so that the product 
as fast as it can be made will be taken at fair prices, and so that as 
soon as a full and satisfactory output is attained the whole of it can be 
sold with profit. 

So far a8 can be s~n at present, or can be judged from European 
experience, it will not be feasible to send peat fuel long distances by 
rail. Indeed, the closer to a good market that it can be produced, the 
more certain will be the chances of success. The abundance and prices 
of other kinds of fuel, the means of transportation, the attitude of the 
transportation companies, the conservatism of th~ population, and the 
way in which the peat is prepared will all be factors in determining 
the maximum distance that can be reached by a given peat-fuel factory. 
This maximum distance will presumably be less than 50 miles for a long 

· time after the factory has reached a productive stage. 
The market within this radius can be secured only by making a 
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uniform product with enough good qualities to displace fuels which 
have been known long before the time of it& introduction. The peat 
must be fairly and honestly shown to be really desirable, and the more 
honestly the demonstration is made the more profitable will be the final 
outcome. 

TransportaUon Facilities.-It will probably not be possible for a 
long time in the future to utilize as a source of fuel peat bogs that are 
unfavorably located in respect to lines of railroad already built, or to 
water routes, such as rivers, lakes, and canals. The possible exception 
lies in bogs which may be utilized by producer-gas plants where the peat 
is converted into electric energy at the bog, or into fuel gas that may be 
conveyed by pipe lines to the places where it is to be used. Both of 
these uses are quite practicable, but are likely to be slowly developed,. be:-
cause of the conservatism of capital in taking up entirely new lines of 
investment. 

It is important, therefore, to be assured that good transportation 
lines to the site chosen for a peat-fuel plant are already in existence, 
or Will be before the plant is built. The coat of every item is so much 
increased wher~ teaming is necessary, that, except on a very small scale, 
a plant can not be established and brought to a successful production 
with this sort of transportation. The limit to which the finished peat 
fuel can be drawn by horses and sold at a profit is easily determine<.1 

when the cost of production is added to other charges, including the 
coat of men and teams, and subtracted from the selling price. 

Location.-Closely connected with the factors which have been men-
tioned is that a choice of location of a bog on which to establish peat 
operations. Too much importance can scarcely be attached to this, as 
the success of the enterprise depends not so much upon the quantity 
of peat to be manufactured as upon the cost of production and market-
ing as compared with the price at which sales can be made. Clet!orly, 
therefore, a small, favorably located bog is preferable for commercial 
exploitation to a large one remote from market, transportation lines, 
and cheap labor supply. 

The margin of profit· on the finished product of any type of peat-
fuel plant will be so small, because of the low price at whch it must be 
sold in competition with coal and wood, that no extra charges should 
be placed on its production by a choice of location that will entail a 
high cost for labor and maintenance, and slow, uncertain, and expensive 
transportation to market. The greed that urges the promotors of 
projected enterprises to get the largest possible quantity of raw material 
may blind them to the handicaps caused by its location, and thus 
bring the entire investment to a disastrous end. 

Amount and Quality of Peat To Be UtiUzed.-An estimate of the 
life of the plant, its size, and consequently the amount of money in-
vested, must be determined by the total quantity of good peat in the 
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bog selected for use; hence an approximately accurate knowledge of 
how much peat can be had is essential before other plans are made, 
especially if the deposit is of smSu area and depth. If it is very large, 
the need of care in this respect is not so great as when the quantity is 
clearly limited; in all cases, however, sufficiently exact tests should be 
made to insure the fact that the contemplated investment is Justified 
by the quantity and quality (p. 18) of good raw material available. 

The quantity of peat in a given deposit may be determined with 
sufficient accuracy for practical purposes by finding its total area and 
average depth,. and assuming that at least 200 tons of air-dry machine 
peat can be made per acre for each foot in depth. Some heavy types 
of peat will yield more than this, and the figure is seemingly conservative 
for American peats, which in practice generally give a dense, heavy 
product. • 

So many erroneous ideas have been expressed as to the lower limit 
of size of bogs that may be used for making peat fuel that the follow-
ing illustration is cited to show that in Europe bogs of small size are 
used even where considerable investments are made. At Skabersjo, 
Sweden, a producer-gas plant equipped for generating electricity, 
and costing several thousands of dollars, has been erected at a peat 
qeposit 37 acres in area and averaging 5 feet deep. The life of the 
plant is estimated at 30 years at the present rate of consumption of 
fuel, of which there is estimated to be 44,500 tons available. There 
are other bogs in the neighborhood which may be used after the one 
DOW in use is exhausted, but none is of great size. The plant develops 
300 horsepower. 

The illustration mentioned indicates that small deposits of peat 
of small average depth will justify exploitation if the plans formed 
are not too ambitious, as the annual production of 1,000 or 1,500 tons 
of peat fuel can be assured for a long period of years from such bogs 
as the one cited. Such a quantity may be sufficient to furnish all that 
will be taken by a good-sized community for several years after a plant 
is built. It should also be taken into account tnat a number of years 
would probably elapse before so large an output could be made by 
hlie plant or be taken by local markets. 

There are many small towns in northern Ohio near which are 
sufficiently large beds of peat to supply electric current for many years 
for lighting and other uses. Likewise, power for factories and mines-
where now the fuel used is coal shipped by rail-might be cheaply obtained 
from near-by peat beds. 

The physical properties of the peat beds under consideration 
should be such that the raw material may be easily dug and easily 
and rapidly put into the desired form of product with the chosen ma-
chinery. If condensed or machine peat to be shipped from bog to 
market by rail is the product decided upon, the peat should not be 



very fibrous or woody. These qualities, however, do not reduce its 
value so much for local use, except as stumps and other remains of 
trees increase the cost of digging, . which in most cases will be small 
per ton of final product. 

Methods· of Prospecting Peat Bogs and Estimating Their Contents. 
-Peat beds of large area and considerable average depth are rather 
rare in the United States, and where they do occur are often so located 
with respect to lines of transportation or to markets that they could 
not be used at present except for the production of gas for power genera-
tion. Bogs of this class need little careful prospecting, as the quantity 
of peat in them is very large, and ordinary errors in the relation of the· 
estimated quantity to that actually present may be disregarded when a 
quantity of material sufficient to warrant exploitation is known to 
be present. • 

·There is greater need of carefully testing bogs of small area, and 
the cost of doing this is relatively small. After the area has been 
found by an ordinary land survey, a series of parallel, uniformly spaced 
lines should be laid out at right angles to the long axis of the bog and 
entirely .across its surf ace. Along the lines test holes to the bottom of 
the deposit should be made to determine its variatio.ns in depth. The 
intervals between the holes should be of the same length, and in final 
proving up should be dug as deep as possible with a spade or post-hole 
digger. An earth auger may be used for sounding the depth and for 
taking from below the surface samples for chemical analysis. 

The chief objection to the use Of the auger lies in the fact that in 
deep deposits the sample taken, at a considerable depth may be stripped 
from the auger as it is drawn up and may be replaced by the material 
through which it is drawn, so that the origin of the sample may be 
doubtful. · 

A much more exact tool is one devised by the author and used by 
him with great satisfaction for several seasons. The essential part 
of this tool has been described on p. 29. By using this tool carefully 
and thoroughly the depth and character of any peat bed may be ac-

. curately learned with a relatively small expenditure of time and labor. 
Only by digging with a shovel, however, can be had the large-sized 
samples that ought to be used in final tests. The large samples are 
more satisfactory for examination and may give more characteristic 
results than those taken with the testirig tool described: 

Small and medium Sized bogs which fill deep depressions below the 
ground-water level, like. lake basins, may be expected to have open 
water or a l~yer of very watery peat below the thick, firm turf that 
forms the upper 3 or 4 feet of the bog upon which large trees may grow. 
Where such watery deposits occur they must be examined with un-
usual care, because of the amount of water may occupy so much of the 
basin that the peat could not be worked profitably. In one such basin 
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in Michigan, where the turf supported a growth of trees and was so 
strong that a railroad was built upon it entirely across the basin, more 
than 60,000 cubic yards of earth were used to give the track stability 
after the traffic had become so heavy that the turf would no longer 
support the weight of the grade, tracks, and train. Manifestly, this 
bulk of earth would fill only a small part of the space occupied by water 
and watery peat in that basin which hasty or inefficient testing would 
have determined to be filled with compact peat. 

The possible occurrence of marl should also be watched for in basins 
the upper levels of which have good peat beds. This precaution 
should be taken especially in those parts of Ohio, where the ground 
water, as shown by its hardness, contains much lime and where marl 
deposits are of frequent occurrence. Such deposits are often covered 
with peat to the depth of several feet and may also be interbedded with 
it. If an auger or ordinary sounding rod is used in testing such deposits 
the marl may not be found because, as indicated above, the peat of the 
top strata may replace it in the auger and lead to the conclusion that 
the entire deposit is of peat and that a much larger quantity is availaqle 
than really exists. Beds of soft, fine.clay underlying peat in basins may 
be equally deceptive. 

If a close approximation of the actual quantity of air-dried machine 
peat which a bog contains is desired, a considerable number of measured 
cubic yards should be dug from different parts of the deposit and from 
different depths and each of these macerated separately. After thorough 
drying by exposure to the air for some weeks the resulting blocks should 
be weighed; the average of the series will give the number of pounds 
of marketable material per cubic yard, and this multiplied into the num-
ber of cubic yards in the entire deposit and reduced to tons will give 
approximately the total weight of the entire available mass of peat. 
The more thoroughly the sample cubic yards are distributed over the 
entire area and depth of the bog, the more valuable the data obtained 
will be. In making estimates and the tests upon which they are based, 
the turf and the poorly decomposed top stratum of peat for a foot, 
more or less, below the surface is not usually included. 

It is perhaps worth while to point out here the urgent necessity of 
,having all surveying and testing work done thoroughly and by competent 
men, as money expended on these determinations gives information with-
out which it is impossible to proceed with any certainty to the. making 
of investments; lack of knowledge or a wrong estimate may lead to 
overconfidence and serious financial loss, or to entire failure. 

Chemical Tests. - The use and kinds of chemical tests are dis-
cussed in Chapter XI, but for persons who may wish to J;cnow how to make 
preliminary examinations of peat for themselves the following directions 
are given. The recommendation is made that any preliminary tests be 
confirmed before the peat is utilized for commercial purposes. Analyses 
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by a competent chemist who has the proper apparatus and laboratory 
equipment to do the work accurately and inexpensively are the most 
satisfactory. 

The equipment needed for such preliminary tests as need to be made 
are: (1) Some form of weighing apparatus that will give a reasonable 
degree of accuracy. If the scale is not sensitive, a large sample of 
peat must be tested. (2) Some form of metal or earthen vessel in 
which the peat can be weighed and burned. For this purpose a small 
pressed metal cup will answer. Before using, it should be thoroughly 
heated to burn or melt off any substances that would later be lost in 
this way. (3) A stove or burner in which a clear, smokeless fire can 
be kept up; a gas stove is ideal for the purpose. . ( 4) Metal tongs or 
forceps for use in handling the cup when it is hot. 

The testing of peat as fuel begins with the air-dried material, 
although if the quantity of water the peat contains in the bog is desired, 
this can be ascertained by taking a sample just as it is dug and keeping 
it in a tightly closed glass fruit jar until the desired tests can be made. 

To find the percentage of water in the peat, a sample is removed 
from the storage jar to the clean, dry cup, which should be weighed 
as accurately as possible beforehand and the weight recorded. The 
combined weight of the sample and cup is next ascertained and the 
weight of the peat obtained by difference. The cup containing the sam-
ple may then be placed on a hot steam radiator or in the top of a vessel 
oj boiling water and dried until there is no longer loss of weight after 
repeated weighings. The difference between the original weight and 
the last is the amount of water evaporated. By the same method, 
the percentage of water in an air-dried sample can be found, the dry-
ing being hastened by thoroughly pulverizing the peat before it is 
weighed. In drying samples in these operations care must be taken 
not to heat the peat much above the boiling point of water on account 
of the ease with which some of the volatile matter is driven off, causing 
too great a loss of weight. 

After the water is all driven off (a state indicated by no loss of 
weight when the sample is reheated) and after the weight of the sample 
is correctly noted, the residue should he set on fire and carefully burned, 
stirring with a clean wire being resorted to to make combustion com-
plete. When the ash is nearly white, and no unconsumed particle 
can be seen, the dish should be allowed to stand till cold and the ash 
and dish weighed. The weight of the dish subtracted from the weight 
of the ash and the dish is the weight of the ash. 

If it is desired to know the quantity of coke that a given peat sample 
will yield, the sample should be weighed in a cup with a loosely fitting 
cover, and the cup and sample placed in a flame or a clear fire and 
heated to redness until gas ceases to come off. The gas will take fire 
around the cover, and as long as it burns the heating should be con-
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tinned. As soon as the gas is all driven off, the cup, tightly covered, 
should be cooled and weighed again. The difference in weight is the 
weight of the volatile matter, including .the water in the peat: and 
the residue is the coke, which is the fixed carbon plus the ash. 

The density of a given peat may be determined by cutting out a 
block of such shape that it can be exactly measured and comparing 
its weight with that of the same number of cubic inches of water. 
If the block is made to contain an exact numher of cubic inches, the 
operation will be easier. A cubic inch of water at 60° F., the ordi-
nary temperature of the air at which weighings are made, weighs 
252! grains. 

In most of the large cities cheap laboratory appliances can be bought; 
and these will serve for making the required tests. In the same cities, 
too, will be found commercial testing laboratories where satisfactory 
fuel-testing work is done at reasonable rates. There are several edu-
cational institutions in Ohio giving courses in mechanical engineering 
or technical chemistry which also have good equipment for making fuel 
analyses. The essential elements to be obtained for comparison are the 
ash content and the theoretical fuel value expressed in calories or in 
British thermal unitS (B. t. u.). 

Mechanical Tests. - According to observation and experience an 
examination into the mechanical structure and qualities of peat is of 
more value than a chemical analysis. This is especially true when the 
material has been selected for a single specialized use requiring a large 
outlay of money for a properly equipped plant. The importance of 
carefully investigating the deficiencies of peat, as well as its good qualities 
for the intended use, is emphasized and should not be overlooked. The 
defects, the cost and difficulty of handling, the large percentage of 
water and waste matter as compared with that of usable material, and 
other qualities of similar nature must be investigated. The more spe-
cific the proposed use the more thorough and complete should be the 
.preliminary investigations. As a part of such tests the selected ma-
chinery sh.ould be tried under conditions as nearly as possible like 
those of the factory, with large samples of the chosen peat. The sam-
ples should be of not less than a ton in weight and of larger-size when 
they can be had, and the tests should be made before any plans for 
installation of a permanent nature are developed. 

Samples used in such tests should be carefully collected, so that they 
include material from well separated parts of the bog and from as deep 
below the surface as the peat can be reached with the usual tools for 
digging. The costs of these tests may seem excessive, but in the end 
are justified by the results obtained, whether satisfactory or not. If 
the peat thus tested turns out to be unsuited for the purposes for which 
it was chosen, the expense is especially justified. 

When such tests are made it is probably more satisfactory to send 
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the material to the factory of the mak~rs of the machinery, where 
installation is complete and skilled labor is available, rather than to 
try . to set up the machiner.v- temporarily at the bog; by the former 
course more valuable results will be obtained at much less cost. The 
tests should be made under the inspection of some competent and dis-
interested observer who is retained to guard the rights of both parties 
concerned. 

The great importaJ)ce of thus tl-ying machinery and peat together 
before erection of the plant has been fully demonstrated in this coun-
try. In at least two instances more than $100,000 have been spent 
in the development of elaborate peat-fuel plants which were never 
successfully operated. The reason for their failure was that the ma-
chinery which had been installed could not manufacture the peat avail-
able into the desired product or any other that could be sold at a profit 
in accessible markets. Other examples less impressive might easily 
be cited in which lack of success seems clearly referable to the omission 
of thorough preliminary testing. 

Sources and Pe•centage of Ash.-Peat containing a large quantity 
of ash is not as good fuel as that containing .a less percentage, because the 
former type gives less heat for a given unit of weight. The ash of peat 
deposits, as noted on p. 379, is derived from the mineral matter gathered 
by the growing plants that have built up the peat. Mineral matter 
may also be brought in by the water by which the plant remains have 
been protected and preserved from decay, or may be blown in by the 
winds._ The mineral matter derived from the water is catried either in 
solution or in suspension and may reach the peat continually with the 
water or be supplied -intermittently by overflow from lakes, streams, 
rain· rills, or springs. 

When· peat deposits are being tested those in which the peat is 
grayish or greenish, or contains whitish or red streaks and spots when 
dry, or shows shining specks of mica, or is gritty when ground between 
the teeth, may be classed as of poor quality for fuel unless their analy-
ses prove ·otherwise. In such deposits the ash content is generally 
found to be high. 

Peat beds that lie in the flood plains of brooks and rivers, in deltas 
of streams, or on terraces or slopes watered by springs whose waters are 
perceptibly mineralized, seldom pay for testing unless in a region where 
all kinds of fuel are scarce. All of these types of peat beds are certain 
to be somewhat deteriorated by mineral matter; hence the peat has its 
fuel value and its possible market value_ lowered by the presence of too 
much ash. 

In certain parts of Ohio peat beds in basins, even when no im-
portant streams enter them, are sometimes found to be rich in ash. 
This condition is caused by the presence of plants that concentrate 
in their cells or tissues or on their leaves and stems some of the minerals 



GtOLOGICAt. Stmvt:Y OF OHIO. 155 

brought in by springs or other sources of water supply. The minerals 
are left on the bottom with other debris at the end of the cycle of growth 
of the plants. Calcium, magnesium, silicon, and iron compounds are 
thus segregated from lake waters and become part of the ash of peat. 

The effects of the action of waves and currents on sandy or muddy 
lake shores also must be considered as a source of mineral matter in 
peat beds exposed to the wash of these sediment-transporting agents. 
Consequently peat on the banks of lakes having wide stretches of ex-
posed sandy and muddy shores must be tested very thoroughly before 
using it for commeroial purposes. 

On the wind-swept sandy areas, such as dunes, much fine mineral 
matter in the form of dust is blown into low places, where it is left and 
becomes a part of any peat deposit which may exist there. 

Preparation of the Bog For Use. - In making the preliminary 
examination of a bog the quantity and kind of vegetation on the surf ace 
of the deposit should be carefully noted. If trees and shrubs are present, 
their kind, size, and relative abundance should be observed. The 
presence and frequency of roots, stumps, and buried logs should also be 
determined at the same time. Where trees are pr~ent and their buried 
·remains are abundant the cost of getting the ground ready for digging the 
peat will be very materially greater than in a grass-covered bog. On the 
other hand, the wood may be sold or used for fuel at the plant, and the 
work of clearing may be done at times when weather or other conditions 
are unfavorable for production, thus keeping the force of laborers at 
work. It is also apparent that only a small area will be used at a time, 
and that the preliminary work will, therefore, be distributed over a long 
period, so that it cost per ton of peat produced will usually be so small 
as to be insignificant. · 

' When all things are taken into account, however, and a choice of · 
bogs can be made, that which has many buried logs and stumps should 
be ·avoided. If the woody material is confined closely to the surface 
layers, little account should be taken of it, because it is easily removed. 
The deposit below such layers is often more decomposed and compact 
than where trees have not yet become established. 

Drainage of Peat Deposits. - In European countries, where peat 
is dug extensively by hand, the general practice is to plan and carry out 
an elaborate system of drainage, so that the water content of the peat 
is perceptibly lowered before digging is begun. Aside from the greater 
convenience in digging insured by drainage, the water content is lowered 
to a considerable extent, although not so much nor so rapidly as would be 
expected, because of the water-holding powers of the peat. 

Drainage becomes of importance, however, whenever the· greatest 
economy of handling the wet peat is sought, BB it should always be if 
dug by hand. Reference to the table giving relation of the percent-
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age of water in peat to its weight (p. 170) will show that, if the water 
content of a given weight of peat is reduced from 90 per cent. to 80 per 
cent. its weight will be decreased 50 per cent., or one-half. Hence by 
lowering the water 10 per cent. only one-half the weight of wet peat 
that would have to be dug before the reduction has to be dug out and 
handled for a given weight of finished product. 

Drainage may be unnecessary, or even undesirable, where the peat 
is to be dug and transported from the bog to the factory by machinery, 
especially if it is to be dug by dredges, loaded on scows, and towed in 
them across the water-filled openings already made to the factory. 
It would be still less desirable to drain where the peat is to be dug 
and moved from the bog to the factory by powerful rotary pumps, 
such as are employed on the "sand-sucker" dredges so often used to 
improve waterways and harbors in the United States. 

Before draining is decided upon as a policy in any given instance 
the possibility of draining the deposit must be determined.. Peat that 
fills basins formerly occupied by ponds and lakes can be drained only 
for a short distance below the surface, or not at all, except at great 
expense, as the outlet must sometimes be lowered for a long distance. 
An attempt to drain peat beds of this type more than a few feet by 
surface ditching will, therefore, be unsuccessful, and peat will generally 
be most easily and most cheaply worked without any attempt at drain-
ing unless diking and pumping are adopted. D~posits of this class, 
as they lie chiefly below the water level and can not be drained, must 
manifestly be worked almost entirely by machinery, unless the water 
is kept down by pumping or by sinking tubular drainage wells to porous 
beds in the ground below the basin, as may sometimes be done. 

In bogs filling basins, ditches should not be cut from the shoreward 
. margin to open water in the interior of the marsh without very careful 
leveling across the surface, because not uncommonly the surface of the 
water in the pond is higher than that in the marginal area and water 
will flow from the pond and not into it. 

Choice of Site For the Prant.-The choice of a site for the plant 
would seem to be a simple matter and not of sufficient importance to 
merit much discussion, but. when it is remembered- that from 80 to 90 
per cent. of the material brought to the plant is water (and therefore 
waste) it becomes evident that by reducing the distance of the average 
haul of the wet peat a material _saving in the cost of this transportation 
and production will be made. The permanent buildings of the plant, 
therefore, should be so placed in relation to the bog to be worked that 
the raw wet peat will reach the grinding machinery by the shortest and 
most direct route; from the grinding machinery it should be taken 
as directly to the drying grounds or sheds. 

An ideal arrangement, especially in the manufacture of machine 
peat, is to have no fixed buildings, but to have the movable machinery 
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always at the side of the openings from which the peat is taken, and 
to pass the peat directly from the mechanical excavator to the pulping 
machinery and thence to a part of the bog near by that is laid out as 
drying ground. To insure such mobility of plant, the machinery 
may be mounted on a strong car and moved on iron rails or upon rollers 
or broad-wheeled trucks; the engine is used to run the plant and as a 
locomotive. This is the common practice in many parts of Europe. 
The plant is much the same temporary sort of an arrangement as a 
portable sawmill or thrashing outfit. The most recent practice in 
Germany, Canada and the United States is to combine digging, macerat-
ing, and spreading machinery into a single self-propelling plant which is 
supportCd on a single platform with or without rails. 

However, in some cases it will be desirable to place the machinery 
on solid ground, because there are difficulties in Ifloving peat machin-
ery of large capacity from place to place on the soft and unstable surface 
of the wet peat. If the moving of the wet peat is the ruling considera-
tion, the plant ought to be placed as near as possible to the bog, the 
necessity of a firm foundation and convenient approaches and drying 
ground being also observed; the hauls necessary to get the freshly dug 
peat to the buildings should average as short as possible during the life 
of the plant. The best location would ordinarily be about midway of 
on~ -of the long sides of the deposit. 

Laying Out the Plant.-Several factories in the United States 
have been built for making peat fu.el in which, seemingly, no thought 
or care has been given to laying out the plant so as to secure the greatest 
efficiency from the machinery and economy in the details of production. 
This is evidently a radical defect in such plants, if the highest financial 
returns are sought, as these are dependent upon successfully solving 
the following problem, stated in terms of the unit of production. The 
problem in peat-fuel manufacture is so to handle a ton of wet peat 
(containing 90 per cent. of water, nearly all of which is useless) as it is 
dug from the undrained bog that the approximately 225 to 250 pounds 
of salable materials (containing 12 to 20 per cent. of water) which will be 
obtained from it can be sold in the open market at a price that will pay 
for the digging, preparation for sale, and cost of selling, and, in addition, 
maintain the plant and equipment and return a profit on the investment. 
The handling of many tons of this wet raw material and the production 
of a large amount of marketable fuel only complicates matters if the 
unit of quantity is made at a loss, and manifestly any saving in the course 
of proper preparation will help to give a favorable solution of the problem. 

The machinery should be so arranged in the building that its best 
operation requires the least possible labor and . supervision and that 
the various processes through which the peat must be put will become 
automatic or go on with the minimum amount of human labor and 
attention. Careful study should be given to the entire course of pro-
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duction and whenever simple and efficient machinery can be substituted 
for manual labor, it should be introduced, if possible. 

SeleGtion of Process and Ma.chinery.-The process by which a 
given peat bed ean be utilized to the best advantage and with the great-
est profit depends, among other factors, upon the quality of peat, the 
kind of market which can be reached, and the amount of capital which is 
available for the purpose. Not all kinds of peat will make good briquets, 
even with the best machinery, and it would be a needless expense to 
erect a large and expensive plant in a region of limited population, or 
where coal or other fuels are very cheap. It would obviously also be a 

· poor policy to choose a process which would need a large investment of 
capital when an equally salable type of fuel, whether actually as good 
or not, could be made with a much smaller investment. It shou1d be 
remembered that tliere is no ~uch thing as a really .secret prqcess for 
making peat fuel, that when the time comes for selection the number 
of available processes is not large, and that all such processes have often 
been described by European authors or by others discussing the u&e of 
peat in Europe. 

It should be the chief concern of the purchasing agent before any 
decision is reached to learn everything possible about the progress of 
peat-fuel production in Europe, and especially in Germany and Swe{ien, 
where, for more than a century, experienced men with keen, well trained 
minds and ample facilities have been studying the possibilities of the 
substance and have been testing. ways in which they have thought 
it could be most cheaply and readily made into an efficient and salable 
product. 

Mter obtaining this information a careful examination should be 
made of the kinds of machinery now on the market as the practical 
result of the world's experience .. That type should be chosen which 
has proven most efficient and successful in actual operation under con-
ditions similar to those under which the proposed plant is to operate. 
With so many available types· that have been thoroughly tested by 
commercial use it is not advisable to adopt new and untried processes 
and machinery for a plant that must be made financially successful 
from the start. · 

Cost and Stse of the Pfant.-The size of the prospective oper~
tions, the process of manufacture chosen, and the amount of capital to 
be spent will g-0vern · to some extent the necessary expenditures for 
buildings and machinery .. A(Q.de from these factors, however, expedi-
ency and the actual needs of the business should govern the character 
of the buildings. 

The permanent buildings needed for a factory making machine 
peat are few and ·can be of the simplest and cheapest construction 
consistent with durability for ·the expected life of the plant. All that 
is actually required .is sheds for the protection of the boiler, engine, 
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and grinding machinery and for drying and storing the peat. As pro-
duction is limited to the warm months, heating and lighting in the 
winter do not have to be considered. This fact may also be taken 
into account in the construction. 

In ·Europe many establishments making. peat fuel have no per-
manent buildings, except for storage, as the machinery is all movable 
and is given temporary housing at the places on the bog where it is in 
use. Each peat machine makes a certain number of tons per day and 
the plant is added to by the purchase of new units as the need for in-
creased output arises. The same would be true if self-propelling auto-
matic machines were used instead of the standard older types. 

If peat briquets are to be made, somewhat larger and more sub-
stantial buildings must be erected, because more machinery of heavier 
construcj;ion must be housed; yet even for the briquet plant the build-
ings may be built as cheaply and roughly as sawmills. The chief re-
quirements are that the roofs keep out the rain and that the founda-
tions for the presses, boilers, drivers, and engines be of sufficient strength. 
A simple, inexpensive, compact, and well arranged plant of moderate 
capacity, increased unit by unit, is much more advisable than large 
and costly· buildings containing small equipment. 

Peat coke, or charcoal manufacture combined with the recovery of 
by-products, requires a heavier investment for buildings to house the 
much greater quantity of apparatus necessary, and these must be of 
good construction, because the plant will be operated the entire year. , 
Practically the same statement applies to the buildings that would be 
needed for utilizing peat for gas production. Even for such uses, how-
ever, care may be exercised to keep down the outlay of construction 
by making the necessary buildings simple and inexpensive. Some of 
the buildings which have been erected for peat-fuel factories are monu-

. ments to the dreams of their builders. 
Capitalization.-The capitalization of peat enterprises, as stated 

in the preliminary literature issued by their promoters, has varied greatly. 
At least one reported an authorized capital of $20,000,000. Obviously, 
however, certain definite matters control the sums of money which must 
be provided to establish a plant for using peat and to bring it to a suc-
cessful stage of production, and these are here considered. In general, 
it may be said that large capitalization is neither needed nor desirable 
for most forms of peat utilization, but it is important, as has been 
noted above, to have reserve capital for use during the critical periods 
of the proposed factory. The amount of capital actually needed will 
differ for different products and for different ways of making the same 
products j it will be governed also by the proposed quantity of output, 
the size and kind of buildings to be erected, and other factors which do 
not need to be taken up here. The simpler processes of peat-fuel mak-
ing on a moderate scale can be undertaken and carried on with success 

• 
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on a small capital. Some of the more complicated operations, such as 
making peat coke and by-products, or those peat products requiring 
heavier machines, more manipulation and labor, and stronger and more 
expensive buildings, must be liberally supported with money or credit 
if any .returns are to be derived from them. 

A much greater amount of capital must be assured and actually 
paid in, as required, to bring to a commercially productive and inde-
pendent stage a plant that is equipped with machinery invented to 
exploit some new way of treating peat than would be needed to do 
an equivalent amount of development with machinery that is already 
on the market and has proved satisfactory in actual manufacture of 
the product which it was designed to make. This statement is war-
ranted by the experience of many of the more aggressively advertised 
experiments i,.. peat_ development which have been made in America 
and Europe. These experiments have invariably taken much more 
money and time to bring to a state of completion than their inven-
tors anticipated; and some, after all have failed. 

Experimental Work in New Plants.-The past uncounted waste 
of time and money in this country in what is· called experimentation 
demands a brief notice. Experimentation has generally signified the 
random use of the whole or a part of a plant and its force of laborers 
for the purpose of testing some of the ideas of the man in charge or of 
some of his associates, in the hope that the process or machinery in use 
may be advantageously supplanted. The futility and waste lie more in 
the way in which the work is generally carried out than in the ideas 
themselves. Usually experimentation of this sort is attempted without 
the appliances for exact methods and without the originator having any 
clearly developed plans as to what is needed or how the work is to be con-
ducted; yet it calls for much energy and money, and in the end counts for 
nothing. If the same amount of work and funds were used to raise the 
efficiency of the working force and of the machinery already in use, much 
of the experimenting would be entirely unnecessary. Sometimes the men 
who propose the changes are entirely without experience and training, or 
have only elementary knowledge, and the work which they do is nearly 
all lost. It appears certain that the men who have come nearest to 
success or have had the greatest success in making peat fuel have done so 
by avoiding as much as possible the expense of the sort of experiments 
described. They have developed their plants to profitable production 
by learning in practice from day to day the peculiarities of the substance 
with which they worked and the conditions required for making the best 
product possible with the machinery and process which they had chosen. 

It must not be understood that properly controlled and carefully 
planned experiments may . not lead to valuable results in the making 
of products from peat, but in so far as this work is done by inexpe-
rienced and untrained men, and diverts time, money, energy, and work 
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needed to improve the commercial operation of the plant, it is a source 
of injury and positive loss, and may destroy what would otherwise be a 
profitable business. 

It may be said in closing this discussion that in the writer's judgment 
the adoption of untried machinery for peat manufacture should al-
ways be considered as a purely experimental or speculative investment, 
especially if only working plans and calculations are submitted as the 

· basis of the proposed plant. Only that machinery which has been 
actually used. and has shown what it will do under approximately com-
mercial conditions should be the basis of a factory from which it is 
necessary to get quick financial returns. 

PEAT AS FUEL. 

In Ireland, England, Denmark, Germany, and the other countries 
of Europe where peat is a common domestic fuel, the simplest and 
most ancient method of preparation is. still most commonly used. In 
Ireland, where nearly all the fuel consumed by the country people is 
peat, no other process of preparing it has ever been used to any apprecia-
ble extent. Within a few years, however, the Department of Agriculture 
and Technical Education has established several temporary experiment 
stations for the purpose of introducing to the people the treatment of 
peat and its manufacture into fuel by simple machinery, most of which 
is of German origin. 

CUT PBAT 

The preparation of cut peat and the equipment for making it are 
so simple that the owners of small peat deposits can easily make fuel 
for home consumption. On this account a somewhat detailed de-
scription of the methods of procedure is given here, although the product 
is such that prQbably it can have only a very limited use in the United 
States. 

After the surface of the part of the bog that is to be used is cleared, 
. it is drained to the nearest watercourse by a ditch of good size. In-
to this main ditch are led a number of smaller ditches of sufficient 
capacity to lower the general water level in the peat at least 2 or 3 feet. 

The part of the field to be worked is then chosen and more care-
fully cleared and leveled, so that its surface may be used as a drying 
ground. If this area is selected near the margin of the main ditch, 
it will be more easily and cheaply drained than if it is at a greater dis-
tance, because the water will already be lowered there, and the transverse 
ditches when dug will be as ·Short as possible. Such small transverse 
ditches on the drying ground are made about a foot wide and with 
enough slope to the bottom to carry off the water that collects in them; 
they are generally placed from 30 to 60 feet apart. 

If the bog cannot be drain~ cheaply by ditching, an opening 
U--0. B.18. 

.. 
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may be made near the place selected for beginning work. The water 
can be pumped from this opening from time to time as it accumulates 
and can be conducted away from the immediate vicinity of the hole 
.and the drying grounds. Ca.re should be ta.ken not to let water into 
such a hole by digging into the sands below the peat. 

The tools used for making cut peat in different European countries 
are somewhat different in size and shape, but they a.re always· of the 
simplest form and construction and differ only slightly from those 
used in ordinary ditching and digging. In Ireland, the most important 
special tool is the slane, a stout narrow spade having the length and 
width of the bricks to be cut. · It has a narrow sharp steel lug welded 
on one side of the point of the blade and at right angles thereto. Some 
types of spades used for peat cutting in Germany have two of these 
lugs, one in the middle of the blade and the other at one side, so that 
two bricks can be cut at once. The size of the bricks varies in diff ere.nt 
countries according to the purposes for which they are to be used, the 
moisture conditions under which they must be dried, and the density 
and structure of the peat. The usual range is from 8 or 10 to 18 
inches in length, and from 4 to 7 inches in width by 3 to 6 inches in 
thickness, when the bricks a.re freshly cut and wet. 

The men generally work in pairs, a digger and a tender. The turf 
is first removed from a strip at the end of the ground prepared for 
digging and the peat below dug out in the form of bricks of as nearly 
uniform size as possible, and placed to one side. The tender picks 
them up, loads them on a car or wheelbarrow, wheels them to the drying 
ground, and lays them out for drying. As soon as the peat has been 
removed from a depth tWiee ·the length of the spade, or, more often, 
to the depth of the ditch bottoms, a new cut is started, the digger work-
ing in the trench to make the horizontal cuts, which a.re the last ones 
to be made. The vertical cuts are made with .a stra.igh~ spade or spade-
like knife, the operator first making the wall cut at the length of' the 
block from the la,st cut. The cuts forming the sides of the blocks 
are then made the width of the block apart; the horizontal cuts are 
made from the trench, and determine the thickness of the block. 

If the peat is very thoroughly decomposed and structureless, the 
blocks may possibly' be cut with the long axes vertical, using the slane, 
but where stratification is well marked or the peat fibrous this way of. 
cutting ea.uses the blocks to be easily broken along the lines of bedding; 
hence in most cases the length of the block is cut parallel to· the planes. 
of bedding. ·The slane may be used to cut the bricks out after the 
first vertical cut is made along the wall, especially where the peat is 
dense enough to be cut easily. 

After the blocks a.re taken to the drying groood they are stood on 
edge, with narrow spaces between them, and allowed to dry ·and drain 
for some days; in some countries they a.re turned during this time. In 
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Ireland as soon as they are firm enough to be handled they are "footed," 
or stood on end, generally seven in a small circle and two others crossed 
on top of the group.. After a week or two, in good drying weather 
(or longer in bad weather), the blocks are "refooted" by turning them 
and combining two piles into one. In about four weeks they are ready 
to be removed and stacked. The bricks are piled in an open manner so 
that the air can circulate freely through the piles, and the peat is often 
left in these stacks until needed for use, the top being protected by a 
thatch or by a shed roof. If dried too rapidly, the product cracks and 
is brittle, and in this country stacking to check the drying may have to be 
resorted to in less than four weeks. 'In different countries the methods of 
piling the still moist peat blocks vary somewhat, but any open form 
that gives free access of the air to as much of the block as possible 
will serve. Where lumber is cheap, racks similar to those used in 
brickyards may be used to advantage for the preliminary drying and 
will hasten it by some weeks. 

Peat blocks of the sizes given weigh from about half a pound to a 
pound and a half when they are air-dry or contain from 15 to 30 per 
cent. of moisture. 

The cost of producing peat in this form varies with the cost of 
labor and the skill of the laborers who do the work. In Continental 
Europe, where this sort of work is usually paid by the piece, the men 
getting a fixed price per thousand bricks in each of the processes of 
digging, spreading, etc., the fuel is made at from 50 cents to about 
$1. 75 per ton of air-dry peat bricks. The efficiency and price of labor 
and the different ways of handling the product are the only apparent 
reasons why the price should greatly vary. Cutting and drying peat 
for fuel should be done as early in the season as possible, because the 
product dries much more quickly in spring and early summer than 
later, and when the gathering is put off till August the peat may not 
get thoroughly dry before winter. 

Cut peat is the poorest form of peat fuel, as it is bulky, friable, and 
burns up rapidly with considerable waste when thoroughly dry. In 
general, . this kind of fuel may be considered as unfitted for American 
fuel markets; its chief use, if any, will be in the homes of its producers. 
The dark-colored, thoroughly disintegrated peats make the best cut 
bricks and the light-brown, fibrous kinds thffpoorest, except for kindling. 

In some parts of Europe, however, cut peat is still used to a con-
siderable extent, even in the towns. Where it is made on a large scale 
machines are used to dig the peat, as these give the advantage of pro-
ducing large blocks quickly, even from undrained and undrainable bogs 
which could hardly be worked by hand. 

The essential part of such machines, which differ mainly in the 
details of construction and not in principle, is a series of three vertical 
iron or steel plates edged with steel knives. These plates are arranged 
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in the form of a bottomless box from which one side has been removed 
a.nd are supported and moved by simple machinery. The knives are 
forced into the peat to the desired depth by a strong rack and pinion 
operated by a crank turned by hand. The column of peat thus formed 
is cut off and supported .at the bottom by a horizontal knife that is 
forced across the bottom of the box f omied by the three vertical knife-
edged plates. The horizontal knife is operated by a powerful lever 
worked from the surface. The coli.J.mn of peat, held up by the hori-
zontal knife, is then raised by reversing the motion of the crank, and as 
it is brought above the surface it is cut into bricks with a spade, just as 
when cut by hand. 

Some machines of this type will cut peat to a depth of more than 
20 feet. They usually can be operated by two men; one raises and 
lowers the cutting apparatus and the other cuts up and loads the peat 
on barrows or cars, in which it is wheeled to the drying grounds. Where 
the peat is cut from considerable depths by large and heavy machines, 
three or four men may be needed to ·each machine. Peat-cutting ma-
chines of this sort are strongly built, but may be moved from point to 
point on the surface of the bog as digging progresses. The guide for 
the knife can be moved so that a trench several feet wide can be cut 
without changing the position of the whole machine. 

MACHINB PBAT 

The term "machine peat" following Germ.an practice, has so gen~ 
erally come into use to designate peat that after being dug has been 
treated to a process of grinding or macerating and pressiug before 
forming it into bricks that it is used here. Terms which are nearly 
or quite equivalent are press peat, pressed peat, condensed peat, machine-
f orm.ed peat, and wet-proeess peat, so-called in the United States to . 
distinguish it from briquetted peat, which is thoroughly dried before 
being Ion;ned into blocks by great pressure in a briquetting press. 

Cut peat as a fuel that is to be \lSed, or even produced, on any con-
siderable scale has well-marked defects, such as lack of uniformity, 
firmness, and density, small fuel value per unit of volume, and a high 
percentage of . water frequently found in it even after prolonged drying. 
These defects led to early ~fforts to work 'the raw material into a more 
compact and durable form which would dry more thoroughly and quickly 
and would be more dense and therefore easier to transport. By the 
effects of the mechanical treatment mentioned above, the plant re-
mains in the peat are reduced to a :fine pulp, and their water-retaining 
capacity is lowered considerably; hence peat that has been thoroughly 
ground and mixed dries more quickly and forms denser fuel than that 
untreated. Within limits the more thorough the grinding and pulping 
and the more quickly the drying take8 place, the more compact is the 
resulting.fuel and the better its quality. 
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In theory, at least, when peat has been thoroughly macerated, a 
block of it is soon covered by a thin coating of a colloidal or glue-like 
material, which becomes nearly waterproof on drying,· but which is 
sufficiently porous to allow moisture to pass through it from the inside 
of the brick. Possffily also this coating, when wet by rain, absorbs 
enough water to close up the minute openings which exist in the sur-
f ace when it is dry, and thus prevent further absorption. Hence after 
a heavy rain properly ground machine peat is nearly as dry as it was 
before, where&s cut peat takes in a large amount of water, and if the 
rain is prolonged may be much disintegrated. At the same time the 
contraction of the outer layers of the brick as they dry out exerts a 
certain pressure on the water contained in the interior, and thus prob-
ably forces it out toward the moister side, which in this case is always 
the one lying on the ground or on which the brick is supported. 

In considering the development and construction of a factory for 
making machine peat, the following processes must be provided for: 
Digging the peat, transportation to the machine, grinding, removal to 
the drying grounds or sheds, care during drying, and, usually, subse-
quent stacking and storage. If, as is often the case in Europe, the peat 
machine is placed on the bog at or· near the opening from which the 
peat is dug, the second process is eliminated, as the material may be 
dug and placed in the machine by one operation, either by hand, by a 
dredge bucket, or by a mechanical digger and elevator. Digging, 
macerating, and spreading form a continuous, automatic operation in 
the latest types of self-propelling, portable plants now being tested in 
America and Europe. 

Types of Machines. -The most recently devised and efficient 
form of this class of machines has a hopper for receiving the peat at 
the inlet end, doors in the outer easing, by which· all working parts can 
be easily reached, and a device for cutting the strand of peat pulp into 
bricks of uniform length as it issues from the orifice. In some models 
the vertical body is still retained, in others there is a combination of 
vertical and horizontal cylinders. In some machines the knives are 
separate from the screw flanges, but mounted on the same shaft with 
them; in others the flanges of the screw are sharpened and work against 
stationary knives set fast in the cast-iron walls of the cylinder; still 
others have both fixed and movable knives, the cutting edges of which 
work together like the blades of a scissors; a few models have been 
built and placed on the market, with two knife-armed shafts revolving 
in opposite directions. Many types of peat machines have been pat-
ented in the United States, but few of them have ever been really used, 
and most of them follow European models. 

European manufacturers make peat machines in all sizes. The 
smallest are run by the power furnished by a single horse, and with the 
help of a few men turn out 3 or more tons (air-dry weight) of peat 
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bricks per day. The largest must be equipped with powerful engines 
and acceesories and require the services of from 15 to 25 men and boys 
to dig the peat.and handle the 60,000 to 80,000 peat bricks, amounting 
when dry to 50 or more tons of fuel, made in a successful day's ·run. 

A few excellent models of peat machines are idvertised as manu-. 
factured in the United States; from among them all a form to meet 
almost every need can be found. In Ohio one type is made by the 
Commercial Artificial Fuel Co., 8 Marine Building, Toledo, Ohio, and 
another by the Buckeye Traction Ditcher Co., Findlay, Ohio. 

The principal types of European peat machines of modern con-
struction are fully described and illustrated in a recent publication of 
the Canada Deparroient of Mines• to which the reader is ref erred for 
further details. Reference to Bull. 16, U. S. Bureau of Mines, pp. 89-
100, and to the catalogues of the manufacturers in this country and 
Europe is also suggested. 

Advantages of a Compact Plant. -The advantages gained by 
confining all operations as closely as possible to the surface of the bog 
must not be overlooked. If grinding, handling, and drying operations 
a.re all kept as near as practicable to the place where excavating is going 
on and the finished product is all that is moved away, the waste, chiefly 
water, is left on the bog and the moving of the greater part thereof is 
avoided. 

In making plans for equipment it is clearly better to install a small 
complete plant, with only necessary buildings of cheap construction, 
than to equip inadeq~ately a large plant housed in expensive struc-
tures. It should be kept constantly in mind that the output of a well . 
arranged smi;ill plant can be practically doubled by duplicating a part 
of the machinery, but that a small output from a large machine, with 
too little power and too few accessories, can be obtained only at a con-
siderably greater cost per ton than from the more complete installation. 

Cost of Plant. -The investment neceBBary for equipping a plant 
for ma.king machine peat manifestly will be governed by the output of 
fuel contemplated, the ntimber, size, and kind of buildings which a.re 
projected, the amount of equipment to be provided for digging and 
transportation, and the method of drying--whether on the ground or 
on racks. If the plan of spreading on the ground be adopted, and the 
peat be formed into bricks by croBB marking the peat layer after it 
has been spread from movable troughs, much of the cost of tramways, 
cars, and pallets will be avoided. Although this plan is in use, it has 
not been fully described, and details will have to be worked out ex-
perimentally which will neceBSarily detract from its value when imme-
diate production must be assured. 

The following tables of costs have been furnished by manufacturers 
1Nystrom, E.1 Peat and ligm.·te; their manufacture and uses in Europe; Canada 

Department of Mmes, Mines Branen, 1008, 
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of peat :machinery. The estimated cost of peat-fuel plant, fully equipped 
with machinery made in the United States, the fuel to be dried in the airt 
and the average output to be 50 tons of finished product per day, will 
be from $20,000 to $251000, as follows: 

ESTIMATED CosT OJ!' PLANT POB A Boo THAT OAN Nar mi: DBA.ImllD. 

1 dipper dredge -------------------------------------------------- $5,000 
6 scows, at l250 each --------------------------------------------- 1,500 
1 scow excavator and elevator for unloading scows ----------------- 1,000 
1 factory building and power house-------------------------------- 2,000 
1 boiler (100 horsepower) and engine (75 horsepower) and installa-

tion _________ ------ __________________ ---------- __________ ---- 1,800 
1 heater, pump, and fittings--------------------------------------- 300 
1 peat machine and' accessories---------------------~--------------- 1,500 
Pallets, trucks, and railroad tracks from building to drying grounds 2,500 
Drying sheds and racks------------------------------------------- 3,000 
Storage bins and scales------------------------------------------- 2,500 
Miscellaneous machinery, tools, railway sidetracks, etc ----------- 1,000 
Blacksmith and carpenter shops, tools, etc ------------------------ 500 
Bog, 100 acres, at $20per acre------------------------------------- 2,000 

$24,600 

Such a plant could be increased to 100-tons daily capacity at a 
small additional outlay. 

For a bog that is or can be drained, and has a comparatively level 
bottom, the dredge could be replaced by a forward-end or side contin-
uous-bucket excavatior costing $3,500. 

Tracks and hopper-dump tram cars for this equipment would cost 
about the same as scows, and a pump and power to' run it would be 
needed to keep the excavation clear of water 

A plant with an esti.mated capacity of 25 tons of finished peat fuel 
per day will cost about one-third less than one of 50 tons capacity. 

A portable plant with estimated capacity of 20 tons of finished 
product per day can be installed for from $5,000 to $7,500. The peat 
machine, boiler, engine, and digging machinery for this size plant are 
all installed on a large, broad truck running on a portable wide-gauge 
track. - The costs are divided as follows: • 

1 truck ----------------------------------------------------------
120-ton peat machine --------------------------------------------
1 mechanical digger ____________ ----------------------- ___________ _ 
1 boiler and engine------------------------------------------------
Pallets, cars, and track-------------------------------------------
Miscellaneous tools and equipment--------------------------------
1 drainage pump and power ---------------------------------------

$1,000 
1,350 

250 
750 

1,500 
250 
250 

$5,350 
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These estimates are for maximum cost, and can doubtless be reduced 
in many ways by taking advantage of local conditions. Trackless 
self-propelling combined digging, macerating, and spreading machines, 
capacity from 20 to 75 tons per day, are estimated to cost from $5,000 
to $25,000 each. · 

Price of the Bog. - Still another factor to be taken into account 
is the price of the bog to be utilized. Little discussion has been given 
this matter because undrained peat land in the greater part of the United 
States is held at a very low price per acre, often merely a nominal value 
being placed upon it. The question may rise, however, as to the maxi-
mum figure per acre that could be paid for the bog if the peat was to be 
dug and manufactured into fuel or other commercial product. If the 
peat is of good quality and has an average depth of 5 feet, at least 1,000 
tons of air-dry peat fuel can presumably be made from each acre. Hence, 
if $50 per acre is paid, the cost of the raw material will be 5 cents per 
ton; to this must be added the interest charges on the unused portions 
of the bog. These charges may be entirely offset by clearing and 
using a part of the bog for growing certain kinds of crops, as is often 
done in Germany. Apparently, however, good or even high prices 
can always be paid for suitable and accessible bogs without imposing 
too large a charge for raw material upon the :finished product. 

Probable Output From a Small Plant. - During the season, 
froin the middle of March to the middle of October, a peat machine 
of 25 tons daily capacity should make at least 3,000 tons of finished, 
dry fuel in nearly any part of the United States, and in Ohio in favor-
able seasons the output might easily be 500 or 1,000 tons greater. 

Such a machine would be much easier to operate at its full capacity, 
and to provide with full accessory equipment, than one of double the 
output. Unless the market for the product is known exactly beforeha.nd, 
planning on a small rather than on a large scale is doubtless much better. 
The small, well planned, and thoroughly equipped plant can manifestly 
be more easily made successful from the outset than can a large and 
efficient machine, for which · necessary accessories are planned in ·the 
future, but which, for the present, must be made to run with poor and 
insuffiQent equipment. 

Cost of Manufacture. - It is generally stated by those who 
discuss the question that machine peat may be pr.epared for use at a cost 
not exceeding SI per ton. Doubtless this is possible, if only the actual 
cost of handling be considered, as in Europe, where the cheapest labor 
is used in the manufacture of peat; the expense for labor in its preparation 
is generally stated to be below 75 cents per ton. If, however, the reports 
of test runs and of carefully managed companies be examined, it will 
be found that, even in Europe, when the entire cost of production 
is reckoned and the proper charges for raw material, management, 
selling, maintenance, interest, etc., are made, the estimated expense 
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is often doubled. Hence i.t is not improbable that even under favor,.. 
able conditions the entire cost of making fuel by this method will be 
more than $1.50 per ton, and will often run as high as $2 or more if 
all the details of the business are not closely watched. In one instance 
in the United States, however, a report was made that the entire cost 
of digging by machinery, drying, and gathering was about 60 cents 
per ton of product, but the peat was not formed into bricks, but was 
spread and gathered by machinery. In another instance a cost of less 
than $1.50 per ton of dry fuel is reported where the peat was dug by 
hand. · 

SeWn:g Prices.-Eventually the real or supposed value of a product, 
the supply and demand, the cost of production and transportation, the 
competition of similar substances, and the extent to which it can be 
monopolized, are among the factors which settle its price in open market. 

At present it is difficult, if not impossible, to predict the prices 
that machine peat will command in the United States when once it 
is an established staple in the fuel market. The small quantity that 
has already been made and sold has been eagerly taken at high prices, 
often seemingly out of curiosity, but after trial more has been asked 
for, and no complaints have been made as to the price. A recent report 
from one of the larger cities stated that a dealer in fuel had asserted 
that he could sell a number of thousands of tons of air-dry peat bricks 
at $4.50 per ton if he could get them to sell. Five dollars per ton is 
frequently mentioned as the retail selling price, even in competition 
with cheap bituminous coal. In Canada the Department of Mines 
reported the demand for peat fuel in 1910 to greatly exceed the supply. 
That such a price will be maintained where the product is to be used 
for commercial boiler firing or for manufactUring purposes is hardly 
to be expected, but the wholesale selling price would probably fall to 
S3 per ton or below. If, however, the cost of production is kept down 
as it should be and the production of fuel is large enough, the last-
mentioned price offers a good percentage on the investment necessary 
to make the commodity. Where the manufacturer is so well placed 

. that he can utilize his men and tean:is during unfavorable weather 
and after the producing season is over by conducting a retail business, 
lie can command the highest price attainable in his market. This 
would apparently be good practice, as it would make feasible the employ-
ment of some of the men for the entire year. 

Artificial Drying.-A system of artificial drying is an ideal of those 
who have been working on the problem of the sure production of a large 
amount of peat fuel in a given time from a single plant. Even recently 
the statement has been made that no considerable quantity of peat 
fuel could be produced in North America unless artificial drying could 
be assured, and more than one attempt has been and doubtless will be 
made in the United States to develop plants so planned that the raw wet 
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peat as it is taken from the bog can be put in at one end of a series of 
ma.chines (Uld turned out at the other as a dry, marketable fuel, the 
process being continuous and ta.king but a few hours. 

The table following shows the weight of water that must be evapo-
rated from a ton of peat as its water content is lowered, by 10 per cent. 
stages, from 90 per cent. to 10 per cent. 

WEIGHT OF WATER EvAPOBATED FlloM A ToN OF PEAT AS ITS WATEB CoNTENT IS 
LoWERED, BY 10 PEB CENT. STAGES, FlloM 90 PEB CENT. T() 10. PER CENT. 

Water Resld11e Total Pereontap Total Watell 11Vaporated lett for D.lllOUUJI of of water In dry-pea\ content. f~ I'S.Ch 10 each 10 water peat. content. per cent. per cent. t•vaporated. redlretlon. reductloll. 

Pounds Pounds Pounds Pounds Pound!l 
90 200 1,800.0 ---------- 2,000.0 ----------
80 200 800.0 1,000.0 1,000.0 1,000.0 
70 200 466.7 333.3 666.7 1,333.3 
60 200 300.0 166.7 500.0 1,500.0 
50 200 200.0 100.0 400.0 1,600.0 
40 200 133.3 66.7 333.3 1,666.7 
30 200 85.7 47.6 285.7 1,714.3 
20 200 50.0 35.7 250.0 1,750.0 
10 200 22.2 27.8 222.2 1,777.8 

It will be seen from the above table that eight-ninths of the water 
in a ton of wet peat is evaporated in reducing the water from 90 per cent. 
to 50 per cent., whereas 1,000 pounds, or five-ninths of the whole, dis-
appears in reducing it from 90 per cent. to 80 per cent. 

It is manifest, also, that only 250 pounds of peat containing 20 per 
cent. of water will be left as the result of all the processes and labor by 
which a finished product is made from the ton of wet material. 

Peat that has been dried by exposure to the air until it contains 
less than 50 per cent. of moisture may possibly be dried for fuel, by 
artificial heat, on a commercial scale, to the air-dried state, by some of 
the simpler and more efficient types of driers used in other industries, 
because the certain and rapid completion of the drying at that stage 
may offset the cost of the fuel used and on the additional handling 
and plant required. 

It is less practicable to artificially dry peat with a high water con-
tent down to 50 or 60 per cent. moisture, because the much greater 
weight of water to be handled and. evaporated in proportion to the 
quantity of product. to be recovered requires much more heat than is 
needed to reduce the moisture from 50 per cent. to the air-dried ~ate. 
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In the eastern United States the amount of moisture in completely 
air-dried peat rarely exceeds 15 per dent. and may be as low as 6 or 8 
per cent.; it varies as the moisture in the air varies. 

From the facts given and also from the requirement that all costs 
in any system of artificial drying must be borne by the product, it is 
apparent that the problem of artificially drying peat is decidedly com-
plex and can be worked out only by those who have had special training 
and experience in designing and building drying machinery for similar 
purposes and fully appreciate the difficulties involved in this class 
of work. Any plan to be successfully incorporated in machinery for 
completely freeing freshly dug peat from its high percentage of water 
must provide for the utilization of large quantities of waste heat or of 
fuel that has no other economic uses. 

P.BA.T POWDBR 

There seems to be a much greater possibility of artificially drying 
peat in the form of powder or small fragments than as machine-formed 
bricks, because such material can be handled in much smaller space 
and more rapidly and cheaply than can the bricks. The small particles· 
also dry more quickly and are not injured by warping, cracking, or by 
becoming brittle. The peat will dry more rapidly if thoroughly macer-
ated before it is put into the dryer than if it is used as dug. 

Although the fundamental factors involved in drying peat by arti-
ficial heat are not much more favorable for producing peat powder 
than peat bricks, the possibility of making the continuous process a 
commercial success seems considerably greater for the powder than 
for the bricks. This opinion is held because the cost of equipment ean 
be made considerably less, heat can be applied more directly, and the 
expenses for handling the product in powdered form can be reduced 
materially at all stages after it leaves the peat machine. Moreover, 
the production of dry peat as powder can be assured at any season of 
the year, as freezing would scarcely injure it at any step of its prepa-
ration. In fact, the powdery condition induced in all types of peat by 
continued freezing and thawing would then be desirable and would 
naturally be adopted as one of the preliminary stages of the process. 

Because peat is readily reduced to a powdered form, has a larger 
percentage of volatile matter than coal, and burns with a hot flame, 
it is well adapted for use in powder burners. For this purpose the 
peat does not need to be crushed as fine as coal because of its more 
porous structure, which permits the penetration of air, thus insuring 
complete combustion. It also ignites at a lower temperature than coal. 

It is well known among users of fuel that various types of familiar 
materials are now burned as powder by the use of specially designed 
blast burners. Sawdust and powdered coal have been used for a number 
of years in burners of this type, and most satisfactory reports have been 
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made by the users. The claitla am made that the combustion with 
this f«111. ol firing is so oompletle that there is no black smoke from 
coal, that the e:ffieieacy of the fuel is increased, and that much less 
attention is r•red. th&D. when drying is done in the ordina.ry way. 
The use of powdered coal has passed beyond the experimental stage in 
Portlandi cement menufaeture and in firing boilers in Europe and the 
United States. Manufacturers of the improved forms of powder 
bUlOel8 elaim, for a given. type of coal, an in.crease of from 15 to 20 
petrcent. in efficiency over common grate firing, and facts seem to warrant 
the elaima. 

Suoh bUl'Ml'S can be regulated for automatic fuel feed, for furnish-
ing ihe pllOper emount of air, and for blowing the fuel into the fire 
box, where it burns almo$1i exactly like a gas. For further details the 
reader is referred to Bull. 16, U. S. Bureau of Mines, pp. 112-116, and 
to the work of Nystrom• and ltyan.1 

PB.AT BRIQUBTS 

Manifestly peat pc>wder eaa not be bumed economically in an ordi-
nary fire 'hox or stove, because it packs so that no air can get through 
it, or it faU.s through the· grates if stirred. Such fuel is also open to 
the objeciiona that a.re urged against other f orml,il of peat fuel, and is 
costly to transport as compared with .coal. To avoid these difficul-
ties the proposal bu been made to shape the· dry powder into briquets 
by tlte use Gf specially designed briquetting presses. In Europe, where 
peat ii ttOTnWMty used, and where for a considerable time lignite and 
poor gtades of coo.I have been put on the market in briquetted form, 
and hav~ found ready and constantly increasing sales, it is not sur-
prising that peat should have been briquetted at an early date. 

Propettia.-Peat, when briquetted, makes a most attractive type 
of fuel, as the briquets ·are uniform in size, may be of cylindrical, ovoid, 
prismatic, pillow, or other shape, and often have a highly glazed black 
surface. The briquets. are clean to handle; they are also compact 
and dense, so that they occupy less space, and are more easily trans-
porkd and stored than the same weight of the same peat could be if 
in any of the other forms described. They bum less rapidly than cut 
or maehi~ peat, and hence give less trouble in firing for power pro-
duction than do other kinds of peat fuel. 

It has been pointed out, however, that peat briquets are· likely to 
crack altd crumble ·when handled roughly, and to break down in the 
fire· into· a powder,. whereas maehine-peat bricks bum like a piece of 

sNystrom., ~;z Peat and lignitej their manufacture and uses in Europe, CBDada. 
Department; ol .nmes, Mines Branen, 1008, pp. 171-172. 

See also Canada. Department of Mines, Mines BrBDch, Bull. No. 4, 2d ed., 1910, 
pp. It and 3f to 44. 

sByu1 H., Reports upon the Irish Peat Industries, pt. 2; Econ. Proc. Royal 
Soc. Dublin, Vol. I, pt. 13, pp. 516, 520. · 
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good coal, or wood, without f a.lling apart. The briquets are also easily 
wet by rain, and are quickly disintegrated by exposure to storms; 
therefore they must be stored under cover and shipped by ra.ilin weather-
proof ca.rs. 

Methods of Manufacture. - In the parts of Europe where peat 
briquets are made the peat is cut or dug from the bog and iii allowed to 
dry in the air until the -water is reduced to abou~ 46 per cent. The peat 
is then powdered and dried artificially to about 15 per cent. moisture, 
after which it is briquetted or stored for future briquetting. 

The-Canadian method of drying peat on the surface of the bog in a 
thin layer and picking up the dry material at frequent intervals with a 
vacuum dust collector does away with most of the cost of drying and 
subsequent handling, so that after a brief e::r.poaure to artificial heat 
it can be satisfactorily briquetted. The prooess was primarily designed • 
by its inventors to produce at the lowest cost air-dried peat for making 
briquets. 

Types of Presses-The essential part of a plant for making peat 
briquets is the briquetting press. Such presses are of two general 
types-the open and the closed mold. In the open-mold type the dry 
peat powder is introduced into a straight tube, or mold, of. eirGuJa.r or 
other shaped cross section, and compressed by a tightly Btting pisten 
that exerts a pressure of from 18,000 to 30,000 pounds ·.pet' square inch. 
Sufficient resistance is offered by the frictimi of the peat on. tb.e sides of 
the tube to press it into a solid block or briquet, while at the same 
time the air is forced from the peat. With each stroke of. the piston 
-a new charge of peat ell.ters the mold and a finished briquet leaves 
the outlet end; the briquets already made act as a euahion and, in 
fact, form the bottom of the mold. The friction is sufficient in presses 
constructed on this principle to raise the temperature of the mass enough 
to release some of the tarry compounds of the peat, and these cover 
the sides of the briquets with a highly polished gla11e. A ohief objection 
to this form of press is said to be that the cen.stant .heating and f:rietion 

. produce great wear on the molds, and 1he .p1a1es :fOl>millg1hmn must be 
removed every few days and regroud, ao that after a comparatively 
short life they have to be ren~ed. 

The number of briquets that can be made with such .a maehbte 
manifestly depends upon the number of strokes of the plunger to the 
minute. For briquetting lignite, this may 'be as low as &o or as high 
as 130; thus the number of briquets made in a minute lies bfnween 
these limits. The output of peat briquets is usually about iro· a minute, 
because the peat powder is someti:mm blown from the mold if the press 
is run at greater speed. 

In briquetting presses of the closed-mold type various forms of 
rollers and plates, or plungers and wheels OI' plates, or even special 
forms of crown wheels, have been employed for the two halves or parts 
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of the molds. The advantage claimed for presses of this type is their 
greater rapidity a.nd durability, but mechanical difficulties are encount-
ered in getting sufficient pressure to make solid briquets aud in keeping 
the two halves of the mold in exact adjustment. This form of press 
is. sometimes used when a binder of pitch or other resinous or tarry 
matter is used to cement the particles of fuel together to make the 
briquets less breakable when handled or burned. 

European briquetting presses of the open-mold type are made in 
three sizes-a small size, turning out from 16.5 to 22 tons of finished 
briquets in 24 hours; a medium size, having a capacity of 33 to 44 tons 
in 24 hours; and a large size, which makes from 44 to 55 tons in 24 
hours. 

To produce a ton of peat briquets costs considerably more than to 
produce a ton of machine peat because of the greater power required, 
the artificial drying, and the additional expenses for stronger build-
ings and more complicated and powerful machinery. 

Cost of Plant.-European briquetting presses of 50 tons capacity in 
24 hours, which is the size most often considered, need engines of about 
100 horaepower, operated by high-pressure steam; in the best equipped 
European plants the steam is superheated to about 665° F. and the 
boile:r pressure is carried at about 150 pounds. The exhaust steam 
from the engines is used in the driers, at about 30 pounds pressure, 
·and is returned to the boilers after condensation under about the same 
pressure. 

A briquetting plant, fully equipped wi~ the best types of German 
machinery, including a drier, will cost two to three times as much as 
a plant for making cut and machinery peat, even if only a single press 
with a capacity of about 50 tons per day is contemplated. 

At least three distinct presses for briquetting peat have been in-
vented and tried on a factory scale in Canada. Two are of the closed-
mold type, .. although working· on very different principles; the third 
employs an opep. mold.~ The peat used for these plants was dried as 
much as possible on the· surface of the bog, but the final drying was 
done in specially designed rotary driers. 

The essential details of these plants have been described by Ny-
strom.• Of these plants only one was operated in 19081 and no figures 
as to. the cost of installation or of the production of the briquets are 
available. Two of them made a small output in 1910. Several forms 
of presses . of American construction for briquetting coal and lignite, 
and some designed for peat, have been developed and are on the_ mar-
ket, and probably these could be installed at somewhat lower cost 
than any which have been made abroad. It is doubtful, however, 
·whether a bcig can be purchased, proper buildings erected for housing 

•Nystrom, E., Peat and· lignite£ their manufacture and uses in Europe. Cada.na 
Department of Mines, Milles Branc.n, 1008, pp. 148-157. 
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the machinery and the finished briquets, and the necessary machinery 
bought· for digging, grinding, drying, and briquetting the peat for an 
output of about 50 tons of briquets each 24 hours for less than $60,000 
to $75,000, although estimates as low as $35,000 have been made based 
on untried machinery. 

The plan of drying the peat upon the surface of the bog and gath-
ering it as a dry powder with a small amount of water, because a part 
of the cost of preparing the peat for briquetti,ng is thus eliminated, 
should reduce the primary cost of the plant by a certain amount. It 
is questionable, however, whether the cost of collecting machines and 
their installation would not be almost as great as that of the rotary 
driers which they would in part displace. Their operation by electric 
power might prove to be nearly as expensive as that of steam driers 
utilizing waste steam. 

The operation of the briquetting part of a plant during the winter 
could be made possible by operating a number of the collecting ma-
chines during the favorable months of the drying season and storing 
in stock piles or storage bins the excess of dry peat as it was taken 
from the surface of the bog. If storage under coyer were adopted, 
the construction of the necessary buildings would be an added charge. 

The following statement, which shows the cost of a briquetting 
plant with an estimated output of 50 tons of peat briquets per day, 
is quoted from an estimate furnished by Mr. F. H. Mason,• when United 
States consul general in Berlin, Germany: 

:Suil~ings ________________________________________________________ $14,280 

l\laehinery -----------------------------------------------------~ 17,850 
Steam engines and fixtures--------------------------------------- 3,570 
Tramways --------------- __ . ------- ______________ --------------- 3,570 

$39,270 

These figures are approximate only and will have to be considerably 
modified to meet present conditions. 

Comparative Fuel Efficiency.-Naturally, , the inquiry will be 
made whether the added expense of equipment and the greater cost of 
making .peat briqueta is justified by a corresponding increase in the 
efficiency of the fuel. Seemingly it is not, because of the cost of pro-
duction is at least one-third greater than for machine peat, whereas, 
according to Nystrom,• the heating value is increased only about 15 
per cent. Actual analyses of peat from the same deposit at Black 
Lake, N. Y., and prepared in different ways, are given below. The 
samples were taken at random from considerable quantities of similar 

11\lason, F. H., Special Consular Reports, Vol. XXVI, 1903, p. 81. 
. 1Nystrom, E., Peat and lignite. Canada Department of l\lmes, l\lines :Branch, 
1908, pp. 147-149. 
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material which had been given identical treatment, but possibly gathered 
at different times; that is, the samples were not prepared especially 
for these analyses. 

ANALYSES OF PEAT ro SHOW THE EFFEC'1' OF MET:e:oo OF P:ul'.A.MTION ON HEATING 
VALUE OJI' A GIVEN Pl:&T. 

Lab. Mola- VolaW.e Fixed Bul- Heating Yalue. 
No. Character of tuel. ture. oom- carbon. Ash. phur. bustlble. Calorie& B. t. u.. 

6436 Raw peat: 
Air-dried _____ 8.68 50.92 23.79 16.61 0.99 4,179 7,522 

Moisture-free • _ ,.. ______ 55.77 26.04 18.19 1.08 4,576 8,237 
6394 Machine peat: 

Air-dried ------ 9.33 49.85 23.35 17.47 .89 4,055 7,299 
Moisture-free __ ---·---- 54.97 'la.77 19.26 .98 4,472. 8,050 

6392 Dry powder before 
briquetting: 

Air-dried ______ 7.37 52.03 22.74 17.86 .96 4,102 7,384 
Moisture-free __ ------- 56.17 24.53. 19.30 1.03 4,428 7,971 

6395 Briquetted II.team-
dried peat ------

Air-dried _____ 8.00 52.19 22.44 17.37 1.16 4,193 7,547 
Moisture-Cree _ _____ ..,_ 56.73 24.39 18.88 1.27 4,557 8,203 

Average heating.value or dry peat, 8,115 B. t. u. 

This table indicates that the dift'erences in the number of heat 
units obtained from the different samples are slight, and it is difficult 
to see that any appreciable change has been made by the various kinds 
of treatment. Equal variations might occur in the same number of 
samples of peat collected from a single stratum at the same time but 
analyzed separately. Therefore, except for the greater compactness 
and hardness obtained, there is no justification for incurring the cost of 
briquetting. However, a larger series of more carefully collected 
samples may show greater variation than is here indicated; or if drying 
or briquetting at high temperatures is adopted so that some of the 
lighter volatile combustibles are driven from the peat, a somewhat 
higher thermal value may be ·obtained. Clearly, however, briquetting 
as a rule increases the number of heat units per unit of volume and not 
per unit of weight;. that is, the peat is made more compact, so that 
it can be transported and stored in smaller space and burned in smaller 
fire boxes than if prepared in other ways. Whether the advantages 
thus obtained are sufficient to justify the additional costs of building a 
plant and of making the briquets on a commercial scale must be demon-
strated by actual operations. 

E1ec:tric Processes for Drying Peat.-The fundamental plan of 
electric processes for drying peat is to pass electric currents, either 
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direct or alternating, through the wet peat, with the idea of liberating 
the ·water by breaking up the cells an<:\ fibers of the vegetable remains 
in the peat. The most thoroughly advertised of these processes was · 
one developed in England and embodied in two plants, one at Kilberry, 

· near Athy, in the county of Kildare, Ireland, and the other near Eawn 
Rapids, Mich.. Although both of these plants were well supported by 
capital and equipped with unusual thoroughness, neither was successful. 

Wet Carboniiation.-In 1904 and the following years Dr. M. Eken-
berg, of London, England, conducted a lengthy series of experiments 
on what has been called the "wet carbonization" of peat. As the term 
indicates, the wet peat is subjected to temperatures slightly above 300° F. 
(150°-155° C.), which drive off a part of the lighter hydrocarbons if the 
heated mass be kept at ordinary pressure. During the heating, how-
ever.,, a pressure of about 150 p0unds to the square inch is maintained 
by the pump which forces the wet peat into the carbonizing apparatus, 
so that the process really consists of superheating wet peat in a closed 
receptacle under pressure of about 10 atmospheres. Such pressure is 
quite enough to prevent any steam from forming at the temperature 
at which heating is carried on, so that there is no loss of heat units 
from this source and no volatilization of the hydrocarbon compounds 

· of the peat. 
The peat becomes blackened, loses its structural peculiarities, 

becomes fine-grained, and, it is stated, readily gives up under moderate 
pressure a considerably larger percentage of water . than untreated 
peat. It is reported that a form of coking takes place, the extent of 
which is governed by the temperature used during the treatment, the 
use of higher temperatures giving more complete carbonization. If 
this is true, as the blackening of the peat would indicate, apparently 
the matter driven off must be absorbed either by the peat itself or 
by the water which it contains, as no gases are developed during the 
process. It is evident, however, that at the temperature reported 
(300° F.) the process of coking is not carried very far, because only 
at considerably higher temperatures are volatile carbonaceous matters 
driven off by dry distillation. 

The exact nature of the changes that take place is immaterial to 
this discussion, however, since the important fact is that a. definite 
change is effected by the treatment which makes possible the quick 
drying of the peat by artificial heat and pressure. From available 
reports the process, when it is fully developed, will seemingly be com-
mercially useful and will enable those who adopt it not only to extend the 
sea.son of operations to early winter, but to produce very hard, heavy, 
and black briquets closely resembling coal in appearance and, volume 
for' volume, having about the same fuel value as bituminous coal of 
ordinary grades. 

Cost of Brlquets by This Process.-The cost of manufacture, 
11-0. B. It. 
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including all charges for digging and grinding the peat and transporting 
it to the factory,· and fon carbonizing, drying, and briquetting, interast, 
depreciation, a.nd administration, is estimated, from the results obtained 
at the experimental pla.nt in Sweden, to be $2 to $2.25 a ton of finished 
briquets. The smaller cost is estimated for an output of 20,000 to 
30,000 tons in a year of about 200 working days. The English company 
owning the patents covering the processes and machinery estimates 
that the briquets can be made in a factory turning out 1,000 tons of 
briquets a day, under European labor conditions, for a.bout $1.50 .a 
ton, after. machinery now being experimented with shall have been 
fully perfected. 

The cost of a plant fully equipped with briquetting presses, carbon-
izers, a.nd all other accessories js estimated by the inventor at about 
$160,000; or, if production is to be 30,000 tons of briquets a year, at 
about $225,000, at Europea.n prices for machinery, structural work, 
and labor.-

Claims of lnventor.-The inventor claims for this method of 
treatment that- · 

(1) The manufacture is independent of weather conditions. 
(2) ';l'he work -can be carried on equally well night and day. 
(3) Undrained bogs can be worked without.difficulty. 
(4) All the processes of treatment may be completed and the bri-

quets made in two hour8 after the· peat is dug. · 
(5) The fuel produced· is always ~f the same quality. The water 

content may be as· low as desired. 
(6) The number of men required for a plant with an output of 

100 tons a day is small compared with that needed for the same out-
put of machine peat~ as only from 18 to 24 men are needed, chiefly to 
watch and care for the machinery. 

(7) Since the process is continuous and-may be carried on inde-
pendent of weather conditions, an. abundant supply of labor can be 
had without difficulty, because the men will be assured steady work. 

Prospective Value of ProcesS.-The various unbiased reports. 
which have been made concerning this way of treating peat lead to the 
conclusion that it is one of the most promising that has yet been dis-
covered, and if the treatment and machinery are not too costly it may 
yet become the basis of a successful continuous process, peat-drying, 
and briquetting industry. No reports have yet appeared, however, 
showing that the method has been applied in a successful commercial 
plant, and for that reason the process must still be considered as experi-
mental, some of the. important details needing development and e1p.-
b0rument in machinery. 
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n.. Zleal- Put-Cokiag Pl'QGS88;.-J:n the la.at decade of the 
ni11•eeeitia cemuq &.: :method. <» ookiDg peat in retorts lrllS worked out 
&DlliLpatented by Dr. Martin Ziegler, a Gwman chemist- and inventor. 
Ill\ this Il!l8tb.o4 the peroum.eBt gflllll& derived from the dry distHlation 
oi:DIM~are ·used fer-h~, the retorts in which the coking. is done, a.nd 
f., eta operations. aboutr . th& plant. The system also provides for 
tlMMIM efi 'he same retorts<1}0Btiiauously, ·8.lld f 01 tacueoovery in a JD08t 
~ way of all ma.rketable chemieal compounds. as by-produets. 
Three pla.nts of commercial me using this system ha.v• been erected in 
~; the first at Oldenburg, Germany, the second at Redkino, 
~.by the Russian Gnvemment in 1901, and the third at Beuer-
beqn,Ba.varia,.iD.1984... The Jas.t...named plant embodies many improve-
:ruat.s,.aadat the.time of its coo.swctitm we& the most.complete eata.blish-
IWtat, f~. makiug coke and by .. products from peat. that had then been 
de:'v:eloped. Each of these pla.D.is is built on the unit system, each wrlt 
~of tlllO venical retorts about.40 feet .. high ·and elliptical hi 
cross section. The lower half of each retort is of fire. brick and the upper 
iuµf of. cast iron, covered with thin fire bricks, and the· two ha.Ives are 
ineloted in a fire-brick shell.. Between the . two shells are horizontal 
fire flues. The whole structure is .inclosed by a covering of common 
briek. to p1event loss. of heat· through ra.c:liation. The retorts rest on· a 
cast-iron base a.ad taper down to hoppers, ea.ch with two openings, 
closed by air .. tigti.t doors, through which the. peat coke can be removed 
as.,often as desired. In practice the coke is drawn off once an hour into 

· iron cars with air-tight covers and is kept in the cars till cool. The 
tops of the retorts have heavy cast-iron doors, to which are attached 
feed boxes with g,.as4ight covers, opening, inward. By this provision 
new: fuel can, be, introduced whenever necessary without interfering 
with the operation of the retorts, so th.at coking is continuous. The 
velatile matter is drawn off through pipes in the upper half of the retorts 
by Blllltion fans and led. to condensing· chambers; there it gives up a 
put.d iti heat to concentrate solutions and dry some of the by-products, 
th•t&l.and tar water being,r6Ql.ov~d by condensation. The uncondensed 
gases are returned to the combustion chambers to serve as fuel. 

The hot g~. from the fires; having a. tempera.tu.re of more than 
1,800° F~ (1,000° C.), are drawn through the fire-brick flues in the 
wa.D& inclosing the retorts, and thence to a main flue coruiooted both 
with- ~&,chambers, in which the drying of the peat bricks is com-
plead,.a.ad with the chimney. 

Besides the retorts in which the peat is thoroughly coked at the 
Beu.erberg·plant, each pair of these is directly connected with a circular 
r..a feat· maMna· half. coke ·or "semicolle;" from lew grades oi peat 
ht! ~the heat of. the waste colU:bustion gases fmm the coking re-
torts. These gases, .beeMtSe the1 ·MY9' ne free .. ~e;. and hence can 
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not set fire to the peat, are conducted from the collecting flue of the 
coking retorts directly into the half coke ovens, and are hot enough to 
thoroughly carbonize the peat without driving oft' all of the tarry. com-
pounds. The resulting product is not as hard and firm as the peat 
coke, and is lower in carbon and richer in hydrogen, but it makes excel-· 
lent fuel for heating, as it burns with a long bright fla.me. 1 The -Ziegler 
plant at Redkino, Russia, is reported to have manufactured this pro-· 
duct for fuel for locomotives on \he railwfl.ys of the country, and l pound 
of it is said to have evaporated 6.63 pounds of water in a stationary 
boiler and 5.76 pounds in a locomotive-boiler.~ 

Recovery of By-Producis.~A good quality of coke can be made 
from dense, thoroughly decomposed peat that has been machined and 
air-dried, but the coke must be manufactured under favorable conditions· 
of market and on a large scale, and, if the best financial returns are -
expected,. the coking must be accompanied by the recovery and profitable · 
sale of the chemical by-products and the utilization of the non-con- · 
den.sible gases as fuel for heating the retorts and for drying the peat · 
preliminary to coking. 

By such treatment there can be obtained from peat the following 
useful substances, of which a more detailed account is given in Bull. 
16, pp. 130-138. . 

· (1) Coke, or charcoal, the non-volatile part of the peat, consisting 
of the fixed carbon and the ash or incombustible mineral solids. 

(2) Tar, a mixture of the more readily condensed hydrocarbon 
. compounds formed by the destruction of the complex organic sub-

stances in the peat. 
(3) Tar water, or, as it is sometimes called, gas water, a solution of 

a number of the lighter, less easily condensed organic compounds in· 
the water originally present in the peat or formed by the decomposition 
of original hydrogen compounds. 

(4) Fixed gases, a considerable part of the volatile matter given oft' 
by peat heated in a retort, which before purification form a mixture . 
of elementary and compound gases, some of which are combustible. 
The yield of gas varies considerably for,dift'erent kinds of peat, the 
less decomposed giving the largest quantity and poorest quality. 

That peat coke would find a ready market. in this country in the 
regions where iron ores are mined seems probable, ·however, a8 it could· 
be profitably used there to produce high.;.grade charcoal iron. The . 
manufacture of such iron is now carried on m ·northern Mi9hlgan 
and the adjacent regions at a great cost for the ha?dwood lumber that 

•Nystrom, E.1 Peat and lignite~ their manufacture and uses in Edrope. Canada 
Department of Mines, Mines Branen, 1008, pp. 181~183. . · 

•After running for some montha with seeming success, tho Beuerberg plant closed. 
and has not been o~rated since. .Among !he reasoDB given for the failure of the 
plant was the great dilftculty, except at pi'ohibitive cost, or drying the large quantity 
of machine peat brim before they were placed in the retort.a. 
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is converted into charcoal, although in the same territory, and especially 
in Minnesota, there are extensive beds of peat that have never been 
used for any purpose. There should also be a good market for the 

-product as fuel in large cities and in parts of the country where anthra-
·cite is high-priced or unobtainable. 

Systems for making peat coke have been advertised as originating 
in the United States, but so f~ as can be learned only one of them has 

·yet actually been embodied in a working plant. A plant for making 
: peat coke has been reported in operation in southern California, but no 
account of it has been received and no report. can be made as to its 
operationa. In fact, so far as is known at this writing, the Ziegler 
system· is the only peat-coking system so far worked out in a full-sized 
:Plant that has operated successfully from a financial point of view, 
except that at Elizabethfehn, Germany, designed by Dr. W. Wielandt, 
of which no detailed description has been received. 

Peat coke should be produced in the United States by a plant 
-~quipped for the recovery of by-products and handling 100 tons of 
"air-dried machine peat per day, at a cost of from $3 to $3.50 per ton 
,of coke, if the by-products are sold at current rates. Included in 
"this estimate are fair charges for digging and air-drying the peat, for 
machinery, and for all other charges that should be borne by the plant . 

. The price at which the coke can be sold.will probably vary, accord-
ing to the quality of the coke, the locality in which it is made, the purposes 
for which it is to be used, etc., but it should about equal that of charcoal, 
or S6 to $12 or more per ton. As the price of charcoal Will continue 
to advance with the exhaustion of the available wood supply, there 
is a good prospect for an equivalent increa.Se in th.e probable price of 
peat coke, because peat coke can be used 'not simply as a substitute 
for charcoal but, if of the best grade, as a superior article. 

The experience gained by those who have- attempted to make peat 
coke in Europe points clearly to the fact that the operation is not com-
mercially successful unless the peat is of the best quality and the coking 
is conducted in such a way as to utilize the heat of the gases from the 
retOrts for various purposes throughout the plant. If the coking is 
.to be profitable the condensible distillates should be saved and made -
into a series of salable chemical by-products 

The amount of capital needed for developing a proper plant for 
making peat coke is so large that the investment is scarcely justified 
unless a preliminary attempt is made -not only to find a market for 
the coke, but to learn where, in what quantities, and at what prices 
the by-products can be sold and, if possible, to have at least a part of 
the output sold conditionally. 
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A few years . ..., it WBS.p!!edicted,.tB&t<IWith tbe . .r,..id iatreduW.ion 
ef improvements in lightillg by tieotrioib' .~ use ef .- for. ilJemiut- · 
ing purposes would decrease. AllDCillit :at .;he .same .a..e, ho.vewr, 
came entirely new forms of ~gas burners, in which the light is derived 
from the incandesce:ace of ,the .oxides .if certain rare metals, innead 
of from that of the ca1bon,particies in the flame itself. In these burn-
ers the gas is completely bumed and the oxides, in the form of a j>Q?AU8 
mantle, are in.temlely heated. Mllch less.gas is used than with the-01d 
patterns of burners, and much more light is obt&ined. In addition.the 
cost of gas was decreesed by improved methods of manufacture, so that 
the price .of ,gaslight, for the 'C&Ddle power obtainable, beoame much 
cheaper thm ever before. 

Accompanying the improvements by which gas could be furnished 
to the consumer at lower prices came also the invention and pqpular-
izing of correctly designed burners, stoves, gas engines, and .Other ap-
paratus f~r using p.s as a domesticl'uel and for the genei:ation of tJ'l)'Wer •. 
The convenience, cleanliness, and efficiency of the fuel more than O'ftaet 
its somewhat greater cost for these uses as compared with wood 
or coal at the prices that those fuels bring in mal).y localities. 

·Excellent illnminati:Qg,..gas ~be prepared from peat by distilling 
it in cast-iron retorts heated from the outside. To secure satisfactory 
commercial results, however, the retorts,for making a . .given quantity 
of .gas must be ~er for peat than for coal, and the outlet ,pj.pes must 
be of larger diameter becauae the peat .gives off large quantities .of~ 
quickly; the condaising ~pparatus also .must be mare. efficient •th.an 
that required for coal gas, because of the greater proportion of .watery 
and tarry products. 

The distillation of peat for illuminating-gas manufacture must 'be 
carried on at a ·red heat, or higher, in order to decompose the ·heavier 
hydrocarbons into permanent gases that will furnish substances to 
brighten the flame when the gas is burned. To maintain this high 
temperature, the fire boxes of the retorts must be larger than for making 
gas from coal, and more fuel must .be burned to· continue the necessary 
decomposition of the tsrs. 

If distillation is csrried on 'At tempemtures that 'are too ·low, ·'the 
gas contains imreh e8'bon ffioxitle and gives a e6torless 'flame "wli.en 
burned i the perce.l'.l:tage of mbon 1lioxide may :reach 25 to !30 per 'Cent. 
and even more if the peat usett is not thoroughly dry when tt is put 
into the retort. The evaporation of the water present lowers the 
temperature of the gases formed so much that the carbon dioxide de-
veloped is not decomposed. 
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W'.ATBR GA& 

In recent years a type Qf gas known as water gas and enriched or 
carburetted water gas has been used extensively for illuminating pur-
poses. This gas is obtained by bringing steam into contact with in-
candescent carbon in the form of coke. The steam is decomposed 
and its oxygen unites with the carbon to form carbon monoxide, leaving 
the hydrogen free. The mixture of carbon monoxide and hydrogen 
burns with an intensely hot but slightly luminous flame. To give this 
gas, which is nearly identical with the gas from some forms of gas pro-
ducers, illuminating elements, the heaVier hydrocarbons are added to it. 
A common method of enriching water gas is by injecting naphtha or 
gasoline into it. The enriched gas gives a bright flame of good candle 

·power. It is the type of illuminating gas supplied in many cities of the 
United States, as it can be made at much less cost than that obtained 
by the destructive distillation of coal. Peat, although used to make 
producer gas, does not seem to have been tested for making the car-
buretted water gas, but such use is evidently possible. 

Gas is now much 1lsed as a source of heat for power and other pur- · 
poses, and is rapidly growing in favor for such uses, because of its high 
efficiency, cleanliness, and the ease and cheapness with which it is 
handled. 

It is apparent from what has already been said regarding the quality 
and quantity of gas to be had as a by-product of peat distillation or 
of coking operations that the subject should prove attractive to the 
engineer seeking a cheap and unutilized fuel as a source of power and 
fuel gas. Moreover, it is known, from the unqualified statements 
of trustworthy, unprejudiced, and competent observers, that peat is 
being given a thorough trial for power-gas production in several European 
countries where there is an increasing need for fuel for manufacturing 
industries. In Sweden, Russia, Ireland and Germany this use has 
passed to the commercial stage of development. 

PRODUCER. GAS. 

The generation of gas for burning under boilers and for direct use 
in gas engines places few of the limitations on the process or the gas 
that are inherent in the manufacture of gas for lighting. The . main 
object is to get as much as possible of the heat energy from the original 
fuel in the form of inflammable gas, yield and uniform composition 
being more important than the thermal value to the unit of volume 
or the proportion of inert gas present. For these reasons the use of 
retorts has been abandoned as too costly for manufacturing gas for 
fuel and power purposes. In their place have been substituted gas 



184 

producers in which the fuel elements of the combustibles, the carbon, 
both fixed and volatile, and; the hydrogen are all used, the entire body 
of ·fuel being converted into permanent ,gas and ashes The process 
of making gas in a gas producer differs from that of making illumi-
nating gas in that a part of the fuel is burned inside of the producer to 
furnish the heat necessary for gasification and in that no fixed carbon 
or coke remains. 

Used in this way there is a loss of fuel to the extent that heat units 
are required to bring about the chemical changes necessary to reduce 
the solid compounds of the fuel to permanent gases that have the power 

· of combining with the oxygen of the air and thus developing heat. 
In the gasification of fuel in retorts the loss of heat units is even 
gieater than in the gas producer. 

The gas producer differs from a common furnace in that less oxygen 
is admitted to the ·combustion chamber and the fuel bed is thicker. 
In an ordinary furnace the effort is made to have the fuel elements 
take up all of the oxygen possible, and air is furnished in excess of 
the supply needed for complete combustion in order that the energy 
of the fuel may be converted rapidly into heat. In the gas producer 
only sufficient oxygen is supplied to completely satisfy enough of the 
carbon and hydrogen units of the fuel to convert the rest of it into 
permanent gases; in other words, in the gas producer the combustion 
of the greater part of the fuel is incomplete. 

Producer gas, therefore, is obtained by gradually converting solid 
fuel to the gaseous state by the heat given off from the complete com-
bustion of a part of the fuel. The character and composition of the 
resulting gas is quite variable, according to the kind of fuel and the type ' 
of gas producer used. 

The simplest form of gas producer for power-gas generation is a 
vertical cylinder of iron or masonry, lined with fire brick, having a 
grate near the bottom, an opening in the top for charging fuel, a smaller 
opening near the top for the outlet of the gas, and one near the bottom 
for the admission of air. Openings are also provided at various heights 
on the sides, through which the interior may be reached for poking 
the fuel bed, inspecting and cleaning the interior, making repairs, 
and removing ashes. To prevent the entrance of air except through the 
proper openings, which are covered by gas-tight doors, the bottom of the 
producer is placed in a shallow tank of water, into which the ashes 
and refuse fall, and the charging opening is generaJ).y a small chamber, 
guarded by gas-tight doors at the bottom and top, which prevents 
the escape of the gas and the ingress of air while the producer is being 
recharged. 1 

1For a more complete discUll8ion of gas producers, and the theory of the forma-
tion of gas in gas producers, see Bull. 7, Bureau of Mines, 1911, and Bull. 16, pp. 
145·160. 
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The commercial use of peat in gas producers as a source of both 
fuel and power gas seems to be successful jn Germany and Sweden, 
fuel gas made from peat having for many years been in use in metal-
lurgical operations, in brick and glass making, and in lime burning. 

Gas producers for making power gas from peat are now advertised 
by several manufacturers of gas engines in Europe, and, as has been 
previously noted, there seems to be no reasonable doubt that such 
producers are in successful commercial operations in the countries 
mentioned. New plants for utilizing this fuel are annually added 
to those already at work, and in 1912 it was reported that large electric 

.- power plants using peat for fuel in gas producers were running in Sweden, 
Germauy, Italy, and England, Ireland and Russia.' 

GBNBRAL CONCLUSIONS ON PBAT FtJBL. 

Fuel Value.-The fuel value of peat as compared with that of 
coal and wood for firing boilers, furnaces, and stoves has already been 
discussed at length. The facts presented would seem to demonstrate 
that although plainly inferior to the best coal in the number of heat 
units yielded per pound consumed, nevertheless, if prepared in the 
ways commonly used in Europe peat fuel presents so many desirable 
qualities, such as freedom from smoke, cleanliness in handling, small 
ash content, coinpletely and easily controlled combustion, and pros-
pective low price, that there should be a good field for its introduction 
for manufacturing and domestic uses in those parts of Ohio where 
peat naturally occurs in abundance. 

Utilization of Deposits.-There are many small bogs in the peat-
bearing regions of the State which, although too small to warrant the 
establishment of large plants for the production of fuel, could be utilized 
to furnish machine peat enough for boiler fuel for a single small factory 
for many years. They might also furnish the power to pump water and 
generate electricity for a small community for an equal length of time. 

The principal matter to be borne in Inind in preparing to exploit a 
peat deposit in such a way is that the simplest equipment which ..has 
proved it can yield the desired quantity of usable or salable fu~l is 
the one most likely to give satisfactory returns either in fuel or money. 
Every added process of treatment beyond that which is necessary to 
put the peat into usable form for a specific purpose adds many times 
to the first cost of equtpment and to the practical difficulties of mak-

'See also Bull. 4, Bureau of Mines,1910, 27 pp. 
Kerr, W. A., Peat and its products, 1905, pp. 74-84. 
Wyer, S.S., Producer gas and gas producers, 2d ed., 1907, p. 229 ff. 
U. S. Geol. Survey, Bulls. Nos. 290 and 332; Prof. Paper No. 48. See also Bulls. 

Nos. 7, 9, and 13, Bureau of Mines. 
Nystrom, E., Peat and lignite; their manufacture and use in Europe. Canada 

Department of Mines, Mines Branch, 1908, p. 2Zl ff. 
Ryan, Hugh, Reports upon the Irish peat industries, pt.2; Econ. Proc. Roy. 

Soc., Dublin, Vol. I, pt. 13, pp. 524-526. 
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ing a product that can be sold for enough to pay the cost of prepa-
ration and of putting it on the market at a profit. 

Producer Gas Plants.-The present state of knowledge seems 
strongly to indicate that large ·peat deposits can be most profitably 
utilized, and the largest percentage of the stored-up energy in them 
recovered as power, by converting the peat into producer gas and using 
this gas in properly designed gas engines. The power may be used by 
factories operated on the spot, or as electric energy may be used at ·a 
distance. Large plants, by using by-product gas producers and thus at 
least recovering as ammoD.ium sulphate the ammonia that is formed dur-. 
ing the destructive distillation of the peat, may be able from sales of 
the sulphate to pay a part of the expenses of the whole operation The 
by-products process, however, may not be feasible for gas-producer 
plants of small size, because the cost of installation, maintenance, and 
supervision are proportionately higher for small than for large plants, 
and the quantity of by-products obtainable from a small gas producer 
is not sufficient to keep a recovery plant in operation continuously. 

· Even without any by-products the use of producer gas presents so 
many. advantages that ·wherever peat beds are to be used as sources 
of fuel for power installations of more than 100 horsepower, the possibili-
t=es of a producer gas plant should be given serious consideration. 

The producer gas plant may also be readily adapted to metallurgi-
cal work, to firing kilns for brick, porcelain, lime, and probably for 
cement manufacturing. It might have a large use in roasting ores 
and, in a smaller way, in foundries and other iron-working plants, 
and in reheating and refining steel, copper, and other metals when 
fuel free from sulphur is required. 

Even for boiler plants that could use peat fu~l, a gas producer would 
be a most desirable adjunct, as it would permit the use of peat less care-
fully prepared and containing more water, and the economy would be 
greater than in any other way of firing: 

Peat Powder.-Next to the producer gas, peat powder is the most 
attractive form of fuel for firing boiler furnaces, for operating kilns of 
various sorts, and for the metallurgical operations mentioned. This 
form of peat fuel has not yet been so generally used in Europe as has 
producer gas, and not as much has been demonstrated commercially 
in regard to its value. The -most recent re~orts are very favorable 
and indicate that peat powder can be cheaply produced and is as good 
fuel for boiler firing when properly prepared and fired as the same weight 
of good English coal. 

Domestic Uses.-Tbe steadiest and, in the aggregate, the greatest 
demand for peat fuel may be expected to come from small consumers 
who.want a clean, easily handled, and cheap fuel that gives out a steady 
heat and yet responds guickly to changes of draft when burned in 
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,c:ll'diMry he'S.ting aml ·cookmg moves. Doubtless in t1tis "Way, as a 
~ and a1tt1h'ry fuel, lnucli; of-the peat "that is"gat'Ml'ed for 
~l "frill 'be mied. 

'Peat Cdb.-Feat coke is the ·m<Mt elicient 'Sritid fuel derived 
f1rmn peat, but its ~ ~ost of ptepamtion i,;iD doubtle3s littlit its use 
even more than that of '6har~l is ll'OW limited. Its value "h>r ull uses 
·'Q> 'Which charcoal is no'W put "8hOiUM. 'find it ·a ready ~ 'Satisfactory 
·market after it has once become known to ·the industries ·tlmt require 
·!Wlch a product. 

For many years the peat beds ef Europe have been studied to 
~ if the ·great .quantities of pat4ly decomposed, fibrous plant remains 
that are found in ·them,. and th.at ea.n be recovered seemingly at low 
eost, oould not be made into artiales • ef commercial value which would 
·replace those now made from mCJlle ~ive materials. 

It mut ·be borne in· mind, howe'V'el', that most kinds of vegetable 
raw materials c&re scarce in the countries -0f northern :Elm)pe where 
this eJQperi188ntal work has been earried on, and command a much 
higher price ·tAere than can be obtained for si.nillar materials in the 
-United States. There is, therefore, ·a mu:eh greater incentive to find 
substitutes or adulterants there than in this country, where potentially 
'Mhlable vt,get&ble substances are &xtr41.vagantly ·&Md or allowed to 
Co-.to"wllllre. Material better than peat for some of the~ that have 
been proposed for it in Eu'tOpe is at die present time wasted ·.lavishly 
in some pms of t.he United States where peat is foun.d,·or in nearby 
territory. 

Chemical Products. - In discussing the manufacture of peat 
cob and peat :gas in preceding sections, the possibility of obtaining 
a variety ~f chemical substances of oomtnel'Ci11.l V'alue was brought out. 
These materials &1'e actually made on a commercial scale in EnTope 
48 ·by~roducts of p~e plants by condensing and :redistilling 0the 
:'kavier ,gaseous ~.of distillation. In this eountry the same 
compounds are obtain~ 1111 by-products of msking charcoal, '811.d to a 
rapidly increasing extent some of them are recovered from ·~oal~ok
iag })bmts and illuminating gas ·and power gas producers. 

The recovery of cMwtical by•products from the dtti1t'ructive distilla-
'ii&n of any fttel r.ues '& 'e&refttUy pt&mied recovery l>kmt, .so designed 
md arranged :that ,it will handle suwmatieaUy, at ·tire least po88ible 
~e, lar~ ·volumes of liquids, oontai·ning a small percentage of 
salable material; to do this the grailest poesible -econolny of heat and 
power lmMt be effected. In addition, the eost of eupervishm. &'Rd of 
M:illed Mhor necessary for '8Uch recowry , .,tants is eotl!Biderably ~ater 
tha11. tfor plaats making less . oomplieated products. F~r these reasons 
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the manufacture of acetic acid and acetates, wood alcohol, formaldehyde, 
ammonia and its compounds, phenol and· creosote compounds, and .the 
products which can be derived from the tarry residues from peat distilla-
tion, such as illuminating and heavy oils, paraffin WSJ!: and asphaltum, 
can. be profitably undertaken only at large plants, well. designed and 
constructed, sufficiently capita!Ued, and properly . managed. 

It is· significant that several plants erected in connection with 
large lumbering operations, for utilizing waste wood, by distilling 
the lighter compounds mentioned above, have not been successful. 
The reasons for failure have not been that the products were not in 
demand" at good prices, or that there was any inherent difficulty in 
any of the processes, but that so far as could be learned, the margin 
of profit was so small, and the expenses of maintenance so great, that 
the owners pref erred to close the plants and waste the materials which 
they attempted to save or to convert them to. other uses. 

There seems to be no question whatever, from the reports pub-
lished, that all of the chemical compounds which have been mentioned 
can be profitably made from peat, and that there is a market for many 
of them in large and increasing quantities, but it seems assured, also, 
that they can be made with profit only in large and costly plants in 
which charcoal or coke is obtained from the peat as the principal pro-
duct, or in those in which large quantities of peat are gasified to generate 
fuel or power gas .. 

Alcohol.-Within a few years there has been a revival of interest 
in a process by which ethyl or "grain" alcohol can be obtained from peat. 
It has long been known that cellulose could be broken down into sugar 
by proper chemical treatment, and that the sugar could be converted 
into alcohol by fermentation induced by yeasts, as in the ordinary 
production of alcohol from cereals and fruits. 

The revival of this process was reported from Denmark, Sweden, 
.and France, where experimental factories were established to test 
a newly discovered yeast, and from them came the reports that alcohol 
could be made from the coarser and leBB decomposed types of peat, 
at a total cost of between 45 and 50 cents per gallon. Later accounts 
.state that the Danish plant has closed indefinitely without commercial 
operation. 

The proceBB of making alcohol from peat, therefore, is still in an 
experimental stage. It may never reach the point where it will be used 
in this country, as in many communities apples ·and other fruits rich 
in sugar and sugary waste of various kinds are allowed to decay in large 
quantities when, for a smaller cost than peat can be used, they might 
be converted into alcohol for fuel uses. 

Ammonium Compounds. --:-The proceBB of Frank and Caro• 
for obtaining ammonium sulphate as a by-product incidental to the 

aSee also section on by-product gas producers, Bull.16 Bureau of Mines,pp.158-159. 
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development of producer gas from peat has· been mentioned in the dis-
cussion of producer gas. From 70 to 85 per cent. of the oombined · 
nitrogen of the peat, often amounting to more than 2 pet cent. of its 
dry weight, is recovered by this process. 

The peat, which may contain from 40 to 60 Pf!t' cent. of water, is 
superheated with an excess of steam in the drying zone of a Mond 
gas producer, decomposing the nitrogenous compounds and convert-
ing part or all of them into ammonia. The steam and gases from 
the producer are conducted through pipes to washers and ammonia.-
fixing apparatus, where the free ammonia in the gas ·is brought into 
intimate contact with sulphuric acid and converted into ammonium 
sulphate. The dilute solution is periodically drawn off at the bottom 

. and concentrated by evaporation. It may be filtered and purified· 
by crystallization. This process is reported by Caro' to be in use 
at Sodingen, Germany, and at the large peat electric power station 
of the Hanover Colonization and Moor Improvement Co., at Schweger 
Moor, in northwestern Germany. 

Ammonium sulphate has a rapidly increasing demand because 
of its high value as a constituent of the best types of fertilizers, and the' 
cost of equipping a plant of sufficient size to profitably manufacture 
it from peat on a commercial scale is the chief factor to· be considered 
by those contemplating its production. 

By the Woltereck process, which is the discovery of Dr. H. Wolter-
eck, of London, England, the discoverer claims to get a part of the 
nitrogen for the ammonia directly from the air and only a part from 
the peat. This claim is backed by the reports of a long series of carefulty 
conducted laboratory and large scale experiments, which have been · 
worked out seemingly with great scientific accuracy and attention · 
to detail. The assertion is made that when wet peat is burned in a 
specially constructed furnace at a temperature barely sufficient to keep · 
the fire alive, some of the nitrogen of the moist air, ·constantly forced · 
into· the combustion zone of the furnace, forms ammonia by uniting · 
with the hydrogen of the organic matter that is being decomposed. · 
The gas from this wet combustion contains tar, tar water, and other 
dietilla.tes from the peat, besides the ammonia.· In a large plant now · 
in process ·of development in Ireland these gases are conveyed from the 
furnace to a scrubber that removes the tars without condensing the water, · 
as this water would contain a part of the ammonia. · From the tar 
scrubber the hot gases are sent to an alkali tower, where a hot solution · 
of soda or milk of lime removes the acetic acid, as sodium or calcium : 
acetates. The acid may be recovered by later treatment. The gas 
next passes to similar towers in which it 'is met by a fine spray of 
hot, dilute sulphuric acid, .which combines with the ammonia to form 
ammonium sulphate, the chief object of the process. The acid· is Used 

. · 1Cal'.o, N., Chem. Zeit. 35: 56: 506-7, 1911. 
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~ Qtady: or. qpit.e. uairaJ.be4. wJ;um. tba ~a of:. &alPQillh• 
&1,1:Q.18atlid1i ~ otf to. ~::W.,ctJ11ce~t.mted .biv\· &VatP.o~, 
ai¥1 DUlitiiid.. by orystalli11iioo,.. . 

The p:rocess gives no fuel g1,." aa tbo ~perat.\U'~ a.t. w:ldoh tllEt 
peal is hlll'lled, 750°. to 950° :F. (4.Ult to. 500° C.}.i&ta.1().1111 to permit 
the fer:mation..oi ca.rbo.D..m.o:a.oXid.e or ~tkoalm. The pmQell-ia coose-
quently one p\ll'elY. of cllemical muv.fa.eture, based on the f~on 
of aunu®JA f?Olll the nit?q1en of the air and of the peat.i1-lf,. J;w. the 
slow co111buation. ot wet peat, the st&temeo:li being. ma.de thai pea.i 
with 7aper oeW;. of.water can be~ully U&edinthis way, 

The, plant.. for ma.nnfadlw.i;Qg ,auimoni~ sulphate by this process 
must be of a huge q to be. PIQfita.ble. · ~ aa in other chemical 
industries, th.e cost. of prod.Wlti<lft in.cn1HlilijL di8proportionately as. the 
output. is d~. The mventor of. the.. prQClll8 estima.tes. a.. mini,. 
mu;w.. p~ction. of 5 tons. of auuo.oniwn sulphate. from 100 to.neoi, 
th~y. dey ~ The plaBt.:oow beia&. eracW in. ~ it. is 
estimated; will manufacture at least 5-,000... taiDI» of . .ammonium ~
phate per year wrum in operation, besides,~ aeid,. pu.affin, and 
other chew.ical produc"t.1$ of secoudary ~· The cos~ of· C&n'!" 
structing the plant. now beiDg. built. will be a.ppr~ 100.000£ 
(~OOQ). If, ho.wever1 tb:e diac.avery is as. sta.ted, th.ia invesU.waat 
is justified by the needs of the agricult.unl inta:es.ts. of t.b.e. world, wliich 
are making consta.ntly inm:~ demands fgr, IJU)l'e SQJU'ee&of com.Dined . 
nitrogen .suitable for fertil.Wng p.w:pQSe&i.. 

Nitta.tea.-Peatchas.~beea JU'Oposed as & JW1&JN!t.fQ.t1the inteuj..w. 
produciio.n of nitrate& o.o.,t.ha folio.~ principJ,er PJ>ia'NHl om. by Muntz 
aull..Laine. · A.cltlture beQ..of );¥16tJc.watered witha~. (Q,.:76 per,ceai..) 
solution of 8.WDlonium sul~,then inoculated witbt.Diidf'M oqgt.D. ... 
isma nd kept at a temperature of 38° C.,.yie\ds,. a£1el: a,iiJ.wit nit~.wJ;o. 
the a.ro.ount of 0.82 p.e~ ceat. By repeating,tlie. ~cation,of .ammwium, 
sulphaie five times, the q.ua:Qtit;r.of nitr.a.te&.de¥elopedam.ount.a.to.JllQCe 
tllan 4 pet eent. This may,: be. w~ froin .. the bed a.Dd purified-. Tb&· 
pea.t ~ tbmt b~ used. for fuel-.oi for dilltilla.tiQD.. ~ ti.is. procesa, 
iS adaptml to the COllllll6fcial p®u.d.iru.l,. of Di~, ca a.,. large sca]s. 
is no.t yet. deJDODStrated, but. la. view· of ti. rare QlW~ud 1imiis&i 
supplies of. th.ese salt.a,. so. vite.Jb:.· ~ in ~~ it pxesaW4. 
possibilities of ~t.~il tha.faet& r.Waiiva tn ~Wl~ 
are .as stated., Th:. fa.ct tbat. .. all of thn wo:d4'11.,supply of pin.&W&ol .. 
is ohtained by the. aetioa. .. of ~Din.sugar solu.tio.DSt: oft.Jul(. 
co.osiderable dilutJ.®.,.poi.Ua strongly- to. the.eonclulioJl ih&t no gea' 
di.tliculcy-wouldbe.Jllet.in&&Wl~Gia.l .. ~n&~ p~
s1iated by th& authofs .. quot.«IL If,,J1ow:ever7 tb# ~· ~ efttiieW 
is to. C®Veft. to .a. Jliira~ the nitJ:ep. COJURQQd..~. to tha. PeWo 
from aatTUQia,. tile vaJ.wtof thei1u1oeeie.q~oMle. · 

l>yatcdla. - The well known bro'"'- colot of· water· 80"ll.ing 
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from peat deposits may be greatly increased in strength by adding 
alkaline substances to wet peat, as they dissolve some of the organic 
acid compounds. The resulting brown compounds can be again pre-
cipitated as insoluble substances that are said to give a penrument 
brown color and that could probably be utilized as dyes. The color 
can also be obtained in the form of a brown powder by adding an excess 
of acid to the alkaline solution first obtained and filtering. 

Mater1ats for Tanning.-Tanning materials have been obtained 
in Europe from peat. It has long been known that peat, especially 
those types in which woody plants were abundant, contains tannic 
acid, tannin, and related substances in considerable quantity. The 
process of preparing the tanning material is thus described by Ryan:• 

The powdered peat is treated with nitric acid in cemented cisterns until a. small 
part or the product ceases to give brown fumes when boiled with a.n excess of nitric 
acid. The mMh is then diluted with water and heated by a current or steam for 
several hours. A solution of stannous chloride is added, and the boiling is prolonged 
until the dark color or the solution has changed to a. light brown, when the liquid is 
decanted from the precipitate and can be used directly for tanning hides. 

Other chemical products that can be obtained a.re discussed in the 
sections of this bulletin relating to peat coke. 

Paper. - Peat containing much fibrous matter has been manu-
factured into paper, chiefly in a single factory established for the purpose 
at Capac, Mich. The machinery was invented in Europe, but has been 
brought to perfection in this plant, which was reported by the owners to 
be the only one in the world at the time it was erected. 

The product thus far manufactured is cardboard of a dark color 
but good quality, suitable for making boxes and for similar purposes. 
The raw material can be bleached, but seemingly the coloring matter 
of the peat is so durable as to render bleaching t9o expensive for com-
mercial purposes.· 

In 1910 a small plant for making coarse brown paper from peat 
mixed with wood pulp and other paper stock was erected near Garrett, 
Ind. The product finds ready sale. 

The chief objections to using peat as paper stock can be briefly 
stated as follows: There is much waste material, including water and 
mineral matter, which must be handled· before it can be eliminated; 
peat is usually uneven in structure and texture; the fibrous matter is 
small in quantity, was originally poor in texture, and has been weak-
ened by decay. Hence the peat fiber often has to be enriched with 
wood pulp or other pa.per stock to produce even poor grades of paper. 
The fiber is also difficult to bleach; so that only coarse brown papers 
and cardboard can be manufactured. Most types of peat contain very 

•Ryan, H., Reports upon the Irish peat industrie~, p. 415. 
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little fiber and are too thoroughly decayed for use as paper stock, and 
· it is probable that less than 10 per cent of the peat deposits of the United 
States are suitable for paper making. 

Probably the only kind of bog that may be considered suitable for 
this purpose is one which has been built up from the bottom by suc-
cessive layers of grasslike plants to a considerable depth and over a 
large area. Poorly decomposed moss peat, by the addition of a small 
percentage of paper stock, might be used for making some grades of 
paper. The bogs with a 3 or 4 foot stratum of mossy, fibrous, or woody 
peat at the top and structureless material below would be of small 
value for paper making, nor would those of small area be available, 
since the cost of equipping a paper mill is large. 

Paper and pasteboard made from mixtures of varying quantities 
of peat fiber and wood pulp have been produced from time to time 
in several countries of Europe, where a considerable number of proc-
esses have been patented, but generally the manufacture has not been 
continued beyond the experimental stages because of the high costs of 
reducing the peat fiber to a condition suitable for use. 

Woven Fabrics. - The stronger fibers from the more fibrous 
kinds· of peat may be separated and cleansed from the surrounding 
material, and after treatment which renders them pliable they may be 
woven into fabrics. The most successful experimental use for this 
kind of cloth has been as blankets for horses and other live stock. 

It has been reported recently from Europe, also, that the fiber 
obtained from th~ remains of the sedges that frequently grow in moss 
bogs is collected by hand as the peat is run through disintegrating 
machinery, and is used for adulterating silk threads and fabrics, for 
which purpose it is in growing demand. After the material is sorted, 
or in the case of purer fibrous peat without such sorting, the entire mass 
is beaten up with water, after which the fibers are gathered by means 
of forks moved by an endless chain. The fibers are removed by the 
conveyor to large vats, in which they are washed with water, again 
collected, ·partly dried, placed in hot acid solution, washed, and allowed 
to ferment, and then dried. The dust which still adheres to the fibers 
is next removed by proper screening, and the cleansed fibers are prepared 
for spinning. The cost of this material is about the same as that of 
hemp and flax, about twice that of jute, and only a little less than that 
of cotton, even in Germany, where fi;is produced. · 

· Artificial Wood. - A material ~~~~, "Heloxyl,i' closely resembling 
heavy paper, was made by compres~mg;fibrous types of peat and harden-
ing the resulting material by special treatment into sheet!l, blocks, and 
other forms for structural purposes; The n1aterial was light, compact, 
waterproof, ~d nonconP.uctive of sound, vibrations, and heat, and 



GEOLOGICAL SURVEY OF OHIO. 193 

could be made fireproof by the introduction of mineral matter; it was 
also readily glued, nailed, and painted, and because of these properties, 
as well as its strength and lightness, made good finishing material.· 

Artificial wood, made by mixing fibrous peat with certain mineral 
cements and compressing it, has also been made in a small way in 
Germany. The material can be molded into any desired form, is 
incombustible or slow burning, does not absorb water, and is so tough 
and hard that it is said to make good and durable paving blocks and 
flooring, as well as a desirable substitute for wood in most of its ordinary 
uses. 

Mattresses and Sanitary Appliances. - Moss peat and material 
which has been selected and freed from sticks and other coarse ma,.tter, 
or the roughly cleaned fibers derived from peat, may be made into mat-
tresses and dressing for wounds. 

The absorbent, deodorizing, and antiseptic properties of peat 
make it good material for these uses. The mattresses are said to be 
especially valuable for hospital use, since they are light in weight, 
resilient, soft, inodorous, and very cheap, so that they can be renewed 
at small cost. 

The material used for dressing wounds needs more thorough prepa-
ration than that intended for mattresses, as it must be freed from 
all dirt and woody matter, and, on the whole, there ii:! doubt whether, 
it possesses sufficient superiority to substances now in general use for 
the same purpose to warrant trying to introduce it. In the form of_ 
fine powder it . has been used with excellent results in dressing cuts, 
burns, and other wounds, and its many good features for such use 
merit investigation by American surgeons. 

Moss Litter and Mull.-A much more general use for the more 
fibrous kinds of peat in Europe is for bedding for stock, and in the form 
of powder or mull for various packing, absorbent, and deodorizing uses. 

Moss or peat litter is hardly to be classed as a manufactured prod-
uct, since the common processes of manufacture consist chiefly of 
cutting the peat into large blocks, spreading them on the bog to dry, 
gathering the peat blocks in a. partly dried condition, and tearing these 
up by the use of simple machinery. The shredded material is pa.ssed 
through rotary screens to separate the finer material, or mull, then clried 
artificially and packed in bales. This material is capable of absorbing 
much larger amounts of moisture in proportion to its weight than 
any other substance in general use for stock b~dding. It ·is a good 
deodorizer, and almost entirely prevents the d~composition of the 
nitrogenous and other organic substances for a considerable time. 
In addition, it is reported to be springy and durable and to . keep the 
feet of the animals which stand on it in perfectly healthy condition . 

. At the present time a considerable quantity of this sort of litter 
is imported from Holland and 9ther countries of northern and western 

11.-G. B. 16. 
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·Europe; in 1909 it amounted ro something over 9,000 tons. It was 
made for several years past at a single plant at Garrett, Ind., but 
.this is no longer in operation. About 8,000 tons of this material are 
imported annually from Holland. 

Many of the peat bogs of the northern United States are favorably 
situated for manufacturing this material, and the peat is admirably 
adapted for tlilii use, judging from the imported product that has been 
examined by the writer. This substance is chiefly composed of poorly 
decomposed sphagnum moss and other herbaceous plants, and is of a 
light-brown color when dry. 

Packing Material. - Peat prepared in about the same way as 
the moss litter is largely used in Europe for packing fragile and perishable 
articles, and there seems no reason why it can not be used for the same 
purpose in this country, where much-more expensive substances are now 
employed. This use should be extended to include the packing of eggs, 
fish, . meats, and fruits for cold storage, as is done in Europe. The 
antiseptic power of the peat adds to its value for this purpose. An 
exhaustive series of carefully planned experiments with the propoi;ed 
pa.eking material in various forms and with varying water content 
under America.a conditions is needed before any considerable invest-
ment for producing it on a commercial scale in the United States can. 
l>e recommended. Peat moss (Sphagnum) is gathered and baled in 
considerable quantities in New Jersey, and to a less extent In Ohio ·and in 
New York, for packing and for florists' use. 

Fertilizer Filler.-The most extensive and successful use of peat 
as the base of a commercial product sold in large quantities on the 
open market in this country is as "filler" in artificial or chemical ferti-
lizers. This filler should not be regarded, however, as a harmful adulterant, 
but rather as a diluent, or in some cases as a necessary constituent of the 
mixture into which it is introduced, since it improves the whole~ both 
mechanically and chemically; for the same purpose manufacturers 
use powdered graphite, coal dust, cinders and ashes, sand, -etc. The . 
use of peat powder 88 filler also permits the use of many kinds of waste 
animal matter, rich in valuable nitrogenous compounds, which could 
not be used otherwise because they absorb water from the air and 
cake, or give off offensive odors, and S()on decay, their valuable nitro-
genous content being dissipated as ga8es (pp. 380-384) 

The processes of preparing peat filler are even simpler than those 
for peat litter. The peat is dug or plowed up and allowed to drain 
and become 88 nearly air-dry 88 may be, after which it is dried artifi-
cially, often in a rotary drier, to a low moisture oontent, ground into 
a powder, and !!ihipped in bags or in bulk. The grinding may be done 
before the artificial drying. 

The only factory of this kind operated in Ohio is the large plant 
of the Farmers' Farm Company near Plymouth. 
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Conclusions.-Peat is available for any of the uses cited in this dis-
cussion and some others which have not been considered here, but it 

· can hardly be classed as a satisfactory raw material for making any of 
the more complicated products under the usual conditions existing 
in Ohio, where other and established substances are already to be had 
in any desired quantity and at satisfactory prices. Moreover, these 
products are obtained from peat only by large investment of capital and, 
in most cases, can not be manufactured before the plant has passed 
through a long experimental period, which· must be properly provided 
for by a considerable fund established for the purpose. 

The simpler products, peat litter, mull, mattresses, packing material 
and peat fertilizer filler have a much greater chance of being quick-
ly made profitable, because some of them are already on the 
market, and present uses for which the peat is especially adapted. 
Moreover, the processes of preparation are simple and the cost of equip-
ment for their manufacture with tried machinery is so low that moderate 
expenditure will fwly equip a plant to produce them, and it is unnecessary 
to provide for a long experimental development. 

It is apparent therefore that the more fibrous kinds of peat, where 
they are found in Ohio, may be put to a number of profitable uses, 
besides making them into fuel, while the black, plastic types which are 
of frequent occurrence, have other possibilities, although they are not 
adapted to the same uses for which the first may be recommended. 
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PART II 

History and Development of Ohio Peat Deposits 

CHAPTER V 

ORIGIN OF PEAT DEPOSITS AND 
THEIR VEGETATION 

The necessity of correlating the vegetation of a region with topo-
graphic forms and the various changes through which they pass has 
been shown by many writers. The great bfological significance of 
environmental changes needs no further emphasis than the statement 
that biological surveys and causal and genetic studies, whether of 
plant associations or of animal societies, must take into account cor-
relations if they . are to become more than mere collections, lists or 
notes with occasional miscellaneous information. · In the search for 
data one must not lose the perspective and overlook the influences 
which are fluctuating and dynamic, and those which have worked 
through· long periods of time and seem static. It is relatively easy 
to classify any region on the· basis of habitat factors such as water, 
light, soil. Outdoor observers are familiar today with the well defined 
process of base leveling and the related differences of topographic forms 
in slope, exposure, drainage, soil structure, water content, humus, 
etc., 1 and the related changes in vegetation types. A study of phy-
siographic changes in an area is, however, of fundamental importance 
in the interpretation not only of present changes in plant associations 
but also in tracing their remote past and the immediate future of plant 
habitats and vegetation succession. The Ohio flora is not a product 
of present conditions alone; the past is involved with the present; 
old life relations are inextricably woven with the new life. conditions. 
The sources of the Ohio flora, the paths and directions of migration, 
the relationship to neighboring states, the limits of distribution in this 
State or in time and the general division of the vegetation into plant 
regions, can only be determined by physiographic changes and other 
environmental conditions past and present. A peat deposit, in particu-
lar, illustrates t.he preservation of the past in the present and the suc-
cessive stages of development that constitute its history. 

iChamberlin, T. C. and SalisburyJ R. D., Geology, Vol. I, 1906, chapters II-VI. 
Woodworth, J.B., American Geologist, Vol. XIV, 1894, p. 231. 
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• But geographic and physiographic ecology is merely the founda-

tion to an inquiry into the physiological causes of the similarities and 
di:ff erences . existing among vegetation units. Greater prominence 
needs to be placed upon plant response to understand the factors with 
which plants react individually, in repl~cement and in distributional 
relationships as social organisms. This study of life relations between 
plants and their habitat, both as a phase of organic response and of 
development and movement of plant ·associations is known today 
as the science of ecology, If the essential aim is to comprise all of the 
main questions as to methods, procedure ~d conditions in evolution-
ary movements, more must be attempted than has been done thus 
far. · 

It has now become possible to carry prolonged and exact physio-
logical investigations into the field, the "home" of plant societies. 
Experiment a.lone can supply an accurate knowledge of the habitat 
and congenital reactions of plants, and of the interrelations and con-
ditions of their life. Ecological problems must in the future be ap-
proached and conducted on such a basis. The movement, which 
received its greatest impetus from the classical work of Schimper, 1 

has now sufficiently stimulated the character of research to suggest 
the need of synthetic studies.· The work of correlation, which the author 
of "Pflanzengeographie auf physiologischer Grundlage" so compre-
hensively conducted, should now be applied in more detail to problems 
of field ecology. An exhaustive research upon a physiological basis 
is at present not possible. The principal factors are too numerous 
and variable, and call for cooperative research. However, one dominant 
factor impresses itself in any field work-the available water content for 
plants in the substratm:µ. The physiological and bacteriological ex-
periments of the writer have shown that Schimper's observations on 
"physiologically dry places" a.id in the. correlation between structure 
and behavior of plants, and the soil conditions which they encounter. 
Chapters VIII to XI show in more detail how changes in the factors 
controlling that phase of the environment may produce natural suc-
cessions in the vegetation cover. 

Discussions on the history and development of Ohio peat deposits 
and the types of vegetation frequenting peat areas, render necessary 
the recognition of the geologic and physiographic factors originally 
determining the ·distribution of vegetation. It has now been realized 
that geologic study tends to a fuller . understanding of the historical 
development of the vegetation of an area. But equally important is 
the concept of progressive and retrogressive changes in the relations 
as illustrated by Crampton.• Retrogressions and accidents of various 

i&himper, A. F. W., Pftansengeographie auf physiologiacher Grundlage. Jena, 
1898. 

(}rampton C. B., The vegetation of Caithness considered in relation to the 
geology.· Edinburg, um. See also Cowles, H. c., Bot. Gu. Vol. 51, 1911, pp. 161-183. 
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kinds must be taken into account. The part played by contingency 
relative to the obstacles encountered in a given place and at a given 
moment is often great. The dissociation of the usual tendency to sue-
. cession into divergent, relatively discordant lines, gives rise to secondary 
succeesions and to a different course of progression. The whole bog 
series travels several divergent lines, and either another, longer road, 
or a shorter one of which it cannot even be said that there i"s a series 
or an outcome such as pointed· out below (p. 261). The detached 
parts reunite themselves to what is nearest to them. There a.re num-
erous such cases in the State, but at present it is enough that the main 
law of succession is indicated. In the following pages the attempt is 
made at defining _s~me of the possible historical relationships of the 
vegetation to the geology and the physiography of the State. Nothing 
more is intended than that the interpretation, tentative though it may be, 
should serve to stimulate further investigation. · 

There are many special aspects which constitute subdivisions 
of genetic and dynamic ecology, but they are oniy phases in the treat-
ment of the subject. In giving, therefore, a description of the geology 
and the physiogra.phic feature~ of Ohio in relation to the beginning 
and the succession of vegetation in local lakes and peat deposits, only 
such of the present group of habitat features have been selected as a.re 
of most importance in the distribution of the Ohio bog vegetation. 

GENERAL CHARACTERISTICS OF OHIO. 

Ohio lies between 38° 27' and 41° 57' north latitude, and 80° 
34' and 84 ° 49' west longitude. Its maximum length from north to 
south is 210 miles, and its greatest width from ea.st to west is 220 miles. 
The area. is 41,240 square miles' and is divided into 88 counties. 

Geology.-A short discussion of the geology of the State has been 
given in Chapter VII. Briefly speaking, the bedrock of the western 
half consists of limestones with a. subordinate quantity of shales which 

· belong to the Ordovician, Silurian, Devonian and Carboniferous systems. 
The ea.stern half of th'e State, on the other hand, has a. rock floor of 
shales, sandstones, conglomerates and a. subordinate quantity of lime-
stone which belong to the Devonian and Carboniferous systems (Fig, -
14). These points a.re well shown on the Geological Map of Ohio (1900). 

Soils.-The soils of Ohio were derived in large pa.rt from the bed-
rock and to a much smaller extent from territory north of Lake Erie. 
When the great glacier first advanced into Ohio from the _highland 
ea.st of Hudson Bay it- doubtless found a heavy layer of soil and sub-
soil covering the surface everywhere except on very steep slopes. This 

•A recent determination by Prof. C. E. Sherman of the Ohio State Universitv 
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material was formed by the decomposition of the bedrock and naturally 
varied from place to place. Where the bedrock was limestone, it was 
overlaid with a limestone soil; and where it was sandstone, it was covered 
with a sandstone soil, and so on. The thickness of this material varied 
much, but was usually greatest in valleys and least on steep slopes. 

The glacier mixed the soil and subsoil which it found with materials 
derived from the erosion of the underlying bedrock. To this it added 
material which it transported from the north, to a small extent from be-
yond Lake Erie. It follows, therefore, that the soil of the glaciated areas 
is dependent primarily on the underlying bedrock and to a subordinate 
extent on the material which the glacier supplied from the north. Glac'-
ial soils are not all of equal fertility, even where the bedrock is the same, 
for the foreign material added may vary in composition and texture 
from place to place. 

Southeastern Ohio was not overrun by the glacier, and hence the 
soils are more dependent for their character on the bedrock. As may 
be guessed, they are usually less fertile and vary somewhat from place 
to place as do the rocks which reach the surf ace. 

No soil map of the State has yet been prepared, and all that can 
be done here is to point out a few of the salient features. Naturally 
the soils may be divided into two great classes, (I) the drift and (2) the 
driftless. 

1. The drift soils cover about three-fourths of Ohio or all that part 
that was overrun by the great glaciers. Along the shore of Lake Erie, 
and extending as far south as the old beach of the glacial lake of the 
same name, the soils form a loam. This area is narrow from Norwalk 
east but widens rapidly to the west, the southern edge passing through 
or near Fostoria, Findlay, Lima and Van Wert. Occasionally morainic 
ridges of clay are found on it, and elsewhere patches of sands, but as a 
rule it is very fertile and suited to gardening as well as to gener~l farming. 

The western half of Ohio, or to be more exact, the part south of 
the Jake belt just referred to, and west of a line drawn from Sandusky 
south to Circleville and thence southwest to Ripley, Brown County, 
has a limestone floor which has yielded a soil of unusual excellence. 
The northern portion of this area is often clayey with poor surface 
drainage, which has been remedied by extensive ditching. The southern 
half contains more sand and gravel, is usually rolling and hence has 
better surface drainage. It, too, occasionally bears morainic ridges of clay 
which are less fertile. 

Eastward from this great area and south of the lake belt is a strip of 
drift soil that varies greatly in width, and is underlaid chiefly with shales 

· and sandstones. Its surface may be very fiat and swampy, gently 
rolling or even hilly, and its soil varies greatly from county to county 
or even within smaller limits. The best soil is excellent, while the poorest 
is sometimes worth little except for grazing. 
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Several valleys within the glaciated part of our State deserve 
special mention because of their size and great fertility. Notable 
among these are the Miami below Dayton, the Scioto below Columbus, 
the Mad River and the Maumee. 

2. The unglaciated part of Ohio comprises the southeastern 
quarter and is underlaid with shales, sandstones, and to a lesser 
extent, limestones. The topography is nearly everywhere hilly, small 
tracts being too rough for cultivation. It is diversified by deep valleys, 
some of which, as the Muskingum and Tuscarawas, are wide and con-
tain valuable tracts of high quality soil. Drainage, of course, over 
this great area is excellent. The soil varies with the bedrock and hence 
changes from place to place. That derived from limestone is usually 
notably more fertile, but on steep hillsides it is of little value because 
of the topogrR.phy. The other kinds of bedrock have yielded a thin 
sandy soil. 

Topography.-The topography of Ohio varies much (Fig. 12). 
The southeastern quarter is nearly everywhere hilly, and the remaining 
three quarters usually undulating or flat. The highest point is in 
Logan County and reaches an elevation of 1,540 feet above sea level. 

At the base of the Pennsylvanian or Coal Measures system and near 
the top of the Mississippian or Lower Carboniferous the rocks consist 
in part of. conglomerates which resist weathering. · Below these lie 
shales and thin sandstones which weather rapidly; consequently the 
former rocks meet the latter with steep slopes or escarpments which are 
usually conspicuous from the Pennsylvania line southwest to the Ohio 
River. Eastward from this line the topography is nearly everywhere 
hilly and forms the western part of the Allegheny plateau, while to the 
west it is almost always rolling or fiat. Were it not for the work of 
streams these two topographic areas would meet in a curving line with-
out sharp re~ntrants or projections. The streams, however, have 
in many places cut through the conglomerates and now flow over the 
less resisting shales, so that the line of junction is extremely tortuous. 
Often small areas of the former variety of rocks have been detached 
by streams and now stand as islands on the softer shales. Examination 
of the geological map of the State (Fig. 14) will make this clear. 

The watershed between Lake Erie and the Ohio River is a very 
important though much less conspicuous topographic feature. In the 
western part of the State it is situated in Darke County, running north-
east from there in a tortuous course, and lying only about 30 miles from 
the lake in Summit and Trumbull counties. Small lakes, marshes 
and peat bogs frequently occupy depressions on or near the summit 
of this divide, which indicate that it is not a sharp narrow ridge but 
rather a broad, low dome with an uneven surface. 

Northward from the divide the slopes are gentle in western Ohio 
but steep in the northeastern part. Hence the descent of the streams 
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is slow in one area and rapid in another. The Cuyahoga River with its 
gorge-like character is an excellent illustration of the latter class; and 
the St. Marys with its sluggish current and shallow, narrow, drift-cut 
valley, of the former. South from the divide the streams descend 
with varying but usually,gentle slopes to the Ohio River. The valleys 
vary greatly in age, some being preglacial and others postglacial, and 
hence may be wide or narrow, deep or shallow. Occasionally they 
vary much in these respects within short distances, good examples 
being found along the Little Miami River, Paint Creek, Rush Creek and 
the Licking River. · 

The topography along the Ohio River in our State is everywhere 
rough. Tributary streams, large. and small, have dissected the land, 
producing high narrow ridges with deep steep-sided valleys. In the 
southeastern part this form of topography extends many miles north 
and west from the Ohio, while in the southwestern part the reverse 
is usually true; the glaciers having there smoothed off the surface and 
the streams not having had time since the ice withdrew to carve it into 
ridge and valley. 

The topography of the unglaciated part consists essentially of 
ridges and valleys whose relative heights and depths increase toward 
the principal streams; naturally they are greatest near the Ohio River. 
Occasionally, however, the surface is rolling, as in parts of Muskingum, 
Belmont and Gallia counties, and the western half of Washington, 
but such tracts comprise a very small part of the total area. Drainage 
in this part of our State is excellent and hence bogs or marshes are 
wanting. 

The glaciated part of Ohio presents considerable variation in 
topography, but in the·main it is flat or gently rolling. What the relief 
of this great a.rea was before the ice advanced is not ~own in detail, 
but part of it at least was rolling or even hilly. In general the glacier 
eroded tops of hills and dropped the material in nearby valleys, thus 
leaving a new land surface smoother than the old. In places, however, 
the hills seem to have been but little eroded, though in such places 
the valleys have usually been filled and the surface inequalities thus 
reduced. This phase is best shown .near the margin of the drift sheet. 

The surface of northwestern Ohio forms a plain with usually but 
little relief. In places it ·is difficult to decide in what direction the 
drainage flows unless a stream is consulted. Variation from this mo-
notony is provided by low morainic ridges, the beaches of glacial Lake 
Erie, shallow valleys and to a much greater extent by the hills near 
Bellefontaine, which, as alre(l.dy stated, form the highest land in Ohio. 

The surf ace of southwestern Ohio is more diversified, owing to 
the rougher topography which the glacier encountered and to the longer 

· time that the streams have been working on the drift. A third reason 
should be added-the gr~ater size of the morainic ridges which occasion-
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ally have a width of five miles or even more and a height of over 100 
feet above the surrounding plain. Good examples of such a.re in 
Champaign and Clark counties. The more level tracts of this quarter 
of the State occur in Madison, Pickaway, Fayette and Darke counties, 

CU:mate.-The general climatic conditions of Ohio,-temperature, 
rainfall and a.mount of sunshine-are fairly stable and depart little 
from the normal. 1 The change in weather conditions. is ,rather rapid 
but the ma.in factors which determine growth (p.307) rarely vary beyond 
favorable limits. 

The average annual temperature is 50.7° F. The warmest month 
is July with the highest recorded temperature of 113°; the ooldest 
month is February with the lowest extreme of -39.0 • The extreme range 
is 152°. The growing season has an average number of days varying 
between 134 and 195. The length of days between sunrise and 811111Set 
varies a.round 9.2 hours (for January) and 15.2 hours (for July). 

The annual precipitation for the State is. 39.89 inches. The great-
est rainfall for one month is 17.33 inches in June; the average numlMm 
of rainy days for the year is 122. The saowfaJ.l aver•s lees than 20 
inches in the extreme southern portion of Ohio and over 60 inches in 
northeastern counLies. The average annual relative: hwnidity ia 78 
per cent. at 7 a. m. and 69 per cent. at 7 p. m. The pnvaill.n& winds 
are from the southwest over moat of the State, and vary slighely with 
the season. The average hourly wind movement is nearly 9, miles 
and · is greatest near Lake Erie. 

V qstatioo. Regious.-The State may be divided into foor plant-
geographie regions, which in their climatic eonditiODIJ follow closely the 
divisions given in the four special section rep.arts, issued :recently by 
the United States Weather Service (Fig. 12). The regionsareekaracter~ 
ized by certain peculiar topographic features on the basis of whieh they 
they have been named as follows:• 1. The Lake regie1,:; 2. The Wea'-

. ern Plain or Calcareous region; 3. The Scioto Valley region; 4. The 
Appalachian region. 

The following discussion iacludes only a brief and very concise 
account of the general environmental relations and their vegeta.tiu 
features, since the strictures ~ upoa the writer by the natun 
of thia bulletin do not permit an adequate presentation of such an im-
portant subject. 

Section 69 of the climatological service of the Weather Bureau, 
includes the territory drained by the Maumee, Sandusky, Black a.ad 

. Cuyahoga rivers which fl.ow into Lake Erie. The area is entirely 
iSmith, W. J., The climate of Ohio. Ohio Agricultural Experiment Station, 

Bull. 235, 1912. . 
&lby, A. D., and Duval, J. W. T., Jou.r. Horticultural Soc., Vol. XXXV, 1899, 

p. 38. 
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within the glaciated district and forms a somewhat monotonous plain 
with rolling elevations over which the streams flow by circuitous routes. 
They are not over 50 miles in length. The rate of descent is relatively 
great near the divide, averaging from about IO to 15 feet per mile. 

Fig. 12.-Relief map of Ohio with climatic and vegetation regions. (1) The Lake 
region; (2) the Western Morainic Plain or Calcareous region; (3) the Scioto 

Valley region; (4) the Appalachian region. 

Near the lake the rivers are sluggish and wind in and out through low, 
flat, often marshy land. 

To the north and west the area is more rolling. In the western 
central portion is the "Black Swamp," which is bounded by a series 
of sand, clay and gravel ridges from IO to 20 feet in height. They are 
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old beach lines and mark the outline of a glacial lake at different periods 
in its recession. 

In the southern portion of the Lake region are numerous depressions 
in which water stands permanently. They are the poorly drained 
finger lakes and plains along the great water shed, which have furnished 
the places for the formation of some of the larger and better grade 
peat deposits. 

The average annual temperature for the Lake region is 49.3° F. 
The highest annual mean is 51°, the lowest 47°. The highest tempera-
u.re recorded is 105° for July; the lowest is -32° for January. The 
absolute range is 137°. Temperatures below zero occur during the 
months of December, January, February and March. The earliest 
date of first killing frost in autumn occurs about the middle of September 
and the latest date oftener late in May than in early June. The average 
length of the growing season varies around 168 days. 

The average rainfall is 36.5 inches; its distribution is very uniform. 
The heaviest precipitation is more frequently in September, the least 
in February. The number of rainy days is on an average 122, with a 
relative humidity of 7 4 per cent. The prevailing wind direction is 
southwest. 

The primitive forest consisted of southern deciduous trees and 
associated species which extended into southern Michigan. Today 
~he greater number are maple and beach, with oaks and hickories• grow-
ing on the ridge summits, plateaus, and on the outcrops of Niagara 
limestone. Oak openings are a striking feature; ~hey afford a transition 
to the invading prairie vegetation. The forests within the "Black. 
Swamp" (see map, p. 27) had the same floristic compositio~ that was 
found by SchenkJ in the lower Wabash valley in Illinois, and hence 
may be considered as the northward extension of the Mississippi bottom 
hardwood forests. The "Black Swamp" is characterized by an entire 
absence of conifers; bogs are found rarely. On either side of this area 
the northern coniferous forest association and bogs are plentiful, with 
many boreal plants. They are island-like areas, surrounded by decidu-
ous trees and dependent species associated with the hardwood- forests 
of the Appalachian district.• Eastern and western floral elements 
blend at various places and frequently on sandy ridges · and ancient 
dunes. The influence of the lake is seen in the climate, which is greatly 
ameliorated when oompared with that of the inland sections. Grapes, 
strawberries, peaches and apples are in little danger frorq spring frosts. 
Moseley• finds a notable difference in number of species existing betwee~ 
· !Jennings, 0. E., A Botanical Survey of Presque Isle, Erie County, Pa. Annals 

of the Carnegie Museum, Vol. V, 1909, pp. 289-417. . 
.Schenk, J., Catalogue of the Flora of the Wabash Valley. Geological Survey of 

Illinois, 1875, pp. 504-579. . . 
•Harahberger, J. W., Phytogeographic Surve~ of North America,191,J., pp. 474-496. 
'Moseley, E. 8., Climatic influence of Lake Erie on vegetation. American Nat-

uralist, Vol. XXXI, 1897, pp. 60-63. - · · · · 
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the 1Nllt end ·and the east eM. •f Lake Erie. He states that 233 species. 
occur along the 8outhwestern shore which ~ not found elsewhere. 

This region embraces the southwestern part of the State and includes 
the watershed separating the Maumee River from several streams flow-
ing into the Ohio. ·It is section 70 of the climatological service of the 
Weather Bureau. The area includes the Grand Reservoir in Mercer 
County, having an elevation of 875 feet, and the Lewiston reservoir in 
Logan County., 968 feet above sea level. There are greater extremes in 
elev.ation in this section than in any other pol,'tion of the State. The ter-
ritory, all of which has been glaci~ted, consists of comparatively level 
areas of uaually heavy limestone soil marked with rolling moraines. 
No abrupt changes are found except where the streams have cut their 
valleys in the soft drift.. The rivers flow with an average fall of 4 feet 
per mile. In the southern part the surface is very hilly and diver-
sified by the erosive action of the Ohio River and its tributaries. The 
great valley of the Ohio is several hundred feet below the general level 
of the State. 

The average annual temperature of section 70 is 52.5° F. and the 
range between extremes is relatively great. The highest temperature 
reached is 109° in July, and the lowest is -:---34° in February. The absolute 
range is 143°. A temperature above 99° has never been recorded at 
Urbana, :aear which a cedar bog, typical of northernmost regions, is 
found. The tempera.faire often falls below freezing every month except 
in June, July and August. The average length of the growing season is 
164 .days, beginniag late in May, the date of latest killing frosts, and 
ending in the latter part of September,the earliest killing frosts of 
autumn. 

The annual preeipit&tion averages slightly less than 39 inches. 
June is the wettest 1119nfih.a.nd October the driest. The average number 
of ;rainy days in the year ,ja 112; the average annual relative humidity 
iEJ 71 per .cent. Pr0\Wil.iag win.de a.re from the southwest with an average 
hoUJ'ly movement of 8 miles. 

'Die prairie plants and those of southwestern range are chiefly 
J.imW tr> this region. Tl-.r are :represented only by ionns which read-
ily invade .a ariety '11. lllllbitsts .and mingle with the grasses of shallow 
peat prail.W ad Ollk apeniags, and with deciduous forests. Two 
typm of ~ .._. are found,. represented by almoEJt pure 
sliau.ds of taim.?aek -4 of white cedar. Bogs a.ud peat prairies are 
characterised by patches of @rubby ein.quefoii (Potntilla !~). 
The region is in part floristically related to the lower W a.bash Valley 
in lliaoii, but baa aot been st;udied aotively fr.om ·the EJtandpoint of 
plant geography. 
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3. THB SCIOTO V All.BY RBGION. 

This is section 71 of the climatological service of the Weather 
Bureau and includes the Scioto watershed with that of the Hocking 
River and other smaller streams flowing into the Ohio. The northern 
part of this division is a more or less level plain about one thousand feet 
above the level of the sea. The surface of the southern part has been 
worn and chiseled by erosive agencies into thousands of ridges and cone-
shaped hills, deep ravines, and sandrock bluffs with steep fronts. , "All 
that. is wanting," says one observer, "to complete the horizontal plain 
of rock which originally covered the area, has been worn away by erod-
ing streams." The valleys of Southern Ohio were eroded chiefly by 
streams in the form they now have through l<mg periods which ante-
dated that of glaciation. Generally they were eroded below the level 
of the present beds, for the streams now flow upon alluvial and drift 
material. Many of the original channels have been reduced in dimen-
sions by the silt and drift of the succeeding ice age. 

The valleys of the Hocking River and of the Scioto and its tribu-
taries as far down as Chillicothe, are shallow; numerous marshes are 
found along the Scioto, especially in Hardin County. The remainder 
of the course of these streams is through deep valleys, bordered by hills 
400 feet or more in height. 

The average annual temperature for section 71 is 53.5° F. The 
warmest month is July with the highest recorded temperature of 113°. 
The lowest temperature occurs at most stations in February with the 
greatest minimum of -32°. The temperature is frequently below freez-
ing every month, except June, July and August. There is an absolute 
range of 145°; it is greater than that of any section in the State. The 
growing season begins between the 10th and 30th of May, the latest 
date of killing frosts in the spring, and ends about the middle of Sep-
tember, the earliest" date of the first killing frost in the fall. 

The annual precipitation averages about 38 inches and is quite 
uniform in distribution. June and July are the wettest months; the 
least rainfall is in October. The average annual number of rainy days 
is 106. The mean annual relative humidity is about 72 per cent. The 
prevailing winds are from the southwest. 

The plants of this area are geographically an extension of the 
southern deciduous or hardwood forests and their dependent associates, 
which once covered almost entirely the great Ohio basin. 1 The 
early settlers found this a vast forest of most remarkable variety in 
species. The absence of conifers, except along the steep bluffs of nar-
row valleys and in special and usually restricted localities, is very notice-

1Harshberger, J. W., Phytogeographic Survey of North America, 1911, pp. · 
409-460. . 

Green, W. J., and Secrest, E., Forest conditions in Ohio. Ohio Agri. Experi-
ment Station, Bull. 204, 1909. 



208 PEAT DEPOSITS 

able. The forests extending back from the river bluffs present a talus 
and rock cliff flora which shows distinctly Appalachian elements, with 
"boreal plants" and many peculiarities common to the extension of 
the coniferous and deciduous forests of this motintain range. The 
presence of so many plants peculiar to the Appalachian mountains 
makes it certain that the isolated form& are but relicts of types of plant 
groups which once were more continuous and widespread, and which 
have· been preserved in a few localities where the environmental 
conditions were especially favorable. This important principle of 
plant geography is in evidence in many localities of this section. 

On the northern plain peat deposits are common; on the southern 
hilly portion barrens are frequent, covered with an open forest of crippled 
oaks and trees of stunted growth. 

4. ·nm APPALACHIAN RBGION. 

Section 72 includes the larger part of the Muskingum watershed. 
-Only a small area of the northern part of this section, possibly eight 
per cent., is glaciated. The topography varies from the rolling glaciated 
country to the hills along the Ohio River, where most of the minor 
streams run in deep valleys cut in the bedrock of the carboniferous 
plateau. Floods are frequent because of the hilly character of the coun-
try, and water basins along streams, oxbow lakes and bayous are so 
filled with the various forms of sediments that accumulating plant 
remains have little if any economic value. 

The annual mean temperature is 52° F. The warmest month 
is June, recording 105°, and the coldest is February with - 39°. The 
absolute range is 144°. The growing season is between April ISth and 
September 28th, the dates of latest and earliest killing frosts. 

The annual precipitation is very nearly the same over the entire 
district and is nearly 40 inches. The largest monthly fall usually 
occurs in June and July, and the smallest in October. The number of 
rainy days is fairly constant, being about nine per month. The mean 
relative humidity is about 73 per cel).t. The prevailing wind is generally 
from th~ southwest. · 

The vegetation of this section is typical of the western and northern 
extension of the Appalachian mountain range. Broad-leafed species 
of both the Alleghenian and Piedmont plateaus in early days covered 
&nd dominated the crests and summits of the hills and all the inter:-
ven.jng country; the lowland flora was confined, as now, to narrow 
borders of sedimentary origin along the streams. . In all probabilit¥._ 
the flora of the precipitous ravines and deep gorges will show relict endem7 
ism, such as has been described for Hocking and other counties in the 
Scioto Valley region. Nothing has been published on the plant geo-
graphy relations of this region, and the writer has no observations 
of his own to off er on the characteristic floral components of it. Peat 
deposits have not been found. 
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lllSTORIC FACTORS. 

The Ice Age and Its Effects • ...:_The physiographic differences 
and the present distribution of plant and animal life exhibited in Ohio 
are an effect of certain past conditions, primarily glacial and post-
glacial. In attemptfp.g to determine the affinities and interrelations 
of the present lake and bog vegetation, it is therefore necessary to take 
into account. the past conditions, that is, t.he physical history of the State, 
its past climate and topography, and their effect upon the subsequent 
distribution of vegetation. 

In another chapter (VII) it was pointed out that the great geologic 
series above the Carboniferous, comprising the Mesozoic and Tertiary 
time divisions, have no record within the State. It seems that, after 
the deposition of the last coal-bearing rocks, Ohio remained permanently 
above sea level. A long period of time intervened, during which the 
types of rock and of life peculiar to this geologic series came gradually 
into existence. The evidences of the intermediate life must be sought, 
however, in other states. In Ohio it existed and disappeared with the 
soils of that time. 

The changes of level during the Tertiary period involved at its close 
an emergence of the great interior of the continent so that the land 
areas reached nearly the outlines which they have at present. The 
general slope of the surface must have been very different from that at 
present. The Ohio River did not exist at that time as a separate stream. 
Its present channel was occupied by a series of disconnected water 
courses, varying in size from small ravines to large rivers.' Many 
of the streams in West Virginia and in eastern Kentucky flowed north-
ward across the state of Ohio, using the drainage channels now occupied 
by streams flowing in the opposite direction. Presumably they entered 
river channels now the site of the great lakes and the Wabash River. 

The great feature of the Tertiary vegetation was the presence of 
flowering plants.• Beech, sycamore, tupelo, oak, tulip tree, sweet 
gum, walnut, magnolia and others were represeRted by numerous 
species. A forest of great denseness existed, extending far north into the 
arctic regions. The coniferous vegetation was of the same general type 
all over the continent. The flora of Europe and America had much simi-
larity.• A temperate climate, very much warmer than now and some-
what subtropic, extended to the northern boundary of the United States, 
as is shown by the fossil plants about the arctic regions. An arctic bog 
flora must have existed north of this great forest in the polar lands. 

1Tight, W. G., Professional Paper No. 13, U.S. Geol. Survey. 
•Penhallow, D. P., Notes on tertiary plants. Trans. Roy. Soc. Canada, Vol. X, 

1904, pp. 56-76. 
•Engler, A., Versuch einer Entwicklungsgeschichte der Pflanzenwelt seit der 

Tertiii.rzeit, Vol. I, 1879-82, pp. 3-5. 
Knowlton, F. H., A Catalogue of Cretaceous and Tertiary Plants of North 

America. U. S. Geol. Survey, Bull. 152, 1898. 
15--G. B. 18. 
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At the close of the Pleistocene repeated glaciations were initiated. 
Several theories, characterized by the particular agency involved in the 
hypothesis, have been offered respecting the cause and the checking of 
the glacial period.' But whatever the causes assigned, whether changes 
in elevations of the land, changes in oceanic circulation due to extension 
of great masses of land, changes in the atmospheric "permanent lows" 
and related storm tracks brought about by a reduction in the carbon 
dioxide content in the atmosphere, or changes in astronomical relations 
either as variations in the eccentricity of the earth's orbit or in the 
obliquity of the ecliptic with a wandering of the earth's pole-the basal 
conception is that a combination of conditions became dominant which 
tended to accelerate, intensify and extend glaciation beyond its present 
border. The great continental glacier, as is well known, has not yet 
completely disappeared even today; a part of North America and Green-
land is still buried under ice. 

Ohio was then in large part covered by an ice sheet which moved 
from the northeast at a sharp angle to the Ohio divide referred to in 
preceding paragraphs. The glacier must have been prodigiously thick, 
for in the course of its movement it passed over and planed off the tops 
of the highest hills and, elsewhere, even mountains of considerable 
size. It ground up the underlying rocks and carried the derived material 
both within and under the ice. Upon the surfaces qf many rock 
exposures it formed numerous parallel scratches and grooves by the 
scraping rock fragments embedded in the moving ice. Boulders often 
show similar scratches. The glacier brought down rock fragments 
and boulders to the northern part of Ohio, the material of which is 
peculiar only to areas of Canada. It buried the State under ice, possibly 
several thousand feet in thickness, thus making the western and· north-
ern portion a glacial desert. The_ border or glacial boundary is indi-
cated in Fig. 14 and on the map recently published by the Geological 
Survey-of Ohio. · 

, . Among the first effects of the southward progression of the ice 
'margin was the ponding and holding back of the water of northward 
ffowing streams. Valleys were flooded; their basins and all of the low-
land became lakes and the streams were forced to seek new outlets. 
Thus the drainage system, which probably found its outlet into the chan-
nels now occupied by the great lakes, became in large part reversed. 
The water from the great region of melting ice still further contributed 
to the general inundated condition of the low..:lying land.in Ohio. New 
water courses were carved and many narrows or gorges now mark 
the places where they broke through the minor watersheds that restricted 
the flow to the Ohio basin. Thus the Ohio River began its existence 
with the advent of the ice age. 

Not one but several such glaci!1.l periods and invasions of ice have left 
1Chamberlin, T. C., and Salisbury, R. D., Geology, Vol. III, p. 424, 1906. 
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their marks upon Ohio since the beginning of the Pleistocene. The 
drift border or glacial boundary is, according to Leverett, 1 a combination 
of four out of six invasions now recognized in America. It is formed 
in part by a sheet of drift that appears to be the Illinoian but possibly 
is still older; and in part by the earlier and later Wisconsin drift. The 
Iowan or fourth invasion is not found exposed in this region. 

They were separated by long intervals with milder climatic condi-
tions, such perhaps as now prevail in latitudes four to five degrees farther 
south. Various proofs have been found to support this view, among 
which are the character of the drift material, parts of plants which now 
flourish only in the Mississippi basin, 2 and the accumulations of peat and 
humus-bearing soils between the different sheets of drift. No important 
plant accumulations are known between the two Wisconsin stages. 

In Ohio blackened clay and loam are found buried beneath more 
recent drift beds of unusual thickness, often at a depth of a hundred 
feet. The buried soil of several southwestern counties contains leaves, 
branches. and trunks of trees, and constitutes, therefore, an ancient 
surf ace of the land, a surface which was converted into a soilj covered 
with forests and tenanted by animal life. An occurrence_. of fossil 
peat in the glacial drift has been described on page 103; others -have been 
noted by Orton; and it is very probable that there are stillseveral de-
posits of this sort in the State.• But it is by no means certa_in that. the 
cases cited belong to the Wisconsin stages. Pleistocene fores~ and peats 
are not widespread in Ohio; and since they are in many cases too deeply 
buried they have little or no commercial value. They are, however, 
of the greatest botanical interest, for they are confirmatory of the views 
advanced in regard to inter-continental migration of plants and warm 
temperate interglacial conditions. Further investigations on the nature 
of Pleistocene vegetation are much desired. 

The Distribution of the Ohio Vegetation During the Last G1ac:ia1 
Period.-It is evident that great climatic changes accompanied the ad-
vance of the ice sheet. Conditions must have been more or less arctic in 
their character, long winters succeeding short summers with persistent 
clouds, fogs and severe winds and storms. With its advance the ice 
frequently removed the soil and cut deeply into the unweathered rock, 
developing broad, smooth bottomed, rock basins. Not only was the 
preexisting topography modified, but the ice destroyed the plant and 
animal life in its course and forced upon what survived a general mi-
gration southward. Large parts of the great Tertiary forest were broken 
down and destroyed by the storms of the approaching wintry climate, 

•Leverett F., Glacial Formations and Drainage Features of the Erie and Ohio 
Basins. U. i:s. Geol. Surv. Mon. 41, 1902. 

tColeman, A. P., Interglacial fossils from the Don Valley, Toronto. Am. Geol., 
Vol. XII, 1894, pp. 86-95. 

Coleman, A. P., and Penhallow, D. T., Canadian Pleistocene flora and fauna. 
Rept. Com. Brit. Assoc., 1000, pp. 328-339. 

'Newberry, J. S., The forest bed. Geol. Surv. Ohio, Vol. II, 1874, pp. 30-33. 
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and by the ponding which resulted from the reversal or flooding of 
drainage lines. Their remains were ground to pieces by the slowly 
moving ice sheet. The soil which the seniitropic species had covered 
afforded new areas for the growth of arctic and bog plants which spread 
in advance of the ice invasion. Only such species of the forest as oaks, 
ash, and several conifers survived that could grow under the influence 
of the increasing cold. The individual plants suffered extinction, but the 
species in their southward extension migrated by growth and the trans-
portation and establishment (ecesis) of their seeds. The variety of 
life became greatly reduced. Plant associations, originally separate, 
were overtaken and in their habitats became mixed with the invading 
vegetation. Thus the migration of northern plants, and their crowding 
upon those living in the temperate zones continued and brought an 
intermingling of associations and societies of plants, in some habitats 
ranging from the arctic to the most -southern climate.' As a result 
of the action of the ice sheet the original Tertiary forest became more 
completely separated into two great types, the Atlantic and the Pacific. 
The arid tracts of the west resisted the expansion of the incoming 
vegetation with its many forest trees, its shrubs, herbs, and ground 
cover, and the ·associated animal life. For the greater part, therefore, 
vegetation kept within the far western and the eastern humid regions. 

In front of the ice there spread a vegetation of the tundra type, · 
which moved southward with the advance of the glacier and the de-
nuded area fronting it, until it came to the position shown by the drift 
border or glacial boundary. In dominance of species, breadth of zone 
and range of distribution, the tundra type of vegetation was probably con-
trolled less by character of soil and soil preferences than by the great 
range of ·temperature, both daily and annual, the length of growing 
season and the exposure to active erosion and floods. 

These same conditions characterized the area just beyond the ice 
margin in which the conifers' were dominant. As in Alaska and Switzer-
land at the present time,• conifer forests probably existed along the margin 
of glaciers. The higher elevations beyond the reach of active glacial 
erosion, and the areas of high relief along the southern Appalachians were 
favorable to pine, arbor vitae, hemlock and spruce• with the dependent 
undergrowth; while in ravines, in undrained depressions, and o.n the 
borders of the heavily loaded, cold, silty streams existed the bog vegeta-
tion in a variety of habitats similar to those of-their life relations in north-
ern Michigan today. 

1Cowles, H. C., A remarkable colony of northern plants along the Appalachi-
cola River (Florida), and its significance (Abstract). Rept. 8th Inter. Geogr. Congr. 
1905, p. 599. 

•Russell, I. C., Glaciers of North America, 1901. 
8Gray, A., Forest geography and archaeology. Am. Jour. Sci., Vol. III, 1878, 

pp. 16-85. 
Hooker, J. B., The distribution of North American flora. Am. Naturalist, 

Vol. XIII, 1879, pp. 155-170. 
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The extreme area of ice front in Ohio, the cold silty waters of the 
glacial streams, the great amount of erosion connected with the glacial 
drainage and the accompanying deposition of silt make it doubtful 
whether the Tertiary broad-leaved deciduous forests then native to the 
Ohio basin competed with the conifer-oak forests, and could have per-
sisted near the ice front or north of the Ohio River. South and beyond 
this stream, the basin along the relatively warmer streams flowing 
from the south was undoubtedly occupied by chestnuts, walnuts, hicko-
ries, magnolias, maples, elms and others. The conviction is unavoidable, 
that the ice sheet affected the distributional relationships at a relatively 
great distance from the ice front, that the limits of the warm temperate 
types and even the tropical belts were considerably shifted• and com-
pressed, and that the plants were forced to spread south along the 
Appalachian highland and the coastal plain. Judging from the extent 
of local peat depm>its and from the present northern limits of some 
broad-leafed species, it seems probable that they did not persist at that 
time north of the river. A great many bog plants occur today on the 
coastal phi.in as far south as Florida•; the species are not always the same, 
but they are systematically related and closely similar in ecological 
structure. Their presence so far south today and the colony of northern 
mesophytic plants noted by Cowles (l. c.) can be explained only 
on historic and topographic grounds. In the southern Alleghenian 
area the native trees were met and overlapped by the bog plants, 
birch, hemlock, maple and associated undergrowth; they mingled 
with the relicts of a more ancient vegetation, the magnolias, tulip tree 
(Liriodendron S'p.)} bald cypress (Taxodium), sweet gum (Liquidambar), 
tupelo (Nyssa), and the vegetation of the tropics. 

Three distinct centers of population became thus established in 
the eastern half of North America, composed of plants and animals 
from all possible directions. Along and just beyond the ice margin 
and on the higher parts of the Appalachian, the climate and soil favored a 
tundra vegetation and conifer forests with an extensive undergrowth 
of dependent associates and bog plants. In the southeast and upon the 
slopes of the southern Allegheny mountains the genial climate and abun-
dant rainfall favored the preservation of deciduous forests in greatest 
development and variety. In the southwest the aridity of the soil 
and the climate determined the establishment of the prairie and desert 
types of vegetation, with sage brush} nut pines and junipers. 

The vegetation was in constant response to stimuli. "Every ad-
vance and recession of the ice sheet affected it and enforced renewed 
oscillatory migration. It seems scarcely possible that plant and animal 
life, still in the process of northward dispersal, has succeeded in balanc-

•Chw:nberlin, T. C., and Salisbury, R. D., Geology, 1900, Vol. III, pp. 483-493. 
•Harper, R. M., A preliminary report on the Florida peat deposits. Florida 

Geol. Surv., 3rd. Ann. Rept., 1910, pp. 1~76. 
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ing the state of stress encountered, and in readjusting itself to the compli-
cated relations involved in changing habitats." The selective action 
of the evironment and of antecedent habitats must have increased in 
some plants the ancestral fixity of function as well as of structure, while 
in others ecological and taxonomic characteristics must have become 
more plastic, and response extremely erratic or else in a direction of 
the structural impress and physiognomy of the habitat. Undoubtedly 
extreme stimuli of different factors produced alterations in germ plasm 
and hence new types of diverging as well as similar growth forms. 
Many plants reacted to various conditions in the environment, with re-
sults that would have the profoundest influence in the distribution 
and the range of the species. The occurrence of a number of plants 
and animals which are not to be found elsewhere indicates that it was 
the time and the region of new species, as well as of preservation and of 
greatest development. A vegetation much richer not only in types 
but in plasticity and in range of reactions developed by these changes. 

As the winter conditions of the glacial period slowly changed to a 
milder climate, the ict> sheet began to diminish and to recede northward. 
A heavy mantle of clay, sand and bowlder8 was depoi;oited, some beneath 
the ice and some at its edge. The deposition of the drift again altered 
the topography. A complex series of pondings of glacial water took 
place between the ice border and the higher land fronting it, giving 
rise to a succession of temporary, constantly changing lakes and ponds 
with shifting outlets. Large rivers, cutting deep gorges and valleys 
through sand, gravel and rock, emerged from the melting ice front 
into the Ohio and the Mississippi basins. 

When the receding ice sheet had reached beyond the northern slope 
of the Ohio divide the water from the melting glacier formed great inland 
lakes which for centuries covered the northern area. The glacial Lake 
Maumee is the highest of those formed in this manner; glacial Lake 
Whittlesey, the close successor, stood about thirty feet lower; glacial 
Lake Warren had its borders forty to seventy-five feet below the level 
of Lake Whittlesey. To all of these lakes the Ohio divide was for a long 
time a barrier. The series of lake ridges, which run in parallel lines 
over the surface lying between the present lake shore and the summit 
of the present watershed, show the indisputable record, somewhat 
obliterated by time, but easily traced and mapped. 

While the northern slope was being covered more and more deeply 
with lacustrine sediments filling and obliterating the older drainage 
channels, the water overflowing the ridge gradually cut a gap and 
discharged itself through the Maumee Valley and that of the Wabash 
to the Mississippi River. Several other gaps were cut through the great 
barrier. The Cuyahoga water gap which connects the valleys of Black 
River and the Cuyahoga with that of the Tuscarawas, and possibly the 
St. Mary's gap which connects the valleys of the Maumee and Miami, 
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are further examples. These great rivers, "which never had a name 
and no man ever saw," cut broad and deep valleys through sand, gravel 
and rock, and were the main drainage channels until the water of the 
glacial lakes contracted to successively lower levels and was drained 
in other directions. 

The surface of the drift deposit in the western and central counties 
of the State is marked by n\lmerous lake plains, with weak shore lines 
and a level floor of fine lake clay, in many instances overlaid by marl and 
peat. The shore lines are the positive evidence of wave action. These 
and many smaller glacial lakes resulted from valley glaciers associated 
with the withdrawal of the ice sheet. As the glacier withdrew it occasion-
ally halted, and built large moraines which prevented the waters finding 
an outlet. There were formed finger lakes and broad shallow water 
basins, which in the majority of instances did not persist to the present 
but became filled with vegetable matter and are now marshes and peat 
bogs. The most striking instances of such basins, still occupied in part 
with water, are found in a belt on or near the crest of the great water-
shed, the Ohio divide. This series of water basins, partly bogs and 
swamps, characterizes the high lands of the watershed not only in the 
State, but also in its prolongation into Indiana and Michigan on the west 
and north, and in Pennsylvania and New York on the east. Almost 
all of the large lakes and peat deposits in Ohio, as for example Cran-
berry Prairie in Mercer County, the Loramie reservoir in Shelby County, 
the Scioto and Hog Creek marshes in Hardin County, the Cranberry 
marshes in Crawford County, the New Haven marsh in Huron County, 
Savannah Lake in Ashland County, the Lodi marsh and various lakes 
in Medina County, the Copley bog and the Turkey Foot lakes in Summit 
County, the Tamarack bogs in Portage and Mahoning counties, and the 
Pymatuning swamp in· Ashtabula County, are members of this chain 
of water basins (see map, p. 27). 

The Postglacial Migration of Vegetation. - Among the first 
to occupy the barren soils left by the retreating ice were low forms of 
the tundra,-stunted willows, alders and birches, with various saxifrages, 
gentians, mosses and lichens as an undergrowth or alternating as grassy 
meadows. As plant associations continuous in distribution, they 
expanded and spread to the north in early postglacial times over soils 
of better drainage, stability and low water level. Within the United 
States the arctic vegetation is restricted today to the area above the 
timber line of the far north and on the summits of high mountains. 
The few arctic forms, which occur locally in cold ravines and in circum-
scribed areas of hilly counties, are relicts of this former widespread 
glacial flora that followed up ravine slopes as the warmer climate ad-
vanced. Most of them have disappeared unrecorded. 

The late development of northwestern and eastern outlets to the 
postglacial waters retarded the northern dispersal of many land species. 
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The conditions favored for a long time the extension of aquatic vegeta-
tion only, and the development of marginal associations. The more 
elevated, drier portions afforded restricted areas in which the occasional 
seed.B brought by wind and birds established themselves, while in the 
undrained and poorly drained depressions the establishment of the bog 
plants took place. As in the case of the tundra vegetation, physio-
graphic conditions rather than mineral !>Oil preferences determined 
their habitat. Slowly they worked themselves up the valleys along 
the dendritic tributaries in diveriing directions nearer to the divide. 
The tundra vegetation was closely followed by them and perished 
wherever the vegetation of the sub-arctic transition zone became firmly 
entrenched. The long duration of the conditions immediately following 
glacial times, the massive beach ridges, bars, cut-off ponds and innumera-
ble lakes furnished a variety of habitats for these plants, much more 
extensive than that at present; they were favorable to a rapid dispersion 
and repopulation. The genetically related associations were not isolated 
from one another by any considerable space, but occupied the region 
more continuously than found today. They were gradually reduced 
in extent through natural causei:i. 

ThP. arctic vegetation aspect did not remain fixed but moved, and 
increased or decreased in extent depending upon physiographic and 
climatic changes. Constantly the tone of the land8cape changed. 
The lines of movement northward radiated in all directions. ·From the 
banks of the great local streams and lakes, from the more temperate 
regions, and from the southern centers of dispersal, the returning vegeta-
tion moved in definite waves of migration and in successional relations. 
First came the herbaceous plants whose range is today the widest; 
then, closely following these, the shrubs and later the trees, which were 
more limited respectively in extent of dispersal. Their invasion and 
succession was determined to a large degree in so far as water requirement 
permitted growth and further distribution parallel with the migration 
of favorable climatic conditions. Dissemination was further aided by 
the amount of humus and the character of its bacterial life, by wind, 
birds and other agencies. 

As the beach lines expanded toward the lake with the falling water 
level and as the land continued to increase in area, the plants and animals 
followed that belong to a type of coniferous forest associations now 
present in northeastern North America. They overflowed to the north 
into Canada and northwest to the Rocky mountains, crowding upon 
bog meadows and bog heaths, breaking them up into isolated "boreal" 
islands and surrounding them with extensive forests of evergreens. 
The "lake region/' representing the area covered by the ancient glacial 
lakes, was still covered by water. Upon the great divide the basins, 
which were then arms of the glacial lake, supported a bog vegetation 
and began to deposit peat long before the lowering of the water level 
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consequent to the cutting down of the eastern outlets. These were 
surrounded and trapped by the evergreen trees. But with the lowering 
of the water of the lake the bog areas became separated and, though still 
persisting, are now surrounded by a vegetation type related to drained 
land. The relation of these two varieties or vegetation is, therefore, 
in the main one to be considered on historic grounds. From evidence 
afforded by the time it haf" taken to cut the gorge at Niagara Falls, 
geologists ·believe at least 10,000 years have since elapsed. The bog 
deposits on the divide can not therefore be older than 10,000 years, but 
those near Columbus must be much older. In Ohio the time of the 
migration of bog plants and conifers was prior to the long period of drain-
age that intervened between the shore lines of Lake Whittlesey and 
the present lake. . The absence of tamarack bogs and conifer forests 
in the "Black Swamp," in the region from Wayne and Medina counties 
westward to Williams and Defiance, can be accounted for only in this 
manner and not because of climatic or underlying geological differences.' 
On the other hand the notable differences in the vegetation between 
drained and undrained water basins and in swamps can not be accounted 
for wholly in this manner.' Here favorable soil orocesses and available 
water requirement favor the marsh and drained swamp plants; they 
become practically the only competitors for these situations. 

The rate of migration is not to be estimated in terms of a time 
element in which sporadic individual plants migrate a required distance. 
Plants move in groups, as societies and associations. The time normally 
required for the migration of conifer forests and their dependent associates 
against antagonistic drainage, rising slopes, lakes, marshes and other 
barrier-like features is, therefore, considerably longer than that occupied 
by the spreading of individual trees. On their approach to the great 
glacial lake the conifers divided into an eastern and western section. 
They united again in the region north of Lake Huron and Lake Superior. 
In many localities in Ohio where conifer and bog vegetation formerly 
existed they have entirely disappeared. Drainage, decomposition of peat 
and humus, fire and the settlement of the State have aided in their 
destruction. They still occur i.;;olated all over the northern portions 
of Ohio within the glaciated region, but in distribution they are 
now discontinuous. 

Soon a third succession of plants, the vegetation of higher types, 
the mesophytic (broad-leaved) vegetation group, began to encroach 
actively from the southern centers of population. From the southeast 
and from the southwest the plants spread northward, with insects, 
birds and other associated animals. Stream valleys and uplands, 

•Selby, A. D., Preliminary list of tamarack bogs in Ohio. Ohio Acad. of Sci., 
1901, pp. 75-77. 

•Transeau, E. N., On the geographic distribution and geological relations of the 
bog plant societies of North America. Botanical Gazette, Vol. XXXVI, 1903, pp 
407-420. 
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sandy and clay moraines were alike occupied. As the headwater streams 
began to capture fellow streams and to dlrain the isolated water basins, 
the changes shifted and modified the }l>lant successions, and tension 
lines were produced between the societies of plants in the various habitats. 
Bog plants and conifers were surrounded and forced to disappear, ex-
cept in area'> where exceptional circumstances afforded them preserva-
tion. By imperceptible gradations the vegetation passed into that of 
the present. The climatic differences of the arid west appreciably 
restrained the east and west migration that might otherwise have 
prevailed, for in the interglacial deposite the arboreous vegetation 
is found considerably farther west than ait present.• 

A special phase of the record are the remains of boreal animals 
found in the beds of peat and muck of the late Wisconsin drift. The 
great Mastodon americanus and the beaver-like Casteroides ohioensis, 
gigantic elks and other extinct animals were present, dominating the 
marshes and forests. 

Man's presence in glacial times is still an open question. He 
undoubtedly was forced to migrate southward and to avoid the colder 
climate; for the earliest historic records ·and the evidences of his pre-
historic activity are most numerous in regions of a semi-tropic character. 
It is not known just when Ohio became the chief center for the peculiar 
people who, for want of a better name, are known as the mound builders. 
Prehistoric human relics do not represent in the opinion of recent writers, 
"ages" or geologic divisions. The cruder forms of their workmanship 
are believed to be rejected products; they are abundant as first stages of 
manufacture in and about the gravel beds, where there was usually 
much quartz and flint in the convenient form of pebbles and cobble-
stones. The evidence of cave deposits is negative in Ohio; it has not 
yielded human relics as in Europe, wher~ the mass of material gathered 
by geologists and archaeologists is much tnore satisfactory and supports 
evidence of man's considerable ~ntiquity. 

That the glacial drainage channels, the tributary streams and valleys 
of the Mississippi, and the water gaps were among the earliest highways 
for the dispersal of many forms of life is no longer an inference. The 
gorges and ravines of northern and southern Ohio have a special interest 
and significance both as related to the system of erosion which has given 
character to Ohio topography, and as to the remarkable colonies of north-
ern plants left stranded in them. Especially in the gorges and ravines 
with steep north-facing slopes is to be found an aggregation of plants 
that is abundant far to the north, Among them are many mesophytic 
species which dominate in northern forests. They are plants that 
failed to follow up the last retreat of the ice, and so were cut off from 
the main arctic or cold temperate vegetation, became completely isolated 

•Bessey, C. E., The forests and forest tref;)s of Nebraska. Ann. Rept. Neb. 
State Bd. of Agr., 1888, p. 93. 
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and later suppressed. They occur now only sporadically in small num-
bers and are gradually dying out. They are preserved in their southern 
limits on account of the habitat conditions agreeing most closely with 
those which prevail farther north. As relicts they are the living record 
of the former borenl life. 

The desirability of studying individual variations and modifications 
in plants along the highways of dispersal and in relation to the divergence 
from their environment and center of distribution, does not seem to 
have fully impressed itself upon the botanists of the State. Plant 
variation~ are still too largely expressed in terms of taxonomic differences. 
-Size, dominance of type, degree of variability with departure from a 
habitat or a localized focus of dispersal, continuity of dispersal and of en-
vironment, of variation3 in form, function and habitat behavior-all these 
are ecological relationships, the importance of which is certainly of con-
siderable economic as well as scientific value.• Little attention has been 
paid, in the study of the Ohio vegetation, to the geographic aspect 
of ecology from a dynamic and genetic point of view. The relationships 
of relicts can only be traced by the fact that the plants belong to an 
historic order of succession, distinct and earlier from thilt to which the 
surrounding associations belong. 

•Merriam, H. C., Life zones and crop zones of the United States. U. S. Dept. 
Agr., Biol. Surv., Bull. 10, 1898. 

Adams, Chas. C., Southeastern United States as a center oi geographic distri· 
bution of flora and fauna. Biol. Bull., Vol. III, 1902, pp. 115-131. 



CHAPTER VI 

FORMATION AND DEVELOPMENT OF OHIO 
PEAT DEPOSITS 

ECOLOGICAL VEGETATION umTS 

The preceding pages have dealt with a brief statement of the 
origin of Ohio peat deposits and their vegetation; we are now prepared 
to consider in greater detail the following problems: 

(1) What are the vegetation units from which peat is derived and 
how are peat deposits formed ? 

(2.) What relation does the vegetation in lakes and on peat de-
posits, as it occurs in Ohio today, bear to the great migration which 
this vast aggregate of plants has made since the glacial period ? 

(3.) What causes are responsible for the successive changes of 
vegetation in the course of the filling-in of a lake or pond ? 

Peat is formed wherever plants can grow in profusion, provided 
that conditions are such as to interfere with the complete disintegration 
of plant tissue and to favor its accumulation. In Ohio peat accumulates 
under three topographic conditions; that is, on three types of land 
surface. But whether the peat deposit occurs in deep depressions 
filled with water, such as lakes and ponds, or along subsiding border 
areas of Lake Erie, or on flat land surf aces, as in the case of flood plains 
and plateaus, a consideration of the formation and accumulation of 
the material involves factors and conditions affecting plant growth. 
These remain the same in nearly all cases (p. 307). In method of 
development, however, the accumulation of peat and the character 
of the vegetation from which it is derived differ essentially. In the case 
of lakes and ponds peat is formed by the growth of generations of plants 
replacing one another at the side and at the top of the basin, while in 
subsiding areas and upon shallow flat depressions the deposit is built 
up by vegetation from the bottom of the depression. In structure, 
texture and properties the peat of either type differs considerably 
from the others. 

There are various ways upon which one might decide for a discussion 
of the formation of peat deposits and of their vegetation with·its primary 
subdivisions. An enumeration by counties shows the il!dividual differ-
ences of bogs, but the details would include too great a repetition of 
the character common to all. There are the interesting physiographic con-
ditions which have an important bearing in the interpretation of the va-
rieties of peat, and the development of the vegetation from the initial stage 

(220) 
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through the successive appearance and replacement of different plant as-
sociations to the ell.max vegetation.' The vegetation might be considered 
from the point of view of the gregarious habits of plants to form societies 
and associations, differing accordingly in vegetation composition, in one or 
more of the direct habitat factors, and in the manner of encroachment 
upon the original lake, pond or shallow depression.• Or one might group the 
plants found in bogs and peat-depositing water basins into characteristic 
dominant growth forms to record the conditions of life, the interrelation-
ship with plant structure and function, the types of peat and of vegeta-
tion.• In order to understand the developmental process an attempt 
might be made to discover and correlate by the methods used in experi-
mental physiology, the fundamental principles in the vast field of vegeta-
tion, and to determine the influence of soil and climate.' 

Ecology, whether geographic, fl.oristic or genetic, is still in a very 
plastic condition and in consequence new points of view may be ap-
proached without prejudice. In the process of peat formation the 
replacement of vegetation units, and the differences in the distributional 
relationship of plant groups might depend more directly upon historic 
conditions long past, such as have been enumerated above, or upon 
available water content of the soil, upon soil processes, and upon special 
methods found in plants for reacting to the various organic and inorganic 
constituents of the habitat. The ecological conditions of the habitat 
should then be quati.titatively determined in order to correlate the 
individual differences in the vegetation zones and the continuity and 
sequence of successions. How much further the framing of categories 
or the process of subdivision should be carried rests entirely on differ-
ences of opinion and on previous training. Not all of the lakes and peat 
deposits have their surface vegetation arranged in zones. Many bogs 
contain a mixed vegetation of aquatic1 marsh and even dry land plants. 
The problem is complicated where the zones are not sharply defined; 
for though of the same character, they show quite a difference in the 
series of succeeding· vegetation zones, which may be due to differences 
in the area, depth or age of the water basin, or perhaps to the fact that 
certain plant societies established themselves in one basin but not in 
another contiguous to it. 

In the statement presented below, the formation and development 
of Ohio peat deposits and the ecological aspects of the vegetation cover 
are considered in relation to processes and the causal and limiting 

•Cowles, H. C., The physiographic ecology of Chicago and vicinity. Botanical 
Gazette; Vol. XXXI, 1901, pp. 73-108, 145-182. 

Crampton, C. B., The vegetation of Caithness considered in relation to the 
geology. Edinburgh, 1911. 

aClements, F. E., Research methods in Ecology. Lincoln, Neb., 1905, pp. 
29~06. 

3Warming, E., Oecology of Plants, Oxford, 1909, pp. 137-148. 
'Schimper, A. F. W., Pflanzengeographie auf physiologischer Grundlage. Jena, 

1898. 
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conditions in the environment. As a result of investigations carried 
on in the field and in the laboratory certain correlations have been 
determined between the different types of vegetation from which peat 
is derived, and the available water content of the soil occupied by each 
type. Other factors enter into the correlation, but the data in hand 
permit the tentative generalization that the relation between the avail-
able water content and the respective quantity required by plants 
is the chief limiting factor. A more detailed account of the methods 
used by the writer in his studies of the last eight years is given in part 
III of this volume. 

Since the postglacial 'migration of plants the following major suc-
cessions of vegetation have led to the establishment of the existing flora 
on peat depositing lakes, and in shaping the particular associations: 
(1) Open water succession; (2) marginal succession; (3) shore suc-
cession; (4) bog succession; (5) mesophytic succession. There are 
a number of secondary successions which have been brought about 
by the destruction (fires, drainage), and removal (cultivation) of the 
original vegetation. As here listed this sequence of groups indicates 
the structural and historical relationships. The more genetically re-
lated groups and their associations were formerly not isolated from one 
another by any considerable space; they occupied the region more con-
tinuously then than today. 

The first three groups are members of a rel!l.ted series in a larger 
vegetation type-the hydrophytic formation. It culminates in a stable 
association so far as the free water is concerned. The fourth group is 
pronouncedly xerophytic in response to physiological drought conditions. 
The members resemble in many points of form and structure the vegeta-
tion of rainless regions and bare rock surfaces-representative types of 
the xerophytic formation. With the complete filling of the depressions 
the accumulation of vegetable debris above the water level tends to an 
increase in the oxygen supply, in ·available water, and a change in the 
character of soil organisms and their reactions. The vegetation passes to 
the mesophytic type of plant formations, which may be regarded as the 
culminating succession in the progressive series occurring on the peat 
habitat under present climatic conditions. For the aggregate of plant 
associations which compose the successional series- or sequence on a 
peat deposit the writer proposes the name "Bog series." 

It will be seen that these divisions permit a treatment which may 
include various systems of classification of peat deposits and of ecological 
relations. H is an intricate task to discover a guiding principle and to 
arrange an otherwise confusing diversity into a genetic and dynamic 
system. But the recognition, that the nature of a peat depositing 
basin and a bog environment is constantly selective, and that asso-
ciations of plants succeeding one another are each characterized by a 
definite physiognomy in response to their dependence upon soil proc· 
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esses and the supply of available water under environmental conditions 
essentially similar otherwise, renders this classification more significant. 

In separating associations only such have been indicated for each 
succession as were recognized with sufficient clearness to be the controlling 
vegetation in a habitat comprising elements of stability in the sum of 
habitat life relations. Only the dominant forms and a few of the more 
important principal and secondary species can be mentioned.• Jaccard's• 
mathematical criterion was used, whenever possible, in delimiting 
associations. In the literature several papers have been cited from which 
some idea may be obtained of the seasonal aspect of representative 
peat depositing basins and their vegetation as well as the more detailed 
vegetation structure, illustrated by permanent quadrats, by growth 
form, by vertical layers and by zonation. 

SUCCESSION OF VEGETATION IN OHIO LAKES AND PEAT DEPOSITS 

What the primary succession was in early postglacial times cannot 
of course be determined accurately. In addition to the study of the 
flora, the peat sections wherever practicable, and the remains of such 
plants as could be readily recognized were carefully studied. From 
these observations it seems evident that the plants moved progressively 
as groups very much in the order given below. 

In the partly filled lakes and ponds the vegetation from which the 
peat was formed is, as a rule, the same that is now growing upon or near 
it. But the plants, which at any given time may be found growing 
upon the surface of a well filled deposit, have succeeded other plants 
and in turn will be succeeded by still other invaders spreading over 
the area. There is, therefore, little correspondence in the completely 
filled lake or in the heavily forested portions of it, between the vegeta-
tion cover and the character of the peat beneath; here the types of plants 
are not an indication of the origin of the peat or of its quality and depth. 
Striking instances of the presence of buried shrub associations and forests 
in the peat have been noted, but a study of the sequence of plant remains 
in the light of interglacial periods or supporting the view of Lewis• 
has not been attempted. 

I. THE OPEN WATER SUCCESSION 

1. Plankton Association.-ln open water the succession of vegeta-
tion undoubtedly begins with the plankton association. Bacteria, 

•For the.nomenclature of the divisions, see Schouw, J. F., Grundtraek til en 
almindelig Plante geographie, 1822, pp. 148-150; also Clements, F. E., Research 
methods in Ecology, 1905, p. 299. 

oJaccard, P., Gesetze der Pflanzenverteilung in der Alpinen Region. Flora, 
Vol. XC, 1902, pp. 349-377. 

3Lewis, F. J., Plant remains in the Scottish peat mosses. Trans. Roy. Soc. of 
Edinburgh, Vol. XLV, 1906-1910. 

------,. The history of the Scottish peat mosses and their relation 
to the glacial period. Scottish Geographical Magazine, 1906. 
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diatoms and single-celled algae are the forms floating in the open water 
of lakes and of many of the partly filled peat bogs. They are the low 
and ancient forms which have remained substantially unchanged from 
a remote geological period in their simple environment characterized by 
relative uniformity of temperature, light, air and other conditiom, 
and by isolation. They swarm in microscopic myriads, preyed upon by 
crustaceans and other minute animals. But the reproduction rate 
is of a uniform average number and holds a steady balance between 
the prey and foe. The plankton association of Lake Erie and of many 
inland lakeE consists of species in many respects the same as in Europe. t 
In vertical range they are confined largely to the surface of the water. 
Only the more saprophytic and anaerobic forms sink to the bottom to 
avoid sunshine and air. There if! little question that vertical zonation 
and seasonal changes in quantity and quality of organisms exist on 
account of the absorption of light and heat by water, the greater varia-
tions of temperature on the surface, the freedom from currents and waves 
below the surface, and the seasonal circulation or "overturn" in lakes. 
But these problems await further investigation. 

In small pools of stagnant water rich in putrefying organic matter 
the plankton is quite different in composition, consisting mainly of bacteria 
and unicellular animals. Infusoria and flagellates, such as Eug'lena 
virides, predominate, constituting a foul-water plankfon association. 
The saprophytes flourish until putrefaction has proceeded to the stage 
when the water is devoid of organic matter, and the process of the "self-
purification" Jf the shallow area is complete. 

Il. THE MARGINAL SUCCESSION 

Information of the primary succession along the shallow margin 
of water basins is iess uncertain than our knowledge of the successions 
in the open water of Ohio lakes and ponds. A careful study of the 
border vegetation, those places in particular which are least disturbed 
by man, shows several distinct associations exhibiting zonation and more 
or less definite layering. But often the vegetation is intermingled to 
such an extent that structure is scarcely discernible. On account of 
differences in local conditions and manner of growth or propagation 
there arises a grouping and localization of species; the mass of vegetation 
looked at from abov~ appears arranged in dense ecological units, as 
societies, communities and families. The dominance and the distri-
bution of the respective units is usually associated with the growth 
form and the mobility of the plants, with depth, clearness and move-
ment of water, with light and heat absorption, and with substratum 
characteristics. The discussion of the general characters of the water 
in the soil, and its ecological factors that are of greatest import, will be 

tSnow, J., The plankton.algae of Lake Erie. Bull. No. 22, U. S. Fish Commis-
sion, 1002, pp. 371-393. 
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deferred until the process of peat formation is treated in Part III. (See 
pp. 3481 373, and tables 6, 29, 30.) The subterranean organs of the 
different species conflict but little with each other on account of differ-
ences in depth from the water surf ace and in seasonal functioning. The 
plants invade the area without interference from other rhizome systems, 
and complement each other largely because of differences in the growth 
form of their shoots. The growth of plants is on stones and on loose 
humus. Seasonal aspects, such as are due to flowering and fruiting 
play a smaller part in the physiognomy of the vegetation, except in the 
shallower. parts of a basin. The plants are present almost throughout 
the year, and attain their highest point in growth and in numbers 
about the month of August. At the commencement of winter many 
produce special thick-walled cells and descend toward the bottom of 
the water, or hibernate by means of winter buds which are filled with 
reserve food. In the marginal succession the following associations 
may be recognized quite clearly. 

1. Submerged Associations. In lakes overlying the limestone 
area of the western half of Ohio, stonewort (Chara sp.) takes a prominent 
place. The deeper portions of a basin are its characteristic habitat. 
It often forms veritable mats and is a soil builder of great importance. 
Chara and also crustaceans and mollusks withdraw calcium bicarbonate 
from the water and deposit it upon their bodies by precipitation as 
calcium carbonate. Upon the death of the organisms the lime per-
manently settles upon the floor of the lake or pond. In some lakes and 
peat deposits the accumulations of fine-grained Chara marl or of the 
comminuted particles of shell marl reach to several feet in thickness. 
Such deposits are illustrated by areas in which Portland cement works 
are located, as for instance near Sandusky, where beds of cream-colored 
Chara marl and sheets of calcareous tufa alternating with layers of peat 
average more than 6 feet in thickness over an area of several square 
miles. In the Brimfield bog in Portage County, and in many other peat 
deposits Chara seems to have held the entire bottom of these ancient 
lakes. By its growth the plant filled the depression to a depth of 3 to 4 
feet before other plants were able to' establish themselves. Where 
clay or sand forms the substratum the lower layers of marl are usually 
impregnated with them. Quite often mud was held in suspension in 
the water at the time the overlying stratum of peat was accumulating. 
The clay, sand and marl content is only occasionally excessive, making 
the peat useless for commercial purposes. 

Upon areas of shallow water, as at Dallas in Champaign County 
and at Castalia in Erie County, no vegetation appears except Chara. 
As the soil water becomes less calcareous and more peaty through the 
addition of organic matter, filling eventually follows the usual course 
as described below. 

Where Chara is not present there is but little change from the 
18-G. B. 16. 
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innermost microphytic region to the belt of submerged plants nearer 
the margin. The depth of the outer limit of most aquatic plant-growth 
ranges from 10 to 20 feet, and varies with the clearness and the tempera-
ture of the water. At Castalia in Erie County, the "Blue Hole," from 
which ic;sues a large volume of cold water highly charged with· lime, 
is magnificently carpeted with masses and festoons of algae to a depth 
of more than 30 feet. 

In. almost all Ohio lakes the zone of submerged vegetation is rich 
both in species and individuals. Most of the plants have roots and are 
attached to the soil, but they do not depend upon the soil for mineral 
salts. The water-weed (Elodea=Phiwtria canadensis), the water milfoil 
(Myri<rphyllum spicatum), hornwort (Cerat<rphyllum demersum), blad-
derwort (Utricularia vulgaris), pondweeds (Potamogeton pectinatus, P. 
lucens, P. natans), various mosses (Hypnum sp.), and a1gae constitute 
the chief peat forming plants in this association. Tape grass (V allis-
neria spirali8) is less common, but all of the other forms are the same 
over wide area1. In this respect the similarity throughout the ponds 
and lakes of Ohio is one of the most striking features. Among these 
plants the fish chiefly swim or lurk, "scanning the weedy tracts, spending 
much time in the chase of insect larvae, worms, crustaceans and other 
animals." The bladderwort, with its tiny traps for the capture of minute 
insect larvae and crustaceans, is often a serious though unsuspected rival 
of the fish. It competes with them for· food and has the advantage in 
this competition since it can support itself in case of diminished food 
resources by the starches and sugars formed in it<> green leaves. During 
July and August its flowers determine a pronounced seasonal phase 
in sheltered places. 

Ordinarily hornwort and the Potamogeton species comprise t.he main 
part of the association in abundance of individuals; next to them in 
numbers and as principal species are the hornwort and bladderworts; 
all others are of secondary importance in point of dominance or aggrega-
tion.1 Very frequently the plants are found mingling, but a closer 
inspection shows that they occur in groups, producing alternation and 
layering. Lack of space precludes a detailed description of growth forms 
and of the inter-relationships of roots and shoobi. They are similar 
to those detailed and illustrated by Pieters.• There is great variation 
in the number of species and in the order of their importance; no attempt 

1Many of the lakes, ponds and small rivers are so affected by the growth of 
these plants in the shallowf'r waters as to interfere seriously with travel by boat 
and the catching of fish. In order to clear the marsh)'. bottom of submerged plant 
growth a weed-cutting apparatus has been invented. (Scientific American, May 20, 

.1911). The apparatus consists of a boat on which is mounted a frame bearing at one 
end a set of knives like those or a mower. The frame is so mounted that it may be 
swung to the bottom of the lake. The knives are operated by means of a hand 
wheel. The boat is usually propelled by long poles. By operating another hand 
wheel the frame may be lifted out of the water. 

:Pieters, A. J., the plants of westf'rn Lake Erie, U. S. Fish Comm. Bull., 1901, 
pp. 57-79. See also Gluck, H., Biologische und morphologische Untersuchungen 
uber Wasser und Sumpfgewichse, Vols. I-II, 1905-1906. 
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is made here to give a complete list. The plants show horizontal distri-
bution and respond to the contour of a basin in about the order in which 
they appear listed above. They usually exhibit vegetation structure 
less distinctly than the following association. 

The remains of the plants accumulate in large amounts and with 
almost no decay in quiet basins, often giving rise to a greenish, distinctly 
laminated peat. Erosion is relatively unimportant and sediments 
are ordinarily absent from most peat beds. Only with wave actio.n 
during strong winds, and along gently sloping shores does the debris 
become ooze-like. By the selective influence of gravity the heaviest 
and coarsest material settles nearer the margin, while the finest detritus 
reaches the deeper parts of the lake bottom filling it with a soft, oozy 
mud. 

2. Semi-aquatic or Amphibious Associations. -As the submerged 
vegetation makes the border of the lake or pond shallower, plants which 
grow near the shore establish themselves (Plate VI, A). The predomi-
nating species are the white and yellow water lilies (Castalia tuberosa, 
Nymphaea advena) and the knot.weeds (Polygonum muhlenbergii,P. hydro-
piperoides, P. amphibium). Frequently the mermaid weed (Proserpinaca 
palustris), water parsnip (Sium cicutaefolium) and bur-marigold (Bidens 
beckii, B. cernua, B. discoidea, B. frondosa) succeed in establishing them-
selves in competition with them, but they are either driven to shallower 
places or grow as secondary species. The plants occupy definite levels 
below the surface of the water. Usually the creeping stems of the water 
lilies are below those of the other species, while the rhizomes of the 
pondweeds and knot.weeds lie just above them; mermaid weed, water 
parsnip, lake cress (Radicula aquatica = Roripa americana), bur-marigold 
and others root nearest the surface and become rather abundant in 
drier situations. 

There is no sharp limit between the several associations and those 
preceding or following them; hence the individual zones contain in great 
variety species of secondary importance. Most of the plants are 
perennial and herbaceous, and occur in groups. They are firmly 
fixed within the substratum by their submerged horizontal rhizomes-. 
As the water level fluctuates, they may exist entirely submerged or 
only partly so, without apparent relation to the water table, projecting 
their flowers and often their leaves above the water. All but the water 
lilies have a. plasticity of structure which, seemingly, enables them 
to respond within a limited degree to situations of a high water level 
by "water leavrs ;" especially those of the lake cress vary greatly in 
form and in s(.ructure from the air leaves which arise partly under 
conditions of a low water level. 1 

The lily zone (Castalia-Nymphaea belt) occurs as a belt outside 
of the pondweeds, in water of a depth varying from one to four feet. 

•Gliick, H., Biologische und morphologische Untersuchungen iiber Wasser und 
Sumpfgewichse. Jena, 1905-1911, Vols. I-III. 
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On its outer part toward the deeper portion of the basin it is always 
much mixed with the several members of the Potamogeton zone. The 
dominant plants are the yellow water lily (Nymphaea advena) and the 
white water lily (Castalia tuberosa). They exhibit occasionally alterna-
tion and mingling and have with them as principal species the pickerel 
weed (Pontederia cordata) and arrow arum (Peltandra virginica). The indi-
vidual groups contain as secondary species a mixture of the characteris-
tic plants of the adjoining association mentioned. Only in the outer 
tension lines (ecotone), that is, along the border between the zone 
under consideration and the one contiguous to it shoreward, is there an 
evidence that the more aggressive invading members may occupy a 
wider area. No attempt will be made here to indicate the variety of 
arrangement and grouping of principal and secondary species associated 
with the dominant plants and constituting an ecological plant society. 
In practically all lakes and ponds visited by the wr_iter the association 
is represented in concentric zones or in scattered grouping, both showing 
only minor differences. A typical society, whether of Nelumbo, Pon-
tederia, N ymphrea-PeUandra and so forth, is usually represented promi-
nently by associated knotweeds (Potamogeton natans, P. pectinatus), 
homwort (Ceratophyllum demersum), bladderworts (Utricularia vul.garis, 
U. intermedia), water weed (Elodea canadensis), Diatoms, Desmids and 
others. 

The white water lily is most often in an abnormal condition. This 
is brought about by the continual search for its flowers or in making a 
boat landing. A Castalia tuberosa society is more nearly normal in 
inaccessible ponds; but wherever left undisturbed it soon regains its 
rank as an important dominating constituent. At Aurora Pond in Port-
age County the yellow pond lily forms a concentric border 10 to 30 
feet in width. In several small shallow ponds the yellow pond lily 
was found covering the entire surface. At Fowler's Mills in Geauga 
County both the white and yellow water lilies nearly gover the surface 
of the pond. Their thick and numerous leaves resting upon the water's 
surface or rising above it shut out the light to such an extent that the 
submerged association thrives but poorly. 

In a large number of cases the lily zone is bordered shoreward by 
a wider one of knotweeds. The Polygonum species develop particnlarly 
well in water less than two feet in depth. The structure of the vegetation 
associated with them is essentially as follows:-dominant plants (jacies) 
are Polygonum emersum, P. hydropiperoides and occasionally P. amphib-
ium. Within these dominant forms appear separately, often in indis-
criminate alternation, several principal species, such as the yellow pond 

. lily (Nymphaea advena), which characterizes the area and thus gives 
rise to an aggregation of plants constituting the Polygonum-Nymphaea 
society. The dependent associates and species secondary in numbers, 
which constitute a more or less independent community, are hornwort 
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(Cerataphyllum demersum), water hemlock (Cicuta bullrifera). stick-
tight (Bidens cernua, B. discoidea). and others. In this association 
the majority of the principal and secondary species are commonly 
members of the belt of plants previously mentioned, while others are 
invaders, belonging more properly to the vegetation which is to follow. 
The numerous seedlings of rose mallow (Hibiscus moscheutos), marsh 
cress (Roripa= Radicula palustris, R. aquatica) 1 and others, suggest 
the probable replacement in the succession. 

The variety in zonal arrangement of the semi-aquatic association 
is often a conspicuous feature. It is due principally to the relative 
asymmetry and the angle of slope of marginal conditions, depth of water 
in which the plants can thrive best, dissimilar growth levels of sub-
terranean organs, and the amount of available light and heat. The zones 
advance more or less concentrically toward a common center. Where 
an island is present the advance is, of course, from it as a center. Zona-
tion is incomplete or obscured only where the controlling factors change 
or are unfavorable on account of the interference of man. 

S. Floating Association. -Among the members of any semi-
aquatic association occur forms of a type of free floating plants higher 
in the scale of development and differentiation than the type of plants 
mentioned in the plankton. Some of the constant representatives 
in open water, relicts of oi:iginal lakes and ponds, are the duckweeds 
(Lemna minor, L. trisulca, Spirodela polyrhiza, Wo1Jfia columlriana), 
some liverworts (Riccia fluitans, Ricciocarpu8 natans), masses of algae 
including Spirogyra, Zygnema, Cladophora and others (Plates III, B and 
V). They are not fixed to any substratum but are free and easily trans-
ported by wind and currents. Hence clearly defined societies do not 
exist in this association. The aggregations consist principally of parent 
and offspring, and inasmuch as several species contribute loosely to 
the vegetational structure, they are more correctly termed a community. 

At Buckeye Lake the diminutive duckweed (W oltfiella (loridana) is 
an important constituent in the small sheltered pools of Cranberry 
Island; it was brought here undoubtedly through accidental dissemina-
tion, by migrating ducks and other water birds. 

In lakes exposed to strong winds and to wave action the plants 
of this association are often thrown on the shore in considerable quan-
tities. This is notably the case at the southeastern shores of the Grand 
Reservoir in Mercer County and at the Lewiston Reservoir in Logan 
County. Under these conditions the plants are not an important 
factor in the formation of peat. But, in protected places along the shore, 
in miniature bays and lagoons, the floating community exists in great 
numbers; at times they completely cover the quiet pools and water 
pockets. The rank growth of this vegetation fills rapidly the areas 
occupied by them. The normal activity of aerial bacteria soon becomes 
lessened and the quantities of debris accumulate with little change. 
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The floating association corresponds in point of vertical zonation 
to the ground layer of mosses, liverworts and lichens present in any 
ordinary forest, where the vegetation arranges itself with reference 
to the available light .. In the floating association, light does not seem 
to constitute the controlling factor. The definiteness and the per-
manence of the layer must be sought in the extent to which it influences 
the available water supply in the semi-aquatic and the shore vegeta-
tion. With the accumulation of their debris in sheltered and enclosed 
pools several agencies combine to prevent oxidation, complete decay 
and the removal of transformation products. The habitat is becoming 
gradually more and more physiologically unsanitary. As a consequence 
there is noticeable in the duckweeds a difference in root production 
as well as in the amount of frond, and later a decrease in the rate of re-
production. This condition indicates a growing season that is shortened 
by the limitation of the available water supply and by struggles with the 
reactions exerted upon the habitat by changes in the vegetation. 

m. THE SHORE SUCCESSION 

The plants that follow the semi-aquatic associations may be called 
typical forerunners of the land vegetation and of a marsh as well as of 
peat bogs (Plate V). They crowd into the shallows of a depression 
and take possession of it by means of strong, much branched, under-
ground stems which form a dense and -firm mat. The subterranean 
organs of the various species show a greater power of changing their 
direction of growth in response to obstructions than the preceding 
vegetation units. The plants are more or less competitive, yet mutual 
relationships, similar to those illustrated. by Yapp, 1 still predominate 
on account of differences in growth form, seasonal functioning and depth 
from the water surface. The various species thrive and occupy ad-
vantageously the different levels by their root systems. In flat basins 
fibrous roots penetrate deeply into the soil and the mat becomes anchored. 
As the associations advance to the open water of the deeper portions, 
the mat becomes a floating shelf, rising and falling with the water level. 
By a constant accretion of dead tissues the several associations add to 
the bottom of the basin, shoaling the water shoreward around the sides 
of the lake or pond. Wind and currents spread the finer debris into the 
deep portions of the basin and add drift material in varying quantity 
to the deposit or the silt held in suspension by inflowing streams. Thus 
conditions arise which enable the more densely populated areas at the 
margin to advance farther in. The building up of the deposit goes on now 
more rapidly. The vegetation zones in deep water become narrower 
as the slope of the peaty accumulation grows steeper, but they broaden 

•Yapp, R. H., On stratification in the vegetation of a marsh. Ann. of Botany, 
Vol. XXIII, 1909, pp. 275-319. See also Pieters, A. J., the western Lake Eric, U.S. 
Fish Comm. Bull., 1901, pp. 57-79. 



PLATE V. 

Pioneer plants building a mat over the open water. 
(Photoiraph by F. drown.) 
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again as the basin becomes slowly shallow and smaller, or as disturbances 
in drainage decrease its depth. To repeat then, as the filling-in from 
the borders of the water basin continues, the debris from plants and, 
only in a small measure, from animals, gradually raises the deposit 
along the shore near enough to the surface of the water to enable shal-
low water plants growing along the border of the lake shore to en-
croach. The plants are largely perennials and advance as pioneers of the 
bog or of the land vegetation according to the nature of the water re-
quirement and the determining soil processes. Except the lake bulrushes 
and closely allied species which may thrive in water five feet deep, the ma-
jority of the plants do not grow well in a depth greater than from one tO 
two feet. They form a sponge-like mat by the interwoven rhizomes and 
roots, and harbor various layers and societies. The association includes 
all the species which normally raise their foliage above the water surface. 
A few members are in a sense transitional and can assume an aquatic 
or terrestrial habit. The plants, mostly monocotyledons, are tall and 
unbranched with flexible stems and long thin leaves; they attain an 
average height of five feet, and easily bend to wind and waves. This 
habit of growth is characteristic even in such members as belong to 
the dicotyledons. Various societies within sub-zones and layers may 
be distinguished. They may be pure and dense social growths, or they 
may consist of societies varying in importance with the dominant 
species or the seasonal aspect. The following associations muy be 
here outlined. 

1. Decodon verticillatus Association. - In the majority of Ohio 
lakes and ponds with peat deposits, narrow zones of the swamp loose-
strife (Decodon verticillatus), with occasional cattails (Typha latifolia, 
T. angustifolia), furnish the transition to the bog vegetation (Plate 
III, B). The slender mature stems of Decodon that bend toward and 
into the open water curve at the tips, form roots, and permit the young 
plants soon to become moored. In this manner an advance is made 
outward upon the water. The cattails and various secondary species 
make their appearance as soon as the stools are built up. Among them 
are isolated members which represent the abandoned habitat of the 
Castalia-Nymphaea association, while the new association is present, 
sparingly at first but later conspicuously, in the form of several strong 
societies and communities with invaders of the association that is to 
follow. 

The typical structure of the association is best described as follows: 
facies or predominating species Decodon verticillatus, frequently accom-
panied by deeper rooting Typha latifolia, T. angustifolia, as principal 
species. Of the secondary species water dock (Rumex britannica), 
cress (Radicula aquatica= Roripa americana), skullcap (Scutellaria 
galericulata), tickseed sunflower (Bidens trichosperma), and later bitter 
cress (Cardamine bulbosa), bittersweet (Solanum dulcamara), bristly 
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crowfoot ( Ranunculus pennsylvanicus) 1 loose-strife (Lysi machia = N aum-
burgia thyrsift<>ra), and rose mallow (Hibiscits moscheutos) with a ground 
layer of duckweeds, diatoms and blue-green algae constitute the general 
type. They complement each other largely because of differences in 
aerial growth form. Water hemlock (Cicuta bulbifera), water plantain 
(Alisma plantago-aquatica), bur reed (Sparganium eurycarpum) and arrow 
head (Sagittaria sp.) occupy the deeper water, scattered and inter-
calated to such an extent as no longer to represent a normal stage of 
the previous successions. 

The association forms an attractive but tangled mass through 
which it is very difficult at times to pass. A great variety of song 
birds, wading birds, and diving birds, of insects and of other animals 
make this zone their favorite habitat. There is in the association an 
early summer aspect determined by the Rumex britannica society, 
which occupies, however, rather restricted areas. A Hibiscus moscheutos 
society is determined during midsummer by the conspicuous flower 
of the swamp rose-mallow and similarly a Bidens trichosperma society 
with brilliant yellow flowers in early autumn. Solanum dulcamara 
attains in places considerable importance in autumn with its bright 
yellow berries, but it is never very obvious. 

Decodon is entirely absent in a series of small lakes in Ashland 
and Holmes counties, namely, at Mud Lake, Long Lake and Round 
Lake. There the sequence of successions is lilies, knotweeds, rose-
mallow, followed by arrowwood (Viburnum dentatum) and white rod 
(V. cassinoides), poison sumach (Rhus vernix) and red maple (Acer 
rubrum). At Ladd's Lake in Defiance County the cattails furnish the 
transition to a willow-aspen thicket which is followed by a narrow zone 
of treefl, the maple-ash-elm association, on peat about ten feet in ~hick
ness. 

2. Carex-Juncus-Scirpus Association.-In only a few lakes and 
peat deposits the important forerunners and mat formers are species 
of sedge (Carex filif ormis, C. interior, C. limosa) and rush (Juncus cana-
densis, J. effusus, J. brachycephalus). With them are found occasionally 
Carex lurida,·Juncus acuminatus and J. tenuis. More frequently occur 
the spike rush (Eleocharis obtusa), several grasses (Panicum sphaerocar-
pon, P. huachucae, Glyceriaftuitans) and cattail, reed grass and other 
members of the associations given below. The plants have strong, 
wiry, but slowly growing, much branched root stocks; once established, 
however, they form an interwoven, compact mat of turf peat and persist 
as distinct societies and communities. In flat land surfaces the rhizomes 
lie at several different soil levels but at considerably smaller depths, 
often without any relationship. The aerial parts of these plants as 
they fall to the ground at the end of the growing season become incorpo-
rated in the meshwork of :fibrous roots and rhizomes. Soil conditions 
soon become modified, for the dense growth of the plants prevents 
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excessive evaporation from the ground, the run-off is small and erosion 
slight, and the delayed surf ace water is largely absorbed by the spongy 
network of dead plant tissue. As drainage channels become clogged 
and the level of the absorbed water rises in the peaty substratum the for-
mation of peat goes on more rapidly. The deposit is continually built 
up from the bottom by plants best fitted to the existing environment. 
Complete disintegration of the debris ceases as decay by-products 
accumulate and reducing action increases. Stability is reached at the 
height to which water rises from the general level through the spongy 
mass, and the amount of weathering and carbonization of the softer 
vegetable tissues in the upper peat layer. Blackened, well decayed 
layers of peat are frequently encountered in the local peat beds, and 
often at various levels. They may indicate the effects of prolonged 
drought due to drainage changes or to atmospheric conditions. Shrubs 
and trees frequently enter at this stage; and the peat then contains con-
siderable quantities of partly decomposed wood. Only as the rise in 
water level is sufficiently long and marked, either by increased rainfall 
or obstructions in drainage, is the work of peat formation continuous 
or re-established. When the accumulation of peat is not accompanied 
with a corresponding rise of water level, changes in the vegetation 
cover follow as indicated on the following pages. The record of these 
changes is preaerved in the deposits, and both the type and the texture 
of a peat bed indicate the corresponding conditions for peat formation. 
Deposits of this type can be drained to their bottom. 

Peat deposits near Tiffin and the central portion of a bog near 
Ayersville in Defiance County are covered with sedges. The list of 
plants includes in addition the following species: Carex virescens, C. 
canescens, C. sco-paria, the wild oat grass (Danthonia 8'picata), five-finger 
(PotentiUa mon8'peliensis), marsh St.John's wort (Hypericum= Triadenum 
virginicum), with patches of sphagnum mosses and the prostrate bramble 
(Ru.bus hi8'pidus). Around this central portion of the Ayersville bog 
is a concentric zone of swamp rose (Rosa carolina) with meadow sweet 
(Spiraea salicifolia), followed by a zone of high blueberry bushes (Vac-
cinium corymbosum), chokeberry (Aronia nigra), etc., with an outer 
border of willows and poplars (Salix petiolaris, Po-pulus tremuloides). 

Among the plants which share the habitat of the sedges is more 
specifically the water arum (Calla palustris) in the bogs of northwestern 
Ohio. The bur reed, several arrow heads, the bristly crowfoot and the 
water plantain with bur-marigold species generally persist as stragglers 
in the wetter portions of a bog. 

In a few inland lakes and especially along the shore of Lake Erie, 
Scirpus validus and S. americanus are the forerunners of a pure marsh, 
followed by cattail and reed grass. The sequence is described with 
more detail in the Phragmites communis association below. Here atten-
tion is called to the fact that along the southern shore of Lake Erie the 
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accumulation of peat from these plant groups indicates with certainty 
the steady sinking of the land surface below the deposits. In the state-
ment regarding the peat deposits of Erie County (pp. 55-58) stumps and 
roots of trees are associated with an accumulation of peat built up by 
fresh water plants and especially by the succeeding characteristic 
reed grass association. The peat beds are now buried below the water 
level of Lake Erie by later deposits of marl alternating with peat in 
definite vertical layers. The peat from the aquatic forms is propor-
tionately smaller in quantity and less uniform in texture than that 
from plants of a drier habitat, showing that the subsidence must have 
been very slow. Barriers to the northward drainage favored peat 
accumulation for a period of time that is in proportion to the thickness of 
the peat bed. The destruction of the barriers and further subsidence 
supplanted the vegetation cover. Shore material derived from tufa 
beds and sheets of Chara marl spread over all the surface coveced by 
the lake. These periods of subsidence undoubtedly will continue to 
affect the quantity and quality of peat accumulation. 

3. Typha Association.-The cattail and the grass and sedge 
type of marsh are popularly known as "hay marshes" and "prairies." 
They are formed by the vigorous growth of these plants over extensive 
areas formerly covered by shallow water or inundated annually during 
periods of heavy rainfall. There a:e numerous tracts, in Mahoning 
County, for example near Snyder, and in Trumbull County near Orwell 
and Bloomfield, in which cattails are the most conspicuous plants. They 
form a very dense vegetation; roots and rhizomes lie at the surface 
of the peaty substratum and give but little opportunity for the growth 
of secondary species. Jewel weed (Impatiens pallidaJ, burreed (Spar-
ganium eurycarpum), arrow head (Sagittaria sp.), tearthumb (Poly-
gonum sagittatum), milkweed (Asclepias tuberosa) and shield fern (Aspi-
dium = Dryopteris thelypteris) are representative members of the under-
growth, but scattered to an extent that !lo final occupation of the habitat 
is not indicated; they are supplanted eventually by forms intermediate 
between marsh and shrub, or true bog associations. Species of the great-
er range in local distribution usually show the greater ability to occupy 
the ground, to spread laterally with interference in drainage, and to 
retain possession of an area for a comparatively long period. The 
Typha association is most important in secondary succession, in denuded 
areas which owe their origin to the activities of :tnan by flooding and 
fire and which are intended to develop toward a pasture succession. 

The headwaters of rivers have their source in many of these marshy 
flections. The greater part of the area along the river's course has there-
fore the characteristics of an inundated valley. The vegetation tenant-
ing such areas shows tendencies toward the development of a pasture 
association. This is the case, for example, near Andover in Ashtabula 
County, about ~hree miles east of the village. It is difficult to charac-
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terize the vegetation on account of the large number of weeds and typical 
marsh plants present. A list of the plants ineludes the following species: 
woolgrass (Scirpus cyperinus), stonecrop (Penthorum sedoides), lady's 
thumb (Polygrmum per8icaria), water pepper (P. pennsylvanioum, P. 
hydropiperoides), sensitive fern (Oneolea sensi,bilis), galingale (Cyperus 
strigosus), yellow dock (Rume:r; crispm), white grass (Leersia virginica), 
cleavers (Gali um trifidum), water purslane (Ludvigia =I snardia palus-
tris), sticktight (Bidens laevis) and marsh speedwell (Verrmica soutellata). 

4. Calamagrostis canadensis Association. This type of shore 
succession,· with [>hragmites communis on drier parts as a principal 
component, occupies comparatively large areas in counties along the 
divide. A Cal,amagrostis canadensis wet meadow succeeds best on a 
peat substratum which is rs.rely or never submerged. The Cal,ama-
grostis-Phragmites association which occupies comparatively large 
areas of the New Haven marsh in Huron County where it is strongly 
associated with bog successions, is an example. This meadow associa-
tion has largely a grass-like aspect and develops a vegetation structure 
consisting in the earlier stages of the blue joint grass as the dominant 
species, the reed (Phragmites communia), twig rush (Cladium maris-
coides), shield fern (Aspidium=Dryopteris thelypteris), marsh St. John's 
wort (Hyperioum= Triadenum virginicum), sensitive fern (Onoclea 
sensibilis) and others. The condition of unstable equilibrium which 
exists is more favorable for Cal,amagrostis during wet years and more 
favorable for Phragmites during dry ones. The association is followed 
by stages described later in the bog successions. 

5. Phragmites communis Association.-Along the shore of Lake 
Erie and between the bar sections and the mainland there are thousands 
of acres of pure marsh. In many places the accumulation of vegetable 
debris, as at Cedar Point1 and eastward and near Toledo, has been 
cumulative with the rise of water. The marsh has successfully held 
the habitat for a long period. The part of the marsh exposed to the 
action of the surf has bulrushes as dominant species; Scirpus validus 
occupies the deeper water often to a depth of five feet, and Scirpus 
americanus grows best in the shallower places. In those portions where 
the action of the surf is considerably diminished and quantities of humus 
accumulate, a reed swamp succeeds, consisting principally of Phrag-
mites communis. The reed grass and also the cattail are the dominant 
plants. The reed does not occupy any particular soil level, but the cat-
tail is usually found in the deeper water and in more exposed positions 
than the reed grass. Among these occur Indian rice (Zizania aquatica) 
often obscuring the associated species such as the burweed (Sparganium 
eurycarpum), and arrow head (Sagittaria l,atifolia, S. heterophyll,a), 

•Jennings, 0. E., An ecological classification of the vegetation of Cedar Point. 
Ohio Naturalist, Vol. VIII, 1908, pp. 291-340. 

Moseley, E. L.f Formation of Sandusky Bay and Cedar Point. Proc. Ohio 
State Acad. Sci., Vo. IV, 1904, pp. 179-238. 
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which forms a secondary vertical stratum. With them alternate and 
mingle sedges (Carex comosa, C. aquatilis), ·rushes (Juncus canadensis) 
and others. Frequently the yellow water lily may be found forming 
a tertiary layer, while masses of algae, duckweeds (Wolffia columbiana) 
and various diatoms, blue-green algae, pellets of N ostoc and other low 
plants nestle among them as a ground cover. Where the accumulation 
of humus has raised the soil above the water, thickets of willows (Salix 
discolor, S. lucida; S. myrtilloides=pedicellaris, S. amygdaloides) or 
thickets of buttonbush and dogwood (Cephalanthus occidentalis, Cornus 
stolonifera) follow. In the earlier stages of development the association 
includes, as in inland localities, Typha sp.; Sparganium eurycarpum, 
Sagittaria heterophylla and others form a secondary layer, alternating 
and mingling with Carex comosa, C. aquatilis, Juncus canadensis. The 
Phragmites association often succeeds a bog meadow (cranberry-sphagnum 
association) in localities where the peat is solidly grounded, in a more 
advanced stage of disintegration, and well drained. 

These various types of associations in the shore succession are often 
to be seen along the shore of one lake. Correlations with soil condi-
tions are more easily established than with any other one factor. Dif-
ferences in light and evaporation affect the plants less critically as yet, 
for competition becomes intenser in the later stages of the succession. 
Of the several types, the Phragmites association indicates the better 
physical condition of the soil, favorable also for agricultural purposes. 

In many cases all of these types of associations in the shore succes-
sion may pass gradually or abruptly into bogs, intrude upon one another 

. or even alternate. The boundaries are frequently ill defined, and the 
various types of shore associations are often to be seen more or less 
clearly along the shore of one lake. At the several large reservoirs 
of the State they oqcur less promiscuously scattered than at the smaJler 
lakes and ponds. There is considerable evidence that the disturbances 
observed in the groupings and in. the invasion of a habitat are chiefly 
the result of the ice shove during winter and early spring. Exposure 
to wind and waves, the sandy nature of the area, and the interference 
by man may in part account for the lack of continuity in this associa-
tion at some lakes and its absence in others. 

Naturally a change in the width of the zones and in the character 
of the vegetation follows as the water decreases in depth during the 
process of filling or becomes less available. The vegetation continues 
to move toward the center of the lake while shoreward it is replaced 
by plants of another type of association. Up to this stage in the 
process the marginal and shore plants in the shallower water may still 
receive better aeration and sanitation on account of the more frequent 
stirrings by waves and surface current action. The water is quickly 
warmed, much more so than that in the deeper parts of the basin; the 
physical and biochemical conditions of the substratum are yet favorable 
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for rapid growth, and any gaseous or other injurious products due to 
the partial decomposition of the debris are in dilutions not to inhibit 
functional activity of many plants. In fact their presence in small 
quantities carries with it a corresponding intensification in the growth 
rate of some plants. Nevertheless, it is interesting to note that the 
vegetation shows striking habitat-structures such as aerenchyma, 
internal air-containing spaces, respiratory roots and lenticels to secure 
sanitation, and that most land plants, unless they have these special 
reaction structures, are soon killed out. The plants invade the shallow 
water with constantly increasing numbers, but the soil conditions are 
the most important factor in limiting their distribution. In the mean-
time the shallow places become filled with the parts of dying plants. The 
deposit increases in purity as well as in thickness. Gradually its surface 
is raised near the water level; in deeper basins the quaking mat becomes 
firmer shoreward and the decay of the plant debris prepares the way 
for another succeeding vegetation-the true bog meadow association. 

IV. THE BOG SUCCESSION 

Without change of climate or of mineral salt constituents, the 
aquatic and marsh vegetation becomes suppressed under certain con-
ditions. Organic processes in the substratum, as they approach the 
limit of favorable conditions, become of greater importance than varia-
tions in light, temperature or evaporation. 

They induce the establishment of the intermediate stage, the 
xerophytic formation. Frequently one or more phases of the bog 
succession are omitted entirely, and various deviations or intercala-
tions occur; always, however, they are replacing one another quite 
independently of climatic and topographic changes. The succession of 
associations like that of their displacement is a form of edaphic selec-
tion due to the establishment of certain species and the exclusion of others. 
The plants themselves are the most important factor in bringing about 
the change. The root systems lie mainly horizontally, near the surface 
of the ground, and resemble in their general features of diffuse growth, 
depth of penetration and behavior, several of the typical desert 
plants. 1 As the production of peat land by the activity of the vegetation 
continues, concomitant with the organic changes in the soil, there is 
the replacement of one type of vegetation by another. 

The shoaling of the water, the lack of aeration by wave and wind, 
to both of which the marginal vegetation is a strong barrier, and the 
greater temperature exposure (tables 6-9), are characteristics which 
should be mentioned as in part limiting and replacing the former marginal 
sequence of associations. More important factors which become 

iCannon, W. A., Root habits of desert plants. Carnegie Inst. of Washington, 
Pub. 131, 1911. 
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paramount with the encroachment of the bog meadow association 
are changes in the chemical (tables 29-30) and physiological effects 
(tables 10-15) of the soil water. Although the ground water table 
is still high and water is abundant, it is largely useless to the plants 
on account of the accumulatio.a of injurious substances. These are 
principally due to the activity of fungi and bacteria living in the organic 
substratum (pp. 346-358). A great variety of these organisms, varying 
in kind and in number with ·the character of the surface vegetation, 
live on the starches, sugars, proteins and fibrous matter of the debris 
within the upper layer of the soil. There are other changes which take 
place during the transfoJimation of plant tissue into peat. Of these 
only the more typical can be mentioned here. 

A. THE BOG MEADOW ASSOCIATIONS 

A bog meadow association is an oven but de.use and exclusive type 
of vegetation cover. Its vertical level is fairly uniform and varies 
between 6 and 18 inches; it is never more than 3 feet high. There are 
usually two vertical layers-the ground vegetation, which includes the 
mosses and rosettes of several flowering plants, and the field layer, con-
sisting of tall shoots of the perennial herbs. Mingled with these occur 
isolated shrubs, scattered here and there, the forerunners of coming 
transition stages, whose height averages ab.out 5 feet. In general 
vegetation features, in the prevailing grass-like growth form, and in 
anatomical structure, the plants are an ecological unit, a response to a 
habitat with moderate or scanty phys~ological water supply. 

According to the preponderance of certa.in plat1.t forms two types 
of bog meadows may be recognized. They should properly be regarded 
as separate associations, since they exhibit distinct differences among 
themselves. The one is a bog produced principally by sedges (Carex 
S'fJ.) and .other similar plants; while in the other, the cranberries and 
sphagnum mosses are the chief peat formers. 

1. Carex-Juncus Association.-The first. type of hog meadow is 
produced principally by sedges (see Carex-JunC'UJJ association). The 
association includes many of the species of the cranberry-sphagnum 
bog meadow, but in numbers rarely above a third of that of the sedges. 
The sedge bog meadow is characteristic of flat areas and shallow shores. 
The type of peat is firm, finely fibrous and felt-like in appearance. It 
retards drainage, and in rainy seasons retards the run-off. As the water 
level becomes continuously raised with the accumulation of the domi-
nant growth, a peatbed is built up from the bottom of the successive 
elevations of the water level. The mechanical competition of rhizomes 
is sharp and the root systems ~ indiscriminately. Since these con-
ditions eliminate many species of hydrophytic plants, the peat is usually 
homogeneous in texture. The flora of a deposit of that character 



PLATE VI. 

A.-Vegetation along the border of peat depositing lakes. The zone of water-
lilies is followed by swamp loose-strife and cattail. They form the border of the 
bog succession. (Photograph by F. Brown.) 

B.-The b_og s11coession: cranberry-sphagnum meadow displaced by bog 
shrubs (Alnus-Rhus association) and trees such as red maple, black ash and red 
elm. (Phalo,raph by F. Broum.) 
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becomes heterogeneous only when the water level remains high or low 
for a long time. Sedge bogs are relatively rare and no longer typical 
in Ohio. They occur only in a very limited extent near Tiffin, Ayers-
ville and a few other places. The typical vegetation is that of a Carex-
Jun<:US association (p. 232). With them mingle in smaller numbers 
cranberries, sphagnum mosses and several other herbaceous components 
of the association next to be described. 

2. Vaccinium = Oxycoc<:US marcrocarpon-Sphagnum t;p. Associa-
tion.-A cranberry-sphagnum bog meadow ordinarily comprises the 
cranberry (Vaccinium macrocarpon), several species of sphagnum mosses 
(Sphagnum cymbifolium, S. recurvum, S. acutifolium, S. parvifolium) 
which may. span even the open water of small pools, sev&al sedges 
(Carex limosa, C.fili]ormis and others), buckbea.n (Menyanthes trifoliata), 
beak rush (Rhynchot;pora alba), tall sedge (Dulichium arundinaceum), 
cowberry (Potentilla palustris), shield fern (Aspidium = I>ryopfR:ris 
thelypteris) and arrow grass (Scheuchzeria palustris). They grow in 
tufts and mats of varying height, form a foothold, and in occasional 
drier places enable sun-dew (Drosera rotundifolia), the pitcher plant 
(Sarracenia purpurea), tall cottongrass (Eri<Ypkorum virginieum) and 
others to come in (Plate VII, A). Here also the plants are more or 
less competitive, but the different depths which the root systems occupy 
enable the species to thrive advantageously. At a depth of eight to 
ten inches (20-25 cm.) the sphagnous substratum frequently contains 
the underground stems of Rhynchot;pora alba, Dulichium arundinaceum1 
Menyanthes trifoliata, also Carex filiformis. Higher in the soil (5-1 
inches) may be found rhizomes of such species as Scheuchzeri<j palustris 
and Eriophorum virginicum, while nearer the surface is found a mixture 
of the root systems ofCarex limosa, C. retroftexa, At;pidium=Dryo-pteris 
thelypteris, Drosera rotundifolia and others. Lack of space preeiudes 
illustrations or more than a brief mention of these few examples. In 
addition to this groundwork of plants other herbaceous constituents 
of the bog meadow, scattered throughout either as less abundant and 
secondary species, as invading migrants, or as stragglers from other 
associations, are the flowering ferns (Osmunda regalis, 0. cinnamomea), 
several species of orchids (Pogonia ophioglossoides, Calopogon p!4lckellus, 
Arethusa bulbosa), several club rushes (Scirpus caegpitosus, S. evperinus, 
JunC1t8 effusus, J. canadensis, J. brachycephalus), golden rods. (Solidago 
-uliginosa), asters (Aster paniculatus), prostrate bramble (Ru.bus hispi.dUB), 
marsh St. John's..:.wort (Hypericum = Triaden11.m virginicum), seedlings 
of poison sumach (Rhus vernix), shrub-like alders (Alnus incana, A. 
T'U{losa) and stunted trees of red maple (Acer rubrum). Among the mosses 
are species of Polytrichum, Aulacomnium, Bryum and a few liv~w«ts. 
In small open pools are aquatic species of Hypnum, pellets of Nostoc 
and other lower forms of plants, with a few isolated families of pickerel 
weed ((Pontederia cordata), or arrow a.rum (PeUandra virginica), arrow 
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head (Sagittaria latifolia) and cattail (Typha 81J.). These and other more 
hydrophytic plants are usually killed by the dense growth of_ sphagnum 
mosses and the cranberry. 

This list is a fairly representative example of the vegetation struc-
ture common to the bog meadows of Ohio. In almost all essentials the 
vegetation is similar to the European high moor. The absence is espe-
cially noticeable of parnassus (Parnassia caroliniana), lobelias (Lobelia 
8'picata, L. siphilitica), sna.kehead (Chelone glabra), lousewort (Pedi-
cularis lanceolata), fringed gentian (Gentiana crinita), and the marsh 
bell flower (Campanula aparinoides) in all bog meadows except at the 
cedar bog near Urbana in Champaign County, a bog in Auglaize County 
and a few isolated swampy. areas along the glaci~ boundary of Fair-
field and Hocking counties. These plants together with the pitcher 
plant (Sarracenia purpurea) and arrow grass (Scheuchzeria palustris) 
are the first to disappear in the succession passing from the open associa-
tion to that of the bog heath. The few areas in which they occur as 
relicts are either exceptionally favorable marshy places, ravines, or bog-
situations characterized by cold springs. 

Naturally a vegetation· more highly diversified than that of any 
of the previous ecological groups is extremely rich in the variety of 
possible facies and societies. Though characterized by a relative 
simplicity of flora as compared with the climax vegetation and by a 
uniform physiognomy, the vegetation varies greatly in aspect at places 
only a few rods apart. In an extensive bog meadow the same species 
mentioned above alternate variously in abundance and occur here and 
there in separate groups. A Dulichium 8'p. society or one of Rhynchos-
pora 8'p., Eriophorum 8'p., Carex 8'p., or AS'pidium 8'p. in a groundwork 
of sphagnum mosses and cranberries regularly derives its character 
from the fact that one of these plants is more numerous in certain areas 
than in others, the intervals being occupied by other plants showing 
a less characteristic response in aggregation or in numbers. Most of 
the secondary specieR exhibit no apparent preference for some one par-
ticular society. As already pointed out the minor groups of the associa-
tion will depend not alone upon the dissimilar levels at which roots 
and shoots grow and upon the distinctness of the principal species 
but also upon the seasonal aspects. Thus the orchids become quite 
conspicuous during their time of blooming, the Arethusa bulbosa society 
in early spring, the Pogonia ophioglossoides society in late spring; the 
Calopogon pulchella society still later m midsummer. The goldenrods 
(Solidago uliginosa, S. canadensis) together with asters (Aster paniculata, 
A. sp.) characterize respective societies in autumn. There is in con-
sequence an alternation of minor plant societies, and the essential 
identity of the vegetation in habitat form is thus broken. 

Sphagnum mosses predominate in sheltered places with lit~le circula-
tion of air near the soil substratum. A damp air blanket usually hangs 



GOOLOGICAL SUkvEY OF Ol:tlO. 241 

over the habitat and prevents any occasional desiccating winds from 
destroying these plants. Sphagnums are often found on wet sand and 
on rocks in moist ravines where the smaller saturation deficiency of 
the air is largely a matter of lower temperature. The plants grow up 
in tussock-like elevations; the thick soft mass is raised to a considerable 
height around supporting objects, more at the center than at the sides, 
extending at the edge of the mat and thus converting tnore and more 
of the adjoining area into soft masses of moss. The maximum height 
to which cushions of sphagnum can grow is limited by the vertical 
saturation gradient of the water content in the air, arid the height to 
which the water will rise within the moss-mat from the general water 
level. This height is often more than four feet. 

Around most of the lakes and ponds, the bog meadow association 
does not have the conditions which enable it to occupy a wide zone. 
The zones vary greatly in width at different places; in the majority 
of the localities studied the association is entirely absent. Thus far 
the writer has observed a fairly pure cranberry-sphagnum association 
only near Long Lake at Lakeville in Holmes County, near Edgerton 
in Williams County, near Brimfield in Portage County, and on Cranberry 
Island at Buckeye .Lake in Licking County. Elsewhere the association 
is more or less completely supplanted by succeeding associations. Near 
Long Lake the plants occupy the habitat very completely, but clumps 
of the high bush blueberry (Vaccinium corymbosum) are seen scattered 
about here and there in advance of the main shrub association. In 
the majority of cases the formerly extensive cranberry-sphagnum 
marshes are now peat deposits under cultivation. 

A cranberry-sphagnum mat is always sufficiently ·bouyant to pre-
vent its sinking much below water level. On Cranberry Island at 
Buckeye Lake it is firm enough to support trees. At various places 
the mat is young and thin, with several feet of clear water below it. 
It differs markedly in its structure from peat formed by the remains 
of true aquatic plants and hence can be readily recognized in testborings. 

The type of peat is coarse in texture and conducts water readily. 
With any alteration in the water level the mat of the cranberry-sphagnum 
bog shrinks or floats. Variations in the position of the water table 
do not influence the association so greatly as is often stated, nor 'do they 
offer an explanation of .the xerophytic structure of the plants. On 
Cranberry Island bog xerophytes succeed hydrophytes upon a habitat 
with a prevailing high water level. Variations in the water table 
due to various causes range at times between 4 and 7 feet, but they do 
not affect the association, since the mat is floating. 

The evaporating power of the air is not such as to approach the 
limit of favorable conditions. The average rate of evaporation is about 
10.9 cc. daily, as compared with 8.1 cc. for a forested (Maple-Alder) 
zone, and 15.8 cc. for an open lawn on the Ohio Sta~e University campus. 

11-G. B. 16. 



The data plotted as graphs exhibit a great similarity in the general 
course, and show coincident and proportionate minima (7.6 cc., 3.9 cc., 
12.6 cc. respectively for each station as mentioned) in early June, and 
maxima (17 cc., 11 cc., 21.5 cc.) in late July. The data indicate that 
the rate of evaporation in the bog meadow is not a sufficient cause 
for the xerophytic character of the vegetation; nor are the differences 
in the rates efficient factors in causing successions. The relation between 
succession and evaporation shows that the genetically higher associations 
control evaporation, and hence are not determined by it. 

In this association the growing season is determined not by the length 
of period of suitable soil temperature but by the length of the period 
when the available water is physiologically sufficient to maintain growth. 
Ability to resist toxicity is essential to the successful growth of the plants 
in this environment. Winter temperatures below 32° F. at the one-
foot level have not been found to occur in a bog meadow of central 
Ohio. 

Acidity in the soil is equivalent to a fraction of a normal sodium 
hydroxide soli.ition, but can not be associated with the injurious sub-
stances accumulating, through bacterial action and otherwise, in the 
peaty substratum. It is frequently stated that humus acids, such as 
humic, ulmic, crenic, and apocrenic, are important constituents to which 
peat habitats owe their characteristic vegetation. Another favorite 
explanation is that these acids give to peat its antiseptic property 
and stop the action of bacterial organisms. Humous acids are rather 
complex and ill-defined bodies and none· of them can be said to be estab-· 
lished chemically. 

Bog water ia alkaline to methyl orange, and it is of interest to note 
that at certain depths underneath the substratum the peat in many cases 
proves to be ·alkaline also to phenolphthalein. In Ohio peat deposits 
the nature of the vegetation or the presence of deleterious substances 
in the substratum is not in direct relation to acidity in the soil. Acidity 
like toxicity represents merely a stage in the decomposition of organic 
matter. A shallow, superficial zone of oxidation exists scarcely more 
than one foot in depth, beneath which the debris is charged with reduc-
ing substances of various kinds. It becomes darker in color with great 
rapidity when exposed to the air. 

The amount of mineral salts is of subordinate significance.' Lime 
in the soil does not prevent their growth,• for cranberry-sphagnum 
meadows were until recently extensive in Mercer, Wyandot and Craw-
ford counties overlying the Niagara and Monroe limestone formations. 
In Champaign County near Urbana, sphagnum grows in profusion 

•Massart, J., Esquisse de la Geographic Botanique de la Belgique. Bruxelles 
1910. 

tGraebner, P., Die Heide Norddeutschlands. Leipzig, 1901. 
TranseauJ.E.N., The bogs and the bog flora of the Huron River Valley. Botani-

cal Gazette, vol. 41, 1906, p. 32. 
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on peaty substrata near springs the water of which is charged with 
carbonate of lime. Of great interest is the observation that sphagnums 
are abundf!,nt in one basin overlying a limestone area as at the Dallas 
bog in Champaign County, and entirely absent in another basin nearby, 
as at Brush Lake, not more than a few miles distant. 1 

With the interlacing of the strong widespreading underground 
stems and roots the quaking mat becomes coarsely fibrous and denser. 
In places the conditions of relative stability and dryness are still more 
improved as the plants increase in the number of individuals and in 
species. After this change of conditions in the environment, produced 
entirely by the plants themselves, a further change in the association 
inevitably follows. Each stage in the vegetation succession exerts 
upon the habitat its own reactions, which make the physical, chemical, 
and biological conditions more and more unfavorable to the permanency 
of the occupants, but advantageous to invading plants. 

The disturbance produced in the soil is not unfavorable to the domi-
nance of the association as long as the water level is high and growth 
can continue on top of the accumulating d~bris. Consolidation of the 
peat material below the water surface is the controlling factor. As 
long as the sinking of the mat and the shrinkage and settling of the peat 
continue below the water level, the association persists. Its movement 
forward is in most cases a very slow one, dependent upon extremes 
in .drought, in changes of the. water table along shallow shores and 
in zones where the peat is grounded, or upon the available physiological 
water in the floating mat. Deficiency of mineral substances such as 
lime, potash, phosphoric acid, or great distance from the mineral sub-
stratum never renders it difficult or impossible for the plants to grow 
luxuriantly. It does not even decrease the invasion and growth of the 
shrubs and trees that follow as the deposit is built up. In several 
deposits, as at Buckeye Lake, at Edgerton, near Kent and elsewhere, 
the peat has accumulated to more than 30 feet. above the mineral subsoil. 
As long as the green plants can utilize the water of the substratum 
and the carbon dioxide of the air to form their food, the vegetation 
will continue to occupy the habitat as a more or less 'dense cover. 
Starches, sugars, fats and proteins are the food of the plants necessary 

· to their nourishment and for their full development and reproduction. 
The mineral salts in the soil are raw food materials but not the food 
of plants; they are indispensable in the formation of nitrogenous sub-
stances, but only in very small amounts, and alone would never sustain 
life in plants. The nitrogen compounds, the sulphates and phosphates 
necessary for the growth and repair of protoplasm result mainly from 
the decay of organic matter. The relative fertility or sterility of peat 
soils for succeeding plant associations depends, therefore, on the micro-

•Schaffner, J. H., Jennings1 0. E.i:and Tyler, F. 1., Ecological study of Brush 
Lake. Ohio State Acad. of Sci., Vol. V, 1904, pp. 151-165. 
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scopic organisms and fungi living in the substratum, and on the mycor-
rhiza associated with the roots of most bog plants; they prepare the 
assimilable compounds absorbed by the higher plants. The differences 
in the relative abundance of societies at different localities should not 
be attributed, therefore,. entirely to physical texture or to the physical 
water content of the substratum. There is almost universally no 
obvious difference in these conditions, and it is not possible to ascribe 
the limitation of their present distribution to any combination of climatic 
factors. The facts derived from experiments indicate that the cause 
lies in the biological processes of the soil conditions. 

The characteristic growth-form of the cinnamon fern ( Osmunda 
tinnamomea) in the bog meadow is distinctly an effect of a habitat 
with a scanty physiological soil water content. The fronds are small 
and held rigidly erect; the pinnules are folded with pinnre closely 
pressed against the rachis. The stunted trees of red maple, alders, 
poison sumach and buttonbush which occur scattered, have numerous 
dead branches, and the ragged crown of foliage consists of a few small 
closely appressed leaves with ·restricted stoma.ta which are often pro-
tected by a heavy cuticle. In the adjoining shrub zone these plants are 
tall and spreading, with fronds or leaves expanded. · A number of such 
distinctions are observable between the vegetation of a well drained 
and a poorly drained bog area, and it is not difficult to draw a line be-
tween physiologically true xerophytes· and the number of resistant 
hydrophytic or mesophytic species which are associated with them 
when we resort to experimental criteria. The combined effect of the 
intensity of light and the small unfavorable physiological water content 
in the substratum are the conditions which subject the plants to a 
difficulty in maintaining a balance between absorption and conduction, 
transpiration and photosynthesis. Primarily, however, the structures 
exhibiting themselves in the peculiarities of l~af size and leaf development 
are induced by physiological drought. 

B. THE BOG HEATH ASSOCIATIONS 

No matter how numerous the seeds or fruits brought in by wind, 
birds, or other agencies, effective establishment is possible only to the 
few plants in which there is some sort of correspondence or balance in 
plasticity of function or in habitat form to the life relations in the peat 
substratum. The soil processes are best expressed in terms of reduction 
action. The pioneer invaders are at first isolated, but mass invasion 
is not infrequent upon transition areas and tension lines. The distri-
bution of bog heaths is, however, far more limited than that of any 
of the other 8880ciations in the cycle. This is largely due to the greater 
specialization in habitat requirements. Other plants are excluded for 
the reason that they can not subsist on the organic compounds arising 
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in the substratum. If the numbers of such invaders as leather leaf 
(Chamaedaphne calycUlata), bog rosemary (Andromeda polifolia), labra-
dor tea (Ledum groenlandicum), huckleberry (Gaylussacia baCCQt(J)1 

blueberry (Vaccinium corymbosum) or shrubby cinquefoH (Poten#Uci 
fruticosa) are large enough to bring about the reactions in soil and 
atmospheric conditions, in light, humidity, and temperature, to ca,use 
the gradual decrease or disappearance of the former occupants, a small-
leaf ed dwarf shrub association may be seen originating. There is also 
a mixing of several principal and secondary species of other associations, 
but in total number of species the heath bog is poor. 

1. Chamaedaphne calyculata Association.-The leather-leaf heath 
bogs are of frequent occurrence in northern Michigan, where they are 
found over extensive tracts growing under a variety of conditions. 
By far the greater number of peat bogs examined in Ohio do not now 
possess a typical heath association. With few exceptions the association 
is limited to, and more typical in, the northeastern portion of the State. 
Where the facies form a closed association, as at the Eckert bog north 
of Kent and at Ravenna in Portage County, or at the Pymatuning 
swamp in Ashtabula County, the botanical composition of the vegetation 
structure is relatively uniform and usually as follows: The dominant 
plant is leather leaf (Chamaedaphne calycUlata) in low but dense and 
impassable thickets. It quickly _covers considerable areas by sending 
out long underground stems from which aerial leafy branches rise at 
short intervals. The height reached averages usually about three feet. 
At about the same time appears bog rosemary (Andromeda polifolia), 
together with low blueberry (Vaccinium vacillans), huckleberry (Gay-
lussaCia resinosa=baccata), although the latter is usually less in evidence 
except in drier habitat conditions. They are similar in underground 
growth form and are seldom competitive. Relatively unimportant 
and scarce are the wintergreen (Gaultheria procumbens) and the bear-
berry (Arctostaphylos uva-ursi). More abundantly associated are ferns 
(Osmunda cinnamomea, 0. regalis), the ascending bramble (Rubus 
setosus), and underneath them a ground cover of sphagnum and poly-
trichum overgrown with the prostrate bramble (Rubus higpidus). 
At the Eckert bog sphagnum hummocks to the height of three feet 
cluster around the leather leaf and other shrubs and trunks of small 
tamarack trees. Some of them were found inhabited by ants. 

The vertical layering in heath associations is rather indefinite 
but better developed in more open places. There are from two to three 
strata determined by some herbs and grasses, and by mosses and lichens 
which occur interspersed in greater or smaller number beneath and be-
tween the dwarf shrubs. 

In moister and better lighted areas a low blueberry (Vaccinium 
pennsylvanicum) society alternates with the leather leaf society. In 
places it attains considerable importance but it is never very conspicu- . 



246 PIU.T DBPOSl'I'S. 

ous. There is also a tendency to the segregation by alternation of an 
inner sedge society including some characteristic forms like Carex 
trisperma, C. tenella, C. filiformis, cotton grass (Eriophorum virgini-
cum), with Bartonia virginica and mats of sphagnum mosses among 
which nestles the round-leaved sundew (Drosera rotundifolia). It is 
evident that the majority of the members. in the V accinium pennsylvani-
cum society illustrate the passing phase of an earlier cranberry-sphagnum 
association, and that the open places are therefore to be looked upon 
as relicts of the former vegetation cover. 

Somewhat more complex in composition are the later and maturer 
stages in the heath association. The Chamaedaphne bogs south of 
Ravenna, near the city limits, illustrate the following structure. Be-
fore the extensive bog area was disturbed by the laying of roadbeds 
for railways, the vegetation occupied typical positions around the lake. 
There crowded forward into the heath a.ssociation winterberry (!lex 
verticillata), mountain holly (Nemopanthus=Illiciodes mucronata), choke-
berries (Aronia sp.), alders, species of arrowwood (Viburnum sp.) and 
other shrubs, followed by tamarack, red maple and others upon a peat 
substratum more than twenty feet in depth. 

2. Potentilla fruticosa Association.-The second type of heath 
bog occurs more typically near Carey in Wyandot County and near 
Urbana in Champaign County (Plate VII, B). The shrubby cin-
quefoil (Potentilla fruticosa) predominates with the marsh shield fern 
(Aspidium = Dryopteris thelypteris) as principal species in the inter-
spaces. The vegetation at Carey comprises scattered plants of bog 
rosemary (Andromeda polifolia=glaucophylla), swamp birch (Betula 
pumila), lobelia (Lobelia kalmii), goldenrods (Solidago canadensis, S. 
ohioensis, S. riddellii) and small shrubby specimens of poison sumach 
(Rhus vernix). It is interesting to note that the stinging nettle (Urtica 
gracilis) is not an infrequent member in the heath association. On the 
roadsides adjacent to the bog and along the drainage ditches the nettle 
occurs in a rank growth averaging a height of five to seven feet; it occurs 
in moderate quantities in the heath and does not attain a height greater 
than one foot. 

The pure heath association extends farther into the basin than i_t 
does along the margin of it, showing there the better adjustment to po-
sitions of greater exposure and aridity. It passes into secondary 
bum and grazing sucgessions, and finally gives way to a mesophytic 
association consisting of red maple (Acer rubrum), white and black 
ash (Fraxinus americana, F. nigra), elderberry (Sambucus canadensis), 
locust (Gleditsia triacanthos) and elms. 

3. Gaylussacia baccata=resinosa-Vaccinium canadense Associa-
tion.-Still another type of heath bog is found in the majority of our 
peat-depositing lakes and ponds. At Buckeye Lake in Licking County 
the association is a mere relict, owing doubtless to the disturbances in 



PLATE VII. 

~ A.-Cranberry-sphagnum meadow on Cranberry Island at Buckeye Lake. 
Cranberry in fruit. 

B.- Shrubby cinquefoil meadow (Potentilla fruticosa association) at the Dallas 
Bog. White cedar (Thuja occidentalis) and tulip tree (Liriodendron tulipifera) in 
the backgreund. 
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water level and the short period in which it has been allowed to develop 
undisturbed. The association is characterized by a pure stand of 
the black huckleberry (Gaylussacia resinosa=baccata). In the bogs 
of Portage, Summit and Stark counties as well as elsewhere, the velvet-
leaf blueberry (Vaccinium canadense), the low blueberry (V. vacillans), 
and other species of the same genus are the more familiar representatives. 
The association has few secondary species and varies but little in general 
appearance from season to season. The black huckleberry and the blue-
berries spread rather slowly but generally in all directions J?y means of 
their long underground vegetation shoots. The huckleberry does 
not fruit well at Buckeye Lake, but in other areas it has an abundance 
of berries. Isolated plants and ecological families arising by the radiate 
enlargement of the parent plant, and even communities are to be found 
in one bog; they have evidently been distributed by birds. As a vegeta-
tion unit it represents the least stable type of heath associations. 

The reaction of the heath association upon the soil conditions 
of the habitat is one of the most striking features of distinction. In 
considering the effects of the invasion of shrubs in a sphagnum bog 
it is at once apparent that factors become operative which were not 
previously in evidence. Since the low shrubs reach a greater height 
than the sedges, herbs and mosses, and arise in denser aggregations 
above them, they are thus able to deprive the plants of the bog meadow 
of much light, and gradually kill them out. At the same time, the 
scanty, but efficient, leaf fall permits an accumulation of raw humus 
from above the water table which brings the humus level more and more 
.within reach of the direct influence of aeration and weathering factors. 
The leaf litter acts as a mulch. Owing to its darker color the peat is 
more easily heated. The shading of the living ground cover prevents 
excessive evaporation but also efficient oxidation. Humification is 
still retarded, and there result various organic substances, but little 
available as plant constituents to other than the native vegetation of 
the zone. 

It is still an open question to what extent bog plants require the 
organic compounds arising in peat soils. The assimilation of such sub-
stances is undoubtedly rendered possible through the action of the 
enzymes produced by mycorrhiza, bacteria and fungi in the soil. In 
support of this view it is important to know that certain fungi from 
the peaty substratum of Cranberry Island, when grown isolated in bog 
water and bog soil, rendered the peat available for use by agricultural 
plants. The experiment, which consists of the methods used in bac-
teriology and physiology, can be easily demonstrated (p. 354). 

Several of the heath plants can thrive in more northern states in 
very wet cold areas, on dry sandy soil and on ordinary soil. In the opinion 
of the writer this departure is only possible where lower saturation de-
ficiency in the air tends to maintain an equilibrium relation between 
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absorbing organs and transpiration surface. When growing under 
conditions of greater humidity the plants respond to the change in habitat 
by broader, thinner and smoother leaves. This suggests that the 
drought or xerophytic devices serve as a protection from physiological 
desiccation. The aerial parts of plants are constantly losing water 
by transpiration, a process similar to evaporation. In most of the shrubs 
the absorptive capacity is small on account of the absence of root-hairs; 
the type of wood offers no morphological or physiological limitations 
to the conduction of water;• and the physical conditions of the atmosphere 
such as temperature, humidity and wind which influence the amount 
of water transpired, are relatively uniform and similar over wide areas. 
Extreme xeromorphy is found, however, in the upper layers, in the leafy 
canopy of the heath association. It appears, therefore, that certain 
disturbed relations in the soil water content are minimized and balanced 
by an increased thickness of the mesophyll layer in the foliage. But 
whatever the essential purport of the xeromorphic characters, such as 
small narrow leaves; well developed coating of hair, thick cuticle, whether 
to minimize the effects of light intensity and greater saturation de-
ficiency of the air, or of disturbances in the admission of carbon dioxide 
during photosynthesis at the higher levels in which the C02 percentage 
of the vertical gradient is less than near the ground-the fact that 
invading plants and such cultivated varieties as have been used in 
experimental work in the laboratory likewise take on several of these 
structural variations, points to an unfavorable water content in the soil 
as the limiting factor. The depression in functional activity is an 
effect of the soil conditions encountered, which compel the plants to 
deal economically with the available water supply. Here again it is 
seen that the characteristic simplicity and growth-form of the associa-
tion, and the reduced competition with other species are due to endurance 
and to drought resistance. 

C. THE BOG SHRUB ASSOCIATIONS 

The reactions of the heath association cannot be entirely unsuit-
able, for the soil, though physiologically unfavorable and to most plants 
sterile, has at the same time undergone changes suitable for certain 
other species. It may be that some forms of nitrifying organisms in 
symbiotic relation with Alnus and other species render the conditions 
for displacement more effective (Chapter X, Table 22). Eventually 
the heath association, whether open or · closed, is replaced by a tall 
shrub and thicket association. Many seedlings of alders, chokeberries, 
poison sumach, or, if nearer the water's edge, seedlings of buttonbush 
(Cephalanthus occidentalis) and willows find lodgment in the conditions 

'Stopee, M. C., The xerophytic character of the gymnosperms. New Phytologiet, 
Vo!. 6, 1907. 
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offered, so that partial occupation soon ensues, and later their complete 
establishment. 

1. The Alnus-Rhus Association is more northern in its frequency 
of occurrence, yet it is the most general and constant component of the 
bog flora at this stage even in the central and southern parts of Ohio 
(Plate VI, B). The only bog area thus far noted, in which alders were 
entirely absent, is at Mud Lake, one and one-half miles northwest of 
Lakeville in Ashland County, where the alders are replaced by arrow-
wood (Viburnum dentatum, V. eassinoides). Elsewhere the chief species 
of the association are Alnus incana and A. rugosa. In its other con-
stituents the vegetational structure is usually as follows: Facies, 
Alnus incana, A. rugosa, Rhus vernix; principal species, the choke-
berries (Aronia nigra, A. arbutifolia=Pyrus melanocarpa), high blue-
berry (V accinium e-0rymbosum), black alder (llex verticiUata), mountain 
holly (NemO'panlhus=lllicoides mucronata) and the arrowwood. Sec-
ondary species are relatively scarce except in more open situations, 
and are generally stragglers of previous associations. Meadow sweet 
(Spirrea salicifolia) and steeple bush (S. tomentosa) are relatively promi-
nent. The root systems are at va,rious levels in apparent relation 
to the water table. Various species of climbing plants invade the 
association at the same time with the thicket formers. The mature 
thickets are often covered with an impenetrable growth of tangled vines 
of shrubby bittersweet (Celastrus scandens), nightshade bittersweet 
(Solanum dulcamara), wild bean (Apios tu:berosa), bindweed (Con-
volvulus sepium) and others. It was at times very difficult to penetrate 
the underbrush of the bog near Edgerton and near Atwater. The 
limited number of trails rendered access to many parts a matter of the 
greatest difficulty. 

The chokeberries are particularly aggressive in occupying new 
territory. They advance and make new centers of dispersal by means 
of their long underground stems which develop vertical leafy branches. 
They soon overtop the lower plants and stragglers of the bog meadow, 
holding the entire ground as a sharply defined group in alternation. 
The black alder or winterberry (llex verticillata) is conspicuous in the 
fall with its bright red berries, constituting a distinct society. 

Besides thiS alternation the asrnciation also exhibits layering. 
Zonation within itself is presented only at places where wet areas are 
invaded by species of willow and dogwood which form there an advance 
zone containing most of the secondary species. Each has a conspicuous 
seasonal aspect; one is determined in early spring by the willows and the 
other in midsummer by t.he dogwoods. 

2. Salix sp.-Populus tremuloides Association. Jr; is only at 
shoreward places on peat in which the percentage of mineral matter 
is high and on shallow peat areas bordering a grassy marsh, that the 
accumulation of humus by the Decodon-Typha association is followed 
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closely by willows or by button.bush and dogwood without the occur-
rence of an intervening bog meadow or typical Alnus-Rhus associa-
tion. The willows are of various species and often include in a con-
spicuous way the aspen (P<rptilus tremuloides). The growth reaches 
a height varying between 10 and 20 feet. Some of the willows, especially 
Salix myrtilloides=pedicellaris, S. candida, and S. lucida, form an inte-
gral, but rather small part of the present flora of bogs. 

They are confined to the proxhnity of tamarack and sphagnum-
cranberry associations. The glaucous willow (Salix discolor), the black 
willow (S. nigra) and S. bebbiana, usually occur along small ditches 
which have been cut through the bogs and marshes. There is an under-
growth of ferns (Aspidium = Dryopteris thelypteris, Onoclea sensibilis) 
and other plants. The association derives many of its species from 
adjoining associations preceding or following it. With the decrease 
of the water level the willows die out so that much of the thicket-like 
appearance becomes constantly less prominent. The stages following 
this succession are more southern in relationship than northern, the final 
Ulmus-Acer association with its undergrowth belonging clearly to the 
deciduous forest center. 

3. Cf!Phalanthus occidentalis-Cornus sp. Association.-Although 
described in the bog meadow series, the buttonbush-dogwood associa-
tion is found in a great variety of physiographic situations. At Buckeye 
Lake the border zone of plants fringing Cranberry Island is not an eco-
logical unit; it is composed of the several types of shrub associations 
mentioned. At Brush Lake the buttonbush-dogwood association is 
much better exemplified. In almost all places visited by the writer 
the structure ot the vegetation is usually about as follows: dominant 
species or facies, Cephalanthus occidentalis and Cornus stolonifera; 
principal species are Cornus paniculata, C. amomum, swamp rose, (Rosa 
carolina), the shield fern (Aspidium=Dry<rpteris thelypteris) and fre-
quently willows (Salix cordata, S. lucida). Among the secondary 
species are occasionally the following: willow (Salix nigra, S. discolor, 
S. sericea), sticktight (Bidens cernua), marsh St. John's wort (Hyperi-
cum= Triadenum virginicum), touch-me-not (Impatiens bi/fora), swamp 
milkweed (isclepias incarnata), skunk cabbage (Symplocarpus fmtidus), 
spike rush (Eleocharis obtusa, E. quadrangulata) and Dulichium arundi-
naceum. As is usually the case the undergrowth derives many of its 
members from earlier associations. 

Often the number of secondary accessory species is very much 
reduced on account of the great density of the shrub thicket or its 
close proximity to the water's edge. The more hydrophytic species 
are killed out rapidly by the shade of the encroaching shrubs. The 
seasonal aspects of the respective doininant and principal species are 
clearly defined and have been poin.ted out in the more typical associa-
tions. Cornus, Rosa, Solanum and others, all give rise to prominent 
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seasonal aspects. The last two associations contain members more 
southern in distribution than northern. The association which follows 
more directly is not the bog forest but the Acer-Ulmm association. 
The presence of an undergrowth which belongs to the southern deciduous 
forest center indicates conditions favorable to a rapid final establish-
ment of deciduous trees. 

D. THE BOG FOREST ASSOCIATIONS 

The displacement of a bog shrub association may occur without 
the intervention of any factors other than the appearance of the invading 
forest species. 

Among the Chama:daphne sp. association, and at the rear of that of 
an open Alnus-Rhm, occur the forerunners of the bog forest associa-
tions. Two well marked types are easily distinguished as typical repre-
sentatives of the northeastern conifer forest center, the tamarack 
(Larix americana=laricina) and the arbor vitae (Thuja occidentalis) 
associations. This type of vegetation is very important in the develop-
ment of bog forests in northern states. In Ohio, however, bog conifer 
associations no longer reach the extensive development which they 
attained during the period immediately following the retreat of the ice. 
They are now found in a condition to be looked upon as the waning 
remnant of the former, more continuous evergreen forests. In the 
majority of the bogs the evergreen forest associations have disappeared 
entirely, while in others the suitable edaphic conditions for .their in-
vasion were formed at a time when the climatic conditions favored forest 
associations more distinctly southern in range. In general it may be 
stated that Ohio is located less intermediate in phytogeographical 
position between these two types of forest associations, that is, the north-
ern or southern forest centers, than Michigan or Pennsylvania. The 
environmental conditions are no longer such as to favor habitats suitable 
for northern forms. The relationships of the flora of Ohio are rath~r 
complex when compared with other states. The vegetation is composed 
of derivatives from several centers as well as from a former but now 
suppressed veget!.l-tion. 

1. Larix laricina = americana As:ilociation. -An advance of the tama-
rack association on ChamaJda:phne calyculata is well shown in the bog 
surrounding Kellmore Lake (Bradley Pond) in Geauga County (Plate 
II), at the Pymatuning swamp in Ashtabula County, at the bogs near 
Brimfield, Mantua and Aurora in Portage County and at several other 
places. Though the association is characterized principally by tamarack, 
there are present in fairly large numbers scattered individuals of white 
pine (Pinm strobus), hemlock (Tsuga canadensis) and yellow birch 
(Betula lutea), but they are nowhere abundant. In the bogs of the 
western half of Ohio these tree epecies are present very sparingly. 
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There are areas throughout a tamarack association in which the choke-
berries, mountain holly, black alder, high blueberry and others stand 
thickly in varying sizes. They form a secondary layer which with green 
brier (Smilax hispida) and other climbing plants, and with the smaller. 
trees represented in the primary layer often form a tangled, almost 
impassable mass. The shade is at times dense; the associated vegetation 
in the tertiary layer below consists largely of smaller shrubs and of shade 
plants among which are touch-me-not (I mpatiena bijlma), cinnamon 
fern, wood fern (Aspidium spinulosum), wild red bramble (Rtib'UB 
idaeuB var. at:Uleatis8imus), violet (Viola blanda), and more rarely the 
star flower (TrientaliB americana) and goldthread (CoptiB trijolia). 
Some of these plants usually alternate to a certain -extent with the 
layer next above or with the carpets of sphagnum, the isolated clusters 
of pitcher plant (Sarracenia purpurea), or patches of Maianthemum 
canadense, Polytrichum gp., club mosses (Lycopodium lucidulum, L. 
dendroideum), and mats of. liverworts common in more open places. 
They cover small areas and thus form practically pure groups of one 
species alone. 

Near Edon in Williams County the tamarack groves are almost 
as dense and impassable as in 1790 when the first survey of the county 
was made and the vegetation noted. The association is growing on a 
compact peat not more than three feet thick. Beneath this layer the 
peat is very watery to a depth of more than twenty feet. 

The tamarack bog near Mantua is of more than passing interest. 
The shrub layer beneath the trees contains, in addition to the plants 
noted above, buckthorn (Rhamnus alnijolia), dogwood (Comm cana-
densis, C. circinata), arrowwood (Viburnum nudum, V. lentago, V. 
caBBinoideB, V. dentatum), shad bush (Amelanchier botryapium, A. cana-
den8is), wild cherry (Prunus serotina, P. flirginiana), azalea (Rhododen-
dron fliscosum), dwarf huckleberry (Gaylussacia dumosa) and black 
huckleberry, lizard's tail (Saururus cernuus) and several sedges (Carex 
leptalea, C. folliculata). It is thus to be· seen that the association as 
to trees is composed of northern plants, while the undergrowth is com-
posed about equally of northern and southern species, a number of which 
may be regarded as typical of the Alleghenian or eastern transition. 
There are a few species whose range extends far to the south. 

Equally interesting is the tamarack association near Andover. 
It contains among others the yew (Taxus canaden8is), Indian cucumber · 
root (Medeola flirginiana), Clintonia borealis, Dali"barda repens, painted· 
trillium (Trillium undulatum), club mosses (Lycopodium dendroideum) 
and others. 

Tamarack bogs of all stages in development may be found in Ohio. 
There are some with the association of conifers just developing .at the 
edge of the lake, as at Everett Lake in Portage County (Plate I); in 
others the conifers have completely covered the peat basin and are 
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now disappearing as an association. In the Eckert bog near Kent. 
and the "muskeag" bog in s~ction 29, Florence Township in Williams 
County, the filling process is finished. In the first of the two bogs 
mentioned what was formerly a series of successions of bog meadow, 
bog heath and bog shrub association genetically related and surrounding 
a.n open lake, is now the centrally located open tamarack association 
following the disappearance of the lake. The area is surrounded by 
large tamaracks; smaller trees occur throughout the area; the seedlings 
are farthest in among the Chamredaphne species and others. The 
advance of the trees is from the margin toward the center. 

· In the Eckert bog, sphagnum hummocks rise between three and 
four feet above the substratum. Dome-shaped nests of ants, from a 
foot to two feet high, have been observed among them. They are com-
posed within of sphagnum, smoothly covered on the outside with a 
granular debris of the moss and with small twigs and leaves. 

It is of interest to note that the growth of seedlings and trees in 
the center of the bog is relatively slow. In measuring the annular 
rings of tamarack trees cut in the bog and comparing the results with 
data obtained from similar species cut at the margin of the bog, it is 
found that in width as well as in frequency of distribution the annual 
wood increment is much wider in the trees growing nearer the :margin, 
where toxicity processes in the peat are less prominent, than in the center 
of the bog. · · 

With the dominance of the conifers, peat accumulation has reached 
a stage in which disintegration of the surface layer is very nearly equal 
to the rate of the addition of debris made by the trees and their associ-
ates. These conditions gradually reach an equilibrium relation; earlier 
stages reappear only as there arises a marked and sufficiently long 
elevation of the water level. Beavers were formerly the active agents. 
The trees were destroyed and peat formation once more established. 

11. Thuja occidentalis Association.-The second type of conifer 
dominance in bogs is well shown near Urbana in Champaign County 
(Plate VII, B). This type of bog forest association is distinctly north-
em in its distribution and has not been observed to occur south of the 
central . part of Michigan. The association is not likely to succeed 
itself much longer in. Ohio, nor will it form an important part of the 
deciduous forest association favored by the dominant climatic trend. 
It is being destroyed rapidly and the total area occupied by the associa-
tion is now small. It is not difficult to prove the true relation of this 
element entering the vegetation of Ohio as a relict of a former more 
'llxtensive plant cover. It. should be regarded as important enough to 
merit the rank of the position with respect to normal successions. 

In several places the groves of arbor vitae are dense pure stands 
or facies with scarcely any undergrowth. The association has only 
a single vertical layer in which the lowermost branches of the com-
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ponent individuals bear a common spacial relation to light. The ground 
is littered with cedar foliage and only occasionally small sprouts of the 
chokeberry (Aronia arbutifolia=Pyrua melanocarpa), and stunted 
seedlings of yellow poplar (Liriodendron tulipifera) or small plants 
of the spice bush (Benzoin mstivale)1 alders and woodbine are visible; 
generally there are no members of a !!JUbordinate species other than ti. 
few mosses and liverworts. In more open stands in which the effects 
of fire and cuttings a.re still present the arbor vitae is found in association 
with the red maple (Acer rubrum) 1 yellow poplar (Liriodendron tulipi-
fera), black ash (Fraxinus nigra)1 white walnut (Juglans cinerea)1 1>yca-
more (Platanus occidentalis), and wild cherry (Prunus serotina). The 
undergrowth is not only numerous in species, but of exceptional height 
and in five layers. The poison sumach (Rhus verniz) reaches frequently 
a height of twenty-five feet. Other members of this structural pa.rt of 
the association, and determining more specifically the physiognomy 
of the layer, are the alders (Alnus incana, A. rugosa), the winterberry 
(Ilez vertici1lata), the chokeberry (Aronia arbutifolia), and the round 
leafed dogwood (Cornus circinata). The inferior layers, which seem to 
be entirely determined by the density of the mixture of facies1 are 
really overlapping communities of woodland and bog plants. There 
seems scarcely any relation to habitat factors. Seedlings and sprouts 
occur in all directions, in various degrees of abundance, and only the less 
hardy plants lose ground, thus producing examples of an indiscriminate 
alternation. The spice bush (Benzoin <BStivale) is only of relatively less 
importance in the second stratum of bushes to the red bud (Cercis 
canadensis) and the elderberry (Sambucus canad!m,sis). 

· The subordinate position with regard to the taller species is occupied 
by the cinnamon fern (Osmunda cinnamomea), the meadow rue (Tha-
lictrum daaycarpum=purpurascens) 1 the spikena.rd (Aralia raumosa) 1 

the bladder fern (Cystoptem lnllbifera) and touch-me-not (Impatiens 
S'fJ.) With them in varying abundance occur, as a lower herbaceous 
layer, the maiden-hair fern (Adiantum pedal.um), the dwarf raspberry 
(Rubus triftorus), wood ferns (AS'pidium cristatum) 1 miterwort (Mitella 
diphylla), wakerobin (Trillium erectum, T. grandiftorum), false Solomon's 
seal (Smilacina trifolia) 1 violet (Viola blanda), the star flower (Trientalis 
americana), the Indian cucumber root (Medeola virginiana), manna 
grass (Glyceria torreynna), and others. · 

In many places the various shrub layers immediately below the trees 
interpose as dense screens. These are often of sufficient density to re-
duce the light to a diffuseness which leads to frequent modification 
and a consequent rearrangement of the individual plants in the ground 
stratum. The number of such p~ts present is not large; they are all 
past flowering when shade conditions become extreme. The little 
mayflower (Maianthemum canadense) and various. mosses and liver-
worts a.re the more resistant members of the living ground cover; the.r 
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tend to disappear only when the shade condition approaches a light 
value similar to that of the pure stands of cedar. 

v. THE MESOPHmc FOREST SUCCESSION 

As the soil processes move toward the center of a filled-in basin, 
and the bog conditions become eliminated, the advance of associations 
continues toward the center also (Fig. 13). The direction and the rate 
of the movement vary but little from the slow progressive changes in 
the substratum. Many of the earlier associations are thus preserved 
in part for long periods of time. But with the extinction of the one 
the relationship with the other alters. 

In northern Michigan tlle tamarack· association is succeeded by 
pines (Pinus strobus) and black spruce (Picea mariana) which appear 
simultaneously and seem equally well adapted to bog conditions. The 
spruce is absent in Ohio because of climatic conditions. However, arbor 
vitre, which is also more northern in distribution and occurs mixed 
with tamarack and balsam, is found, as has been· stated, in isolated 
areas considerably south of its present . northern range. Tamarack 
is so ·little tolerant of shade that it lasts but few generations. Any 
broad-leaved tree in overtopping tamarack generally kills it out. An 
indication of the future development of vegetation is well shown in the 
numerous small saplings and young trees of red maple, ash and others 
able to develop in shade. It may naturally be inf erred that the decidu-
ous forest will eventually crowd out the decreasing number of conifers. 
Rarely is a growth of tamaracks, birches or poplars followed by trees 
of the same kind unless the association is open, or growing on a sub-
stratum in which the progressive changes in the substratum are slow 
or in which the water table is near the surf ace. 

The reaction of the deciduous invaders upon the habitat consists 
mainly in the addition of leaf humus. But a number of new ecological 
factors come into play. They are of importance in the reactions 
upon the conifers as well a8 ·upon the animal life associated with them. 
Fluctuation8 of the water level are among the efficient conditions in 
producing changes in the conifer bog forest. The aeration of the sub-
stratum depends essentially upon the lowering of the water table. With 
the descent of the ground water there follows a more thorough decomposi-
~ion and oxidation of the injurious organic matter accumulating during 

. periods of flood. Moreover, the fa.ct must not be overlooked that other 
changes in the properties of peat soils are associated with the correspond-
ing ones in leaf litter and i~ vegetation cover. The annual leaf fali covers 
the substratum with a visibly thicker layer of vegetable material rich 
in organic matter. The layer of leaf mold is now kept wet by the up-
ward movement of water from below the surface. Temperature, aera-
tion, texture and structure including water capacity, facility of per-
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colation, power of raising water, all of which are greatest in peat; asslime 
an importance increasingly favorable to the incoming vegetation. 
Associated with these changes are the increase of oxidizing bacterial 
organisms and the increased amount of ammonia, amides and other 
organic matter in peat available to plants by the action of fungi and 
mycorrhiza. The trees are surface-rooted. The zone of oxidation 
in peat soils, though more effective, is still shallow and·the roots do not 
penetrate to a depth greater than one foot. They spread out in all 
directions from the trunks of trees, but are of sufficient size and length 
to give support and to withstand the strains due to wind. 

It would seem on account of the great difficulty experienced in 
extracting the water held in peat by an:y means except high tempera-
ture, that the lower wat~r table would determine the succeeding associa-
tion to be the most xerophytic, and that any tendency to excessive 
transpiration accompanied by slow absorption from the soil would lead 
to more highly developed protective features against the loss of water. 
However, the increased shade of the trees during summer and autumn 
checks extremes in evaporation from the soil. Lower saturation de-
ficiency with lower .average temperatures prevail throughout the growing 
seasons (p. 304). Through the combined action of these factors there 
is a corresponding rearrangement in the vegetation. The gradual 
invasion of deciduous trees and the gradual dying off of conifers eventu-
ally lead to the complete extinction of bog conditions, to stability 1 

and to the permanent occupation of the· habitat by an association 
characterized as the climatic unit of Ohio forests-the predominance 
of maple, ash, oak, elm, walnut and others. As examples of mesophytic 
types of bog forests the following few cases are cited: 

AC6T-Fraxinus-Ulmus Association.-The tamarack bog northwest 
of Big Lake in Defiance County contains elm (Ulmusfulva1U. americana) 1 

black walnut (Juglans nigra)1 swamp hickory (Hicoria minima=Carya 
cordiformis), tulip tree (Liriodendron tulipifera) and others. Azalea 
(Rhododendron viscosum) is an occasional constituent in the shrub layer 
beneath the trees. 

The appearance of black ash and tulip tree in the cedar bog in· Cham-
paign County is another typical example of an: incoming forest associa-

. tion1 the species of which attain their best development far to the south. 
Elm, tulip tree and black gum (Nyssa sylvatica) are frequent mem-

bers of the tamarack bogs in several localities of northeastern Ohio. 
In a few bogs of central Ohio Magnolia acuminata, Ostrya vir-

giniana, Asimina triloba, CeUis occide1itaUs1 Amelanchier canadensis 
are found mingling with the northern components. They are typical 
examples of an incoming forest association, the species of which attain 
their best development farther south. For example,· at Bradley Pond 
(Kellmore Lake) in Geauga County the tamarack bog with its northern 
components (Betula lutea, Pinus strobUB, Tsuga canadensis) is com-
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pletely surrounded by a deciduous forest association consisting in part 
of maple, ash, elm, magnolia (Magnolia acuminata) and others, with an 
undergrowth of shrubs among which occur the azalea, wild cherry, shad 
bush, ironwood, pawpaw, juneberry and others, and the spice bush 
(Benzoin <estivak). 

At the Brimfield bog and at Mud Lake in Summit County the conifer· 
association is completely elhninated. The vegetational structure of 
the forest association has no longer evergreen components. Only 
deciduous trees figure prominently on the firmer parts of the peat deposit. 
The typical plants are red maple, elm, ash and walnut with an under-
growth of arrowwood, high blueberry (Vaecinium corymbosum), spice 
bush, wild cherry and others. Less than a half mile north of Mud Lake 
a tamarack grove with yellow birch, apparently segregated from the 
lake at an early stage, makes a very marked contrast oo the floristio 
composition which maintains itself nearer the lake. The anomalous 
feature of the "Black Swamp," in which bogs and peat deposits were 
occupied entirely by elm, maple, black ash and others, instead of tama-
rack, has been noted in the preceding chapter. 

SECONDARY SUCCESSIONS 

Thare are a number of secondary successions in peat deposits which 
owe their origin to human agency. Of these, fire, drainage and culti-
vation are the most significant in complicating natural successions 
by reverse movements or by hastening stability. Fires usually occur 
during the resting period in autumn and winter. Drainage and de-
nudation do not result in the complete elimination of the previous vegeta-
tion. The living parts of herbaceous and shrubby plants are under-
ground and thus the succession initiated after clearing consists of pioneers 
derived to a large extent from the original meadow and shrub association. 
They reestablish themselves in a much shorter time on soils in which 
the physical conditions approach those of the bog meadow and bog 
shrub. Breaking done on peat soil occupied by bog forests or meso-
phytic forest species will result in the establishment of a vegetation 
characteristic of mineral soils. The botanical structure is chiefly 
made up by ruderal invaders, capable of rapid mobility and establish-
ment; the chance for the usual sequence of successions then becomes 
remote. Fungus diseases are of minor importance in modifying the 
vegetation cover. Reverse courses of development, retardation, or 
the hastening in the sequence. of successions often occur when for any 
reason drainage, drought, shrinkage of the peat soil, or excessive pre-
cipitation produce variations in the available water (page 199). Bogs of 
that character present a disjointed distribution and a confusing diversity. 

Fire.-In the majority of bog areas examined the early stages 
of fire succession do not vary greatly. During the year following 

18-0. B. 18. 
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the denudation of tb.e habitat many shoots arise from the uninjured 
rhizomes of ferns. The clumps of shield fern, cinnamon fern and flower-
ing fem receive apparently but little injury. These are followed by 
the chokeberries, mountain holly, the high-bush blueberry and others. 
In places where the damage has been very great these plants do not 
re-enter. They are followed by types of successions more characteristic 
of burned-over areas. In sufficient abundance to dominate during 
the seasons are especially the nettles, touch-me-not, cattails and sedges 
(SC'irpus cyperinus). There is more or less of a commingling of the differ-
ent societies; with them are associated the evening primrose (Oenothera 
biennis), willow herb (Epi_lobium coloratum), spindle tree (Evonymus 
obovatus), arrow-leafed tear thumb (Polygonum sagittatum), occasionally 
virgin's bower (Clematis virginiana) and several goldenrods. 

On the northwest side of tne New Haven marsh in Huron County, 
fires have swept repeatedly over a large area of the peat basin .. This 
marsh is the second largest peat deposit in Ohio, covering an estimated 
area of 12,000 acres. It has the appearance of a large grassy prairie 
with clusters of trees and bushes forming islands sharply marked off 
from one another. Tickseed sunflower (Bidens trichmtperma), blue 
vervain (Verbena hastata), and ragweed (Ambrosia trifida) predominate 
in the area severely burned over. Boneset (Eupatorium perfoliatum), 
goldenrod (Solidago canadensis), and sedges (Carex lurida). are less 
abundant. In areas of slight surf ace fires the vegetation consists 
principally of shield fern, cinnamon fern, flowering fern, cotton grass 
(Eri<Yphorum virginicum), beak rush (Rhynchospora alba), bog rush· 
(JunC'IJ..8 canadensis); scattered among these are small shrubby trees 
of poison sumach, wild rose, meadow· sweet, chokeberries, willows 
(Salix discolor) and poplars (P<Ypulus heter<Yphylla, P. tremuloides). In 
some places spike rush (Eleocharis palustris, var. glaucescena), and in 
wetter places twig rush (Cladium mariscoides) are the dominant plants 
and give character to the area. In many sections the flowering ferns 
occupy the area to the exclusion of other plants, while along the southern 
border of the marsh dense growths of the reed (Phragmites communis) 
are more common and spread widely over the surface. In ·low parts 
of the marsh bluejoint grass (Calamagrostis canadensis) forms a con-
spicuous society; in higher places shrubs like dogwood (Cornus pani-
culata, C. stolonifera), elderberry, trumpet weed (Eupatoriumpurpureum), 
meadow rue (Thalictrum revolutum), ferns and goldenro9.s (Solidago 
lanceolata, S. canadensis) alternate indiscriminately. In the unburned 
portions of the marsh the vegetation consists of high blueberry thickets 
(Vaccinium corymboBUm), chokeberries,. arrowwood and others Whlch 
alternate with mats of cranberry. and sphagnum. In other spots . a bog 
meadow is more clearly defined but the association is frequently over-
grown and suppressed by the prostrate bramble (Rubus hispidus) 
which even covers small bushes of Salix. myrtilloides.=pedicellaris and 
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similar shrubs. The climax stages of the fire succession, however. 
are more southern than northern; the Acer-Ulmus forest, though in 
early open stages, is becoming more prominent with associated species 
of southern relationship. 

Cu1tivation.-As the soil is brought under cultivation, fodder 
grasses, like timothy. (Ph"leum pratense), red top (Agrostis alba), blue 
grass (Poa pratensis), clover (Trifolium sp.) and others, make their 
appearance in the adjoining unticultivated bog areas. Weeds become 
particularly numerous in the drier places. Representative species- are 
the small ragweed (Ambrosia artemi8<Bfolia), pigweed (Amaranthus 
retroflexus), besides others which have been mentioned in the pasture 
association (pp. 33, 234). 

COnclusion.-From the preceding account, it seems beyond 
· doubt that peat formation, and the whole course of development and 
replacement of plant assooiations, and of component species, stand in 
response to the environment. In the north, bogs are correlated chiefly 
with great atmospheric humidity and rather low soil temperatures; in 
the southern latitudes, however, the formation of bog land is restricted 
to favorable topography and biochemical conditions in the soil. The 
vegetation of these deposits is at present in a retrogressive phase 
(p. 198), accelerated in part by physiographic changes and in part by 
the invasion of southern plants. 

Two great, relatively wave-like and integrating phases of vege-
tation successions define themaelves rather clearly: (1) the climatic 
successions, associated with the succession of geological periods and of 
which the migration of plants accompanying and following the retreat 
of the glaciers is an example; (2) the edaphic successions, in which the 
the replacement of one type of vegetation by another has resulted from 
changes in topography and a biochemically diminished water supply.1 

In the peat depositing areas that arose at the close· of the glacial 
period, as in those of today, the plankton vegetation first develops; 
where deeper water is present, there spread Chara, CeratO'[Jhyllum and 
others; while nearer the margin, on the surface of the water, rest the 
leaves of Potamogeton, water lilies and others. In shallow, flat basins, 
and along the shores of deeper bodies of water, reigns a marsh vegeta-
tion, consisting of grasses and reeds, which prepares the way for meadows 
and willow bushes. In the course of time the remains of all these 
kinds of plants accumulate at the bottom of the depression, so that· the 
vegetation is forced to advance from the margin to the open water in 
the center, or grow upward from the b()ttom, as drainage is retarded 
and the water level rises. But the debris soil becomes physiologically 
unfit for the hydrophytic formation and for· marsh plants, and another 
type of succession thus follows. 

1See in this connection Cowles, H. C., The Causes of Vegetative Cycles. Bot. 
Gas., Vol. 51, 1911, pp. 161-188. 
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The intermediate stage, the xerophytic formation, has a greater 
variety of conditions, leading to a more diverse and varied development 

Hora and aMOciations. Without change of climate or of mineral 
soil constituents, aquatic and marsh vegetation is suppressed, and the 
area of lakes and ·ponds diminishes. Too great stress cannot be placed 

ea em&.. ow 
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Fig. 13.-Diagram illustrating stages in the origin of peat and marl deposits in lakes. 
The several plant associatioµs of the Bog Series, displacing one another, be-

long to the following major vegetation groups:-(1) 0. W.-open water 
succession; (2) M.-marginal succession; (3) 8.-shore succession; 

(4) B.-bog succession, comprising the bog meadow (B. m), 
bog shrub (B. s) and bog forest (B. f); and (5) M. F. 

-mesophytic forest succession. 

upon the fact that biological processes in the substratum are of the 
most profound importance, and that the accompanying differences in 
the amount of available water exercise the decisive influence. The 
grass meadow is thus converted to a bog meadow, which later gives way 

. to bog heath, finally to be displaced by bog shrubs and bog forests. 
The most noteworthy of the associations, in point of biological and phys-
iological problems, are the bog meadow and the bog heath. Fre-
quently, phases of the intermediate stage are omitted entirely, and va-
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rious deviations or intercalations occur; always, however, the associa-
tions are replacing one another quite independently of climatic or 
topographic changes. 

Thus the production of land by the activity of vegetation con-
tinues, and at the same time, with the biochemical and physical changes 
in the soil, is the displacement of one type of vegetation by another. 
The time factor involved in the invasion of a plant group is usually 
much shorter than that for its displacement and disappearance. But 
reverse courses of development often occur, when for any reason the 
amount of water in the soil increases or decreases rapidly. Prolonged 
drought, excessive precipitation, the work of man and animals, destroy 
much of the established vegetation cycle. The area then lies open to 
colonization by any association efficient to establish itseH. 

The filling in of a lake or pond is only one step in the genetic de-
velopment of vegetation.. The final stage, the mesophytic formation, 
arises in part from the varying relations between trees, light and evapo-
ration. In constituent species the mesophytic bog forest corresponds 
to the prevailing climatic conditions of Ohio. It is a deciduous forest, 
which in its larger features illustrates homogeneity, but not on account 
of the dominance of a few species. The kind and proportion of trees 
differ greatly, but in type and aspect they are essentially uniform. The 
homogeneity is one of space, rather than of time. 

Changes continue in topography, in soil processes, and very likely 
in climate. Migration is still taking place among plants and animals, 
with the extension of the more plastic organisms into endemic asso-
ciations, and into new conditions. New plant associations thus arise 
by the addition of new species and by differentiating into divergent 
lines under the influence of external circumstances; by reacting and 
therefore deriving more advantage from these conditions. They maintain 
themselves in more or less definite geographical distribution. In turn, 
they institute changes; the reactions are followed by subsequent suc-
ceBSions, and by modifications in the function.al response of individual 
members, with the elimination of all plants having a small survival 
value. Thus we see plants and their habitats appear and disappear, 
related as coordinate features of a united · activity throughout a 
developmental process. The history of many species shows that further 
development can only take place within certain narrow limits, and that 
morphological di:ff erentiation and the struggle for existence lead more 
frequently to defeat than to survival. It is therefore an open ques-
tion whether in the future ages it will be possible for some plants of 
certain genera and some associations to continue to advance and to 
react advantageously. 

The successions from the aquatic type to forests are determined 
by nat~al causes, and epitomize an ancient cycle. From one point of 
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view,1 the environment is assumed to be a passive condition; through its 
selective influence it can only indirectly modify vegetation with its many 
indefinite but innate and small, or sudden,• and great changes in indi-
viduals. From another point of view,• external conditions are assumed 
to be the direct and real cause of the increasing complexity of vegeta-
tion in structure and in social units. Through our analysis of the his-
torical and physiological-ecological situation, we are able to see more 
clearly in what manner both factors in the process are themselves acti-
vating, modified and readjusted, as conditions and as causes. Either 
may thus induce progressive or retrogressive changes. It is also to be 
seen that, since the new phase grew out of the old, it can not be wholly 
alike that from which it ca.me, or the same in any one series; the pro-
cess is the one great cause, and the condition, of all the stages and the 
phases of vegetation successions, every part Qf which is a result and 
an influential factor of the organic relation.' 

Such are the more important working principles in physiological 
ecology. Another point of considerable importance concerns the re-
lation of the observer :trlmself. As a systematist, he is endeavoring 
to define his subject matter in terms of types and species; as an ecolo-
gist and physiologist, he is at the same time endeavoring to reconstruct 
his conceptions so as to admit of a more comprehensive knowledge of 
the origin and nature of habitats, of plant associations, of plant re-
sponse and of plant structure. 

1Darwin, C. Origin of species. London, 1859. 
2DeVries1.-.H., Die Mutations Theorie. Leipzig, 1001; Korsehinski, S., Beter-

ogenesis und J:!jvolution. Flora, vol. 89, 1899. 
8La.marck, F., :ehilosophie geologique. Paris, 1809 .. 
4Spenrer, H., Principles of Biology. New York, 1898. 



CHAPTER VII 

THE ANCIENT PEAT DEPOSITS ·OF OHIO AND 
THEIR ECOLOGICAL CONDITONS FOR GROWTH1 

General Remarks.-It is generally agreed that plants are more 
or less advantageously suited for the conditions in which they live, 
and that the life relations between plants and their habitats are an out-
come of certain definite processes linked inseparably with the past. 
Whatever the possible method of evolutionary advance, whether under 
pressure of unusual environmental conditions, or of different inherent 
and irreversible limits of organic variability, the behavior of plants 
under experimental tests will continue to contribute generalizations of 
real interest and importance. The facts and conditions of the present 
alone can aid in the interpretation of the past. 

The comparatively abundant information, which we possess, as 
to the present vegetation in aspect, form, structure and function, as 
related to differences in physical, chemical and biological factors, is in 
striking contrast to the absence of a correlation of similar data as re-
gards environmental conditions during g~ological periods. From the 
point of view of ecology, the vegetation conditions of the past are of 
considerable value, whatever the method of endeavor to understand the 
factors which the fossil plants record. Those who have confined their 
ecological study to the environmental investigations of the present 
must sooner or later test and supplement their investigations by ref-
erence to the past. And the aim should be to reproduce not only an 
accurate fragment of botanical history from the study of fossils and 
their respective strata, but to point out the particular physical con-
ditions under which the plants of the Coal measures grew, and the 
succession of plant associations within the ancient swamp area. To 
correlate structural characteristics with physiological conditions of 
growth it is necessary to apply the knowledge of relations gained from 
living plants. Whether or not the data can be accepted as sound links 
in the chain of evidence, rests largely on the value of the experimental 
work at hand, and on the degree with which they interpret many ap-
parent anomalies. 

The limiting environmental conditions which characterize bogs 
(Chapters VIII-XI), and the structural features and functions of the 
vegetation peculiar to them; have seemed to the writer of sufficient 

• 1The larger part of this chapter appE>ared with permission of the State Geologist, 
in the Ohio Nat., Vol. 11, 1911, pp. 312-331, and in the Am. Jour. Sci., Vol. 32. 1911, 
pp. 33-39. 

(263) 
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interest to invite attention to an inquiry on the probable cause of the. 
xeromorphy of many of the carboniferous plants which lived in swampy 
areas. The present chapter is intended, therefore, as a continuation 
of the ecological studies on the origin and formation of Ohio peat de-
posits, and the succession of plant associations within a peat deposit-

LEGEND 

~lf nion } Carboniferous 
Mi .ssi&&ippian 
~------Devonian 
~-------Silurian 
~-----Ordovician 

Fig. 14.-Geological Map of Ohio. The Ordovician, Silurian and Devonian consist 
each of shales and limestones; the Carboniferous of conglomerates, 

sandstones, shales, limestones and coal. 

ing basin. The problems involved in the following discussion are by 
no means to be solved within the limits of this chapter; merely an ad-
justment of perspective is made, leading from a consideration of the 
fossiliferous plant remains of the Coal measures of Ohio. 

In attempting to sketch an outline of the geological history of 
Ohio, it is obviously impossible to go into any deti¥ls, or to follow closely 
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the development to the· present. At most, only the briefest introduc-
tion can serve, and only a. general resume can be noted. For tl)..e spe-
cific Geology of the St.ate and a fuller treatment of the subject, the reader 
is referred to the volumes of the Geological Survey of Ohio and to the 
"literature here cited. 

Were we to make a rock section deep enough to reach to the lowest 
limits of the known stratified deposits, to the great foundations of the 
continent, the geological strata underlying the State would show as a 
stage of early growth a predominance of. limestone and shale in the 
lower half of the section, and, as a stage of relative maturity, widespread 
horizons of sandstone and conglomerate in the upper half. The strata 
belong to five principal divi~ions or ages, which named in a8cending 
order are as follows: Lower Silurian or Ordovician; Upper Silurian; 
Devonian; Sub-carboniferous or Mi8sissippian; and Carboniferous, 
Pennsylvanian, or Coal measures (Fig. 14). Over all the State, except 
the southeastern part, these are covered by heavy beds of clay, sand, 
gravel and boulders, which together constitute the glacial drift. No 
evidences have been found in Ohio of that group of strata below the 
Ordovician, known as the Cambrian, and pre-Cambrian (Laurentian, 
Huronian and Keweenawan), or the great series of sy8tems above the 
Carboniferous, comprising the Mesozoic and Tertiary time divisions. 
They either left no record within the limits of the state, or much erosion 
muPt have taken place immediately succeeding their formation. 

Each of the rock systems is again subdivided, and inasmuch as 
the new stratigraphical divisions are coming into use more generally, 
and are replacing the geological names of the older surveys, the following 
table taken from Bulletin 71

1 ha'l been added to show the place in the 
scale, the relationship of old and new names, and the thickness assigned 
to the various formations: 

1Prosser, C. S., Revised nomendature of the Ohio Geological formations. Geo!. 
S11rv. Ohio, Bull. 7, 1905. 
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TABLE 4. 

GEOLOGICAL ScALE OF Omo. 

. 
Orton, 1895. Prosser, 1905. Thickness. 

Glacial drift. Alluvial and Glacial. 0-5 O' 

Upper Barren Coal Measures. Dunkard formation. 525'= 

Upper Productive Coal Measures Monongahela formation. 200-250' 

Lower Barren Coal Measures. Conemaugh formation. 400-500' 

Lower Productive Coal Measures Allegheny formation. 165-300' 

Conglomerate Group. Pottsville formation. 250'= 

Sub-carboniferous limestone. Maxville limestone. 25'= 

Logan group. Logan formation. 100-150' 
Black Hand formation. . 50-500' 

Cuyahoga shale. Cuyahoga formation. 150-500' 

Berea shale. Sunbury shale. 5-30' 

Berea grit. Berea grit. 5-175' 

Bedford shale. Bedford shale. 50-150' 

~Cleveland shale. {Cleveland shale. 
Ohio shale. Erie shale. Ohio shale. Chagrin formation. 3oo-2600' 

l Huron shale. Huron shale. 

Olentangy shale. Olentangy shale. 2o- 35' 

Upper Helderberg or Cornif- Delaware limestone. 30- 4.() I 

erous limestone. Columbus limestone. 110' 

Lower Helderberg limestone, 
or Waterlime. 

iLucaa limestone. 
Monroe for Sylvania sandstone. 

mation. Tymochtee member· (?) 
5o-600' 

rill•boro ~"""'" r·~boro .......... Niagara Guelp or Cedarville "Niagara Cedarville limestone. 
Group. limestone. Group." ~ringfield limestone. 15o-350' 

Niagara limestone. est Union limestone. 
Niagara shale. · Osgood beds. 

Clinton limestone. Clinton limestone. 10- 50' 
Belfast bed. 50-150' 

Medina shale. Saluda bed. 20'= 
Richmond formation. 300'= 

Hudson River Group. Lorraine formation. 300' 
Eden shale. 250' 

Utica shale, not seen in outcrop. 

Trenton limestone. Trenton limestone. 100' 
I 
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The Lower Silurian or Ordovician.-The Lower Silurian or 
Ordovician system includes the lowest of Ohio's stratified and fossil-
iferous rocks, the Trenton limestone and the several formations of the 
Hudson River group. They suggest that a broad but shallow arm of 
an ancient ocean then covered Ohio. 1 As in the following geologic 
periods, the sediments were derived from the various rocks carbonated, 
oxidized, and exposed to erosion and solution, the beds of limestone 
representing for the most part an accumulation of comminuted parti-
cles of shells and lime-secreting plants in a clear sea, and the shales 
representing the deposits of mud made in still water n:earer the land. 
The adjacent lands were probably too low or too far away to yield 
abundant sand or permit wave-action sufficiently vigorous to keep thE: 
mud from settling. Comparatively few fossil plants of Ohio have been 
obtained from the geological formations of this period, 1 but the records of 
the life of the era in the United States and in Europe, though meager, 
are sufficient to indicate that development of life was well advanced 
long before the known strata were deposited, and that less diversity 
of climate existed than now. The testimony of the ancient organisms 
implies nearly uniform soil conditions. The plant forms, which in 
rocks must necessarily be rare as fossils, were relatively simple, living 
along the shore and in open water in definite zones, and appear to have 
varied with the nature and the slope of the bottom, the depth and 
clearness of water, etc., much as it is today. Immense quantities of 
microscopic unicellular plants were undoubtedly present as plankton 
in the protected bays with sandy and muddy bottoms to form the food 
supply for the large and varied fauna of that time. At the close of 
that period a folding resulted in an uplift of a broad; flat island-like 
area about Cincinnati. This arch known as the Cincinnati axis trended 
in a northeasterly direction from Tennessee and Kentucky to the lake 
basin into Canada. From that time on Ohio was nearer sea-level and 
in places the land areas were so far elevated as to allow sluggish streams 
and basins, bordered by plants.• 

The slope of the oldest land in Ohio was toward the southeast, 
and the surface flow must have been in the same general direction. The 
ancient rivers flowed around the island and drained from it toward the 
northwest. The currents seem to have been the progenitors of many 
of our present rivers.' 

•Chamberlini T. C., and Salisbury, R. D., Geology, New York, 1906. 
•Newberry, J. S., On the so-called land plants from the lower Silurian of Ohio. 

Am. Jour. Sci. 3rd S. Vol. 8, 1874, pp. 110-113. · 
•Lesquereux, L., Land plants recently discovered in the Silurian rocks of the 

United States. Proc. Am. Philos. Sqc. Vol. 17, 1877, pp. 163-173. 
Claypool, E.W., On the occurrence of a fossil tree m the Clinton limestone base 

of the Upper Silurian of Ohio. Geol. Mag., Vol. 2, V, 1878, pp. 558-564. 
Foerste. A. F.1 An examination of Glyptodendron, Claypole, and of other so-

called Silurian la.nu plants of Ohio. Am. Geol., Vol. XII, 1893, p. 133. 
'Tight, W. G., Bownocker, J. A., Fowke, G., The Preglacial drainage of Ohio. 

Ohio State Academy of Science, Special Paper No. 3, 1900. 
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The Upper Silurian.-'rhe Upper Silurian period includes the 
Saluda and Belfast beds, the highly crystalline . Clinton limestone, the 
several elements of the Niagara group, and the Monroe formation. It 
extended over a vast period of time, pointing to oscillations of level 
which covered wide ranges of latitude. In Ohio, the living forms which 
inhabited the ancient sea belong exclusively to the lower animals and 
plant species. Qnly sea life existed. No traces of a land vegetation and 
no remains of vertebrated animals, or of a fresh-water fauna and flora 
have been discovered. "Seaweeds and sponges, star fishes, and stone 
lilies of exquisite construction, corals in great variety, and molluscan 
shells, were so abundant and so crowded as frequently to constitute 
the entire substance of the rock. Many species of trilobites are found 
in all portions of the bedded rock, and in its weathered exposures. The 
general character of these fossils indicates that the beds were formed 
at the bottom of a deep sea. No mark of shore lines or shallow water 
occurs to question this inference." But the upper surfaces of the rock 
layers, in places, have been found covered with ripple-marks. Their 
presence indicates the later existence of comparatively shallow water, 
and suggests the action of tides. In some localities, mud cracks suggest 
that the water must have been shallow enough to permit exposure of 
the sea bottom. The great lagoons and inclosed salt-water basins 
which were present sufl'ered rapid evaporation. They are signs indi-
cating that an unusually arid atmosphere prevailed. The severity of 
the conditions restricted life almost wholly to the lowland, and the 
shore of other more favorable. regions. Probably the arctic regions were 
then the most favorable for growth ~d development. . The fossil plants 
are few and at times of doubtful affinity; the data are altogether inad-
equate to give any ·idea of the vegetation and its ecological conditions 
for growth. This relative absence of fossils, together with the char-
acter of the sediments, the frequent reolian crossbedding and mud-
cracks are the mark of periods of exposure; they point to near-shore 
deposits, if not to land origin, and to conditions of aridity with tropical 
climate. This does not mean, however, that a prolific vegetation, 
perhaps of an advanced order, did not exist. Though nothing that can 
be called a land flora existed, or at least is yet known, the plants of the 
following period show such marked differentiation and the ancestral 
relations are so uncertain, that a long previous history, or else a rapid 
evolution and extinction of intermediate forms would be the only alter-
natives on which to base an interpretation. A numbe~ of species com-
mon to Kentucky, Michigan and some parts of Europe have been 
described; among them are Buthrotrephis ramulosa, 1 &:r;td Trichophycus 
venosus, regarded as a plant from the Eden and Lorraine formations. 
The animal fossils have many characteristics in common with the Euro-
pean Silurian. 

•Miller, 8. A., (Description of Speoiea). Cincinnati Quarterly Journal of Science, 
Vol. I: 235, 1874; Vol. II, 1879, pp. 24-39 and lot-118. · 
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The Devooian.-The sea again invaded the land and submerged 
it wholly. A general period of quiet prevailed during the larger part 
of the following, the Devonian Age. Toward the close of the Mid-
Devonian renewed emergence was accompanied by erosion. The era 
includes the Columbus and Delaware limestones, and the Olentangy 
and Ohio shales. Where the changes in the relations of land and water 
were favorable, a rapid intercontinental migration and expansion of 
life followed, checked only by barriers and. by occasional submergence. 
The record of plants• is too imperfect in Ohio for.definite discussion, 
but fossil evidences show that gigantic marine algre were aliundant in 
the seas, together with fish and ostracoderms, while on the land-islands 
then exposed there were insects, and mollusks, and on the flat low-
land surfaces were broad marshes covered with plants, the larger number 
of which were herbaceous and highly differentiated. · The Devonian 
plants of contiguous areas show no annual rings to bear evidence of 
seasonal changes in temperature or intervals of prolonged drought.• 
The flora is far richer than that of the Silurian, and of great botanical 
interest, since in this period occurred great migrations of plants from the 
arctic regions, and the development if not the actual beginning of land 

. plants. These facts suggest distinct edapic as· well as other environ-
mental changes. The great inland basins contained a vegetation archaic 
in many f eatures1 yet not unlike that now living in swamps and in the 
tropics. The plants were largely the primitive forerunners of fems and 
their allies, and the lower fem-like gym.nosperns,. with an undergrowth 
of soft thallose forms, very much like the liverworts of today. Their 
decay was accelerated by bacterial action.• 

The Devonian types were in many respects similar to those of the 
Carboniferous period, and as those of the latter are much better pre-
served and represented in the Coal flora, a conception of their ecologi-
cal conditions for growth may be deferred with advantage until the 
discussion of that period. 

A renewed expansion of the sea entrapped the fauna and flora in 
beds of sediment of great depth. This organic matter is probably the 
chief source of the oil and gas in use today. It is impossible as yet to 
state with certainty how these fuels have been formed and concentrated . 

. Chemists suggest an inorganic origin for these products. It is 
thought, and the theory is supported by laboratory experiments, that 
the great supplies of petroleum were produced through the agency of · 
iron carbides within the earth, generating the hydrocarbo_ns upon contact 
with percolating water. But the quantities traceable to such a source 

'Newberry, J. S., Devonian plants from Ohio. Jour. Cincinnati Soc. Nat. Hist., 
Vol. XX:ll, 18981.,.P· 48. · 

•White, D., The upper Pahe011oic ftoras, their succession and range; in Willis, 
B., and Salisbury, R. D., Outlines of geologic history, 1910, pp. 138-160. 

·~lti.. B., Recherches llUl' les bacteriaeees f011Siles. Ann. des. sci. nat. bot. 
VIII senes, T. II: 1896, pp. 276-349. 
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are insignificant in comparison with the great repositories containing the 
oil. Buried accumulations either of plants, animals or both, can alone 
account for the origin of gas and oil under the observed conditions. The 
production of hydrocarbon compounds has been studied in coal mines 
as the "fire damp," in bogs and swamps as "marsh gas," and in the 
fermentation of cellulose by anaerobic bacteria. Seaweeds and di-
atoms are known to contain globules of oil; other oily substances of 
organic origin are the "cholesterol" found in plants and the fatty parts 
of animals. The optical phenomena of organic oil, that is, the power 
of rotating the plane of polarization of light, is not shown by inorgan-
ically formed hydrocarbons. In nature, an accumulation of organic 
debris, the exclusion of air, and the existenqe of an impervious pro-
tecting sedimentary stratum seem to be the essential condition toward 
rendering the process of distillation and transformation possible. It is 
often surprising the quantity of oil which· an apparently dense rock 
stratum can hold. Pressure, temperature, viscosity, the nature of 
surrounding rocks, and a flow of the liquids and gases into porous rocks 
and cavities, no doubt, must all be taken into account when consider-
ing the changes involved in the origin of gas and oil; but at present the 
organic origin of these fuels seems to have the strongest support.• · 

The Sub-Carboniferous or Mississippian. -The Sub-Carbonif-
erous or Mississippian period which followed the interval of widespread 
submergence consists of the Bedford shale, Berea grit, the Sunbury 
shale, the Cuyahoga, Black Hand, and Logan formations, and the Max-
ville limestone. An increased land area gave increased contact between 
the atmosphere and the rocks. In the western half of Ohio the period 
was one largely of sea extension.. Disintegration and much erosion 
must have taken place to give the sedimentay material of the equiva-
lent formations. In many counties, several members of the earlier 
rock formations occur in isolated masses, but there is no reason to doubt 
that they once extended over· the whole of the State. Their irregular 
distribution is due to the same erosive agencies which are today at work 
upon them, and to the action of a system of drainage which, though 
frequently reversed, coincides in the main with that of today. 

A gulf which extended east of the great arch-island enabled plants, 
as well as animals, to ftourish in isolation for a period sufficiently long 
to differentiate species of its own. For Ohio the record of plant life· 
is poor.' But enough fossil vegetation has been recovered in the sur-
rounding states to show that all the leading groups of the Devonian 
flora were represented with an associated animal life. The different 
areas exhibit distinct floral and growth-form differences, and suggest 
either barriers or differences of waf:er content in the soil. The plant 

•Bownocker, J. A., The occurrence and exploitation of petroleum and natural 
gail in Ohio, Geol. Burv. Ohio, Bull. 1, 1003. , 

'Ward, L. F.J. The geological distribution of fossil plants. U. B. Gt,ol. Surv., 
WMhingtoD, D. \;., 1889. 
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associations are varied and of several aspects. The vegetation is re-
markably cosmopolitan in distribution, which would premise the ab-
sence of climatic zones. Many plants exhibit a striking xeromorphy; 
the leaves are reduced to linear organs; the stomata have special con-
structions and are heavily coated and hardened; the stems show devel-
opment of water storage tissue; the roots are extended horizontally. 
The general desiccation effects of the habitat resulted, however, not 
in the extermination of plants favoring free water, but in the limitation 
of their functional activity, to periods of moist or rainy seasons, and in 
the increase of functional responses. The differentiation has become 
a factor in distribution and has given the plants a greater range of dis-
persal; the new place-functions (p. 336) had a survival value in the com-
petitive struggle among the organisms, and in the environmental se-
lection. These phenomena, as will be shown below, are not suggestive 
of greater severity of climate, but indicate unfavorble conditions in the 
peaty substratum of the marshes. 

The Carboniferous or Pennsylvanian.-The Sub-Carboniferous 
era was brought to a close by an emergence of considerable areas of 
shallow lowland, which with their vegetation constitute the great Car-
boniferous or Pennsylvanian system and its important Coal measures. 
The land area of Ohio grew in spite of the fact that it was periodically de-
pressed and degraded. The withdrawal of the sea ultimately resulted 
in the union of separate land masses and the extension to its present 
borders. The formations are a series of beds somewhat unlike any here-
tofore considered. Irregularly distributed through the Carbonifer-
ous series are six or eight strata of sandstone, part of them conglom-
erates, characterized by the presence of quartz pebbles, which some-
'times are of large size. This rock is about 100 feet in thickness, gen-
erally coarse-grained, and has the coarser quartz pebbles near the base 
of the formation. The fossils are exclusively casts of plants, and trunks 
and branches of Lepidodendron, Sigillaria, and Calamites, in some lo-
calities heaped up in a confusing mass, like driftwood on a shore at 
the pr,esent day. Newberry ascribes the transportation and depo-
sition of the beds of quartz pebbles to the sam(\ cause which has trans-
ported the gravels· of the later drift, to ice. 

Next to them are beds of shale in great variety of colors; they are 
frequently replaced with sandstone layers or sheets of limestone. The 
former are frequently cross-bedded, the agents of deposition being rivers 
or the wind; the latter are all thin, and partly of fresh water origin, and 
partly of marine origin as is shown by the abundant fossils which they 
contain. The limestones are in many cases deposits of a calcareous 
nature, and frequently associated with beds of iron ore or with a layer 
of clay of varying degree of purity. The clays are frequently overlaid 
with seams of coal ranging from a mere black line to a dozen feet and 
more in thickness. Each of these coal seams stands for a former low 
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and undrained land surface, and its v~getation cover. The weltmarked 
order of arrangement of the ·strata underlying the coal seams is inti-
mately connected with a long-continued growth, sudden submergence, 
and subsequent fossilization of marshes adjacent to an ancient sea, 
and of great inland xerophytic vegetation formed in island-like maFses, 
very much like the peat bogs of today, but over much wider areas than 
any single present day bog occupies; . The Carboniferous system in-
cludes the Pottsville, Allegheny, Conemaugh, Monongahela and Dun-
kard formations, all of which have been described in great detail in the 
later volumes of the Geological Survey. ·Over these rocks, of at least 
two-thirds of Ohio, are spread in varying thickness, the deposits of 
the glacial drift. The glacial formations have been very fully des-
cribed by Leverett;' a brief account is given in Chapter V, in connec-
tion with the present distribution of vegetation in Ohio lakes and peat 
deposits, and the physiography of the State. 

The mode of arrangement of all geological formatioii.s is that of 
layers resting one upon another, but not usually horizontally. Slow 
and comparatively gentle movements of the earth's crust, unaccom-
panied by fractures or displacements have given rise in the State to a 
system of gentle· northeast and southwest foldings. The most impor-
tant of these is, as has been stated at the outset, the Cincinnati axis, 
which traverses the State as an arch from Cincinnati to the lake shore, 
and beyond into Canada. The other lines of elevation are relatively 
weak, and come into Ohio from Pennsylvania and West Virginia, and 
are known as the W el.Isburg, Cadiz, and Cambridge anticlines, located 
near places of that name. . They are undoubtedly folds of the great 
series to which the Allegheny mountains of Pennsylvania and West 
Virginia belong. This emergence of the rocks of the State has its ap-
proximate date at the close of the Lower Silurian period, and has never 
been more than a low mountain chain. 

Along a large part of the Cincinnati axis the strata, which ·once 
arched over it, have been extensively worn away, and are found resting 
in regular order on either side. The geological map of Ohio, 1ecently 
published (see Map, p. 27), showsl the areas covered by the principal 
systems and their series of strata. In the region about Cincinnati the 
erosion has been greatest, exposing the oldest rocks. Tire direction of 
the draining streams of the western half of the State has been mainly 
determined by this great anticlinal axis. It forms the divide between 
the waters of the Scioto and the Miami, and between the Sandusky 
and the Maumee. On the east side of the anticlinal axis, the rocks 
dip down into a basin in which all the strata form trough-like layers, 
their edges outcropping eastward on the flanks of the Allegheny Moun-
tains. The older rocks are deeply buried1 and the surface is here under-

1Leverett, F., Glacial formations and drainage featur~ of the Erie and Ohio 
basins. U. S. Geological Survey, 1902, Mon. 41. 
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laid by the highest and most recent of rock f orma.tions in Ohio-the 
Coal measures or ancient vegetation deposits. In the northwe&tern 
corner of the State, the strata dip northwest from the anticlinal axis 
and pass under the Michigan coal basin, precisely a.s the same series 
ea.st of the anticline dip beneath the Allegheny ooal field, of which 
Ohio's coal area forms a part. 

The Coal Measures and TDeir Vcgetation.-The well marked 
order of arrangement, which the coal fields of Ohio present, suggest 
tha.t at the beginniag of the Carboniferous age, an a.rm of a shallow 
fresh water lake extended inland, and continued in an unbroken sheet 
up to the Cincinnati arch, which made its western boundary. Year 
after year, for many centuries an exceedingly dense, luxuriant growth 
of vegetation covered the surface of the shallow basins as scattered 
swamps and bog-like marshes, sometimes· running into a long connected 
chain, and sometimes quite isolated. The vegetation was doubtless 
of many kinds of trees, especially giaat fems and clubmosses, with an 
undergrowth of shrubs and plants like grasses and sedges. There were 
many minor differences between the vegetation of different basins; 
zones of predominating lycopods alternating with ferns. The vege-
tation must have moved into the open water of protected bays, and 
inland basins progressively, as groups, distinct in physiognomy 
and growth-form, the zones varying in width, with the definite condi-
tions of life, and the selective action of the habitat. The plankton 
association must have been followed by plants nearer the margin and 
submerged along the gently sloping shore lines. Free floating forms 
similar to Azolla, Salvinia, and to various algre, must have existed in 
great masses, easily transported by winds and currents, at times com-
pletely covering the quiet pools. As their debris formed a slowly ris-
ing deposit in the basin, the littoral or shore association must have ad-
vanced toward the center of the water basi,Q, forming a mat of inter-
woven rhizomes and roots,harboring various societies and layers accord-
ing to the light and water conditions. In time the basin became filled 
with this debris. In many cases the vegetation accumulated to a depth 
of more than fifty feet, but this great distance from the mineral sub-
stratum. or the deficiency of mineral subst-.nces never rendered it dif-
ficult or impossible for the plants to grow luxuriantly (pp. 386-389). 
Green plants utilize water and the carbon dioxide of the air to form 
food, the starches, sugars, fa.ts, and proteins, necessary to their nourish-
ment, and for the successive phases of a. normal development. The 
mineral soil-constituents are not the food of plants; they are indispen-
sable, but their amount is very small in organic substances, and alone 
they are incapable of sustaining life in plants. 

Trees standing erect within a bed of ooal, their horizontal roots 
still embedded in the underlying stratum, the corky bark, the wood, 
branches, leaves, spores, and fruits of many plants, and even the re-

11-0. B. 18. 
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mains of fossil microorganisms, 1 fungi and mycorhiza, have given their 
testimony to what once existed. Though not reported in the Coal 
measures of Ohio, .the aggregations, and often large masses of resinous 
substances, amber, fossil coral, and a multitude of similar substances, by 
their varying quantities, show the exact character of the vegetation. 
With the plants were many animals, and .where they were most abun-
dant, their fossil remains are found. Little is known of the charac-
teristic . plants of the upland vegetation. There are descriptions of 
about 150 species for Ohio, 1 but most of the intere8ting fossil plants 
were found in the roof of Coal No.1, that is, in the marshes near the base 
of the Coal measures. In Ohio, this stratigraphical position is "more 
than two thousand feet above the base of the series, as revealed in the . 
geosynclinal basin of West Virginia, which was first filled with strata 
of the Coal measures, and long before any similar formations took place 
upon the ancient marginal Waverly plateau of Ohio.111 

The flowering plants (Anth<Yphyta) had not yet appeared. Bac-
teria,' and other fungi were present, no doubt, in great abundance. 
Liverworts and mosses (Bryo-phyta) were probably in existence, but 
they still held an unimportant place. There were principally ferns 
(Pteridophyta), which at this time had reached their greatest de-
velopment and differentiation. Their first appearance is as strange 
and distinctive among plants as that of the Brachia-pods among the 
animals. They were in part more primitive than now, and in part 

. more advanced, representing transitional types; but they surpassed all 
other forms in number and persistel).cy. There were scouring rushes 
(Calamo-phyta) of much higher and more varied organization, and of 
greater height and diameter t\lan the present forms, and with wide 
air-spaces in the corticle tissue of the young water roots. The several 

· species of the SphenqphyUales1 long since extinct, were of tree-like aspect, 
bearing small wedge-shaped leaves and sporophylls in cones; most of 
them were found as undergrowth beneath the shade of giant lycopods. 
The Equisetales had hollow jointed stems, with very small narrow 
leaves; they are mostly extinct plants, of which but one genus, Equi-

1Renault, B., Recherches sur les bacteriacees fossils. Ann. des. sci. nat. bot. 
VIII series, T II: 1896, pp. 276-349. · 

sNewberry, J. S., Descriptions of fossil plants. Geol. Surv. Ohio, Palreon-
tology, Vol. I; 1873, pp. 359-385. 

Lesquereux, L., Descnetion of the ooal flora of the Carboniferous formation 
in Pennsylvania and througho~t the United States. Geol. Surv: Pennsylvania, Vol. 
II, 1884, pp. 695-977. · 

Ward, L. F., The geological distribution of fossil plants: U. S. Geol. Surv. 
WashinP>nbD. C., 1889. . . . · 

White1 •• ., The u_pper Palieozoic floras, their succession and range; in Willis, 
B., and Salisbury, R. D., Outlines of geologic history, 1910, pp. 138:-160. 

•Andrews, ~- B., Descriptions of fossil plants from lower Carboniferous strata. 
Geol. Surv. Ohio, Palaeontology, Vol. II; 1875, pp. 413-426. 
'~t, B.i Recherohe8 8\ll' lea bacteriaceeS fossiles. Ann. des. sci. nat. bot. 

VIII senesJ.. T I : 1896, p. 276. , . . 
Scott, .U; H., The present poliition of pa}mozoio botany. Progressus Rei Botan-

icae, Vol. I, 1907, pp. 139-217. · ; 
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setum, has survived. The Calamariales, also long since extinct, grew 
in dense thickets; they often were of tree-like aspect and dimensions, 
with narrow distinct leaves, in which the stomata were deeply set. 
The branches and leaves were placed in whorls on jointed hollow stems 
which arose from underground rhizoms and increased in diameter by 
the growth of a cambial zone; their wounds were healed by a develop-
ment of cork. There were the lycopods (Lepidophyta), the largest of 
the carboniferous plants, in the form of Lepid-Odendron and Sigillaria, 
both with long needle-shaped leaves and stomata in deep furrows on 
the under side, often protected by a hairy covering. The trees were 
surface-rooted, the roots spreading out in all directions from the trunk. 
There were the cycads (Cycadophyta), fern-like gymnosperms, related 
to the modern conifers and flowering plants of which indeed they may 
have been the ancestors. Of these, the best known are Cordaites, Meg-
alopteris, Alethopteris, and possibly Lyginopteris, with its spiny stem 
and highly dissected xeromophic foliage, Bennettites, and perhaps Ginkgo. 
All these were strikingly cosmopolitan in distribution, extending to 
high latitudes. They were at their climax of vigor and height and 
verged into more recent types. 

How the coal fields were formed hundreds of centuries ago may 
be seen at any of our lakes today. Our lakes and ponds represent only 
one of the several conditions under which vegetable matter accumu-
lates. Other, but less important ways, possible to form coal beds are 
accumulations, (1) built up from the ground' by successive elevations 
of the water table; (2) in sea bottoms beneath "sargasso" vegetation; 
and (3) in marine swamps, including mangrove swamps and coastal 
salt marshes. The slight admixture of sediment, which indicates the 
absence of waves, tidal currents, wind-formed currents and eroding 
rivers, and the fact that at present only one kind of tree, the man-
grove, grows in salt water, is against the view that the coal was formed 
in salt water or that the charactersitic structure and form of the Coal-
measure plants was due to a salt water habitat. No records exist to 
show that in earlier ages the vegetation of the ocean differed greatly 
in kind from that now predominating. Ferns and mosses are entirely 
absent from the ocean; the principal marine vegetation is still formed 
by algre, often highly differentiated, which belong to diverse orders. 
The manner in which the bed of vegetable matter accumulated, and 
in which it was kept from decay, is a long and interesting chapter. 
The process has been described in more detail in Chapter VI and in 
Part III.* 

Critical periods suddenly arrived, possibly subsidence accom-
panied with an invasion of water from an adjacent sea, lake or aggrad-

...rbe vice-presidential address of Professor Weiss, before the botanical section 
of the British Association at Portsmouth. (Science, N. S., Vol. XXXIV, 1911, pp. 
464-480), is of interest in this oollnection. 

, 
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ing stream, carrying silt, burying the vegetation under deposits of mud 
and sand and con:verting a portion into dry land. The rise in water 
level brought with it the recurrence of swamp conditions, but the suc-
ceeding shallow lake had a narrower area than its predecessor and 
around its shores and in island-like masses flourished a.gain a dense 
luxuriant vegetation. In long-continued growth it existed, filling the 
lake with an accumulation of v:egeta.ble debris to the depth and the 
margin which it still retains as the present coal field. During its fo.r-
ma.tion the drainage relations affected, then as now, the character of 
the plants predominating in an area, a.n.d thus influenced the percent-
age and kind of a.sh in the vegetable debris. Frequent local or genera.I 
disturbances in topogra.phy and sedimentation during times of flood 
brought a.bout the occurrence of partings and seams in coal beds. Not 
infrequent]y the vegetation was buried under sheets of limestone that 
accumulated through precipitation from the invading water. In the 
subsequent submergence and fossilization there followed other marshes 
and bog-like swamps. These coal beds represent in some places sub-
merged forests, and in others the coal was probably formed not by the 
slow growth of vegetation in situ, but from drifted, vegetable material. 
But every successive coal-forming area had a narrower. lowland 
basin than its predecessor. This indicates that the changes in the 
relative level of water were not necessarily accompanied by oscilla-
tions in land level. 

The geological evidences of the earlier periods of the State's de-
velopment show that COa existed in much larger quantities than now, 
since enormous a.mounts have been fixed in the beds of limestone. The 
depletion of the COa content, it may be presumed, produced effects on 
the atmospheric blanket which tended to lower the average tempera-
ture and moisture and this, probably, changed the climatic character 
of the region. 1 Similarly the tremendous amounts of carbon, stored 
in the basins of the coal measures by the work of green plants, undoubt-
edly produced a marked effect on the atmospheric content of CO •• 
Far-reaching changes in climate must have followed, such as a.re exem-
plified in the periodic glaciations of the Pleistocene. 

The duration of the Carboniferous period mlil!t have been a very 
long one to yield deposits of coal of such thickness, for it should be re-
membered that a large part of the vegetable matter has been com-
pressed to a fraction of the original layer of vegetable debris. It is 
estimated that from 15 to 30 feet of peat are reql,lir.ed to make QU.e foot 
of coal. By a series of changes which are plainly traceable, veget.&ble 
matter, peat, lignite, bituminous or soft coal and anthracite, form a 
series of substances which grade one into another in an unbroken line 
from complex, organic, partly oxidized compounds at one end to nearly 
pure carbon at the other. The succession is not necessarily a strictly 

.Chamberlin, T. C., and Salisbury, R. D., Geology, New York. 1906. 
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lineal one, sinct} degree of decomposition, chemical changes, previous 
exposure of the vegetation to reducing action or to oxidation, affect 
the alterations in various ways (pp. 360-380). The metamorphic 
changes are hut.ened where the structural condition of the overlying 
rock favors the escape .of the gaseous products. Ligno-cellulose com-
pounds are the initial substances which gradually lose carbon dioxide 
manh gas and water, and so yield the series of products represented 
by the different kinds of coal. Chemical analysis1 in which the prob-
able combination of elements is grouped as moisture, volatile hydro-
carbons, med carbon, ash and sulphur show that the value of coal 
for fuel is determined mainly by the relative amounts of its volatile 
hydrocarbons and the fixed carbons. The former represents the free 
burning constituents of coal and the latter its heating power. Ash 
and sulphur illustrate the objectionable impurities. Up to a certain 
point the fuel value or fuel ratio of coal can, therefore, be determined 
by dividing the fixed carbon percentage by that of the volatile hydro-
carbons. A number of different kinds of coal are recognized in the 

· United States whose di1ferentiation depends largely upon these char-
acteristics. But in whatever variety of form, coal is derived from 
vegetation which grew in lowland, in ponds and lakes in a manner as 
we find in sub-tropical swamps and in peat bogs of temperate and north-
em :regions today; it was buried under successive layers of matter like 
itself, and of sediments such as sand and clay; thus protected from 
atmospheric oxidation and subjected to gradually increasing heat, 
and the pressure of overlying porous rocks, the vegetation became 
transformed to the form we now use. The search for co9.l today is a 

·search for these ancient marshes, bogs and swamp forests hidden under 
layers of sandstone, shales and drift.• 

What CoacUtions Determined Xeromorphy and the Origin of 
Land Pfao.ts.-The characteristic xeromorphy of the carboniferous vege-
tation has been interpreted by geologists• as indicative of a warmer, 
moister atmosphere, more heavily charged with carbon dioxide than 
at present. To the writer the facts are hardly consistent with the 
external conditions assumed. The supposition that xeromorphy in-
volves factors of climate is not necessaruy wrong, but calls for a fuller 
consideration and comparison along with additional factors, the char-
acter and magnitude of which is capable of producing like results. A 
more satisfactory interpretation of .the phenomena of xeromorphy would 
be found in the fact that the present vegetation of undrained swamps 
and ·of bogs has many of these xerophytic features, none of which is 

•Bownocke?:> J. A., Lord, N. W.J... Somermeil?.ri. E. E., CoaJ: Geol. Surv. Ohio, 
Bull. 9, 1908. "'le also Somermeier, J:!i. E., Coali..,McGraw~Hill \;O., N. Y., 1912. 

l()rton, E., The coal fields of Ohio. Geol. l:jurv. Ohio, Vol. 7, 1893, pp. 255-290. 
Bee also sul:lject index of Ohio reports in Bibliography of Ohio Geology; Geol. 
Burv. Ohio, Bull. 6, 1906. 

-chamberlin, T. C., and Salisbury, R. D., Geology, New York, Vol. II, 1906, 
p.O. 
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correlated with atmospheric iniiuences only. The chief ea.use. for both 
the xeromorphy of the coal ·flora. and the great accumulation of vegetable 
matter is not to be looked for merely in climatic implications. ffigh 
temperature and humid air do not necessarily promote, in a high 
degree, decomposition-the formation of peat has been reported even 
for regions about the equator._but the great thickness of the deposit.a 
suggests rather that the preservation of the debris was favored by a tem-
perate climate and by agents in the soil such as are involved in the 
accumulation of peat today. Similarly the force of the inference from 
the xerophytic aspect of the carboniferous vegetation-namely, the 
peculiarities of leaf size and leaf structure for maintaining a balance 
between supply and loss of water-gives additional support to the 
view that the plants encountered adversities of soil-water content 
rather than of climate. A satisfactory explanation of the phenomenon 
has been found in the experimental investigations of the writer on the 
reducing action and toxic character of bog water and bog soil, the re-
sults of which are briefly as follows: Poorly drained and undrained water 
basins and lowlands, whether in areas characterized by limestone for-
mations, by sandstone or glacial drift, become physiologically arid 
habitats, with the accumulation of vegetable debris. Although water 
is so abundant in bogs and swamps, yet it is largely unavailable to the 
plants (Figs. 16--21), on account of various decomposition products, 
due to the activity of low organisms in the debris-substratum, espe-
cially such saprophytes as bacteria and fungi (Figs. 25-26). Peat soils 
contain bacteria and other fungi in greater number than supposed 
hitherto, inducing dis.static, inverting, proteolytic, cytohydrolytic and 
reducing action in the upper layer of the substratum. They vary in 
kind and number with the nature of the substratum, .and show marked 
interdependence as well 88 antagonistic action. It has been found 
that 88 a general rule, there is an accumulation of injurious substances 
which must be removed if no deleterious action is to follow, and if com-
plete decomposition of the debris is not to be retarded. 

The complex and rather ill-defined "humus acids," more specifi-
cally humic, ulmic, crenic, and apocrenic acids, are not the important 
constituents to which peat owes its antiseptic properties, and which 
interfere with the action of bacterial organisms. In Ohio peat 
deposits, at lea.st, the presence of injurious substances in the substra-
tum is not in· direct relation to acidity in the soil. Tests on. the re-
ducing powets of peat soils show that the wind driven aeration has 
little effect on the peat substratum beneath the two-foot level. A 
shallow superficial zone of oxidation exists in peat soils, and the debris 
below this is sometimes so charged with injurious decomposition prod-
ucts and gases, and so far unaerated as to be inhospitable to all organ-
iSIIls but anaerobic bacteria. 

1Potooie1 H., Die Ent.atehung der Steinkohle. Berlin, 1910, p. 162. 
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In the growing season, the temperature of peat soil in the more 
xerophytic of the succeeding bog associations is not below that of other 
soils (Table 7). Rapid and passing changes of air temperatures, and 
the occasional extremes, do not affect the substratum temperatures. 
Only average effects prevail and the great periodic changes of the dom-
inant climate. The temperatures of the deeper peat strata indicate 
that there is scarcely anything of a seasonal descent analogous to the 
circulation or Hoverturn" in lakes or in ocean. 

The continued growth and persistence of the closely related plant 
a.Ssociations, and the slow succession of vegetation types in a habitat 
of that character, is no longer incomprehensible if we remember that 
the vegetation grows on top of the accumulating debris, and that 
the water table is always at a high level. The disturbance of the bal-
ance produced in the soil is thus not unfavorable to the dominance of the 
associations. There . occur natural successions which are determined, 
however, not by a deficiency of mineral salts, not the great distance 
from the mineral soil, but ·by an excessive, defective or preventive 
action in the substratum. The lack of mineral constituents, such as 
lime, potash and phosphoric acid, does not even render it difficult for 
mesophytic shrubs and trees to invade and grow as the deposit is built 
up, and oxidation processes become prominent in the surface layer of 
the substratum. Acidity, toxicity and reducing action represent merely 
stages in the decomposition of organic matter. Each plant associa-
tion augments the efficiency of the soil as a habitat. It cannot be too 
strongly emphasized that the soil processes exhibit an efficient natural 
process for the maintenance of productivity relations and that the 
prime condition determining bog forest successions is not an increase 
in the mineral constituents in the peat soils (Tables 32-33). To what 
extent bog plants require the organic compounds arising in peat soils 
is still undetermined. The assimilation of organic nitrogenous sub-
stances is undoubtedly made less difficult on account of the number of 
saprophytic fungi, endotrophic mycorhiza and tubercles (Table 22), 
usually present. 

The characteristic foliage of bog plants is distinctly an effect of 
a habitat with a moderate or scanty physiological soil-water content. 
Extreme xeromorphy is reached in the upper layer of open shrub 
associations; here the CO. percentage of the vertical gradient is least, 
and approximates that of the free air; the combined effect of the in-
tensity of light and the greater saturation deficiency of the air (Table 
9), is provided for by an increased thickness of the mesophyll layer in the 
foliage to minimize disturbances in the carbon dioxide supply. This, 
and the narrow leaves with restricted stomata, confined to deep furrows, 
and in some cases protected by hairs, wax or heavy cuticle, are reac-
tion structures common to plants in bogs where the plants must pro-
tect themselves against unfavorable water content in the substratum, 
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and not against unfavorable atmoepheric inftuences. The aerial parts 
of plants a.re 00118tantly losiog water by transpiration, a process similar 
to evaporation, but oontro}Jied by the plants wjthin certain limits. To 
reestablish equilibri.tim., this water loss is replaced by the supply of 
wate.r from the substratum by root abserption. The taller plants are 
thus subjected to a difticulty in maiatailling the balance bet.ween absorp-
tion and trauspiration in the same maimer as are plants living in· deserts 
or in sandy regions. Though. the amount of transpiration exhibited 
by plants is partly infiuenced by the physical conditions of the atmos-
phere, such as temperature, humidity and wind, yet these factors are 
much more uniform than are the amounts of available water supply. 
The limitations of this chapter do not permit going into greater detail 
in respect to the nature and the degree of toxicity in bogs, or in respect 
to the kinds of plants or the parts of plants which are most affected. 

The nearest analogue of the accumulation and the conditions of 
growth for the vegetf!tion of the Coal measures, are the bogs aod marshes 
of today. Were there no other trustworthy records of the occurrence 
of bacteria and fungi in Pa.Imozic times,• it would still be a natural 
supposition that these organisms were abundantly represented, and 
produced physical and chemical changes in the substratum. The 
transformation products of whatever nature checked the activity 
of the roots of plants and depressed their transpiration. The striking 
similarity of the aerial shoots of the ·Carboniferous plants to those of 
modem times in bogs and undrained swamps, restrain one, therefore, 
from assuming that the atmosphere differed greatly in temperature 
and humidity or was different in the chemical constituents from what it is 
now. There may have been moderate variations in the carbon dioxide 
content of the air, but this would require experimental proof upon bog 
plants and the groups of plants similar to those which lived in carbon-
iferous times, the scouring rushes, the lyoopods, ferns, cycads and gym-
nosperms, to assign its limits. The statements in current literature as 
to the strengths of that gas which green plants can endure are con-
flicting,' and call for further work in the fie1d and in the laboratory. 

The consideration of these facts leads to another point-the in-
evitable conclusion that the form-characters and the fundamental re-
sistance to drought and desiccation distinctive of xerophytic plants 
whether in bogs or deserts, must have made their appearance within 
early geologic time. They are not of recent development.• The 
climate of northern Ameftea. has undergone oscillations between periods 
of maximum aridity and maximum humidity, with extreme variations 

•Rena.ult, B., Reehetches sur les bacteriacees fossiles. Ann. sci. nat. bot. 8: Vol. 
II, 1896, pp. 275-349 • 

. oCz~, ~':.I Die Ernihrungsphysiologie der Pfl8llllen seit 1896. Progressus 
Rei Botamcae vol. I; 1007, p. 468. 

1McDougaJt D. T., Inftuence of aridity upon the evolutionary development or 
plants. Tho P1ant World; Vol. 12; Ul09, pp. 217-230, 
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m temperature during and following the several glacial periods; the 
amplitude occupying periods of perhaps many thousands of yea.rs. 
V aria.tions in climate so wide a.part, indicate an almost complete change 
in the character of the flora during the geologic periods. The xero-
phytic features which characterize bogs and deserts a.re not to be ta.ken, 
therefore, as having come a.bout by a direct and continuously increas-
ing eda.phic or climatic aridity. Aside from the question as to the 
methods and the dynamic conditions in evolutionary development, it 
~ems certain that the origin of xerophytic forms is not one of recent 
development in the vegetable kingdom, but must have been concom-
itant with the diastrophic and gradation processes of the great geologic 
periods. ·The great floral evolutions of geologic history were princi-
pally one of growth-form, morphological and functional behavior, 
and not of floral structure alone. Water has always been the most 
important of all the life relatfons in the environment of plants. In 
the early types of gametophytic vegetation it remained necessarily of 
greatest importance for the movements of gametes in effecting f erti-
liza.tion and for disSE'mination. Tfie luxurious development of these 
forms in the ancient areas of low· lying land became checked in the 
stress of aridity encountered with the accumulation of their debris. 
With the origin and the development of the sporophytic types of vege-
tation which were, from the fust, less dependent upon free water, the 
prolongation of vegetation activity enabled the plants to occupy the 
areas with greater habit reactions. The effects of desiccation in the 
physiologically arid habitats resulted in greater differentiation of 
organs, in protective and resistance features, and in a greater range 
of dispersal. The vegetation had now developed to forms capable of 
occupying dry land and able to maintain themselves as bog or desert 
vegetation, in localities restricting functional activity. The general 
movement finally resulted in a land flora of which the mesophytes are 
the highest expression. The lowland basins and regions of coal f orma-
tion were undoubtedly those of the evolution of the flora as a whole, 1 

and of the several natural vegetation groups which include many diverse 
associations and societies, in a unity of characteristic physiognomy and 
growth form. Probably the arctic regions were then the most favorable 
for the growth and development of xeromorphic plants. Migration 
from northern centers of dispersal, the periods of climatic aridity and .the · 
changes immediately before and after ice invasion, undoubtedly ac-
centuated the ecological evolution of this type of vegetation. 

The extensive change in floral types, which is particularly evident 
through the subordination of the fems to grasses and heath plants, and 
the elimination and replacement of the primitive gymnosperms by 
the later gymnosperms and angiosperms, is largely one of range and 

_ variability of protoplasmic forces. In some types the characteristics 
1Bower, F. 0., The origin of a land flora. London, 1908. 
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often bore no apparent relation to the environment, and were retained 
under the most varied conditions; yet many other types were profoundly 
and rapidly modified by changes in climate, physiography arid soil 
processes. 

The great development of form in response to the environmental 
stress was attended by a rapid and luxuriant expansion in range, in 
successions of vegetation formations, and in sequence of associations. 
Several forms of cycads, Bennettites and . conifers now inhabit desert 
areas. Not less interesting is the fact that many species of heather-. 
plants of Europe, such as Calluna, Empetrum, several species of pines 
(Pinus sylveatris, P. mont(Jna), juniper (Juniperus communis), birches 
(Bet:ula pubescens,B. nana), Labrador tea (Ledum paltlBtre), bladderwort 
(Utricularia cornida), and others, can grow both on extremely dry or 
warm soil and on extremely cold or wet soils. The observation has 
repeatedly been made by the writer that in the northern parts of Mich-
igan several species of bog plants leave the peat soils entirely, and are 
only found upon dry and poor soils. This is notably the case with tam• 
a.rack (Larix laricina), the chokeberries (Aronia nigra, A. arbutifolia), 
the blueberries (Vaccinium corymbosum, V. canadense), the black huckle-
berry (Gaylussaccia resin-0sa=bacata), the shrubby cinquefoil (Poten-
tilla fruticosa), sweet gale (Myrica gale), the steeple bush (Spiraea to-
. mentosa) and several other xerophytes of the peat bogs of Ohio. The 
cranberries (Vaccinium sp.), creeping snowberry (Chiogenes hispidula), 
and wild rosemary (Andromeda polifolia) occur in moist ravines and 
rich woods, while leather leaf (Chamaedaphne calyculata), the buck 
bean (Menyanthes trifoliata) and Labrador tea (Ledum groenlandicum) 
are found along slow streams. The majority of these plants occur in 
Europe and Asia, in habitats of similar conditions. They are bog plants 
only in the southern part of their range. This departure is in· no sense 
an adaptation to climatic influences only, . but is an equilibrium rela-
tion or balance between water requirement and the loss of it to the 
air; between the· absorbing organs, the conducting shoots and the trans-
piration surface against drought conditions common to either habitat. 
The structures and distribution habits are induced by physiological 
aridity or poverty of available water. Morphological limitations in 
the absorption or in the conduction of water do not play a role. The 
physiological water relation alone must be taken into account for the 
form and habits of bog and swamp xerophytes, even if the plants inhabit 
regions of pronc;mnced rainfall and milder temperatures. The appear-
ance of such di:tierentiation can not be taken as one of rapid and notable 
evolutionary development or as one of the most important in the his~ 
tory of plants; nor would it be safe to assume that bog and desert floras 
owe their origin to gradual adaptations resulting from the action of 
climatic changes. The possibilities of survival are very great for forms 
thrown into the complex conditions of a locality where the functional and 
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structural capacities are suitable for the limiting biochemical factors 
encountered in the habitat. The plants are functionally fitted to occupy 
the place in a zone with its system of factors. The qualities of. growth 
which enable competition and the crowding out of other forins are not 
of primary importance in the struggle and selection where physiological 
capacities have the survival value for activity during drier seasons. 
Invaders would not exclude the forms by which a bog or desert is char-
acterized, except where the influence of external conditions has pro-
duced irreversible changes in a hereditary line. The structural alter-
ations in roots and shoots of bog plants can not be looked upon as of 
comparatively recent origin. The phenomenon of xeromorphy has 
exhibited itself too generally in a variety of plants, and under different 
conditions in space and time. The transition to xeromorphy has been 
made not once but several times along different lines of descent. It 
arose in the highest plants independently from that of the ferns and 
cycads, and the xeromorphy exhibited here and there among families · 
in a genus probably arose independently along a minor line of develop-
ment; as such it is the general response in plants to minimize or 
balance disturbed physiological water relations. 
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PART m 
The Causal and Lhiuttng Factors in the Process of 

Peat Formation 

CHAPTER VIII 

CLIMATE AS A CONDITIONING FACTOR IN THE 
FORMATION OF OHIO PEAT DEPOSITS1 

General Considerations.-Any one who for the first time sees 
a peat-depositing lake or pond, almost instinctively marks the striking 
contrasts which the vegetation of a bog shows when compared with 
that of an ordinary marsh. It was pointed out in the preceding chapter 
that the early stages are the same in both cases, but that in later phases 
of the filling process many plants are especially characteristic of bogs 
only, such as peat mosses, sundews1 pitcher plants, ericads like the 
cranberry and leather leaf, and of the conif~, notably the tamarack. 
The agreement in the character of the vegetation with that more com-
monly noted in the cold temperate regions of the distant north, has 
invited the attention of many students to the probable causes of this 
relationship. From time to time, various theories have been advanced 
as to the environmental conditions favoring the formation of peat de-
posits, and determining the character of their vegetation. Kihlman• 
regards low temperature and strong drying wind'! as the prominent 
factors in northern latitudes. Cold air is much more readily saturated 
with water vapor than warm air, and hence the relative humidity is con-
stantly high. This condition of low temperature prevents not only 
excessive transpiration from strong winds, but keeps the accumulation 
of vegetable matter from complete decomposition. The majority of 
writers hold this view, for conditions such as Kihlman describes are 
general in the eastern part of North America, and in that part of the 
United States east of North Dakota (p. 23). Peat deposits are nu-
merous there, and hence are thought to be correlated with temperate 
and cold parts of the earth generally. Southward of the fortieth par-
allel, and west of the nineteenth meridian, the prevalent drying wind.~, 
higher temperatures and the lower relative humidity of the air are 
thought to combine conditions adverse to the growth of bog plants and to 

•The lar~r part of this chapter appeared in the Botanical Gazette, Vol. 52, Ulll, 
pp. 127-148. 

•Kihlman, A. 0., Pflan.zenbiolOgische · Btudien aus Russisch-Lapland. Aeta 
Soo. pro Fauna et Flora fenniea, Vol. VI, 1800. 
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peat formation, since the depos(t.s are fewer or entirely · absent. 
Friih and Schr0ter1 correlate the limiting conditions with low tem-

perature also, but add that the lack of aeration in the soil is the promi-
nent factor determining the relative frequency of occurrence of peat 
beds and their vegetation cover. Water is considered to be an ex-
cellent medium for preserving plant tissue and hence aiding peat for-
mation, since in covering the plant material it excludes air and thus 
prevents the growth of the organisms which cause decomposition. 

More recent peat surveys have revealed the fact that peat deposits 
occur in Florida, in Brazil, and even as far south as the equator-
regions in which low temperatures never occur. Bacteriological (p. 344) 
and other investigations have shown that water is not wholly a limiting 
factor in aeration, or in the exclusion of decay organisms from peat 
deposits. The importance of atmospheric factora must be taken into 
account in the interpretation of the JD.t:U"ked development of xeromor-
phic structures in plant.a. But although some of these features may, in 
part, be correlated with critical conditions of absorption and transpira-
tion, with the gradient of saturation deficiency in the air and the 
position of transpiring organs, with the seasonal and other changes, 
there are many characteristics which can not be accounted for in this 
manner. Atmospheric conditions, relatively uniform as they are over 
wide areas, can not be said to determine the degree of xeromorphy in 
bog plante., or the successions of vegetation upon peat deposits. 

There is evidently a combination of factors other than that as-
sumed, which makes peat formation possible south, as well as north, 
and under conditions of ~ke topography and climate-factors which 
have not been discovered or recognized with sufficient clearness. None 
of the theories advanced can be said to have brought nearer a solution 
of this phase of the bog and peat problem. The analysis has not in-
cluded thus far, the recording and accumulating of extensive aeries of 
varied and comparative observations, expressed with quantitative 
exactness. Lesquereux• has been among the first to carry on investi-
gations of this nature upon temperature relations. More recent ob-
servations have been made by Ganong,• Transeau • and Cox•. The 
experimental evidence obtained in the field or in the laboratory, and thus 
far on record, does not, however, cover a period longer than a season; 
nor the actual range of physical factors such as temperature, evapora-
tion, light-intensity and others. The correlation of these, with investi-

lFriih, J., und SchrOter, C., Die Moore der Schweis. Bem, 19(H. 
•Lesquereaux, L., Quelques recherches sur les marais tourbeaux en general. 

Neuchatel; 1844, p. 'Pl. 
l(]anong, W. T., Upon raised peat bogs in the province or New Brunswick. Tra.ns. 

Roy. Soc. of Canad&, Vol. III, 1897, pp. 151-lM. 
'Tra.nseau, E. N., The bop and bog flora or the Huron River Valley. Botanical 

Gazette, Vol. L, 1006, pp. 419-43). 
'Cox, J. H:,,. ~ and ~rature conditious in the cranberry marshes of Wis-

consin. U. 8 • .uept. or Agri., Weather Bureau Bull. T., 1910. 
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gations of a similar character carried on in other parts of the country, 
has not as yet been attempted. 

It is obvious, that of the climatic conditions, temperature or evap-
oration, if sufficiently great in their differences, must have an illlp5r-
tant bearing on the question of the formation ailt#· distribu-
tion of peat deposits, and on the structure Ult growth of the 
plants in bogs. The conditions under whicb treat can form and ac-
cumulate are those which necessarily 1iurit or favor the growth of plants 
from which the organic matter iiltd'erived. The larger part of the body 
of bog plants is embeddedht the peat at various depths. The several 
functions take p~ only within lower and upper critical conditioning 
factors (p. 307). For instance, the germination of seeds, the absorbing 
activity of roots and rhizomes, the permeability in protoplasmic mem-
branes and the rate of biochemical action during growth in underground 
organs must be greatly affected by the actual extreme temperatures 
encountered, as well as by the rapidity with which changes in temper-
ature occur. Every plant requires for its existence and growth a cer-
tain quantity of water. With the aid of light for the early stages of 
food making, the plants carry on in their green parts that interesting 
series of chemical processes by which the raw materials consisting of 
carbon dioxide, water and a small quantity of mineral salts are con-
verted into food such as starch, sugar, protein, and later into living cells, 
tissues and organs. Each plant has its own peculiar reactions and dif-
fers from species of other genera in the necessary minimum quantity 
of constituents, and in tolerance, to the presence of them in excess. The 
diurnal and seasonal temperature changes in the peat soil, and the 
differences in temperature between the aerial and underground por-
tions of plants can not fail to be of equally great importance in the phys-
ical and chemical processes, in the reciprocal physiological influences 
upon which absorption, transpiration, nutrition and transport of solu-
tions from one part of the plant to another depend. The task of se-
curing a coordination between these functions must be indeed a QOm-
plicated one, varying greatly in different species according to their 
capacity of tolerance. Optimum conditions are essential in the activ-

. ity of the soil organisms and in those biochemical changes which are so 
important to soil productiveness, and which modify plant tissue to 
peaty material. It is, therefore, clear that conditions as regards effi-
cient temperature, water supply, transpiration and insolation con-

. ditions detenµin.e greatly the physiognomy of the individual plants, 
and of the whole vegetation cover in habit of growth and distributional 
relationships. 

Ohio bogs are now only historically connected with the northern region 
·of active peat formation. Their persistence and existence in spite of 
the climatic changes, of animal and plant migration, invasion, and re-

'placement since the last glacial period, is unique. And the fact also 

• 
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that many peat deposits are reported to occur beyond the margin of 
the Wisconsin ice shOOt, suggests, a f,riori, that the most significant 
ecological factors are not to be looked for in the continuation of limit-
ing conditions similar to those which prevailed when a colder climate 
existed than at present. That bog plants are related functionally 
as well as morphologically, and that they are grouped and localized with 
reference to more or less definite conditions of their environment, is 
now a fact no longer questioned. It is also well known that no plant 
succession or component society is likely to be relatively permanent 
and stationary, for there a.re ehanges constantly ta.king place in the 
environment as well as among the dominant plant associations and their 
secondary units. In a bog, ;however, but few complicated successions 
are in evidence, and the treatment of the plant societies from the stand-
point of fl.oristic and ecological genetics is, therefore, relti.tively free from 
complications. On the other . hand, the determination of the factors 
in bog habitats, and the more detailed study of the dynamics of the pro-
cess, that is, how some factors a.re related, their quantity, influence and 
deviation-this phase of the problem is in a state of uncertainty, and 
the methods of study have not been satisfactory. When one con-
siders a peat depositing lake or a fl.at land snriace as a habitat, the va-
rious causative and limiting 'conditioris entering into' the plant environ-
ment are not so readily distinguished. The role which temperature 
plays quantitatively and qualitatively in the formation of peat and in 
determining the character of the vegetation is in the main not known. 
What has been said of temperature holds true also for evaporation. The 
influence of climatic conditions formulated quantitatively is still among 
the pressing problems of .physiological ecology. In connection, there-
fore, with the analysis of the various phySical, chemical and biotic 
conditions in bog and peat deposits, a discussion of the atmospheric 
influences as ecological conditions for growth of bog plants and in the 
formation of peat h!Mj! been deemed worthy of a closer consideration. 

For the past three years field work has been carried on in Ohio 
especially with the view of testing the reference ma.de by writers as to the 
part played by low substratum temperature and by the evaporating power 
of the air. An interpretation of the records and experimental data may 
seem ill-advised and only in part possible, but until the multiplication 
of such records is forthcoming there is justification in: expressing the 
conclusions which hold true for local conditions, tentative though they 
may be. The field work which forms the basis of. this chapter was 
carried on at Buckeye Lake. 

Climatic Conditions. - One of the main objects kept in view 
during the progress of the investigation on the ecology of Buckeye 
Lake, and one which seemed to the writer an indispensable pref ace to 
both the fi~ld and the laboratory study, has been the climate of the 
region (p. 203). The general statistics were taken from Bulletin Q of 
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the United States Weather Bureau Service, 1· and from manuscript to 
which access was had by the courtesy of Section Director Hays of the 
Columbus (Ohio) Weather Bureau. No continuous series of climato-
logical records. have been made on Cranberry Island. The writer made 
records exte11ding over the period of investigation; these records were 
supplemented by readings which were taken each time the evaporation 
of the bog habitat was measured. It is felt that the comparative climate 
statistics given below are generalized data which do not lend themselves to 
invest\gation in physiological ecology. Though facing the same set of 
climatic factors, few of the species forming the flora of the bog island con- · 
front the same physjological problems, and hence any conclusions drawn 
from mere climatic data, without reference to the varying functional 
responses of the ditf erent species of plants, !lore certainly inadequate. 
However, the study of the met~rological observations is :Suggested 
mainly in ascertaining the essential differences between the local region 
and the conditions found in the northern center of bog formation, and 
in estimating the temperature and humidity exposure of the plants. 
The data given in table 5 are for Columbus, Ohio; for Ann Arbor, Mich-
igan, where bogs .and swamp lands are found more abundantly; and 
for Marquette, Michigan, where this type of vegetation reaches a still 
higher development. 

TABLE 5 
GENERAL METEOROLOGICAL CONDITIONS 

Columbus, Ann Arbor, Marnuette, 
Ohio Mich. M1ch. 

Elevation ----- -----------·--------------__ _ 
Years of record ----------·----------------
Mean seasonal temperature in degrees F. '\\Tinter _________________________________ _ 

Spring ----------------------------------
Summer ------------------···-----------
Autumn.---------------.---------.--------

Annual mean---------------------------··· Absolute maximum _______________________ _ 
.Absolute minimum ________________________ _ 
.Absolute range----------------------------
Greatest annual range ---------------------
Least annual range ------------------------Frost, average date of last in spring _______ _ 
Frost, average date of 6rst in autumn------
No. of dan in growing season--------------
Mean seasonal precipitation in inches-------

'\\Tinter-~ ___ ---- --- . -- ___ ._ -- -~-. -- ---- -- _ 

~e~-=====================:::::===:== .Autumn--------------------------------_ 
Annual met\D --------·---------------------
.Absolute maximum------------------------
.Absolute minimum ••• ______ ••••• -... -------
Mean annual relative humidity ------------

.No. dan precipitation---------------------
A vera«e direction of prevailin~ wind .•.. _. __ 
Average minimum wind velocity -----------

774 ft. 
31 yrs. 

31 
51 
73 
M 
52 

104 
-20 

124 
118 
89 

.April 16. 
Oct. 16 
176 

8.9 
10 
10.3 
8 

37.2 
51.2 
.26.4 
79 

144 
S.lV. 

48 miles 

930 ft. 
25 yrs. 

26 
46 
70 
51 
48 

101 
-24 

125 ____ ... _______ 
-·xp-rii_28 __ 

Oct. 9 
157 

6.6 
7.9 

10.1 
7.6 

32.2 
47.7 

. 21.1 
79 

138 
S.'\V. ___ .,. ________ 

668 ft. 
33 yrs. 

19 
37 
63 
45 . 
41 

108 
~ '¥1' ·'' 

135 124 . f;f 

97 
May 15 
Oct. 2 

140 

6.1 
7.3 
9.4 
9.6 

32.4 
42.9 
25.3 
80 

161 
N.lV. 

46 miles 

•Hen_!Y, A. J., Climatology of the United States. Bull. Q, U.S. Dept. of .Agri-
culture, '\Veather Bureau, 1906. 

lt-0. B. 18 •. 
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From the data in table 5, it will be observed that the seasonal and 
annual temperature decreases as one travels from the southern limit 
toward the northern center of bog vegetation. The cJima.te of the 
region a.bout Columbus is characterized by a milder winter, but a rel-
atively hot summer. The annual range in temperature is compara-
tively sma.JJer than at Marquette, 102° F. as against' 112° F. The 
normal annual range is here· only between 96° F. (35.5° C.) and 
- 6° F. ( - 21.11° C.), and the greatest departure from the normal 
variation does not exceed 16° F. The monthly averages for only two 
months a.re at Columbus below 32° F. (0°C.), as against five months 
for Marquette. The normal number of days per annum with a tem• 
pera.ture above 43° F. (6° C.), the factor upon which Schimper1 and 
Merria.mJ base the boreal limit, is at Columbus approximately 185, 
that is, a.bout one-ha.If of the year, as against 122 days at Marquette. 
The normal sum total of effective daily temperatures above 43° F. 
(6° C.), the estimate for which is derived by multiplying the mean av• 
erage monthly minimum temperature of that period by the number of 
days, is 10414 ° F. (2520° C.), as against "6466° F. (1422° C.) for Mar-
quette. The normal mean temperature of the ·six consecutive hottest 
weeks of the year, effective also in determining the austral limit. of 
species, is 75°. The warmest month is July, with an average monthly 
maximum of 86°F. (30° C.), as contrasted with .77° F. (25° C.) at Mar-
quette. The coldest months a.re January and February, with an av-
erage monthly minimum of 22·° F. and 23° F. (5° and 5.5° C.) respec-
tively, as contrasted with 10° F. and 9° F. (12.5° and 12° C.) re-
spectively for Marquette. The dates of the last killing frost in spring 
and the earliest in a.utunin, although not the exact limits of physiolog-
ical activity in plants, or the limits of the growing period of most plants, 
a.re nevertheless an unquestionably important f a.ctor. Six months 
of the year a.re nominally free from frost a.bout Columbus. 

Though the relation between rainfall and the a.mount of water 
needed by plants is of great importance in regard to differences in veg-
etation~ the rainfall and ·its distribution during the sea.sons, and the 
number of rainy days, a.re of greater significance than is the a.mount of 
rain. At Columbus precipitation is quite evenly distributed, reaching 

· an optimum of 10.5 inches (26 cm.) during spring and summer, when 
the vegetative functions of bog plants a.re more active, with a minimum 
of 8.5 inches (21 cm.) during the season of low temperature and in the 
quiescent period of plants. Columbus exceeds the annual. precipita-
tion at Marquette by 4.7, inches (ll.8 cm.); the average number of 
days with ra.infa.JJ during the year, however, is considerably less th~ 
in northern Michigan, 144 days as against 161 days.· In the north the 

iSchimper, A. F. W., Pflansengeographie auf physiologischer Grundlage. Gustav 
Fischer. Jena, 1898. · 

•Merriam, C. H., Life 1ones and crop 1oiies of the United States. Division of 
J3iological Surve;v, V· §. :pept. Qf A.gricyl~\P.\'1 Dull. 4, 19001 p. ff, 



GEOLOGICAL SURVEY OJI' omo. 291 

greater precipitation is in the form of snow. Marquette has over five 
times more snow than Columbus, 125.7 inches (315 cm.), as contrasted 
with 23.5 inches (59 cm.) here. In this vicinity the longer growing 
season of the plants has therefore correspondingly more of the precip-
itation available. On accoiint of the higher temperature more mois-
ture is needed, and hence the evaporation also is much greater here than 
at Marquette. Cold air does not take up so much water as does hot 
air; consequently the additional amount of water which the atmos-
phere is capable of taking up to become saturated, that is, the evapo-
rating power of the air, is greater here than at Marquette. The amount 
of evaporation also depends upon several other factors and condi-
tions; the values of these will be taken into consideration below. Where 
evaporation is nearly as great as precipitation, the seasonal distribu-
tion of rainfall and humidity is a matter of greatest importanct'1 for 
it is known that scanty rainfall throughout the year, or relative dry-
ness of air and soil during the growing season, favors the development 
of xerophytic fonns in almost any region. The relative humidity of 
Columbus and vicinity is only slightly less when compared with the 
north, the percentage of saturation ranging from 79 to 80 respectively. 
The distribution varies during the year only to a small extent between 
the month of .least and that of greatest normal humidity_ 

The rate of movement of air currents is, no doubt, of great im-
portance to vegetation, not only because of the direct mechanical effect 
and the indirect physiological action in increasing the evaporating 
power of the air, but also because transpiration· increases with the 
velocity of the wind. rhat wind is an ecological factor of the greatest 
importance has been emphasized by many authors. Kihlman and 
Warming regard xerophytic structures in plants as acquired and neces-
sary, on: account of strong drying winds in exposed places. Even humid 
atmosphere when continually renewed leads to . strong transpiration, 
and the danger may be decreased only as protection is provided either 
through density and height of species, or admixture of a variety of 
species in· a COIDJ?lunity of plants. The average maximum velocity 
of wind does not vary greatly between Columbus and Marquette, and 
hence the influence of wind, though considerable in more exposed places, 
has apparently little relation to successions of vegetation or the difier-
ences to be accounted for in the character of the local vegetation. 

Briefly sum.m8.rized, the region about Columbus and Buckeye 
Lake is characterized by a longer growing period with a relatively 
higher sum total of temperature exposure, a milder winter with nor-
mally slight variations, well distributed rainfall, and a relatiyely high 
percentage of atmospheric humidity. The local climate is, therefore, 
preeminently a deciduous forest cli~ate. The whole region was in 
its recent primitive condition densely forested. On the other hand, 
the marked increase of bog development in area and in variety of spe-
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cies in northern. localities seems to be correlated with a decline in ex-
tremes of summer temperatures and an increase in relative humidity. 
The general efi'ect as to produce a balanced functional re1ation, though 
limited in range, betw.een the a.mounts of water absorbed and trans-
pired. This phenomenon associated with' bog habitats will ·be dis-
cussed in connection with a· further analysis of the life conditions ob-
tained in bogs from the point of view of their physiological aridity. 

If we take the above mentioned climatic factors into account in the 
interpretation of local bog conditions, it will be seen that meteorolog-
ical data in this region a.re not such as to produce or account for xero-
morphy or for persistence of bog floras. The climatic change8 by which 
a region varies, if severe :and v&.irying between wide diurnal. and seasonal 
changes in temperature, humidity, and light, entail naturally modi-
fications in the functions and in the composition of a flora. The veg-
etation would be tested to the limits of its power Qf adj\IStment and ae-
climatiz.a.tion, and only the fprms which had a greater efficiency· of re-
sponses and had powers of resistance intensified to a new place function 
would take up the habitat to the extent in which survival under the 
modified conditions would be possible. It has been pointed out above 
that .changes in the flora are now occurring and have occurred during 
the development of the bog island. Many of the former plants a.re 
no longer to be found here, while others have survived, have tena-
ciously held the area . under control, and are still constituents of the 
present flora. Their preservation ·in this· region would seem to be 
dependent upon less obvious factors than climate. Function.al habitat 
relations, as well as such eeological life relations as are comprised in 
associations, in ecesis, and succession, need, therefore, more detailed· 
investigation. In determining these the first component to be considered 
is the role of low substratum temperature. The temperature of a soil 
is a phytogeographical factor of great significance, but its weightiest 
importance is in its effect u:Pon the functional activities of roots and 
rhizomes. Rec~ntly the temperature of soils and its fluctuations have 
received considerable attention. The relationship, however, and the 
general effect upon plant forms and the correlated functioning are 
nevertheless but little understood. This circumstance is perhaps the 
more to be regretted, since, broadly speaking, it seems that the rela-
tionship to plant life is the more favorable the more dominating the influ-
ence of the physical characters of the soil and particularly the rela-
tions prevailing in regard to ·the physiological water content and effi-
cient temperature. 

The Role of Substra.tui:n .Tempen.tUfC in Bo.e Habitats.-During 
the first few months of field work the device chosen for obtaining the 
substratum temperaturea was the "thermophone." . The apparatus 
is based upon the principal that the resistance of an electric conductor 
changes with its temper.ature. In obtaining the temperature· of peat 
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soils at various depths, the coils were sunk to the required depth, and 
their leading wires were then connected with the rest>ective binding 
posts of the indicator box. A buzzing sound in the telephone increases 
or diminishes according to the position of the pointer while receding 
from or approaching to a section of the graded dial. Hence the position 
is soon found where the telephone is silent. This point indicates the 
temperature of the sunken soil. The instrument is very sensitive, but 
very inconvenient for obtaining weekly and monthly minimum and 
maximum temperatures. Later in the season the investigations were 
planned for a set of thermographs such as Mao Dougal described, 1 that 
would make a continuous record of the temperatures at any desired 
depth. The laek of sufficient funds and the failure to secure 
similar instruments made it necessary to resort to a conven-
tional though less graphic method of measuring the temper-
ature exposure of plants. In the field work of 1908, 1909, and at present, 
mercurial miniJnum and maximum thermometers were therefore used. 
The thermometers for the deeper peat strata were fastened to wooden 
poles and pushed down into the soil to the depth of 5 feet (1.5 m.). 
They remained in the soil during the period of investigation except. 
for such short periods of time as were necessary to make a reading. For 
strata nearer the surface .differential and ordinary mercurial thermom-
eters were used,· 'the bulbs of which were pushed down into the peat · 
around the rhizomes of the plant to a depth of one foot (30 cm.) and 
three inches (7.5 cm.), respectively. The glass stems of the exposed 
instruments remained shaded from the direct rays of light. The tem-
peratures recorded below, in centigrade, were generally taken on after-
noons, usually between 12 and 2 p. m. It should be kept in. mind 
that the maple-alder zone conditions correspond very nearly to those 
of the tamarack-willow-poplar zone of the northern bogs and swamps, 
and that a similar relation exists between the local eentral zone and the 
open bog-sedge zone of northern bogs. . . 

•MacDouga.l, D. T., Soil temperatures and vegetation. Monthly Weather Re-
new, U. 8. Dept. of Agriculture, Vol. XXXI, 1903, p. 375. 
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The readings taken during the period of observation are too vol-
uminous for a tabulated. record. Only those of the seasons of 1909 will 
be given in this place (table 6), 

TABLE 6 

TEMPERATURES ( 0.) IN THE PEAT SUBSTRATUM OF CRANBERRY ISLAND 
SEASON OF 1909 

I Mar. Apr. Mar June July Aug. Sept. Oct.. Nov. Dee. Sta.Uon. Jan. I li'eb. 12 18 Ill !18 1' 11 17 u 11 !I so IS 

Central (sphag-
num-cran-
berry) •one: 
Air l.5m --- 0.5 5 14 23.5 24 26 24 28 'J:1 17.5 14 3.5 
Air 30 cm --- 0.5 4.5 14 24 25 26 24 28 'J:1 17 14 2.5 
Air 7.5 cm __ 1.0 4.5 14.5 22 26 29 24.5 28 'J:T.5 17 14 2.5 
Soil 7.5 cm __ 0.5 1.5 10 12 14.5 21.5 24 25 22.5 16 7 0.5 
Boil 30 cm -- 0.5 2.0 7 10.5 12 21.0 24 25 22.5 17 8 2.6 
Boil 1.5 m --- 7.5 6.3 8.5 9 11 16.0 21 22 22.5 21.5 16.5 13.0 

Maple-alder 
zone: 
Boil 7.5 cm __ 0.5 1 11 11 16 20 20.5 22 20 14 8 4 
Soil 30 em •.. 1.5 2.0 9.5 10 14 19.5 21. 21.5 20 15.5 9 9.5 
Boil 1.5 m ___ 6.5 5.0 s.o 10.5 14 17.5 19.5 21.5 21 19 15.5 14 . 

Lake zone: 
Water 7.5 cm 1.5 1 13.5 14.5 20.5 26 29 28.5 25 15 6.5 3.5 
Water30 cm. 1.5 0.5 13.5 14.5 20 26 29 28.5 25 15 6.5 4 
Water 1.5 m 1.1 2.7 13 13.8 18.8 22.5 26 26 24 12 6.5 5 

A glance at table 6 shows that the temperature oonditions, though 
.comparatively uniform and high throughout the bog island, range 
somewhat lower in the maple-alder zone than in the central zone. There 
is a large daily as well as annual range jn temperature> but the range is 
considerably less in the soil than in the air above. The data obtained 
are sufficient to strengthen the observation made, that in the spring the 
ice in the central zone melts with greater rapidity, and that a higher 
temperature results from the greater insolation and the increased ab-
sorption and retention of heat rays. On days following a sudden low-
ering of the air temperature, and also on cloudy days, the temperature 
of the surface bog water and bog soil in the sphagnum-covered area 
stands above that of the maple-alder zone. This gain in temperature 
is cumulative and aids in the penetration of heat rays below the sur-
face. The heat supply is obviously the most direct factor contrib-
uting to the substratum temperature, for the variations are associated 
directly with the amount and intensity of sunshine. The extreme 
slowness in the mapl&:alder zone is explained partly by the low con-
ductivity of the partially decayed peat and the lack of a free circula-
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tion of air above the soil, but largely by the increasing diffusion of light 
rays due to the leafing. out of trees and shrubs. 

Another point of interest is the fact that notable differences are found 
between the temperatures of the bog island and the surrounding lake 
water. When we compare the effects of gain and loss of heat between 
the free water surface of the lake and that of the peat area clothed with 
vegetation, it will be seen that the temperature of the central and the 
maple-alder zone remains higher than that of the lake during the autumn 
and winter months, and that during spring and summer the lake water 
is warmer at the respective (1.5 m.) depths than the peat substratum. 
Water has a specific heat far greater than any soil; it retains its heat 
longer and for this reason is warmer than the peat substratum in spring 
and summer. On the other hand, peat and humus are cooled more 
rapidly at the surface by the evaporation of water during the warm days 
of the seasons. The values of both heat conductivity and diffusion 
are in general lower in peat than in water, and hence a rapid losa of 
temperature in the peat strata below the surface vegetation is prevented. 

A high temperature phenomenon existing in certain places is worthy 
of special mention. Not infrequently small sheltered areas are found 
in the central zone bordering the Rhua-Alnua thickets where ice never 
forms in· winter. Such temperature conditions would not attract 
special attention were it not for the fact that usually the temperature 

· is so much lower in the adjacent areas. From a biological standpoint 
this fact is significant because these conditions favor isolation of hab-
itats and produce a prominent floristic difference. W olfiella ftoridana 
commonly occurs in these "warm" pools. 

Plants are not dependent so much upon the mean annual tem-
peratures as upon the minima and maxima of temperature encoun-
tered, and upon the duration of the vegetation season. To throw some 
light on the characteristic temperature range occurring throughout the 
year and within a growing season, the temperature data of the monthly 
extremes for the seasons of 1908, 1909, and for the autumn and wint.er 
of 1907, and the spring of 1910 are appended. As far as the writer is 
aware, no observations of minima and maxima temperature records 
within a bog, covering a period of three years, have been carried out 
thus far. On account of the fact that the present data were obtained 
at a station whose ecological significance is especially interesting, table 
7 of the temperature data is deemed worthy of a closer consideration. 

We see again that the temperature of the substrata at the differ-
ent levels is affected less by the alternate heating and cooling at the 
surface, but in a far greater degree by the progression of the seasons. 
It increases slowly during May, is stationary more or less during August 
and September, and begins to decrease fairly rapidly in November. 
The maximum temperature occurs in July and August, and the mini-
mum temperature is registered in January for the central zone. That 



of the maple-alder zone occurs in February. Observations have shown 
that the lake freezes to a depth of 8-15 inches (20-37 em.), while the 
bog is covered by ice to a thiekn~s· v&J.'ying from 3 to 5 inches (7.5-, 
12.5 cm.), except for a few places where ice nevetforms .. · , Consequently 
the strata in the bog area below the one-foot ·level (30 cm.), are well 
protected from lower temperatures and ·from sudden temperature 
changes. When the sun's heat melts the ice and snow, the percolating 

. . water derived from the melting ice !Owers the temperature of the deeper 
strata a few degrees in the early spring. The wave of temperature 
increase here falls slightly be~d in March, but the upper strata are 
not prevented from rising in the meanwhile rapidly above the freezing 
point~ Though of ecological importance as a protective cover during 
the winter months, and of signllieance as a bad conductor of heat and in 
decreasing the fluctuations in temperature, the ice and snow do not, 
therefore, retard appreciably the beginning of favorable growth con-
. ditions. The maples and willo\vs of the bog island are in flower about 

TABLE 7 

MINIMUM AND MAXIMUM TEMPERA.TURFS (C.) IN THE CENTRAL ZONE AT 
CRANBERRY ISLAND, 1907 TO 1910 

I :Jan. Feb. Mar. Apr. May lune :July --- ---
Air: 

Max------- 18.3 15 25 '¥1.2 31.6 33.8 35 
Min ------- - 19.4 -24.5 -8.8 -7.7 0.5 3.3 8.8 Range ______ 37.7 89.5 33.8 34.9 31.1 80.0 26.7 

Soil: 
1 ft. (0.3 m) 
Max------- 4.5 3.3 9 13.3 15 25 '¥/ 
Min ------- 0 1.2 0 6.6 10 18 17 Range ______ 4.5 2.1 9 6.7 5 1 10 

Soil: 
5 ft. ~1.5 m.) Max __ c ____ 18.3 9.2 9 12.2 12.5 17 23 
Min ------- 1.5 8.9 4 7.2 9.5 14 16" Range ______ 5.8 5.3 5 5 3 3 1 

GREATEST :&ANGE 

Ai!= max. 35; min. -24.5; ran~ 59.5. 
Soil 1 ft. (0.3 JD.): max.'¥/; mm. O; range'¥/. 
Soil 5 ft. (1.5 m.}: max. ·26; min. 3.9; range 22.1. 

Aug. Sept. Oct. Nov. Dec. 

- --------
35 34.5 80 23.3 19 

7.2 -1.6 -5.5 -9.4 -21.6 
'¥1.8 36.1 35.5 32.7 40.6 

25.5 25 17.7 18 9 
21. 16 12.5 8 . 2.5 
4.5 9 5.2 5 6.5 

26 22.5 22 20 15.5 
22 20 18 16.5 13 
4 2.5 4 3.5 2.5 

8 to 10 days later than those on the campus of the university. A per-
sistence, however, in the peat substratum of the winter cold and ice 
through the summer months is not proved, at least in this region. The 
records taken at a depth of 5 feet (1.5 m.} below the surface vegeta-
tion show a variation· in temperature between · 39° and 79° F. (3.9° C. 
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and 26° C.), i. e., an annual range within 40° F. (22° C.). At this 
depth only the anmrobic bacterial bog flora is most active. The roots 
and rhizomes of bog plants do not penetrate beyond the depth of 2 feet 
(0.6 m.), and the roots of maples still less. Plants imbedded in the 
peat at a depth of 1 foot (0.3 m.) are within ranges of temperature from 
32° to 81° F. (0° to 27° C.). The underground growth of the plants 
continues when the winter temperature in the substratum rises and 
reaches the gradient from 39° to 47° F. (4° to 8° C.). When these 
soil temperatures prevail during winter for a sufficient length of time, 
the different stems and buds shoot upward and develop leaves and 
lengthen their intemodes ra.pi.dly in the warmer weather of spring. 
The absorbing organs at 3 inches (7.5 cm.) depth in the peat substra-
tum encounter a mean average of 54.5° F. (13.5° C.) with an ampli-
tude of more than 86° F. (30° C.). In all cases, however• the range 
of temperature in the maple-alder zone is less than that of the central 
zone by a difference of at least 42° F. (6° C.). 

These observations and facts disclosed as to the actual temper-
atures in the peat substratum of Cranberry Island, and the seasonal 
changes therein point to the foil owing conclusions: 

1. The soil temperature of two plant associations formed about 
the bog island are slightly different, and each association has its own 
characteristic temperature range. 

2. Of the two plant associations in the bog area, the one more 
liable to extreme low temperatures in the spring and during the grow-
ing season is the ma.pie-alder zone a.long the border of the lake, . and 
not the more xerophytic central zone. 

3. The substratum temperatures as phenomena of the local peat 
deposits a.re not favorable to the preservation of bog types, if low tem-
perature .is considered to be an eda.phic criterion; in connection, there-
fore, with an analysis of the life conditions in this bog area low tem-
pera.tur~ is not a limiting factor. 

4. The persistence of the winter cold and ice through the summer 
months is a point not proved either by observation or by registering 
instruments. The persistence of northern forms in this bog, therefore, 
has some other cause than low temperature of the substratum. In 
arctic latitudes, no doubt the most significant factor in determining 
the character and the distribution of plants, as well as in the formation 
and preservation of humus material, is low temperature. In the lat-
itudes of Ohio, temperature is not a factor in the process. Neither 
does the ac<'umulation of humus finally bring about edaphic condi-
tions "too cold and too acid." 

5. It is not low temperature that kills invading mesophytes, but 
the edaphic physiological aridity prevailing in the central zone, which 
decreases the absorption of water by roots at a time when transpiration 
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and the growth of the plants 'demand a greater physiological soil-water 
content.· 

6. 'The topographical distribution of plants in the bog is also af-
fected by relations in regard, not to low temperatures, but to the uneven 
physiological water content and the physi\W condition in the peat 
substratum. 

The Differences Between Air and Soil Temperatures. - We pro-
ceed now ·to a brief consideration of the question whether the differ-
ences between air temperature and that of the soil are sufficiently marked 
during the growing period to prove a factor in the selection of plants 
for bog areas. To show this relation, ~ata on the corresponding min-
imum and maximum air temperatures for the period under investi-
gation have been added to table 7. The records were taken from the 
Climatological Service of the United States Weather Bureau at Patas-
kala, some 35 miles (0.56 km.) distant from Buckeye Lake. They 
represent approximately the conditions at Cranberry Island on the 
corresponding period. Additional data are found also in table 9. Upon 
comparison it will be seen that during July and August, the months 
which proved most critical for the cultivated plants grown in the bog 
area for experimental purposes, the shoots of plants were in an atmos-

· phere varying between 45° and 95° F. (7° and 35° C.)1 . while the roots 
and rhizomes were at temperatures varying between 61° and 81° F. 
(16° and 27° C.), i. e., within a range of temperature differences not 
less than 16° F. (9° C.). For a growing season lasting from May 5 to 
October 11 the average date of the latest and earliest killing frost, the 
actual differences between the temperature of shoots and roots amounted 
to 62° and 38° F. (34.5° .and 21° C.), for ea.ch of the absorbing and 
transpiring organs respectively in the central zone, i. e., within a range 
of 52° F. (29° C.). It is seen that rapid and passing changes of air 
temperatures and the occasional extremes do not affect the substratum 
temperatures. Only ·average effects prevail and the great periodic 
seasonal changes. In winter and in summer the minimum· tempera-
ture of the peat substratum is considerably higher than that of the air. 
Consequently, the annual mean temperature of the soil greatly ex-
ceeds that of the air. The monthly and annual fluctuations of tem-
perature affect the peat area to a depth of 2 m., but they are at no time 
greater or with a wider range than those of the air. At what depth the 
mean temperature would remain constant has not been determined. 

That the·differences between the temperatures of the air and that 
of the substratum are not t\S great as. is generally supposed, is a fact 
upon which it is needless to elaborate further. They cannot be looked 
upon as factors in bog development or in the characteristic xerophily 
of the sphagnum-covered area in this region, and hence neither the 
substratum temperature nor the differences between soil and air tem-
. peratur.e are of sufficient importance to enter into the problem of bog 
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flora and zonation, or ecesis and succession. The records show that 
on the basis of temperature as the initial.factor the central zone condi-
tions are somewhat more rigorous, and that these conditions are miti-
gated in the maple-alder zone; but it cannot be· claimed that the dif-
ferences of the plant covering in the two zones are directly correlated 
.with the differences of temperature. With no attempt· to minimize 
its influence, it is evident that for a comparison of habitats, tempera-
ture, at least as a single physical factor; is a matter of very subordi-
nate importance on which to establish a casual relation. Those factors 
acting in conjunction with it ·demand the· greater emphasis. It is 
questioned, therefore, even for regions where bogs reach their optimum 
development, whether the coefficient of the differences between the soil 
a.nd air ·temperatures is to be looked upon as ha.Ying a greater value 
than here in the selectiQn of plants for· bog areas, or the production of· 
xeromorphic characters. 

Whether or not important correlations between the temperature 
differences and the transpiratory activities of bog and other plants 
may be expected, a study of the transpiration quantities will doubtless 
reveal. Work of this character is now in progress and will be pub-
lished as soon as opportunity permits. 

The Role of the Evaporating Power of Air. - As a preliminary 
study to the transpiration· value of bog plants and to the question also 
whether the xerophytism and the stunted growth so manifest on maples, 
poison sumach, and various other plantS in the central zone is brought 
about by an excessive eva.porating power of the air, quantitative meas-
urements have been ma.de by the volumetric method to determine the 
saturation deficiency of the air in three representative stations. 

Evaporation is one of the most important factors of the meteoro-
logical cycle of a locality. To the student of agriculture and of plant 
physiology this is a problem the study of which aids in supplying much 
of the desired information on the growth of plants in irrigated and un-
cultivated fields. Hann, 1 who studied evaporation chiefly from the 
point of view of the meteorologist, has pointed out that the amount of 
water which the atmo8phere is capable of taking up to become sat-
urated is one of the indices of the influence of climate. The highly 
important observations made by Livirigston•, emphasize the fact 
:that the effect of an atmosphere of great eva.porating power undoubt-
edly influences the geographical distribution of plants, and through 
its local variations exerts ·an equaily determining effect as a physio-
logical and an ecological factor. The problem of evaporation hat!! been 
but imperfectly appreciated, and though the bibliography of evapo-

•Hann, J., Handbook of climatology. 1903. 
•Livingston, B. E.; The relation: of desert plants to soil moisture and to evapo-

ration. Carnegie Institution of Wa.shington, Puhl. 50. 1906. 
---. , Evaporation and oenters of plant distribution. Plant World, Vol. 

XI, UJ(B, pp. 106-112. . . . . . . 



ration is e~ensive, t the ~ Mt1"8D. the ev&fHlfl,tion ~ 
di:ff erent e:&nditions has not W. •tiiltactetDy fdtl'Mlateft. , Tlte cttaP-
erating power of the ait is generally tmdenteod to et>R'ltJ1"it1e a tesulta.fit 
of te1Ilpemtute, humidity, ~:nd .tnd'. :But et'aporsthmi ig very sensi-
tive to soil ~ well 88 to air ret&1lion8, &Jid smee a multitude of Ioeal 
factors may influence either of the tWtJ etmditions, the amount of eva:ir 
oration integrates the d'eet of numer088 vatisbles. Evajl\'iration is 
a rather complex resultant, theief ore1 8itid in preparing f et an investi-
gation whieh hss in new the measurement cil the amomrt of e't'apota.-
tion in plant societies, it is iinpottam to keep in mind the ee"t'eral 00. 
ditions entering into the problem. It is necet\Saty to t~agtti~ that 
the essential det&ils of ths phen-0111enon Gf e~atwttatioli IJile difterent 
in the gtmit. 1'8.l'iety of· eoD:ditions, fl.J1d require Sej>a.tate a.nd special 
study appropriate to the lJeC'U]:iar conditkme. Ta measllfe evapora-
tion in a few plaees in this locality, and then to assigtt the resu1t.s to 
the region as a whole; is an tinreliable procedure-. It was intended 
partially to overcome this difti:eulty by measuring the variation in 
evapdration of the vertical as 'tfell as the horizental vapor pressure 
gradient in a larger number of ste.tions1 plotting the results; and draw-
ing isothymes. By a summation of the e-vaparation, that of the whole 
area eould be calculated with. gr~te:r a;ccura-cy. Tile distance of Buck-
eye Lake from Columbus and t-he inconvenienees as to available time 
have made it difficult to secure the required observations. However, 
the problem here dealt with does not ebncem itself with the develop-
ment of a formulated eJf}>ression of evaporation for this l'egion. The 
purpese at present i8 to obtain quantitative data on the rate of evap-
oration, and thUB to secure direeti evidence a8 to the l'ela.._ ef the ob-
served evaporating power of the air and the nature of tlte vegetation. 
The more detailed study of the phenemenon 88 originally outlined is 
now in progress. 

The ordinary market.s are oot pl'epared ta supply the well designed 
standardized self-registering insttBmellts which have been devised to 
meet the needs of the Weather Bureau.• For eoolegieal purposes, an 
instrument "is required which ean be platied under conditions practi-
cally identical with tliose which th& plants themselves endure. For 
this purpose a amall atmometer partly hurled in the soil is desirable~ 
Dr. For.rest Shreve of the Carnegie Desert Laboratory, Tucson, Ari-, 
. zona, courteously left at the dieposal of the writer several poreus cups 
of the type as described ant!I used by Llvinpton. • The instrumellk 
had been previously sta.ndardilled with ait atilioBleter at Toseont and. 

1Livinpton, Mti. J. G., An: annotated bibliography of evapQl'a.tion. l\tonthly 
Weather Review, U.S. Dept. of Agrioulture, Vols. 36 and 37. lGOS-1909. 

iMarvin, C. F. Method& ~ apparMUlt- fOJ! Ao s~y of' ,evapel'~fiQtl, II. 
Monthly Weather Revi1nt, U. 8. Dept. of Aaftcultm&, Vol. 37J lll@, pp. J8j..190. 

1Li~ton, B. E.; The Nlatnm fl desert plant.it to soil moietUre and to evapo-
ration. Carnegie Institution of Washington, l»ubl. 00. 1900. . 
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since they are similar to those sent out from the Desert. Laboratory to 
various othe.r stations in the United States, t~ readings obtained may 
ht' readily compared. 

There a.re certain objections to the porous cups as a.n instrument 
in the field study of habitat conditions. The inability of the cup to 
withstand frost makes it practically impossible to obtain readings for 
more than the growing period of seven months, and the fa.ct that the 
instrument does not prevent the direct entrance of rain to the jar in-
troduces an error which becomes very large as the time interval. between 
the reading of the instruments and the length of time and the amount 
of incipitatiou increases. The instrument recently described by 
Ya.pp• and by Livingston eliminates the error la.st mentioned, but some 
weighing method, when available, will probably be more exact than any 
other, since it alone can be em.pJ.o:yed in the measurement of evapora-
tion from ice, snow, and growing vegetation. 

Of the instruments on hand, one was established as a standard 
in an open lawa freely exposed to the sun and wind on the campus near 
the University Observatory. It was placed in a manner to obtain 
readings on the saturation deficiency of the air at a height of 15 cm .. 
above the soil surface. The atmometer remained in the care of Pro-
f esaor H. C. Lord and his assistu.t Mr. Kendrig, to whom the writer 
expresses his warmest thanks for their helpful interes~. The records 
were taken three times daily in .con.nectioa with the climatological 
observations called for by the United States Weather Bureau Service, 
and consisted of the reading of the depth of water remaining in a grad-
uated container. The instrument continued in operation from May 
21 to September 17, when an accident resulted in the breaking of the 
graduated retainer. Within a few days the trouble had been rem-
edied and the observations proceeded until October 11, when the first 
heavy frost occurred. 

Another cup was placed in an open and exposed place in the cran-
berry'"8j>h&gnwn (central) .zone, under conditions similar to those of 
the standard. instrument. It was installed. May 14. With the ex-
ception of the period from June U to July 17, when the total for five 
weeks was recorded, the loss of water by evaporation was determined at 
intervals of one week by running in distilled water from a· graduate, thus 
restoring the original water level of the container. Records were obtained 
until August 21, when it w.as found that the atmometer had been dis- . 
turbed.. A week later it had disappeared entirely. No attempt was 
made to replace it by another. 

The third mstrument stood in the shaded conditions of the maple-
alder zone. It was placed Jlear large-sized maples whose cover was 
relatively dense though open. The reading of this instrument ex-
~ed uninterruptedly to October 2. During the writer's absence in 
Europe, the readings in the twQ ptant zones were recorded by Mr. 

•YllPP~ &. H-+ On stratification ~ t)J.e v~tion of a m~ and its relations 
to n1Pir:Mlon llliil tu;uMlillie. ._. f#. · :r. •et.. UIII, 1909, pp. t'll-33l. 
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Dickey; they have since appeared in published form.• It is not neces-
sary to reproduce in dete.l the original observations for the entire period. 
A 'series of data from the ·observations made have been summarized 
here and the conclusions stated. 

Following are the atmometer readings for the several habitats, 
together with the comparative evaporation expressed in percentage 
of the standard instrument (table 8). 

TABLE 8 

ATMOMETEB READINGS FOR STATIONS ON CRANBERRY ISLA.ND AND 'l'BE 
UNIVERSITY CAMPUS 

Central, 
1900 University ~- Percent.dUf. MapJe.elder Per Cllllt. diff. weekending station llOll8 -

}iU:!:S::::::::::::::::::::: 118.8 cc. 97 cc. 81.6 78.1 cc. 66.7 
110.9 92.1 83 60.5 54.5 

June 11 88.1 53.3 60.5 ZT.5 31.2 
Five weeb-ending"jUiy"i7:: 487 349.2 71.7 290.4 59.6 
Week ending July 24 -------- 151.4 120.2 79.3 77 50 
July31 -------------------- 117.8 69.8 59.2 50.6 42.9 
August 7 ----------·----..:--- 140.6· 69.8 49.6 36.3. 25.8 
August 14·--·--------------- 134.6 82.4 61.2 70.4 52.3 

Total evaporation-------- 1349.2 933.8 69.2 690.8 51.2 

As was to be expected, by far the smaller part of the total evap--
oration on Cranberry Island occurred in the maple-alder zone. The 
annual evaporation within the maple-alder zone i8 now about three-
fourths -0f that in the open central zone~ that is, fully 26 per cent. of 
the moisture is saved by shade-producing tree.a and shrubs. The 
evaporation within this zone is·greatest in the season· from October to 
May. The di:tierence in evaporation between this zone and the central 
zone is then at a minimum, but later it follows closely the growth of 
the leaves in the early spring and their fall in autumn. The maximum 
difference occurs in June· and July. As the seasons advance, the evap-
orating power of the air in the forested zone varie8 with prooipitation. 
Wind' and temperature are less e:tiective; for as tlie leafing out of the 
trees ptoceeds, and the ·increased undergrowth also ·becomes eff eetive 
in shade and interference with air currents, the retentioO: of the moisture 
in the air decreases the evaporation rate and the relative· humidity. is 
raised. It would be iilstruetive to follow in more detail the effect of 
the · various metoorologicaI factors on evaporation. This effect can 
very well be seen if the more important factors· like temperature, in-
tensity and duration of light, precipitation, Wind, soil, and vegetation 
are referred to individually. But the reeults are uncertain and suggest 
the desirability of preliminary investigations in artificially maintained 

~ ,' ~ . :. . ~ • , ', . ; :r,r , , .; _.· ; , t ~ !' . '·: : ·.• . '. .·.. . : . ; 

1Dicby, M. G., Evaporation in a bog habitat. Ohio Natu:ralist, Vol. X, 1000. 
pp.17·23. 
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conditions by laboratory methoda. In a general way, however, the 
data show that the inner temperatures of the maple-alder .zone are 
lowered and the temperature estremes moderated, but the extremes 
in summer temperature much more so than those of the winter. The 
range in wmperature is therefore more affected than the absolute tem-
peratures. The importance of sh.a.de producers does not consi$t alone 
in their effectiveness to reduce transpiration, but also in their inverse 
influence upon meteorological factors. 

The foregoing table also shows that the greater saturation defi-
ciency was recorded for the station on the university campus. The 
relative evaporation in the three stations is accortling to the totals 
1349.2 cc., 933.8 cc:; and 690.8 cc.; the corresponding ratios are 100, 
69.2, and 51.2. These differences for the three stations remained fairly 
constant throughout. · The fact that the evaporation rate for the 
central zone with its numerous xerophytes should be less than that for 
an area which supports mesopyhtic forest trees seems anomalous and sur-
prising. Thus for the vegetation on the university campus the further-
ance of transpiration by the evaporating power of the air is during some 
periods approximately two times greater than that on Cranberry Island. 
This clearly shows that the evaporating power of the air, though fur-
nishing a very valuable criterion for the differentiation between great 
centers of plant distribution and for the differentiation of habitats, 
is not an important factor in controlling bog vegetation or determining 
the character of it. As pointed out elsewhere (p. 242), the relation 
between succession of vegetation and evaporation shows that the gen-
etically higher associations control evaporation and hence are not 
determined by it. 1 

With the data on hand, it is not difficult to see that the chief ex-
ternal factor which exerts a direct influence on the evaporation at the 
bog island is:the water area surrounding the island .. Evaporation from 
the water surface and from the vegetation produces a vapor blanket, 
the action of which influences to a great extent the normal range of 
evaporation under the varying temperature conditions and consequently 
the rate of · transpiration. The evaporation blanket is readily trans-
ported over • the open central zone, its rate of movement and conse-
quently the'. rate of evaporation varying particularly with the action 
of the wind. In the relatively forested maple-alder zone, however, the 
vapor blank~t is more stationary and. hence more uniform in its influence. 
This vapor iblanket covers the locality_ to .a definite height vertically. 
Studies on the phenomena of evaporation ~of water over lakes and res-
ervoirs1 have shown that the vapor pressure of the vertical gradient 
varies, beginning near~t the 'evap<>rating surface with a maximum, 
and rapidly diminishing within several feet above the evaporating 
surface, until it approximates to that in the free air. A few isolated 

•Bigelow, F. H., Studies on the _phenomena. of the evaporation of water over lakes 
and reaervoirs. Monthly Weather Review, U. S. Dept. of Agriculture, Vol. XXXVI 
11108, p, 437. 



TABLE 9 

VmTicAL EVAPORATION GRADilllNT IN THE cRANSEBRY-SPHAGNtrM ZONE, CRANBERRY ISLA.ND 

Date 

July 80 ---,;,.; ' 

JUl.y 31 ---
July 31 --~ 
July31 ---
AU«. 1 ----
Aug. 1 ----
Aug. 1 ----
Aug. ta ----
Aug. I----
Aug. 2 ----
Aug. 3 ----

Time J.iillh~ 

6 a. ·m. sky clear 
llm. 2sec. 
1·p.m 
11 a. m. 

12 m. 8-0 sec. 
6p.m. 
6&. ln. 

12m. · 7sec. 
lp.m. 
6 a. m. sky clouded 

12 m. 28 sec. 
6p.m. 
6 p. m. cloudy 

Total evaporation-----·----

Anemo-
meter· 

velecity 
in milet 

·34.1 

25.1 
3.6 

18.1 
12.7 
5.6 

12.l 
12 
5.4 

23.9 
25.7 
85.1 

Evaporation 
in cc.: cup I TemPtmture (C.); 

at 3 in. abllolate, 
(7.5 cm.) 

abOve 
~ I mm.. llllU:. l'8llgie 

4Jl6 
11.34 

O;OO 
3.24 
6,48 
0.00 
4.05 
8.91 o.oo 
4.81 
5.67 

14.58 

63.94 

20 

21 
8.5 

16 
22 
8 

15.5 
24.5 
13.5 
19 
25 
19 

38 

37 
'}/'{ 
34 
42.5 
22 
31;.5 
37 
24.5 
33.6 
34.5 
37 

18 

16 
18.5 
18 
20.I 
14 
20 
12.5 
11 
14.5 
9.5 

18 

Evaporation 
in cc.: eup I Temperature (C.); 

at 1 ft. abeol.ute, 
(0.3 m.) 
above 

groulld I min. mu. ranp 

'6.64 

14.94 o.oo 
6.64 
7.47 
1.66 
6.64 
9.96 
0.00 
7.47 
7.47 

21.58 

00.47 

20 

24 
8.5 

18 
21 
8 

18.5 
23.5 
13 
23 
24 
15. 

28 

32 
27 
30.5 
30,5 
21 
32 
33.5 
23.5 
31 
32 
37 

8 

8 
18.5 
12.5 
u 

13 
13.5 
10 
10.5 
8 
8 

22 

*Time exposure at noon for sensiti\\'e photographic paper to standard tint. 

Evapon.tion 
in cc.: cup I Temperature; 

at 5 ft. •bllolute, · 
(Um.) 
a bow 

ground I min. mu:. range 

9.96 

19.92 
1.66 

. 9.13 
10.37 
4.56 
7.47 

12.45 
2.49 
9.96 

10.19 
28.22 

1'26.38 

22.5 28 

26.5 29 
11. 28 
17 '}/'{ 
24.5 28 
10.5 23.5 
llt.5 28 
25.5 31.5 
11 31.5 
11 29.5 
25 30 
17 35 

5.5 

2.5 
17 
10 
3.5 

13 
11.5 
6 

20.5 
18.5 
5 

18 

f 

~ 
14 

I 
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readings confirmed this for the stations in question, as table 9 will 
show. At first the readings were taken every hom: from 6 a. m. to 6 
p. m.; later at intervals of six hours. For convenience, the larger time 
values covering the period from July 30 to August 3 are given here 
(Fig. 15). The amounts are in the ratios 100, 71, and 50 for positions 
at 5 feet (1.5 m.), 1 foot (0.3 m.), and 3 inches (7.5 cm.), respectively. 
Hence in general, the lower stratum of a vegetation has a smaller range 
in humidity variations and possesses an atmosphere usually much 
more humid than the upper vegetation stratum or the free air above 

Fig. 15.-Experiment station in the cranberry-sphagnum association; in the fore-
ground stunted growth of Rhua vernix; photographed July 31, 1910. 

the vegetation level. The data confirm the noteworthy results of the 
evaporation experiments by Yapp,' and show that the bog vegetation 
at the lower levels is exposed to transpiration conditions much less 
severe than existing at positions above the substratum and those quite 
clear of vegetation. 

But the growth of bog plants and their successful occupation of the 
habitat do not depend so much upon the total amount of evaporation 
or the time factor of this exposure, that is, the amount of moisture which 
the air contains . during critical periods of the growing season. The 
functional activity of the plants is not one of relation to a single factor. 
In the interrelation of conditions, the real limiting factor to an increase 
in functional activity is not evaporation or temperature, but the toxicity 

•Yapp, R. H., On stratification in the vegetation of a marsh, and its relations 
to evaporation and temperature. Annals of Botany, Vol. 23, 1909, pp. 270-32D. 

lll-0. B. 16. 
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of the substratum. This fact reveals itself only in experimental test&.. 
Toxicity comes markedly into play when the amount of water avail-
able for absorption has reached a stationary value, through the activity 
of the bacterial organisms and other processes. In the field it is very 
difficult at times to decide which features of the vegetation are to be 
correlated with low atmospheric humidity and which with variations in 
temperature and light conditions, or with other factors cooperating at the 
same time. It is obvious that each in its turn may play the part of a 
limiting factor, for growth and transpiration are very susceptible to 
variations in either of these conditions. But in the laboratory the 
extended experiments with cereals, legumes, and with plants from the 
variOus zones of the island have shown that most plants are unable to 
provide for a balanced relation between the supply of physiological 
water which the bog substratum can furnish and the excess of water 
lost during transpiration even when the temperature or the evaporat-
ing power of the air are favorable for any length of time. The sus-
ceptibility of the plants to the presence of small traces of deleterious 
bacterial transformation products accumulating in the surface ·layers 
of the peat substratum has been demonstrated elsewhere. An inti-
mate and controlling relation has been found to exist between soil 
bacteria and the plants growing in the central zone. This has shown 
itself by various physiological and chemical tests, and by the fact that 
the presence and fitness of bog plants in the central zone is due mainly 
to more efficient functional responses to physiological drought. The 
edaphic aridity prevailing in this zone decreases the absorption of water 
by the roots in wheat plants about 50-65 per cent., at a time when 
transpiration and the growth of the plants demand a greater physio-
logical water content. The further quotation of definite examples 
must be postponed. The ratio of the possible rate ~f water absorp-
tion to the rate of transpiration and growth becomes thus the real 
determining factor in the bog habitat and in the selection and in the 
distribution of plants. In all cases cultivated agricultural plants be-
come flaccid and the roots appear gelatinous or as if burned black at 
the tips. The general dwarfing of roots (see illustrations in Chapters 
IX and X) offers very little efficiency to physiologically arid condi-
tions; nor is the change in form characters of shoot and leaf, induced 
by the consequent lack of coordinatioit of functions, an advantage or 
an adaptation. Resistance to desiccation and the capacity for con-
serving water are more direct and more efficient responses to the lim-
iting condition which the plants meet. This fact is not necessarily 
to be taken as valid in accounting for all highly specialized and inher-
itable structures so frequently met with in plants occurring in these 
habitats. The alteration of shoots and leaves in response to the stim-
ulation of external factors may or may not increase fitness to the con-
ditions, but it is safe to asstime that the capacity for physiological 
changes and responses controls the &urvival value of plant forms to 
a greater extent than has been admitted. 



CHAPTER IX 

THE PHYSIOLOGICAL EFFECTS OF PEAT 

General Coo.sideration.-Peat deposits are noted for their dense 
and luxuriant vegetation. The examples cited in Chapter VI show 
clearly that peat soils contain apparently all of the constituents re-
quired for nutrition, growth and reproduction of a large variety of 
grasses, shrubs and trees. However, from an agrieultural point of 
view, peat and swamp lands frequently have not given satisfaction, 
even after drainage or addition of fertilizers. Ample proof of this 
is seen in the reports of the various experiment stations.• Thus far 
the remedies proposed, as a laboratory experiment, emphasize . the 
fact that although some principles of soil fertility seem well estab-
lished, and can be applied with definite results, there are yet many 
complex proble:rp.s, the solution of which would materially enhance 
the economic importance of peat and swamp soils. To the writer it 
has seemed probable for some time, that work upon the chemistry and 
upon the physiological effects of peat and humus soils must result 
in data valuable alike to the agriculturalist, the forester and the ecologist. 

Early. agricultural lore taught that all plants must obtain their 
food from the external world. It is an opinion which survived from 
the teaching of Greek philosophers and was regarded as a sound dogma 
until the chemist Liebig' gave a more correct account of plant nutri-
tion. A .number of agricultural workers still hold to the ancient dogma, 
and speak of the soil as plant food in spite of the fact that this once 
widely accepted theory has been clearly discredited (pp. 380-384). 
Growth and the proper functioning of roots and shoots depend (1) upon 
a favorable and adequate water supply to maintain tension (turgor) 
in the embryonic tissue (meristem), and in the region where the cells 
enlarge and elongate prior to differentiation, (2) upon a sufficient sup-
ply of starch, sugar, protein, and other food materials produced only 
when the conditions for photosynthesis are fulfilled, (3) upon a good 
supply of air-oxygen-necessary for ridding the plants and the soil 
of products of an inevitable decomposition of unstable organic com-
pounds, and (4) upon a suitable temperature. All plants are sensi-
tive to the various external factors. ·Any one of these conditions may 

•Hopkins, C. G., and Pettit, J. H., The fertility in Illinois soils. Ill. Agri. Exper. 
Sta. Bull. 123, 1008, pp. 251-255. 

Huston, H. A., and Bryan, A.H., Swamp muck. Rept. Ind. Agri. Exper. Sta., 
1000. 

Connert.. S. D., and Abbott, J.B., Unproductive black soils. Purdue Univ. Agri. 
Exper. Sta. Hull. 157, 1912. 

tSachs, J., Geschichte der Botanik, 1875, p. 481. 
(307) 



308 PBA'l' DBl'OSl'l'S 

vary within wide limits, and any one of them may, therefore, affect the 
internal (protoplasmic) conditions and retard the general course of de-
velopment and consequently the form and behavior of the plant. It is 
extremely difficult to disentangle the complex of forces acting on a plant, 
but experience is showing that green plants grow normally when sup-
plied solely with water, carbon dioxide and with a very small amount of 
mineral salts-the constituents of their ash. By judicious treatment 
it is possible to increase the fertility and the amount of humus in cul-
tivated land in spite of the yearly harvest which removes large quan- · 
tities of organic substance. Whether of mineral or of organic nature, 
a soil is not exhausted naturally, for in green plants every organic food 
substance is directly or indirectly derived from the photosynthetic 
assimilation. of carbon dioxide'. Various degrees of dependence exist 
between all forms of life, but it is ultimately from this source that plants, 
including both saprophytic and parasitic plants (and animals), derive 
their food. Plants which are unable to assimilate carbon dioxide mUtit 
obtain all their food from organic materials in the external world, from 
vegetable matter such as peat and humus, or from living' organi8ms. 

It is not the intention to deny that green plants may absorb any 
organic substances. from without. To a certain extent all plants are 
able to absorb and assimilate nitrogenous and non-nitrogenous organic 
compounds, but reliable data on these questions have not as yet been 
obtained. 

The relation of plants to peat and humus. soils, the advantageous 
structures and functions which. enable the vegetation to grow and sur-
vive in this habitat, the r£:actions produced, have boon of the utmost 
importance to students of plant physi~logy. Attempts to nourish 
green plants with humus solutions were performed by Saussure, Hartig, 
Johnson, Malagute, Mulder, Unger, Wiegman, Trinchinetti, Detmer, 
Simon and others,' but with varying results. Grandeau1 obtained data 
which indicated a slow diosmosis of humus solutions, frequently acting 
injuriously upon plants. Pfeffer• and Godlewski• found that seed-
lings grown in humus, in a receiver containing no carbon dioxide, ceased 
to develop when the reserve materials of the seed were exhausted. 
According to Drude' a yoting plant of N eoUia, surrounded by a small 
portion of humus gradually became starved as development continued. 
Transeau• and Livingston' obtained widely different plant forms of 

•Pfeffer, W., Ph.}'8iology of Plants, Oxford, Vol. I, 1900, p. 368. 
oGrandeau, L., Recherches sur le role des matieres organiques dans les phenom-

enes de la nutrition des plants. Nancy, 1872. 
•Pfeffer, W., Monatsberichte d. · Berl. Akad., 1873, p. 784. 
'Godlewski, E., Botanische Zeitung, 1879, p. 88. . 
1Drude, 0., Biologie von Monotropa, 1873, p. 26. 
'Transea.u, E. N., The deyl!1o.Pment of palisade tissue and resinous deposits in 

leaves. Science, N. S., Vol. XIX, 1904:, pp. 866-a67; also Bot. Gazette, Vol. XLI, 1906,li. as. · 
-~'-vingston, B. E., Physiological properties of bog water. Bot. Gaz., Vol. 
XXXIX, 1005, pp. 348-350. . ·. 
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Ruma; and Stigeodonium respectively, as a growth•response to water 
from peat bogs. 

The results obtained have received various interpretations. 
Schimper, 1 and with him Warming, 1 look upon the presence of free humus 
acids as the weightiest cause and regard peaty soils and bog habitats as 
being physiologically dry. Volkens,~ Davis' and Bums• conclude that 
physical drought, due to the lowering of the soil water table during 
summer and the consequent drying of the superficial layers of peat, 
induces the xeromorphy of bog plants, while Crump• suggests the great 
water-retaining power of peat. Kihlman,' Goebel• and Yapp• empha-
size the importance of atmospheric factors, especially drying winds 
and deficiency in air-humidity when accompanied by coldness of soil. 
Transeau, following Friih and Schroter, correlates the condition with 
low soil temperature, and the paucity of oxygen in the soil, while Liv-
ingston suggests the presence of chemical substances not in direct re-
lation to the acidity of the soil. 

The Harmful Organic Constituents of Peat Soils in Relation to 
Plant Activity.-To determine the presence and possible nature of the 
injurious substances in peat. affecting plants through their toxic effects, 
the following experiments were planned with bog water from Buckeye 
Lake. The water and bog soil used in the experiments were brought 
every month to the laboratory in glazed earthenware jugs from stations 
which remained identical throughout the period of investigation. The 
chemical and bacteriological analyses are given in. the following chapters. 

Familiarity with the behavior and the conditions of development 
of M archantia polymorpha10 suggested marchantia gemmae of known 
history as an indicator for preliminary observations. A large number 
of gemmae were placed in crystallizing dishes (9.5 X 4cm.) containing 
l(}()CC of bog water. Cultures were prepared, containing respectively 
the untreated bog water from each zone and spring watfr. The gemmae 
were allowed to fl.oat on the surf ace of the solutions. An additional 
series of test conditions was arranged at the same time from the bog 
water of each zone variously .treated. In the table given below, culture 
medium No. 3 is bog water aerated daily by means of a rubber bulb; 

&himper, A. F. W., Pffanzengeographie auf physiologischer Grundlage. Jena. 
1898,_P.• 4. 

•Warming, E., Oecology of plants. Oxford, 1009, p. 195. 
•Volkens, G., Zur Kenntnis der Beziehungen zwischen Standort und anatom-

aischen Bauder Vegetationsorgane. Jahrb. d. bot.Museums zu Berlin. Bd III, 1884, 
p. 24. 

'Davis, C. A., Ecology of Peat formation in Michigan. State Geol. Surv., 1906, 
~~ . 

'Burns, G. P., Edaphic conditions in Peat bogs of southern Michigan; Bot. 
Gaz:.i~Vol. Lil, 1911, p. 119. 

"'\.irump, W. B., The wilting of moorland plants. Rept. Brit. Assoc., 1911-12. 
7Kihlman, loc. cit., p. 285. 
'Goebeli K., Pffanzenbiologische Sehilderungen. Teil. II, 1891, p. 11. 
-Yapp, oo. cit., p. 301. 
10Daehnowski, A:, Zur Kenntnis der Entwicklungs-Physiologie von Marchantia 

polymorpha. Ja.hrb. Wiss. Bot., Vol! ~LIV:, ~9071 I>P.· .21>!:286.. .. .. 
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No. 4 is prepared by mixing with the bog water dry calcium carbonate 
and then filtering off the solution; No. 5 is treated by shaking the bog 
water with carbon (lampblack) and then filtering off the solution; No. 6 
is a culture medium obtained by growing in distilled water In battery 
jars a set of representative plants from each zone. The attempt is made 
here to simulate undr~ned bog conditions and to test the water for 
excretions of roots. To discover whether the effects of poisons were also 
manifest in the bog substratum, a relatively concentrated aquwus extract 
was prepared. Quantities of the subsoil from each station were taken 
from a layer aocm below the surface vegetation and dried in an oven at 
a temperature varying between 126° and 140° F. (52° and 60° C.). 
One gram of the material was then mixed with l(}()Cc of distilled water 
and left standing for several days The soil solution thus obtained 
was used as culture medium No. 1. There were thus produced six 
conditions for each zone in which it was possible to teSt the bog soils, 
the excretions of bog plants, the effect of aeration, and the toxic in-
gredients of bog water The following table 10, shows the results of 
growth in length of marchantia. gemmae during periods of twelve and 
twenty-five days. 

It will be noticed that the gemmae made scarcely any growth in 
the bog soil solution, while in the .untreated bog water a fairly good 
growth occurred. An inhibiting action of these solutions is plainly 
marked. Evidence of this is further obtained from a microscopic study. 
For the first five or six days the gemmae made 8ome growth, but after 

TABLE 10 

M.ABcHANTIA POLYMORPHA 

Growth In 12 Growth In l!5 
Culturv l!Olutlon daYB days Remarks 

Length In mm. Length In mm. 

I. Central zone: 
1. Bog soil extract -------- 1 and less ------- .. ---- dead alter 8 days 
2. Bog water untreated---- l -1.5 1.5- 2 filamentous outgrowths 
3. Bog water aerated ______ 4 -6 6 -8 4. Bog water neutral _______ 5 -5.5 6 - 7.5 
5. Bog water filtered ------ 7.5-8 11 -12 
6. Bo~ plant water -------- 2 5 
7. s~~ water ----------- 3 -4 4 -5 

II. Map der zone: 
1. Bog soil extract -------- 1 1 -2 larger number dead 

after 12 days 
2. Bog water untreated ____ 6 -7.5 11 
3. Bog water aerated------ 6 -8 12 
4. Bog water neutral _______ 6 10.5-14 
5. Bog water filtered ------ 5 -8 10 -11 
6. Bog plant water -------- 5 -6 10 -12 
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ten days development ceased. Only in the untreated bog water the 
two opposite growing points of the gemmae were thrifty in appearance. 
They gradually gave rise to narrow thread-like filaments, which at the 
end of the twentieth day began to broaden at the tip. In all solutions 
growth was greatly increased after treatment. Exceptions were noted 
only when the bog water used was collected just following a period of 
heavy rains, or when the vessels containing the bog water were left 

Fig. 16.-Wheat plants Crom various cultures o( bog water and bog soil. Numbers 
as in the text, p. 313. Six plants Crom each solution. 

uncorked. The differences in growth in the various solutions were 
less marked, showing that the degree of toxicity at one concentration 
was entirely different at another. The same is to be said of solution 
No. 6; its toxic character became more marked with increase in the time 
during which the bog plantici were under cultivation. 

Briefly summarized, the data thus far agree in showing (1) that 
the contrasts in the relative growth of plants in solutions from the 
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maple-alder zone were less marked than those in the solutions from the 
central zone; (2) that the inhibiting factors of bog conditions are in part due 
to the presence of injurious water-soluble substances; (3) that the central 
zone possesses these toxic substances more decidedly than the maple-
alder zone; and (4) that in both the toxicity can be corrected by a method 

·of aeration and by the use of calcium carbonate and carbon black. 
A series of experiments was next made in the form of bog water 

Fig. 17.-Wheat plants from varioUB cultures of bog water and bog soil. Numbers 
as in the text, p. 313. Six plants from each solution. 

cultures with various cultivated plants. Half-liter glass jars of the 
Mason pattern were used, and prepared in the conventional way. The 
seeds were germinated in sawdust; later germination in quartz sand 
and in paraffin-coated disks of galvanized iron wire was found more 
satisfactory. Transplanting was done when the plants had attained 
a height of 5-6=. The culture media used were prepared as indicated 
for marchantia. From two to six plants were used for 40(}Cc of solution. 
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Each expel;'iment was continued for 7 to 10 days according to the amount 
of water transpired, before renewing the culture solution. The different 
cultures always stood side by side in the university greenhouse, so as 
to give uniform environment. The light conditions were the same also; 
direct sunlight was avoided by cloth screens. In place of tempera-
ture and moisture readings, measurements of the evaporation power of 
the air were obtained from the records of two atmometers. The instru-
ments were prepared on a scale as given by Livingston. 1 The integra-
tion of humidity, temperature, and air-current data given in a weekly 
rate varied betwwen 200 and 270°0 • 

As an aid for comparing the rate of growth of similar plants in dif-
ferent media various criteria were used. The main emphasis, however, 
is placed upon the total transpiration for a definite period of growth, 
since the difference between the amounts of water lost has been shown 

TABLE 11 

PERCENTAGE INCREASE IN TRANSPIRATION 

2 .,; .; ' . 
i ... ., .. 

e .,.; : 8. .,-
Culture solution. ... a .:1 ~i:i .c .... 2~ CJ II: 

0 .c" " 0 .. ~5 ii:= 0 ~- ?-""' Fil IQ 0 0 ----------
I. Central zone: 

1. Bog soil extract• -------- 0 0 0 0 0 --- --- --- 0 
2. Bog water untreated _____ 19 16 113 22 68 0 0 --- 9.8 
3. Bog water aerated------- 55 'l:l 201 --- --- 1.3 20 --- ---4. Bog water neutral_ _______ 209 91 --- 100 --- --- --- --- 8.6 
5. Bog water filtered ------- 245 52 225 215 94 38.8 42 --- 24.7 
6. Bog plant wat'er --------- 54 22 184 --- --- --- --- --- ---

II. M8Kle-alder zone: 
1. og soil extract*--------- 0 0 0 --- --- --- --- 0 ---2. Bog water untreated _____ 38 65 287 --- --- --- --- 90 ---
3. Bog water aerated------- 164 71 --- --- -- - --- --- 44 ---
4. Bog water neutral_ _______ 298 136 335 --- --- --- --- 148 ---
5. Bog water filtered------- 256 76 --- --- --- --- --- --- ---
6. Bog plant water --------- 11 40 178 --- --- --- --- 113 ---

•4gm of bog soil and 400cc distilled water. 

to be equivalent to the difference between the physiological value of the 
solutions.• Other criteria employed were the condition of the roots, 
green and dry weight of plants, length and anatomical structure of roots, 
stem, and leaves. None of these alone can be regarded as accurate 
measures of plant activity, but taken together they generally agree 
in indicating the relative value of the results. Without dwelling here 
at length upon the exact data derived from these experiments, only the 

iLivingston, B. E., The relation of desert plants to soil moisture and to evapo-
ration. Carnegie Inst. of W aahington, Publication 50, 1906, p. 20. 

2Whitney, M., and Cameron, F. K., The chemistry of the soil 88 related to crop 
production. U.S. Department of Agriculture, Bureau of Soils. Bull. 23, 1903. 
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results in transpiration-increase are given below in tabular form. The 
percentage increase in transpiration is calculated for the larger number 
of the plants upon the basis of the quantities for the bog soil solution 
considering it as unity. 

An increase in the dry weight of roots and tops was obtained in all 
plants growing in the solution'3 treated with Ca.CO. and carbon black. 
For the corn and wheat respectively the increase in the dry matter 

Fig. 18.--COm plants from the various cultures of bog water and bog soil. Numbers 
as in the text, p. 313. Four plants from each solution. 

produced varied from 20 per cent. to 50 per cent. during the time of the 
experiment. 

It will be observed that the evidence derived from wheat, corn, 
bean, elm, and buckeye seedlings (two years old), and other plants, 
yields results and conclusions shnilar to those pointed out for marchan-
t.ia. The plants grown in the bog soil extract and in the untreated bog 
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water show stunting clearly in the roots. The tops of the plants are 
more nearly alike, except in the stronger solutions. Marked differ-
ences in the degree of sensitiveness to toxicity or of the oxidizing power1 
of roots are noticeable for the various plants. Phaseolus and V icia 
faba proved thus far to be the most plastic plants. In the solutions 
filtered with CaCOa and carbon black the tops surpass in development 

Fig. 19.-Com plants from the various cultures of bog water and bog soil. Numbers 
as in the text, p. 313. Four plates from each solution. 

the growth of roots. The plants show marked variations in the in-
ternal structure of leaf and stem. Those grown in the bog soil extracts 
show distinct xeromorphic characters. The leaves are reduced in area, 
thicker, of a deeper green, and with revolute margins; responses which 

1Molisch, K., Sitzungsber. Akd. Wiss., Wien., Vol. XCVI, 1887, p. 84. 
See also Schreiner, 0., and Reed, H. S., Bot. Ga.z., Vol. XLVII, 1900, pp. 355-3SS. 
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cannot be attributed to light but to a reduced transpiration current, 1 

consequent,· however, upon the toxicity of the habitat (Figs. 16-21). 
It is worthy of note in this connection that when grown in a 0.01 

per cent. solution of strychnine sulfate, atropine sulfate, or other toxic 
compound of a similar nature and with a high reducing power, the same 
dwarfing effects are obtained with Phaseolus. Wben treated with 
Ca.CO. and carbon black the solutions become highly ·beneficial. The 
accelerated growth and transpiration a.re no doubt due to the presence 
of these substances in small amounts, and the behavior of the plants is 
very much like those grown in a 0.0001 per cent. solution of strychnine 
or atropine sulfate. 

The striking agreement of results obtained from such a variety of 

Fig. ~.-Average plants of Phaseolus multiftorus, showing effect of bog water 
variously treated. Numbers as in the text, p. 313. 

material seems sufficient proof that the factors inhibiting plant growth 
and plant association and successsion are at least in pa.rt due to the 
plants themselves. Carbon black and calcium carbonate add no sol-
uble matter to the solutions,• hence it becomes certain that the bene-
ficial effects cannot be due i;o the introduction of nutrient material but 
to the ta.king up, i. e.1 the adsorption of injurious substances present.• 

1Traneeau, E. N .:J The development of palisade tissue and resinous deposits in 
eaves. Science, N. lj., Vol. XIX, 1904, p. 866. 

Vesque, J., et Viet, Ch. De l'influence sur la structure anatomique des veg-
etaux. Ann. Sci. Bot. VI, Vol. XII, 1881, pp. 167, 176. 

Kohl, G., Die Transpiration der Pflanzen und ihre Einwirkung e.uf die Ausbil-
dung pflan.t1licher Gewebe. Braunechweig, 1886, pp. 95-103. 

2Brezeale, J. F., Effect of certain solids upon the growth of seedlings in water 
cultures. Bot. Gazette, Vol. XLI, 1906, p. 54. 

•Michaelis, L., Dyne.mik der Oberflichen. Dresden, 1909. 
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This would indicate, therefore, that the changes in the soil conditions 
are produced by noxious substances formed in the absence of O.. They 
may be products of decomposition, perhaps they are in part plant excreta, 
but whatever their nature, they are water-soluble toxic substances which 
retard oxidation in the tissues and decrease transpiration, thus causing 
xeromorphy1 stunting and even death. .-

It may be readily questioned whether part of the response arises 

Fig. 21.-Vicia faba from cultures of the central zone. Numbers as in text, 
p. 313. Transpiration de.ta. a.nd photograph by Miss Freda. Detmera. 

from a deficiency of oxygen in the soil. The evidence obtained by 
Bennett• is against aerotropism in roots. It follows, therefore, that 
results reported as due to lack of aeration in the bog substratum are 
really due to toxicity. Under natural conditions the inhibiting effect 
is eliminated by aeration, a slow process of oxidation preventing the 
accumulation of injurious · substances in the soil. However, on account 
of the great demand for oxygen, the process can be carried on efficiently 
only near the surface. Beneath, the active substances are more plentiful 

•Bennett, M. E., Are roots aerotropic? Bot. Gazette, Vol. XXXVII, 1904, p. 241. 
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in the dead material. An undrained peat substratum, therefore, must 
necessarily cause more marked deterioration in development and permit 
a different association and succession of plants than a drained habitat. 

Peat Toxins and Their Effect Upon Tree Growth.-In all temperate 
zones, at least, trees form annually one layer of wood, which appears on 
a cross-section of a tree as a ring, more or less clearly defined. The 
rate at which the diameter and the area of any cross-section of the tree 
increases, can therefore be easily ascertained by measuring the width 
of the rings. To obtain direct evidence as to the relation of the rate of 
wood formation to the nature of the habitat, and to obtain information 
on the value of a biometric study in differentiating such habitats, sta-
tistical work has been carried on during the winter of 1907-8. The 
purpose of the following is to call attention to the fact that statistical 
methods first used by Galton and now applied by Davenport,• Pearson,• 
Shull,• and others to the more complicated questions in variation and 
heredity, may be of service also in Forestry problems as well as in ques-
tions of Ecology. 

The northern shore near the bog-island at Buckeye Lake supports 
at various places n. forest vegetation in the form of woodlots. The 
most common trees "are the beech, elm, maple, oak, chestnut and wal-
nut-examples of a temporary mesophytic forest association. In de-
termining the influence on annual accretion of wood the stumps of red 
maple were selected A number of these trees had been just recently 
felled both in the hog and on the shon·s nearby. It seemed desirable 
therefore to procure and record data on measurements from such trees 
of the two conditions of habitat, as were nearly the same in size, age, 
uniformly concentric growth of wood, and general environment. The 
general climate is assumed to be almost identical for both places, and 
being thus eliminated, it became easier to determine the effect of soil 
conditions upon the rate of diamEter growth of the species. 

From the number of trees at disposal, five were selected from the 
marginal bog zone, and three were chosen from the woodlots near the 
shore. It may be objected that not enough trees were analyzed to per-
mit the conclusion drawn. In order to eliminate sources of error, 
measurements were made, indeed, on a larger number of sample trees. 
To the writer, however, it seemed that the degree of confidence and the 
accuracy of the statistical result depended not so much upon numbers, 
as upon the functional criteria of the environment. It was not so much 
the object of this study to establish variability, as to find a suitable 
method of determining the influence of various factors in the environ-

•Davenport, C. B., Statistical methods with special reference to biological vari-
ation. New York. J. Wiley & Sons, 1899; and Revised edition, 1904. 

•Pearson, K ., Grammar 0£ Science. 1900. 
-----., On the sources of apparent polymorphism in plants, etc. Biome-

trika, 1902, I, pp. 304-306. 
•§~'!1.1 G. H., Place constants for Aster prenanthoides. Bot. Gazette, 1904, 

Vol. AAAVIll, pp. 333-375. 
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ment. A method was sought by which temperature, light, humidity 
and soil data could be combined in a single number. The fact that so 
large a part of plant activities and adaptation is directly or indirectly 
connected with climatic and edaphic factors, suggested that if a com-
parative and statistical study of secondary growth on similar trees of 
various pronounced habitats were made, a new basis for determining 
climatic and edaphic regions of optimum development would be at 
hand. 

Put in tabular form the results of the measurements are as follows: 

Width of rings in mm _____ 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 
Frequencies in bog-habitat 16 10 23 20 27 12 20 5 7 I 5 I Frequencies in woodlots __ 26 30 31 9 6 --- --- --- --- ---
Width of rings in mm ______ - -- 6 6.5 7 7.5 8 8.5 9 9.5 10 
Frequencies <n bog habitat --- 5 5 6 1 2 0 1 0 2 
Frequencies in woodlots __ -- - -- - --- --- --- -- - --- ! ---

These frequency distributions are shown graphically in Fig. 22. 
The abscissas give width in millimeters, the ordinates frequencies of 
rings. The variation constants deduced from them are indicated on 
page 321. 

For the benefit of those unfamiliar with the biometric method of 
study employed here, a brief discusssion of the more :::alient points is 
appended. For a more complete statement the reader is referred to 

J,f 

JQ 

2 

IS: 

IQ 

Fig. 22.-Frequency curves showing variation in width of the annual wood-in-
crement in Acer rubrum. Continuous lines-bog habitat; Dotted 

lines-woodlot habitat. 
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Davenport's "Statistical Methods" 1 or the more popular work of 
Pearson.• 

It will be noted that in the trees of the bog habitat, there are more 
rings three mm. long than of any other length, whilt: in the second type 
of habitat the greater number of rings has shown two mm. This highest 
frequency or most common length is known as the mode. It shows 
clearly the pr(. vailing type of wood-accretion. The distribution de-
creases in both directions from the mode, but least so in the woodlot 
habitat. The practical importance of the information afforded by this 
value is apparent. We have here the average prevailing state or place-
habit of a similar lot of individuals from two distinct places. It is 
n charactnistic which has been determined by influences covering a 
period of time (the age of the trees) long enough to eliminate the effect 
of incidmtal fluctuations in the habitat. In selecting one character 
for measurtment it must not be forgotten, of course, that the orgariism 
is a correlated unit or whole. Change of environment may alter, there-
fore, a great variety of characters. Whatever the species, its differ-
ences constitute a distribution of deviation.S extending sometimes 
I hrough a considerable range. Point~ such as these the systr.matist, 
above all, must necessarily colli!ider. 

Another conception of the character and the amount of wood-
accretion and itf'I distribution is posi;1ible through tho arithmetical av-
erage or mean. Multiplying the value of each variate by its frequency, 
adding the results and dividing the mm by the total number of rings, 
we thus ge~ a df termination of the mean or average length. In this 
case the mean length is &.42 mm. and 1. 70 mm. respectively for each 
of th~ habitats under consider<.1.tion. These values differ very sensibly 
from the most common length or mode. It will be seen at once that 
the deviations in excess of the mode are in the case of the bog habitat 
larger and in the woodlots smaller. The mean is in the latter case less 
and in the former greater th,an the respective mode. Such distri-
butions are termed skew-the mode and the mean are separated from 
each other by a certain measurable distance. The relative breadth of 
the curves exhibits to the eye the great variability and the prominent 
skewnees. 

There have been various interpretations of skewness, but it is evi-
dent that we are dealing here with the results of direct physiological 
reactions to the changts in the environment. On an average the annual 
accretion in woodlot conditions is by far less than in the bog habitat. 
Not all inditjdual trees are alike sensif;ive to changed conditions, but 
the greater value of the positive skewness in the bog habitat indicates 
that only a small proportion of the variates is conservaf;ive. It is 

•Davenport, C. B., Statistical methods with special reference to biological vari-
ation. New York. J. Wiley & Sons, 1899; and Revised edition, 1904. 

•Pearson, K., Grammar of Science. lDll. 
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plain, therefore, that the position of the mode and the negative skew-
ness in the woodlot forms has resulted from physiological variation, 
i. e., from the prevailing edaphic conditions of that place, and that the 
differences in the environment have changed the type, the variability 
and even the sign of the skewness. 

The frequency curves enable us to perceive still another relation. 
It will be observed that some of the rings deviate but little from the 
mode or the mean, while others deviate more and some even very much. 
For instance, the deviations from the mean in the frequencies of the 
woodlot samples are - .70, .20, + .30, + .80, and + 1.30 The av-
erage deviation is omitted here as having no particular significance. 
Usually a standard deviation is derived in the following manner. The 
deviation of each frequency from the mean is squared and then mul-
tiplied by its corresponding frequency; the products are added and 
then divided by the total number of variates, and the square root ex-
tracted. The result as corrected by a number representing the prob-
able error is the standard deviation. We thus arrive at a value 1.87 
mm. for the bog habitat, and 0.56 mm. for the woodlot habitat, which 
stands as a definite measure of variability. It enables comparisons 
from year to year and between different localjties, advantages which 
are too obvious to require elaboration. 

To· compare variability on an abstract basis an expression combin-
ing the idea both of standard deviation and type is added here. It is 
found by dividing the standard deviation by the mean as a base. The 
result is an excellent index of variability in the form of a rate per cent. 
usually known as the coefficient of variability. The value of the co-
efficient of variation will change directly with changes of the standard 
deviation, and inversely with changes of the mean. For the case at 
hand the coefficient of variability is 54.60 and 33.28 for the bog con-
ditions and the woodlots respectively. 

The mode and the three important variation constants, together 
with the probable errors of the determination, which were deduced from 
the frequency curves in the manner described above, are as follows: 

Ilabitat -----------------------------------l'dode _____________________________________ _ 

l'dea.n --------------------------------------Standard deviation ________________________ _ 
Coefficient of variability--------------------

Bog 
3mm. 

3.425=0.098 
1.870=0.069 

54.60 =2.55 

Woodlots 
2mm. 

1.701=0.038 
0.566=0.027 

33.28 =2.46 

The amount of variation is, as we should expect it to be, sensibly 
different in each of the localities selected. The extreme values for the 
coefficiel\ts are 54.60 and 33.28, giving a difference of 21.32. We 
may accept these differences in the coefficients of variability as 
additional proof that when organisms are introduced in changed or 

21-G. B. 16. 
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unusual conditions they become more or less variable. It can safely 
be granted that the conditions of variability which are here a function 
of place, are masked but little by others. In the case at hand, varia-
bility is not due to chance, but is an inevitable accompaniment of the 
differences in the habitat. The evidence for this statement is found 
especially in a forthcoming paper on the response of plants to toxic 
substances, and in the methods and results of experimental physiology. 
Here, however, the results appear to be of considerable interest as show-
ing that by the use of the quantitative method we are passing to an 
equally definite and exact determination of the importance of environ-
mental conditions. 

The points brought out may be summarized thus: 
(1) The data above presented show clearly that a biometric 

record of secondary growth in trees furnishes a very valuable criterion 
for the comparison of the conditions of different plant habitats. They 
are data involving climatic and edaphic factors which are of the great-
est importance to plant life, and hence may be best correlated with 
functional and structural changes. 

(2) The response to environment in the case of Acer rubrum is 
rapid and pronounced. The annual growth of wood automatically re-
cords in duration, intensity and quality the effect of the various ecolog-
ical factors. The differences in amount and size of wood cells, in 
thickness of walls, extent of infiltration, etc., clt;arly indicate differ-
ences in type. We have here the type and the place-habit from two 
distinct edaphic conditions. The differences in the soil habitat have led 
to physiological variations which changed not only the type, but the 
variability and even the sign of the skewness. Quantity and quality 
of the wood have been affected; ·as products of the environment they 
are a measure of environmental conditions. 

(3) In a study such as this the biometric data seem more valu-
able than long records of temperature, light, humidity, wind velocity, 
and others. The effect of these is included as far as they influence the 
plant. Greatly varying as meteorological and soil data are, it is almost 
impossible to combine them so as to exhibit their importance to plant 
growth and to climatic and edaphic centers of development. Hence the 
biometric point of view is an additional criterion to furnish a suitable 
basis for comparing ecological data, and for determining the relation 
of a locality to the whole range of the species, and to the direction of 
its migration.• It seems certain therefore, that if such statistical data 
were exhibited for various regions, climatic and edaphic centers of 
distribution could be clearly indicated.• It is hoped that investigators 

•Adams, C. C., Southeastern U. S. as a center of geographical distribution of 
flora and fauna. Biological Bull., Vol. III, 1902, pp. 115-131. · 

•Transeau, E. N., Climatic centers and centers of plant distribution. Mich. 
Acad. of Sci., Vol. VII, 1905, pp. 73-75. 
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in other places will make studies similar to the one here presented for 
the purpose of testing the value of this criterion. 

(4) It is well known that the ability of plants to transmit ac-
quired characteristics is readily demonstrated in forest trees, where 
climatic influences continue to show themselves with plants grown from 
seed derived from different localities. It becomes a problem of prac-
tical, as well as theoretical importance to determine to what extent 
such differences in functional variations pereist. The advanbge of the 
biometric method in knowing definitely the behavior of plants and the 
effect of environment is apparent. Whether or not individuals, which 
have p:roven to be more variable, would be favorable to any selection 
process remains to be seen from experimental determinations. 

Peat Toxins and The!r Effect Upon Soils.-In connection~th the 
experiments on the presence of injurious substances in bog water and 
bog soils, and their effect upon agricultural plants, the queetion arose 
whether the toxins which are harmful to plants in water cultures are 
injurious also to plants growing in soil containing them. This ques-
tion has an added interest just now, becauee facts like those cited 
above give indications that the sterility of unproductive and "ex-
hausted" agricultural soils may partly be caused by some toxic sub-
stance of a physiological and biochemical origin. Different workers 
have observed that the growth of plants often gives rise to unfav-
orable conditions. The data obtained from various lines of ex-
periments all go to prove that "exhaustion" cannot always be attrib-
uted to the removal of plant nutrients from the soil by previous crops 
or by previous plant societies.' 

To attempt a review of the literature on this problem would be out 
of place in the present chapter. Suffice it to say that the results thus 
far obtained point strongly to the view that decreased physiological 
activity of plants lies rather in the toxic condition of the soil. The 
experimental proof is still regarded by many as furnishing negative 
evidence upon the problem,1 and hencc- a spirit of controversy prevails 
in most of the writings upon this subject. However, it can no longer 
be questioned that the solution of this inquiry is of great importance 
to agriculture. It promises to throw new light upon many interre-
lations of soil and plants, and appears to afford a satisfactory explana-
tion of some of the problems connected with the association and suc-
cesssion of plants, which on every other criterion would largely remain 
an enigma. 

For the purpose of determining whether the toxins of bog water 

•Livingston{ B. E:.i. Further studies on the properties of unproductive soils. U.S. 
Dept. of Agricu ture, Jiureau of Soils, Bull. 36. 1907. 

•Hall, A. D., Theories of manure and fertilizer action. Science, N. S., Vol. 
XXVIII, 1908, pp. 617-628. 

King{ F. H., Toxicity as a factor in the productive capacity of soils. Science,. 
N. S., Vo . XXVII, 1008, pp. 626-635. 
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are harmful also to plants growing in soils containing thP injurious 
substances, it was decided to employ first of all a soil medium as nearly 
non-nutrient as possible. Quartz is one of the chief and most nearly 
insoluble constituents of soil. It has been shown• that quartz is of 
minor importance in the adsorption and retention of hydroxides and 
various neutral salts; a knowledge of its action for bog water seemed, 
therefore, of fundamental importance. The quartz used was obtained 
from the Ceramics Department of the Ohio State University. To free 
it from possible impurity it was subjected to a thorough washing. The 
air-dry quartz sand was first sifted through a sieve having meshes of 
1=. Portions Qf about 2soain1 each of the sifted material were placed 
in a large porcelain dish containing distilled water acidulated with 
HCl. It was usually the ·practice to boii the material for twenty min-
utes. After boiling, the supernatant liquid was decanted and fresh 
distilled water was added. A similar washing was carried out in aqua 
regia and 111oter again in dilute KOH. The quartz was then washed 
repeatedly in boiling distilled water and finally dried at 212° F. (100° 
C.), until ready for use. 

The bog water used in these experiments was collected from the 
same central station on the bog island as described in the earlier part 
of this chapter. The solution is relatively clear, the suspended par-
ticles imparting to it a slight tinge from olive-green to brown. It is 
very little acid to phenolphthalein, but alkaline to methyl orange. 

Since no experiments had been made thus far to ascertain how 
much of the toxic property of the bog water is removed by a given 
quantity of an adsorbing agent, series of ten cultures were prepared for 
this purpose. · Seven of the cultures consisted of 400Cc each of bog 
water, to which was added sterilized quartz in quantities equivalent to 
the following volumee: 25, 501 75, 100, 125, 150, and 20occ respec-
tively; that is the quantities were chosen in volumes equal to a definite 
fraction of the volume of bog water used. The bog water and the 
quartz sand were shaken together in glass-stoppered bottles, and left 
standing for several days. When ready for use the liquid was de-
canted and placed in half-liter Mason jars, covered with black paper. 
Three control cultures were added, consisting respectively of untreated 
bog water, boiled bog water, and distilled water. The wheat seedlings 
used for these cultures were germinated in sawdust until 4 to 5cm high. 
In later experiments the seedlings were germinated in quartz sand. 
They were then carefully washed in distilled water and transplanted 
to the water cultures. Never less than six seedlings were used in any 
experiment. It should be observed also that the seedlings were se-
lected individuals out of a large number of plants. The corks used were 
previously sterilized and paraffined. Growth was measured by trans-

•Briggs, L. J., On the adsorption of water vapor and of certain salts in aqueous 
solution by quarts. Am. Jour. Phys. Chem., Vol. IX, 1905, pp. 617-640. 
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piration and the green and dry weight of plants. The cultures stood 
side by side in the university greenhouse in diffused light. The weekly 
atmometer readings varied between 176 and 186cc. Below, in table 
12, are given toxitieity figures for bog water collected at two periods. 
Column I gives data for bog water collected September 12, 1908, nearly 
at the end of one of the most severe droughts that have been experi-
enced in Ohio; the bog water for column II was brought to the laboratory 
October 16, soon after the first rains. The evidence derived from sim-
ilar experiments with bog water collected at intervals of one month 
during the year is omitted, showing, as it does, considerable repetition. 
It should be noted, however, that the variation in the range of results 
for the seasons is considerable. 

TABLE 12 

ADSORPTION OF BOG TOXINS BY QUARTZ SAND 

Total Transpiration for 15 
Correspondin11 Days, in Grams. 

Solution. Place on 
Curve. 

I. Sept. 12. II. Oct. 16. 

1. Distilled water 400C" A 7.50 7.50 
2. Bog water 400C", untre;rl~d = =: = = = = = = = =: = = B 10.26 14.90 
3. Bog water 400Cc, boiled ________________ B' - --- 54.22 
4. Bog water 400Cc + 25cc SiO• _____ ------- c 22.70 25.50 
5. Bog water 40()cc + 5(}CC SiO• ------------ D ---- 18.17 
6. Bog water 400Cc + 75cc SiO• -------- ___ E 39.28 13.83 
7. ·Bog water 400cc + l(l()CC SiO• -------- ___ F ---- 13.56 
8. Bog water 40()cc + 125cc SiO• -------- ___ G 48.73 -_,.._ 
9. Bog water 40()cc + 1socc SiO• -------- ___ H ---- 12.87 
10~ Bog water 4()()Cc + 200cc SiO• -------- ___ K 18.60 12.55 

The results for these two dates have been plotted in Fig. 23. The 
growth rate in terms of transpiration is indicated on the axis of or-

. din.ates, and the progressive addition of quartz to bog water is shown 
on the axis of abscissas. 

Before tali:ing up the facts brought out in this series of experiments, 
another part of the investigation must be mentioned. The foregoing 
observations suggested the query whether results obtained with soils 
of varying quality, finene~, and adsorbing surface would show that 
the toxic strengths of the same bog-water solution have approximately 
the same relation to each other irrespective of the nature of the filter 
used. It was intended to use types of soil ranging progressively 
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through the weathering products from feldspars to kaolin. But the 
feldspars are highly alterable minerals, and the chemical products of 
feldspathic and granitic rock-decomposition are extremely varied;• in 
the residues, however, which remain after leaching, free silica 
as quartz, and a number of rather indefinite substances known as clays, 

Fig. 23.-Diagram showing growth-rate of wheat seedlings in treated bog water. 
The ordinates represent transpiration in grams; the abscissas show the pro-

gressive addition of quartz to bog water. Unbroken lines for bog water 
collected September 12\ 1908. Broken lines for bog water of October 

16, 1908. Broken ine single dotted for boiled bog water; 
broken line double dotted for distilled water. 

are the most abundant. In the present case the efficiency of the fol-
lowing substances, characteristic of the final residue of soil-forming 
rocks, and their allied substances, was tested: SiO. coarse; SiO. fine; 
kaolin; CaCO,; SiC; and C in the form of air-dried humus. The ma-
terials were obtained through the courtesy of Mr. C. H. Kerr of the 
Carborundum Company, Niagara Falls, New York. They are among 
the most insoluble substances known, and of great purity, which makes 

•Clark, F. W., The data of geochemistry. U.S. Geol. Survey, Bull. 330. 1908. 
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them of special value in this investigation. The chemical analysis of 
these materials is as follows: 

Material. 

c -----------------------------
0 -----------------------------Si ____________________________ _ 

~~~a~========================= ~~~-========================= l\1g0 --------------------------

~~~io~--====================== 

TABLE 13 

Quartz. 

99.56 
0.40 

0.14 

Kaolin. 

45.35 
38.86 

0.3.5 
0.38 
0.61 
0.31 
0.31 

13.80 

Carborundum. 

29.71 
0.45 

69.40 

0.28 
0.15 

0.05 

The physical composiiion of the materials employed was deter-
mined by microscopic examination. Mechanical analysis was made 
with the aid of a centrifuge and for the coarser components by means 
of their different rates of subsidence in water. The relative percent-
ages by weight of the different component particles in each group is as 
follows: 

TABLE 14 

Material. 8102 coarse. Si02 fine. Koalln. SiC. 

Sand 
0.5- 1001 

Vey fine sand 
O.l-0.05mm 6.5 2.4 79.4 

Silt 
0.05 - 0.005mm 80.8 61.8 16.6 

Clay 
0.005 - 0.()mm 12.9 35.7 4.5 

To obtain the surface area of spherical particles it is only neces-
sary to invert the value of. the mean diameter of the particles for each 
group. This surface factor is then multiplied by the fractional amount 
of the quantity of the sample having particles of these mean diameter8. 
A mathematical calculation of the surface area of. quartz flour, carbo-
rundum, or other crystalline bodies with irregular surfaces, however, is 
not so readily obtained. It may be that adsorption of toxins and ab-
sorption of vapors and gases are subject to the same conditions.' Per-

•Patten, H. E., and Gallagher, F. E.1 Absorption of vapors and gases by soils. 
U. S. Dept. of Agriculture, Bureau of Soils, Bull. 51. 1908. 
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haps by taking measurements upon the rate of retention of a silver 
salt, one may secure an indirect method for the calculation of the sur-
face of these bodies. A curve showing how the adsorption data are 
related to the surface presented by the grains of the different soils used, 
though of interest, is not a question at issue in this discussion, but it 
is hoped to continue this probk.m further, and in a more quantitative 
manner. 

The precaution was taken to allow contact between the solution 
and the solid bodies for thirty minutes only, in order to reduce to a 
minimum the low solubility of the materials• and the possible action 
of the solution upon the solids. The amounts used in each case, and 
the effect of these insoluble substances on the toxic action of bog water 
collected January 30, 1909, are given below in table 15. The trans-
piration data covered a period of fifteen days and are for six wheat 
plants in each solution. 

TABLE 15 

ADSORPTION OF BOG TOXINS BY INSOLUBLE SUBSTANCES 

Transpiration In Grams; 
Six Wheat Soodlings In Each Solution. 

Solution. 

5th day. 10th day'. 15th day. Total. 

1. Bog water 400cc. untreated------------- 4.30 8.55 3.65 16.00 
2. Bog water 400cc, filtered --------------- 4.90 10.35 6.75 22.00 
3. Bog water 400cc+ 15cc Si02 (coarse)---- 5.25 10.00 7.35 22.60 
4. Bog water 400cc + 25cc SiO, (coarse)---- 7.20 12.85 9.80 29.85 
5. Bog water 400cc + 5()cc SiO, (coarse) ____ 7.00 13.55 10.65 31.20 
6. Bog water 400cc+ 15cc SiO, (fine) _______ 8.60 19.10 13.50 41.20 
7. Bog water 400cc+ 25cc Si02 (fine) _______ 6.70 19.00 16.60 42.30 

· 8. Bog water 400cc+ 50cc SiO~ (fine) _______ 7.68 16.40 13.10 37.18 
9. Bog water 400cc+ 15cc Kao in---------- 9.10 20.00 16.25 45.35 

10. Bog water 400cc+ 25cc Kaolin---------- 9.65 19.32 21.58 50.55 
11. Bog water 400cc+ 50cc Kaolin---------- 9.95 20.10 23.40 53.45 
12. Bog water 400cc ;-15()cc Kaolin __________ 11.98 22.20 16.07 50.25 
13. Bog water 400cc + 15cc CaC03 ---------- 10.90 20.50 24.70 56.10 
14. Bog water 400cc+ 25cc CaCO, __________ 10.48 20.70 26.50 57.68 
15. Bog water 400cc+ 5Qcc CaC03 ---------- 10.07 19.17 23.35 52.52 
16. Bog water 400cc+ 15cc SiC (fine) ------- 11.23 21.25 25.60 58.08 
17. Bog water400cc+ 25cc SiC (fine)------- 10.90 17.50* 21.20* 48.60* 
18. Bog water 40Qcc+ 50cc SiC (fine) ------- 11.25 23.00 29.10 63.00 
19. Bog water 400cc+ 15cc C (humua) ----- 11.00 25.15 40.65 76.80 
20. Bog water 40Qcc + 25cc C (humus) _____ 8.30 16.70 41.90 66.90 
21. Bog water 400cc+150cc C (humus) ----- 8.55 22.15 24.80 55.50 

*5 plants in culture. 

Several facts seem to be clearly brought out in the above data. A 
comparison of the toxicity figures of bog water collected at intervals 
during the year indicates that the amount of toxic substances in solu-

1Comey, A. M., Dictionary of chemical solubilities. 1896. 
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tion differs very appreciably within the year In all cases the phys-
iological studies show that the adsorbing substances actually remove 
definite quantities of bog toxins. In contrasting the efficiency of the 
various amounts of adsorbents used, the important facts at the out-
set are these. Different physiological phases result from the progres-
sive increase of an adsorbing substance. The bog-water solution, 
fatal in its effect at some seasons, gives an increase in growth-rate when 
adsorption removes a sufficient amount of the toxic ingredient. The 
effect is virtually one of dilution. Doubling of the amount of the ad-
sorbent brings the growth-rate into a physiological phase marked by a 
greater functional activity. Further addition, and its consequent further 
dilution in toxicity, carries with it a corresponding intensification in 
growth-rate. The appearance of the plants especially in the devd-
opment of the root system, follows the transpiration figures very closely. 
Stimulation and tolerance rise to a m~mum. But with successively 
larger amounts of adsorbent, the optimum rate of transpiration can 
be neither increased nor maintained. It falls off, regularly and rapidly 
at first, subsequently less rapidly, until the effect of the solution is 
practically that of distilled water.' Greater dilu~ion and consequent 
increase in rate of transpiration does not express, therefore, the whole 
truth. Other and less injurious substances are also adsorbed; and the 

· rate of transpiration is seen to be the product of a coordination of factors. 
In bog water with very slight toxicity, the cour.se of the experiment 
shows that the maximum acceleration phase deviates very sensibly 
toward the growth-rate approximated in the control, i. e., the untreated 
bog water. 

On account of the difference in size of particles, there naturally 
follows a corresponding difference in the amount of adsorption. Com-

• pared with kaolin, calcium carbonate, carborundum, and carbon (as 
lampblack or humus), the adsorptive power of quartz is relatively low. 
It will be seen that the optimum rate of transpiration of the tenth day 
in solutions 3 to 9, table 15, is soon succeeded by a minimum. This 
is due to the action of toxic substances still present; for upon further 
addition of adsorbents the minimum at the end of the fifteenth day is 
succeeded by a higher rate of transpiration. Filters of finer "'grain are 
more beneficial, while the adsorptive power of humus is very much 
higher than that of any of the crystalline substances used. The opti-
mum and maximum rates of transpiration occur on the fifteenth and 
twentieth day and lie near together. Reference to the total amount 
transpired shows that the adsorption of carborundum and humus is 
about three to four times greater than that of quartz. The transpi-
ration data serve excellently as a basis for assigning a limit to the mag-
nitude of the toxic effect, and as an expression of the amount of the 

1True, R. H., and Oglevee, C. 8., The effect of the presence of insoluble substances 
on the toxic action of poisons. Bot. Gazette, Vol. XXXIX, 1905, pp. 1-21. 
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unknown substance adsorbed both in terms of the total adsorption, and as 
a percentage of the surface factor of grains. The result with CaCOa 
also shows that the plants are not affected by conditions of acidity or 
alkalinity, and that growth seems to be more materially affected by 
the specific action of the organic toxins present. Whatever the nature 
of the filter used, that the increased tolerance of wheat seedlings to bog 
water is actually due to the adsorptive power of the filters is sustained 
by the fact that the decrease of the poisonous effects of bog water is 
apparently a function of surface of particles and. is approximately pro-
portionate to the quantity of the solid body used. The solution, de-
cidedly toxic without the solid, becomes capable of supporting a more 
than normal growth. 

The outcome of these preliminary tests is, therefore, that the con-
ditions giving rise to decreased physiological activity, to xeromorphy, 
and to zonation of bog pl'lnts, are not found in the depletion or increase 
of mineral nutrients in bog water, nor in a low soil temperature, but 
lie rather in the toxicity of the soil substratum, i. e., in the production 
of unfavorable soil conditions. 

However, experiments by the water-culture method may not always 
be serviceable as a safe basis for argument concerning soil conditions. A 
number of life relations of the plant in a water culture become changed 
when in the soil. In what particular manner the toxic substances are held 
by the adsorptive forces of the filter is not clear if judged by physical 
or chemical analysis. 1 The marked retention of the toxins of bog water 
observed may be due to causes other than a direct condensation on the 
surface. No experiments were made to show conclusively that the re-
tention is not due to chemical fixation or substitution. The amount 
of solution thrown out of the quartz by the centrifugal machine was 
too small to be tested. A priori, it would seem that the filter used 
should be markedly more toxic now than the solution, when tested by 
physiological criteria. The presence of the adsorbing bodies in the 
solid should not only reduce its effectiveness when repeatedly used for 
improving bog water, but should replace normal growth by an abnor-
mal retardation judged from the growth-rate made in a similar check 
soil culture. 

To obtain evidence on this point, and to contrast the efficiency of 
the various constituents of agricultural soils for adsorption, a series of 
experiments were made with quartz, river sand, field clay, and humus 
soil. The air-dry soils were isifted through a sieve with meshes of 1mm. 
Portions of 40000 of the sifted soils were each placed in glass-stoppered 
jars containing 1,200cc of bog water. The glassware employed in all 
of the experiments cited was treated with a solution of potassium di-
chromate and sulfuric acid, and repeatedly rinsed in distilled water pre-
vious to use. The mixtures of bog water and soil were left standing 

1Michaelis, L., Dynamic der Oberfiiohen. Dresden, 1909. 
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in the dark room for three days. To insure thorough contact between 
the bog water and the soil, the solution was occasionally shaken. When 
ready for use the liquid was filtered off, and portions of 400cc of the 
liquid from each soil type were used as water-culture experiments in the 
manner described above. For the investigation of the relative fer-
tility of the soils used as filters, earthenware pots were employed. The 
pots were new and each of about 300cc capacity (8cm in diameter, 8.5= 
deep). They were thoroughly cleaned and dried in an oven at 262° F. 
(ll0°C.), and later immersed in heated paraffin. To each paraffined 
pot was added 2oocc of the contaminated soil well pressed into the 
bottom and sides of the pots. It was recognized that difficulties of 
obtaining good contact between the soil and the walls of the pot would 
be probable. In the air space along the walls usually by far the greater 
proportion of plant roots are developed, and· the wire-basket method as 
recommended by the Bureau of Soils of the U.S. Departmemt of Agri-
culture (Bull. 23) is, therefore, more desirable. But the form of re-
tainer here described was found to be wholly satisfactory. In no case 
were evidences found of roots growing more freely at the sides of the 
pot thanin the center. The experiments were repeated later by the wire-
basket method with the same results. Six wheat seedlings were trans-
planted in a row in the soil of each pot. In identically the same manner 
a series of duplicate cultures with the untreated soils were prepared 
to serve for comparison with the behavior of wheat seedlings in the con-
taminated soils. The filled pots were then weighed and placed in the 
greenhouse where they stood side by side. Direct sunlight was avoided 
by cloth screens. Only one of the experiments need be given; 
table 16 gives a summary of the results obtained with bog water collect-
ed September 12, 1908. The percentage increase is calculated upon 
the basis of the quantities marked zero (0), considering them as unity 
for the respective series. The photograph (Fig. 24) shows these plant1.1 
at the end of the experiment. 

TABLE 16 
ADSORP'l'ION OF BOG TOXINS BY SOILS 

Average Length In cm. Pere en tage Increase. 
Solution. 

Tops. Roots. Transplra- Green Dry Weight. tton. weight. 

1. Bog water untreated •.•.. 15.8 5.3 0 0 0 
2. Bog water ~uartz-filtered 20.8 42.0 338. 134. 56. 
5. Bog water c ay-filtered 19.9 11.4 154. 68. 11. 
8. Bog water humus-filtered 30.5 15.6 805. 220. 84. 
3. Contaminated quartz soil 22.0 12.3 --- 0 0 
6. Contaminated clay soil.. 22.2 6.6 -- - 0 0 
9. Contaminated humus soil 21.9 6.2 --- 0 0 
4. Control quartz soil------ 24.7 9.6 --- 8. 20. 
7. Control clay soil -------- 26.0 11.7 --- 23. 5. 

10. Control humus soil ------ 80.7 13.5 --.- 86. 55. 
-
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Again, it is evident that the addition of solids has increased. the 
tolerance of the seedlings to bog water. The improvement was marked 
during the entire period of experimentation. The presence of the 
toxic substances in small amounts exerted a noticeable stimulating effect, 
while the plants in the control bog water gave every indication that 
they would be unable to survive an exposure of a normal growing period. 
The last mentioned. point has been repeatedly tested also in field-work. 
It seems as if the roots, and especially the more minute root hairs, of 
the plants in the untreated. bog water served as adsorbing surfaces. 
The roots are brownish in color and jelly-like in consistency; deposited 
upon their surfaces are found numerous colored substances, as the result 

Fig. 24.-Growth of wheat plants in various -cultures of bog water. Numbers 
as in Table 16. 

of the oxidizing action of the roots. The nature of these substances is still 
under investigation. A general decay of the growing tips is notice-
able, showing that the oxidizing action of the plants upon the toxic 
substances went far toward decreasing their harmful effect, but could 
not entirely overcome them. The effectiveness of adding the insolu-
ble soli.ds proves, therefore, very conclusively that the source of the 
harmful condition must logically be looked for in the solution and not 
in the condition of the plants themselves. The difference in the tops 
as well as in the roots of the plants from the various cultures is very 
striking. The stimulating effect is less marked in the solutions filtered 
through clay and humus, because of the greater adsorptive power of 
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these substances; yet the increase in the green and dry weight of plants 
is about twice that in the untreated bog water, while transpira-
tion has increased almost ten-fold. The introduced materials have 
had their adsorptive action, but it is evident also that chemical reaction 
enters in the case of the common types of garden soil. 

We come, finally, to a consideration of the effects of bog toxins 
upon soils. It is to be noted that the poisonous action of bog toxins 
is more harmful when the plants are immersed in the solution, than 
when grown in the contaminated soil cultures. That the poisonous 
matter injurious to plant growth is present in the soils used as filters 
is seen. upon comparison with the controls. Manifestly, the theory 
of lack of O, in bog water or in bog soils as the cause of xeromorphy does 
not satisfactorily account for the results, because water cultures usually 
have less 02 than any soil medium. The transpiration data for boiled 
bog water (table 12, page 325) are further evidence in this direction. 
The inadequacy of the theory of low substratum temperature is, for this 
locality, equally obvious. That the action cannot be attributed to 
large amounts of dissolved substances has been shown in the deter-
mination of the osmotic pressure of bog water in Chapter XL The 
garden soils contain a much larger amount of nutrient ingredients 
than bog water, and hence the presence of those salts should tend to 
increase the growth-rate. No such increase in activity occurred. The 
length of time during which the wheat plants were allowed to grow is 
palpably insufficient to "exhaust" or contaminate the soils. The 
retardation seen in the contaminated soils is lacking the corresponding 
normal average in dry weight of plants to an amount of 18 per cent., 
3 per cent., and 36 per cent. for quartz, clay, and humus respectively. 
From the results it may be concluded that the adsorption and retention 
capacity of soil for toxins is generally higher the greater its content 
of humus. It was shown elsewhere that a bog-water solution well 
aerated, or upon long standing with expornre to air, lost its injurious 
properties. When plants are grown in this oxidized solution it is found 
that the solution becomes decidedly beneficial to plant growth. These 
results a.re also obtained with the contaminated soils. When first 
used they exert a distinctly injurious effect. If the amount of water 
transpired by the plants is replaced by bog water, the soils become 
more toxic Decrease in toxicity always follows aeration of the soil 
and drainage; and since the physical conditions mainly determine the 
a.mount of oxidation, these a.re of greater consequence in restoring the 
fertility to the soil. 

Summary.-The available information of the study here reported 
may be summarized as follows: 

. 1. Many swamp and muck soils exhibit a sterility which cannot 
be remedied by drainage or by the addition of fertilizers. 

2. The sterility appears to be most marked where investigations 
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on the physiological effects of bog water and bog soils indicate a 
greater amount and activity of bog toxins. 

3. The production of bog toxins is due to a number of physical, 
biological and chemical factors. One can only conclude that the chem-
ical constitution of bog water and bog soils at a given moment condi-
tions toxicity; and that the excretion from roots and rhizomes of plants 
is, possibly, one of the variables of the conditioning factors. 

4. In untreated bog water there are found deposited upon the 
roots of wheat plants numerous colored substances as the result of the ox-
idizing action of roots. The general decay of the root tips indicates 
that the oxidizing activity is insufficient to decrease the harmful effects 
of bog toxins. 

5. It is possible that ecesis, association, and succession of plants 
depend primarily upon respiration, and that in respiration bog plants 
differ from other plants. 

6. Treating bog water with an iMOluble adsorbing agent is invari-
ably beneficial. 

7. Different physiological phases result from the progressive 
addition of an adsorbing substance. With coarser-grained materials 
the low optimum rate of transpiration is soon succeeded by a minimum 
which is due to the action of toxic substances still present. 

8. Finer-grained insoluble bodies are more beneficial. The 
response to toxic substances, when present in small amounts, leads to ac-
celeration of growth. The period of growth is more prolonged and 
the optimum and maximum rate of transpiration lie near together. 

9. The adsorptive action of carborundum and humus is about 
four times greater than that of quartz; the capacity of soils for retain-
ing toxins is therefore higher the greater the content of humus. 

10. The decrease of the poisonous effect of bog water is probably 
a function of the surface of the particles; it is relatively proportionate 
to the quantity of the solid body used. 

11. In agricultural soils used as adsorbents the presence of the 
absorbed unknown toxins replaces normal growth by an abnormal re-
tardation. Fertility is restored through aeration, that is, after time 
enough has elapsed for the oxidation of the injurious substances. 

12. The contaminated condition of agricultural soils and the conse-
quent decreased physiological activity of the plants grown in ·them 
still further indicate that xeromorphy cannot be due to acidity, lack of 
oxygen, low temperature etc., of the soil substratum; that is, the factors 
heretofore cited are only in part the cause of xeromorphy. 

In view of the evidence presented above, the writer believes that 
these facts in the action of bog water upon soils justify the conclusion 
that there are present in bog water and in bog soils injurious substances 
which are:, at least in part, the cause of xeromorphy in plants, and of 
decreased fertility in bog soils. 
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The Nature of the Absorption and Tolerance of Plants in Bogs.-
Interest in the study of the absorption and in the varying degree of 
tolerance and resistance of plants growing in Ohio bogs has been co-
incident with the determination of the quantitative nature of the habitat 
factors, but it has been only through an appreciation of the subordi-
nate value of the atmospheric and other physical habitat factors that 
attention could be given to the special diosmotic properties of the 
plants and of the substances absorbed together with the changes which 
the penetrating substances produce upon the plants. The changes 
which the substances undergo internally or externally to the absorbing 
organ or the cell are relationships of equal importance in the problem 
of nutritive metabolism, but a discussion of them cannot be attempted 
as yet. 

The evidence as to the r6le of physical, chemical and biotic habitat 
factors, derived from the study of local bog vegetation, is brought out 
in greater detail in the following chapters. It is sufficient to point 
out that atmospheric conditions, though of importance, are not the limit-
ing influences for the growth of plants upon Ohio peat deposits; The 
various physical environmental relations usually cited are inadequate 
to account for the failure of some of the agricultural plants to thrive 
and for the survival of others. And since differences in light inten-
sity, in special absorption powers of roots for peaty substrata, since 
fungal micorhiza, and morphological limitations in the absorption and 
in the conduction of water, do not enter into the problem with the ag-
ricultural plants used for the test-experiments, it seeems timely to 
consider in more detail the specific role of the organic decompositi..m 
products in the relation between the required quantity of available 
water and the quantity absorbed by the plants. 

That some sort of a correlated mechanism, acting within certain 
limits, is of the utmost importance in these species seems evident from 
the fact that while the presence of structural modifications is generally 
regarded as a reaction in favor of a bog vegetation, the most noteworthy 
characteristic which enables the invading plants to resist the unfavor-
able conditions is a greater elasticity of functions, and perhaps some 
specific place-function. What is the mechanism connected with the 
failure of many agricultural plants to thrive in peat soils and in so-
lutions of bog water? With what critical features, either as products 
of habitat or congenital variation, are the surviving plants provided by 
nature to regulate or control the absorption of injurious organic com-
pounds, and what are the pathological aspects which involve dwarfing, leaf-
fall and general senescence in most invading species alien to the habitat? 

A knowledge of the limits of functional variation within a known 
species and its several varieties should prove very essential as to the role 
and the range of the individual and genetic differences in the plants 
themselves, and the ability of the plants to inhibit the absorption of 
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deleterious substances, or to neutralize the injurious action of the sub-
stratum. 

In the present preliminary discussion data are submitted 
which were obtained from experiments in the laboratory with several 
standard varieties of grain sorghums, alfalfa and bean. The seeds 
were obtained from the United States Department of Agriculture 
through the office of seed distribution. The seeds were germinated in 
sterilized quartz sand and treated in a manner described in the earlier 
part of this chapter. The physiological tests were made in bog water 
from the central (cranberry-sphagnum) station on Cranberry Island 
at Buckeye Lake, Ohio. All experiments were made in duplicate series. 
Paper-covered Mason jars were used, containing 500 cc. of untreated 
bog water. The following selected series in tables 17 to 19 is especially 
suggestive and typical. 

The tables show at a glance which of the varieties are the more 
efficient in counteracting the effects of injurious organic compounds. 
Not only the relative transpiration quantities but also the morphological 
effects, as shown by the general appearance of roots and leaves, bear 
out the observation. 

Especially in bog water of greater toxicity than that of the date 
in the above series, the plants were in strong contrast to each other, 
functioning less readily also as the active mass of bacterial products 
increased (table 22). 

The rate of growth varied considerably according to the amount 
of transpiration and to the supply of available water. When the rate 
of transpiration decreased the root tips and the tops made but slight 
growth. The roots were discolored for some distance from the tip1 

appeared gelatinous, and not only their surface but the meristematic 
tissue seemed injured, inhibiting the formation of new laterals. ·The 
leaves were short and unfolded imperfectly. At the beginning of the 
experiment the roots of the stronger plants were able to counteract 
the injurious effect to a slight extent; light-brown insoluble substances 
appeared deposited upon the surface of the roots. In dilute solutions 
of bog water the roots remained white. Invariably, however, the 
toxicity was lessened most in plants whose ability to counteract the 
harmful effects was most pronounced. The decreased permeability 
of the plasma.tic membrane of the cells of the root-tips favored their 
efficiency in selective absorption and .in growth. 

A characteristic behaviour became evident in the increase of green 
weight of the plants in the dilute solutions, and in the observation that 
this effect was far from being uniform in all the cultures. · The delete• 
rious action of bog water was, on the whole, less marked upon the tops 
than upon the roots; nevertheless the green weight of some of the plants 
with a lower transpiration value was greater than that of the plants 
transpiring more strongly. Examples are numbers 3, 5 and 7 in table 
17; 2 and 5 in table 18; 4 and 6 in table 19; 7 and 10 in table 22 of 
Chapter X. 
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TABLE 17. 

TRANSPIRATION DATA FOR VARIETIES OF GRAIN SORGHU:MS1 IN BOG WATER, 
MARCH 6-24, 1910 

, Transpiration 
Water required for 

Variety of Sorghum. Green weight 1 gram of green 
In grams. produced. matter. --

1. Milo 106.15 2.59 40.95 
2. White -nli~~~-================ 91.05 2.18 42.98 
3. Dwarf Milo ----------------- 86.70 2.87 30.17 
4. Dagdi Durra ---------------- 78.95 1.89 41.70 
5. White Kowliang _____________ 78.32 2.92 26.08 
6. Blackhull Ka.ffir -------- 69.95 1.40 49.85 
7. Brown Kowliang ------------ 55.65 1.46 37.98 
8. Red Kaffir ------------------ 52.90 1.28 41.34 

Atmometer: 25 cc. daily average. 

TABLE 18. 

TRANSPIRATION DATA OF VARIETIES OF ALFALFA IN BOG WATER, 
MAY 6-26, 1910 

Water required for 
Variety of Alfalfa. Transpiration Green weight 1 gram of green 

in grams. produced. matter. 

1. Medicago fa.lea.ta----------_ 11.50 1.48 7.77 
2. var. 16.'l99 (Washington) _____ 11.86 1.28 5.20 3. var. 23625 __________________ 8.72 0.99 8.80 
4. var. 9359 {Turkestan)--· c ___ 7.32 0.59 12.40 
5. Sand Lucerne 20457 --------- 11.93 2.21 5.40 

Atmometer: 18.9 cc. daily ave~age. 

TABLE 19. 

TRANSPIRATION DATA 01'' RPECIES AND VARIETIES OF BEAN IN BOG WATER, 
FEBRUARY 24-MARCH 11, 1910 

Transpiration Green weight Water required for 
Species and Varieties. ln grams. produced .. 1 gram of green 

1111Ltter. 

1. Dolicho11 22025 -------------- lli0.68 3.75 40.18 
2. Dolichos 8542 --------------- 99.54 1.52 65.61 
3. Phaseolus mungo var. 18310 __ 66.46 1.34 49.59 
4. var. 17096 ------------------ 69.98 2.32 30.16 
5. Phsseolus mungo --------·-- 56.35 1.24 45.32 
6. Guar ______ . ------------·-·-- 36.57 '1.21 32.23 

Atmometer: 7.3 ee. daily average. 
•Bal!,. C. R., The History and Distribution of Sorghum. U. 8. Dept. of Agri-

culture, Hureau of Plant Industry, Bull. 175, 1910. 
23-0. B. 18. 
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It is quite generally known that rapid growth is usually accompanied 
by active respiration, and hence the slowly developing plants are able 
to increase in dry weight upon a smaller quantity of water absorbed and 
transpired. Moreover, it f!eems clear, from the normal appearance of 
the roots of these plants, that the injurious substances have an entirely 
different effect upon some varieties of plants from that observed in others 
and that the marked difference is undoubtedly due to the nutritive 
value of the assimilable organic compounds. This particular feature 
of variability in nutritive metabolism i11 so characteristic and striking 
in agreement with the several experiments which were conducted, 
that analyses with reference especially to the ratio between the carbon 
and nitrogm content of the plants are much to be desired. Additional 
evidence of a similar nature is derived from experiments of more recent 
date cited in Chapter X, p; 354. Tests on the availabilit.y of nitrogen 
in peat have been made by a number of workers, but mostly upon sun-
dry or kiln-dry peat, the solubility of which in water i11 very low (tables 
29-30). The results confirm, however, both an increase in the pro-
duction of dry matter in plants, and of dry matter relatively richer 
in the amount of nitrogen, as compared with the percentage in plants· 
from soils lacking peat, 1 

The fact that to many plants, bog toxins are injurious at one con-
centration but not at another, and that further dilution carries with it 
a corresponding intensification in growth-rate, shows the inefficiency 
of the usual analytical methods of the organic chemist. They give no 
clue why some water-soluble substances are taken up by the cells of 
one species of plants and others not. Solubility of the substance in 
the continuous medium and in the membrane is the prerequisite to 
osmosis and to penetration into living cells.• Neither the properties, 
the chemical formula nor their effect upon transpiration alone afford 
an indication as to the physiological importance of bog toxins, or their 
differential permeability. In addition new analyses of peat, of wood 
and of bog plants from various zones with reference especially to the 
ratio between the carbon and nitrogen content should be c~rried out. 

Another point that should be noted in this connection is the obvious 
difference in the water requirements of the plants. It seems that the 
existing differences in the various colloids in cells tend toward inequalities 
in the amount of water or solutes absorbed and held by the different 
varieties of species. Moreover, water and its solutes, whether organic 
compounds or inorganic salts, are as a general rule taken up in a different 

•Haskins, H. D., The utilization of peat in agriculture. Massachusetts Sta. 
Rept. pt. 2, 1009, pp. 39-46. 

Lipman, J. G., Report of the Soil Chemist and Bacteriologist of the New Jersey 
Agri. Ex.per. Sta., 1910, pp. 188-195. 

-Czapek, F., Ueber eine Methode zur direkten Bestimmung der Oberflichen-
spannung der Plasmahaut von Pfianzenzellen. Jena, 1911. 

Lepesehkin, W.W., Zur Kenntniss der chemisehen Zusa.mmensetzung der Plas-
inamembran. Ber. deut. bot. Ges., Bq. ]QOX1 19111 pp. 247-200. 
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ratio from that existing in the substratum. Inasmuch as the amount of 
mineral salts in bog soils (table 32) and the amount used in the growth 
of bog plants (p. 371) is very small, and since the lack of larger quantities 
is not a factor in the succession of bog associations, the most fundamental 
distinction is that which controls the water supply. A method of de-
termining the ratio between ash and the yield in organic compounds 
on the basis of the water requirement of plants for the period of their 
growth would have the merit of convenience, and, it must be admitted, 
the accuracy which is often questionable in the unit employed and as 
preferably expressed in agricultural literature. The unit of water re-
quirement now used in agricultural texts for ten different economic 
species is 450 pounds of water for one pound of dry matter produced. 
Data of that character do not place the classification and comparison 
of soils, and correlations with fertility itself, with season, age of plants, 
maximum growing period, and ripening, on a measurable basis. The 
unit is numerically inaccurate and does not express the fundamental 
and casual relations. 

Experiments upon the transpiration value of bog plants in relation 
to structure and habitat have shown that the data can not always be 
expressed satisfactorily in the gm•h system. Transpiration is a re-
ciprocal relation. It is affected by the mechanism for absorption, by 
the conditions which react upon the absorbing roots, and it is associated 
with chlorophyll activity and the absorption of carbon dioxide in the ver-
tical gradient. Transpiration in the lower, more humid stratum of a bog 
meadow is often slight for days at a time. The luxuriousness of the 
vegetation and the amount of dry matter produced do not vary in this 
case with the transpiration quantity, but with protoplasmic permea-
bility, permitting of exchanges by solubility, and with the active en-
zymatic agents within the cells which effect the assimilation or the 
destruction of the substances in the external medium. 

It remains to be ascertained to what extent the absence of any 
mineral salt may lead to the unbalanced condition which induces the 
general pathological effects upon agricultural plants, and whether any 
one of the salts employed in fertilizers may in part or entirely counteract 
the injurious effects of peat and humus soils.' Plant physiological and 
particularly agricultural literature contafil.s numerous references to the 
r6le of mineral salts as nutriments. It must be candidly admitted 
that the effects of the various mfoeral salts produced upon the plant 
or the cell are far more easily formulated than proved, and that a satis-
factory interpretation is not possible as yet. It is now known that in 
the preparation of mineral solutions for plants a certain ratio of the differ-
ent salts is required, and that basic ions may be retained by the selective 
adsorbent power of cell colloids.• It would be of special interest to note 

iSchreiner, 0., and Skinner, J. J., The toxic action of organic compounds as 
modified by fertilizer salts. Bot. Gaz., Vol. LIV, 1912, pp. 31-48. 

•Baumann, A., und Gully, E., Untersuchungen Qber die HumussAuren. Mitt. 
bayr. Moorkulturanstalt, Heft 4, 1910. 
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in some detail the relation of potassium and calcium compounds, and 
the suitable concentrations required to counteract the toxicity of the 
deleterious substances in peat soils. The fact that water and salts are as 
a general rule taken up in a different ratio, differing also according to 
the species of plants used as an indicator, shows that the relation in 
balanced solutions affects,· and is determined primarily by the diosmotic 
properties of the protoplasmic membrane and its responsive processes. 1 

The direct effect of mineral salts on the protoplasmic membrane is un-
doubtedly of greater importance than their supposedly special nutrient 
value. Tolerance and resistance of plants to physiologically deleterious 
substances, it may be added, are not osmotic pressure relations to bog 
water, nor is the absorption of water a function of it. A study of the 
magnitude of the internal osmotic pressure occurring in the roots and 
in the foliage of bog plants as related to bog conditions has not been 
carried very far as yet; wheat plants growing in bog soils do not, how-
ever, show more than the usual pressure• isotonic with a .3 normal 
solution of potassium nitrate. 

Aside from the nutritive inequalities of organic peat soil constit-
uents it is worth while to study more closely the various structural 
modifications that appear in plants indigenous to the habitat, in the less 
fit invading plants, and in those which survive. The form of invading 
plants is frequently altered, as is shown in dwarfing, in the reduction 
of the number and the size of leaves, in the loss of buds and branches, 
in the rapid aging of the plants. This indicates the extent in which the 
various functional mechanisms involved such as absorption, conduction, 
and growth are interrelated snd coordinated. Every green plant is 
undoubtedly able to a certain extent to assimilate nitrogenous and other 
organic compounds. Plants which grow preferably on humus and peat 
soils must have special absorptive powers, but little is known, as yet, 
to what extent the roots themselves exert a direct solvent action, en-
zymic or otherwise, in rendering the peat available for assimilation, 
and how far fungal micorhiza, which form symbiotic unions, are of im-
portance. 

The contents of this chapter may be stated briefly as follows: 
The physiological effect of bog water and bog soil to a great extent 

plays an important primary role in the determination of the flora which 
can best succeed upon peat deposits. It was shown that a number 
of cultivated plants and plants from different but neighboring habitats 
in the same locality fail to develop normally in peat soil when grown 
in the bog or under laboratory conditions, and that the toxicity of the 
habitat appeared, therefore, to exert a marked influence in determining 
not only the character but also the distribution of plants within the same 

10sterhout, W. J. V., The permeability of living cells to salts in pure and bal-
anced solutions. Science, N. S., Vol. XXXIV1 1911, PJ;l· 187-189. 

2Fitting, H., Die Wasserversorgung und die osmotischen Druckverhaltnisse der 
Wustenpfla.n.en. Zeitschr. I. Bot., Vol. 1911, pp. 2()9..275. 
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habitat. A difference was shown to exist between different species 
in their power of resistance to the toxic action of the substratum, so as 
to leave no doubt that some species of plants are better adapted than 
others to growth 'in soils containing relatively large amounts of injurious 
substances. That the stunted plants in these experiments have not lost 
their capacity for absorption and growth can be readily demonstrated. 
The plants resume their natural functions as soon as they are placed 
in dilutions less fatal in their effects. In contrasting the differences 
in physiological activity it was shown that various phases of absorption 
and transpiration result from the progressive addition to the medium 
of chemically inert filtering materials. Types of soil were used ranging 
from the weathering products of soil-forming rocks to the completely 
oxidized products characteristic as the final residue. Incidentally 
it was shown that the normal growth of the plants in the uncontaminated 
soils was replaced by an abnormal retardation. In the main, however, 
the study indicated that upon extraction of the injurious substances by 
means of insoluble adsorbing bodies not only the differences between 
various species as to their tolerance and resistance were less pronounced, 
but also the differences in toxicity existing between the several zones 
within the same habitat. The selective action of the habitat was shown 
to be greatly diminished upon the removal of the injurious organic 
substances accumulating in the peat substratum. The conclusion was 
drawn that the relative power in bog plants for absorbing or rejecting 
the injurious constituents of bog soils and bog water was, therefore, the 
limiting factor, controlling the survival value of invading species and of 
plants native to the habitat. The roots of bog xerophytes are not much 
shorter than those of other plants; the lateral roots develop extensively, 
and the prevalent direction of root-growth is horizontal rather than 
downward. This reaction cannot be regarded as one due to low soil 
temperature or to a slight oxygen content. The inhibitory factor for 
root-growth which increases with depth is the reducing action of the 
substratum, and the incomplete disintegration of organic compounds. 
It is now well known that certain root enzymes are oxidizing agents 
which assist in the destruction of the deleterious compounds in soils 
of an organic nature, and that the oxidizing action becomes lessened 
when the injurious organic substances are in excess. The wide varia-
tions in this functional reaction are probably of greater importance th~n 
external factors. It is a tenable hypothesis that the survival or the 
extinction of invaders may depend upon the degree of functional plas-
ticity. 

The experiments here cited furnish nothing more than an indica-
tion of the relative importance of some of the factors involved. The 
weight of evidence is obviously incomplete, for numerous important 
considerations have received no attention whatever in the present 
chapter. The problem of absorption is not one of simple solution 



but an intricate and coOrdinated process, and much needs to be known 
of the quantitative energy relations between plants and habitat and 
the organization of the protoplasmic membrane of absorbing root-cells. 
From the present study the following relations may be summarized: 

1. In view of the widely differing behaviour of agricultural varieties 
in a bog water solution, and the interesting observation that the plants 
respond differently to the same solution, the conclusion is inevitable that 
here the source of the difference must logically be looked for not in the 
solution alone, but in the condition of the plants as well. 

2. Since certain of the organic compounds eventually penetrate 
the protoplasmic membrane of absorbing organs and inhibit growth, 
it is evident that much importance must be ascribed to the infiuecne 
exerted upon the plasma.tic membrane, the consequent differences in its 
diosmotic properties, and to the· pathological changes induced which 
accompany the absorption of the injurious substances. 

3. Some plants in contact with peat soil solutions may cause the 
organic constituents to be precipitated in an insoluble form. 

4. In other plants the different organic carbon and nitrogen 
compounds arising in peat through the activity of microorganisms may 
be absorbed and assimilated. The chemical formula and transpiration 
data alone a.fiord no indication of the physiological importance of the 
substances; hence the nutritive value of these compounds should be 
estimated on the basis of the total water requirements of a plant during 
its period of growth and the ratio between carbon, nitrogen, and ash 
in the plant. 

5. The phenomena of absorption and tolerance of plants in bogs 
deal plainly not with osmotic pressure relations so much as with con-
siderations of the permeability of the absorbing protoplasmic membrane, 
its power of endurance, and its ability by enzymic action either to 
absorb and assimilate or to transform injurious bodies into insoluble 
impermeable compounds. 

6. The organic substances in peat soils, while inhibitory to agri-
cultural plants, have little or no effect upon certain xerophytic plants. 
It is therefore concluded that they may be positive forces not only in 
producing the natural succession of vegetation in bogs but also in de- " 
termining xeromorphy and the associated relation of the members 
within each group which best succeed upon peat deposits. These or-
ganic substances play the differentiating role and are a cause of the 
infertility of peat deposits even when the amount of air and water in 
the soil is abundant and the temperature and humidity conditions are 
favorable to growth. 

It is needless to point out that these facts have an important bear-
ing on the agricultural exploitation of peat deposits and on the subject 
of the proper value of peat land for agriculture. It can be fully dis-
cussed only after a great number of practical experiments have been made 
under a wide range of exhaustive and careful study by trained specialists. 



CHAPTER X 

THE BACTERIAL FLORA AS A FACTOR IN PEAT 
FORMATION 1 

Historical Considerations.-The splendid contributions concerning 
the general relationship existing between soil microorganisms and 
scientific agriculture are their own testimony as to the soundness of the 
modem view of soil productivity. Of these contributions the subject 
of nitrification is one which has received the larger share of attention 
from scientific men, and the literature thereon is indeed voluminous. 
The value of nitrogen fixation by bacteria living within the soil itself 
and by bacteria which develop nodules upon the roots of leguminous 
and other plants, and the consequent increase in fertility of abandoned 
fields is a fact with which t:very student of agriculture has become fa-
miliar. A r6le less generally understood or appreciated is that of micro-
organisms in rendering a field or a habitat injurious to agricultural 
crops. The microorganic life in soils and the relationship of species as 
foes to the crop-producing capacity of soils is a line of rt:search still 
before us. It is one which offers splendid opportunities for the collection 
of facts of great moment to the practice of agriculture, particularly 
in relation to the much debated question of fertilizers. It will enable 
a better economic utilization and conservation of soil resources. 

The number of species concerned is exceedingly great. Some are 
dependent upon the presence of free oxygen, that is, they are aerobic; 
while otheri;i are anaerobic-air is not necessary for them to disintegrate 
organic material. There are present not only beneficial nitrifying 
bacteria upon which the formation of important and valuable chemical 
compounds in the soil depends, but also denitrifying, putrefactive, and 
pathogenic bacteria to which most of the injurious action of the soil and 
the diseases of the soil may be attribute.cl. The problem concerning 
the processes ·and the products of the activity of harmful bacteria, 
and the correlated question of their intimate bearing upon a decreased 
fertility in soils have unfortunately been limited to work of a compara-
tively small number of investigators. A glance through the literature of 
soil bacteriology reveals that scarcely anything has been published 
on the physiological effects of injurious bacterial decomposition prod-
ucts upon agricultural plants. 

Present writers seem to hold the view that among the simplest. 
fungi, the Schizomycetes, few are present in peat bogs, and that only a 

1The larger part of this chapter appeared in the Botanical Gazette, Vol. XLIX, 
1910, pp. 330-332, Vol. LII, 1911, pp. 15-21, a.nd the Ohio Naturalist, Vol. X, 1910, 
pp. 137-145. 
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small nnmber of species, included in perhaps only one family, are at all 
injurious to higher plants. Very little has boen done thus far upon the 
problem of the bacterial flora in connection with the formation of peat, 
or in relation to the rotation of the plant associations from which it is 
derived and those that are cultivated upon deposits of this material. It 
would seem that investigations in this field would have been active as 
well as adequately represented, since peat does not lack appropriate 
vegetable matter as a. source of food to the microorganisms. A peat 
deposit should, therefore, a.bound in disintegration products bearing 
a. close relation to the physiological and structural features of growing 
plants. 

That bacteria must have existed contemporaneously with the oldest 
vegetation is a natural supposition, and it is by no means unlikely, as 
Renault• has suggested, that the tissues of stem fragments in the ancient 
marshts were gradually broken down by bacterial action. Van Tieghem• 
drew attention as early as 1875 to the methods of operation of bacteria. 
as destructive agents in the decay of plant debris in water. He was 
able to follow the gradual disorganization of the tissues and the various 
steps in butyric fermentation effected by organisms. This decompo1:1i-
tion could go on not only in shallow water but also at a pressure of 
several hundred atmospheres corresponding to a great depth of water. 

The presence of bacteria in peat soils has been established by 
Adametz, • Sitensky, • Wollny' and others. ' A brief study of the bacteria. 
of some typical Iowa peat soils has been made by Pammel • who found that 
several organisms which werr obtained as pure cultures rtduced nitrates to 
nitrites. Ternetz' has isolated endophytic myoorhizal fungi from a num-
ber of ericads growing in bogs. These fungi are believed to have a capacity 
for nitrogen fixation. More recently Spratt• succeeded in demoustrating 
that the root tubercles of Alnus, like those of leguminous planti>, assist 
in the assimilation of atmospheric nitrogen. And yet, the r()le which 
bacteria and fungi play in the transformation of plant tissue into peat, 
has been ignored or doubted by most investigators of peat, while others 

1Renault, B., Sur quelques hacteriaeees des temp8 primaires. Soc. Hist: Nat. 
d' Au tun. 1895. 

----, Recherches sur les bacteriacees (9ssiles. Ann. Sci. Nat., Vol. II, 
1906. . 

•Van Tieghem, P., Sur le Bacillus amylohacter et son roled a.na le putrefaction 
des tissues vegetaux. Bull. Soc. Bot., Vol. XXIV, 1877, p. 182. 

•Adametz, L., Untersuchungen iiber die niederen Pilze der Ackerkrume. Leipzig. 
1886. .. 

'Sitensky, F., Uber die TorlmQore ~hmens. Archiv der naturwissenschaft-
lichen Landesdurchforschung von BOhmen. · Prag. 1891: 

'Wollny, E.1 Die Zersetzung der organischen Stoffe und Humus bildungen mit 
Riicksicht auf aie Bodenkultur. Heidelberg. 1897. 

1Pammel, L. H., A comparative study o( the vegetation o( swamp, clay·and 
sandstone areas. Davenport Acad. o( Science, Vol. X, 1907, pp. 67-68. 

7Temetz, C., ~her die Assimilation des atmosphii.rischen Stickstoffes durch 
Pilze. Jahrbiicher f. wiss. Botanik, Vol. XLIV, 1907, pp. 353-408. 

8Spratt, E. R., The morphology o( root tubercles of Alnus and Elreagnus, and 
the polymorphism of the organism causing their formation. Annals of Botany, Vol. 
XXVI, 1912, pp. 119-128. 
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regard the bacterial influences as very E"mall. 1 In almost no case were 
studies carried on to obtain more specific information both as regards 
the function and value of bacteria in the formation of peat, the reactions 
of the bacterial products upon higher plants and their r6le in the obvious 
distinction between successions of bog vegetation. 

The writer's investigations have brought out the fact that peat 
soils contain unsuspected groups of bacteria which vary in number and 
efficiency during the seasons and with the several plant associations 
on a peat deposit. In the course of a study on the ecology of Cranberry 
Island, at Buckeye Lake, an examination of bog water and peat dis-
closed the fact that plants such as wheat, corn, beans and various other 
cultivated varieties which were grown on Cranbc:-rry Island for experi-
mental purpoims, showed marked difficulty of absorption; they soon 
became stunted, took on xeromorphic characters and in most cases died 
(Figs. 16-21). 

Work of an experimental nature with cultures of bog bacteria made 
it evident that the injurious products of the bacterial bog flora accumu-
lating in definite layers of the peat substratum were the leading factors 
to be considered in the physiological aridity of the local study. The 
observation was made that a sample of bog water in a well corked glass 
jar, when kept in the dark at 68°-77° F. (20°-25° C.), soon shows the 
formation of methane and other gases, and that in a few weeks a thin 
surface la.ya becomes noticeable made up of bacteria imbedded in a 
matrix. Exclusion of air prevents further growth of aerobes, for in 

• flasks with narrow necks and cloSE'd with a paraffined cotton plug a. 
surface growth is never evident. The breaking down of organic matter 
by bacteria seems to imolve, thuefore, not only the growth and multi-
plication of the agents of decomposition, but also an accumulation of 
by-products which soon decreases the rapidity of aerobic bacterial 
action. 

Through the courtesy of Professor Morrey of the Bacteriological 
Department of the Ohio State UniveITity, and under his direction, 
the preliminary bacterial examination was repeated. Facts to justify 
the position as to the presence of a constituent that imparts an anti.septic 
action to bog water and bog soil are still lacking, but thtre is sufficient 
experimental evidence to justify the statement that the bacterial flora 
has the greater share, not only in the formation of these toxins, but 
also in the slow and partial decay of bog and swamp plants, that is, 
in the formation and preservation of peat. Experiments are now in 
progress to show that bacterial decomposition continues in water &nd 
at great depths, and that it is not prevented by the pressure of the over-
lying thicknef's of peat material or the depth of water. 

Action of Bacteria in the Formation of Peat.-As a means of 
differentiation between the bacterial flora of the plant aSE1ociations, 

'Friih, J., und Schroter, C., Die Moore der Schweiz. Bern. 1904. 
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studies were made on the action of the bacteria in 0.5 cc. of bog water . 
upon various culture media in fermentation tubes. Samples of water 
were collected in sterilized glass-stoppered bottles from each of the 
following stations: Station I, lake water i station II, marginal zone 
(Decodon-Typa Hibisc'lis) i station III, cranberry-sphagnum zone, 1 to 
3 feet below the surface vegetation; st.ation IV, same, 3 to 5 feet below 
the surface level; station V, maple-alder zone, 1 to 3 feet below surface 
vegetation; station VI, same, 3- to 5-foot level; station VII, tamarack 
soil from Edgerton, Ohio; station VIII, peat soil under cultivation from 
Orrville, Ohio; £tation IX, peat soil under cultivation, reported as un-
productive and "sterile," from Lodi, Ohio; station X, humus soil from 
the university woodlot (beech-oak-maple-elm). The culture media 
employed for this work were a 1 per cent. starch-peptone-water solution; 
1 per cent. solutions of eane sugar, dextrose, and lactose in beef broth; 
plain bouillon; plain and litmus milk; 0.2 per cent. nitrate-peptone-water; 
Dunham's peptone solution for the indole test; nutrient gelatin and agar. 
Only the generally well known determinations, as of the breaking up 
of carbon and nitrogen compounds and the proportion of the various 
gases evolved, have been made. The chemical analysis of several of 
the soil samples of stations I to IX iR given in tables 26, 29, 30 and 32. 

The culture studies gave the following characteristic results after 
incubation for 5 days at 100° F. (38° C.). The action of the bacteria 
on starch shows in several stations the production of a ferment by the 
cultures. The starch is changed into a sugar which reacts with th~ 
Fehling test. Bacteria from stations III and IX show no action; in • 
stations II and X the conversion is carried on a little way and then 
stops, there being always a red or purple reaction with iodine; in station 
I the starch conversion is almost complete; while in stations IV, V, VI, 
and VII certain putrid by-products inhibit in various degrees further 
conversion. Upon the addition of a few drops of potassium iodide, 
the blue color disappears rapidly in stations III, IV, and VI, the hydrated 
(?) iodine is deposited as metallic iodine upon the walls of the test tube 
above the solution. Reducing action is less active in stations V, VII, 
and IX. No decolorization occurs in stations I, II, and X. The accumu-
lation of iodine is very strong in the test tube of station X and is very 
likely an indication of the presence of oxidizing ferments. With meth-
ylene blue the reducing action is the same in degr€e, respectively, in all 
cases running parallel with the iodine action. 

In all stations, with the exception of station I, the action of the 
bacteria on saccharose shows both the conversion of the carbohydrate 
into glucose by the inverting ferment, and the production of gas and 
acid. The reaction is strongest in stations VIII and X; relatively small 
in stations V and IX; very little gas is evolved in station II. The gas 
is largely hydrogen gas and co.; the latter, with the exception of stations 
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V and VIII, is present usually in small quantities and was distinguished 
from other gases by its absorption in sodium hydroxide. Fermentation 
action is shown better on dextrose and lactose. There is little growth 
and gas formation in station I; no acid is produced in stations VII and 
IX; and very little hydrogen gas is formed in station VIII. In all cases 
the growth of the organisms produces a marked and varied pigmentation 
in the solutions. 

In plain milk, rapid coagulation precedes further bacterial action 
in all cases except station IX, in which coagulation occurs very slowly. 
Milk is slowly peptonized anaerobically in stations IV, V, and VI; 
surf ace digestion takes place in stations III, VIII, IX, and X; it is rapid 
in stations I, III, and VI; and gas is produced in moderate quantities 
in all stations except station VIII. Litmus milk is coagulated in all 
stations; the medium gradually decolorizes and the cultures become 
acid in various degrees; the color does not return upon steaming the test 
tub€s. With a majority, gas is produced in various amounts during 
digestion, except in station IX, in which the bacterial reaction is faint 
though strongly odorous. 

On bouillon bacterial growth is slow; it is never very turbid or heavily 
clouded, and only in one case, station IX, gives a whitish precipitate. 

The power of indole production is greatest with the. organisms in 
stations III, V, and IX; the action is relatively small in stations II, 
IV, VI, and VII j and present to a feeble extent only in stations I, VIII, 
and X when tested with 0.02 per cent. solution of potassium nitrite and 
sulphuric acid. 

The ability to form nitrites from nitrates in nitrate broth is common 
to the organisms in all stations. The amount of nitrites formed is 
high in stations IV, VI, IX, and X, and very small in stations I, II, VII, 
and VIII. The power to reduce nitrates to nitrites is not present 
in the same degree as noted above for the reducing action in starch media. 
It is certain that the microorganii::ime are capable of reducing nitrates, but 
to some extent metabolic products, apparently, modify the action. The 
test was made with equal parts of sulphanilic acid and naphthylamine 
solution. 

The presence of ammonia was tested with Nessler's reagent. The 
reaction iF. stronger in stations VII and X than in any other. A faint 
test is obtained in station IX. Nitrogen gas is produced from nitrates 
in stations VII and VIII. 

In view of the above experiments it is clear that the processes in 
peat formation involve both aerobic and anaerobic organisms, and re-
sult in organic decomposition products of different chemical and physical 
properties. . . 

In the upper layers of the peat substratum, and always in close 
contact with the oxygen of the air, the first of the processes takes place. 



The et.arch, sugs.r and protein in ta. ~ of dead plants are con-
verted by eertain peat bacteria ad fungi into 81itbst.anoos which involve 
the addition of oxygen. That oxygen. pla.ys the important rale 
other writers demomJtrated both by experiment and the analysis 
of the gaseous and other pmduets. The earbehydr&tes by this means 
may be broken down to co. and H.O a.ml ihe Ditrogeooua substances to 
NHa, HN02, and possibly free nitrogen. Ammonia may be changed 
further to a nitrite or a nitrate. An aciQ condition usually hinders 
and a slight alkalinity favors these activities. Similarly the air-dry 
condition of the soil from lack of water, or saturation of it with water 
in:fluences unfavorably the biological relatiomhips., for tl\e process is 
essentially one aided by a free access to air. If aeration is continued it 
would result in the complete destruction ·of the vegetable material. 
The formi:i.tion of ordinary humus upon peat deposits which have been 
cleared and ditched or cultivated may be cited a.s an example. 

That the ~at sub&tratum is the seat of other activitffis and is 
of as much importance to growing plants as the one jl}St described is 
proven by the presence of reducing substance&. The diiliDtegration 
of vegetable material, which oocu.rs in the upper layerr of the organic 
soil, is rarely a continuous and 8tlccessive change to products of simpler 
compounds. V s.rious putrdaetion bacteria. also perform their r6le 
during the oxidation proces. The organisms are at-robes as well as 
facultative anaerobes. A number of tr&DSition products arise, which 
do not furnish a suitable food material for similar or other forms of 
bacteria and fungi. The accumulation of their own by-products makes 
the debris unfavora.ble for the continued. uiaieDce of the organisms 
involved in their production; the substaooea being toxic, paralyze and 
further impede the growth of bacteria. Depending upon and varying 
with the stage in the progress of d:ecay, is the degree of toxicity and the 
reducing action of the medium. At a depth of even a few inches below 
the surface the rate of oxygea d.Uiusion is small aa comps.red with the 
demand for it. With the gradual increase and accumulation of these 
unoxidized substances the work of disintegration decreases and the re-
sistant plant tissue is broken down less rapidly. The process is es-
sentially one of fermentation and. reductioD. Carbon dioxide is also 
the principal gaseous prod.uot., but its :relative amount is .greatly reduced. 
Methane (CH,) and other paes result from the decomposition of ligno-
cellulose substances; and the proteins a.re broken up into amino a.cid~ 
indole and other nitrogenous oompou.nds very little known. The second-
ary products are very numerous. They are of widdy varying composi-
tion and structure, as well u physical and chemical properties. Tb.e 
final products of decay are very different under the different conditions 
of temperature and soil, the amount of »Jr it contains and the amount 
of water. Only as conditions &rise which favor the removal of these 
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products of partial decomposition can disintegration continue.• 
Readioas of Bacterial Products Upon Higher Plants. -The facts 

brought out in the culture studies do not show, however, the species 
of microOrganisms, nor the reaction between them and the growing 
plants. A knowledge of the morphology of the simple form of organisms 
does not suffice to differentiate the numberless more or less similar 
species. It is difficult and almost impossible to identify a distinct and 
constant type for each species, or recognize form-differences suitable 
for classification. A detailed analysis of the bacterial content of a. 
virgin forest soil rich in humus has been given by Rivas,• but it does not 
lleem that culture methods., heretofore in use, have made possible system-
atic grouping, or the variety of tests needed for accurate and trustworthy 
comparisons. No necessity exists for doubting the value of cultural 
characters; it is merely m&intain.ed: here that additional and new methods 
must be tried, and tests should be scrutinized from every standpoint. 
Though widely different in their behavior in culture media and in their 
relation to air, yet the injurious action of the bacterial flora from the 
different bog·pl&n.t associo.tions a.nd @ooietiee should be ascertained 
within the limits of their natural habitat, and should be determined 
also with rt-ference especially to the degree of functional inhibition on 
higher plants. It is not until a study is made of the special reaction of 
bacterial tr&Mf.ormation products in sterilized bog water upon the growth 
of agricultural plants that the lack of correspondence in salient features 
between habitat relations and physic~hEmical reactions in artificial 
media becomes noticeable. Considerable difficulty was experienced 
in the isolation of organisms with the oonventional media. In the 
majority of cases very little growth was obtained on beef broth, gelatin 
or agar. Gelatin .and a.gar media. made with peat and bog plant juices 
proved more ea.tis.factory for isolation purposes. Moreover, bacteria. 
of rapid growth a.nd early appearance of colonies on the artificial media. 
ca.used less reta.rda.tion on the growth and transpiration of wheat plan.ts 
when inoculated into sterilized bog water than bacteria of slow growth. 
In some cues the isolated pure cultures made little headway on beef 
broth Or peat agar inedia after a period of 3-5 months, but gave strong 
inhibi\ion ia the growth of wheat plantil within 3 weeks after inoculation 
into sterilized bog water from their respective plant zones. 

Their i>wn by-products in artificial culture Inedia. apparently 
cause the d~th of a large proportion -Of the organi1:UDs, inhibit the 
growth and thu. paralyze the reIUai:o.der. P08$ibly the need of a special 

~rea_- aeration, cl&ltiftition, bettar drainage relative to the ground-water 
level, I~ -er CQIDJ>Oltinc with JnaDUOO to further a mo.ro MSoeiative action amoog 
the bacterial organlSID.s present, serve as remedies, ad effect a notable improve-
meo~ leriiDlit:t;;__ • -.:i ..... f • • el +:-- to th -n Contr"b +: f .._Y8il, ~, ......,tena ..u o..,_.e.r qn,gi m r a....,.. e llv.i.:i. i u ... ons rom 
the Botanical Laboratory of the University of Pennsylvania, Vol. Ill, 11>10, pp. 
:ua-a74. 
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techniqu.e of isolation or of specific culture· media accounts for the 
negative results which many observers experienced in the cultivation 
and isolation of peat bog bacteria. It is reasonable to assume, there-
fore, that the lack of uniformity in results implies both obligate symbiosis 
and the need of a physiologically balanced culture medium. The fact 
that the organisms are obligate saprophytes, capable of growing only on 
substrata similar in composition to the character of the surface vegeta-
tion, is indicative of a close interdependence; their rapid growth in a 
medium in which cellulose and lignin compounds predoininate suggests 
a specific cytohydrolytic action. 

Certain niicroorganisms in station III have been found to possess 
the ability to dissolve filter paper. The bacteria were in Omelianski's 
culture, but destroyed cellulose under aerobic conditions. Kellerman and 
his associates• have recently announced the isolation of several species 
of cellulose-destroying organisms. . Most of the species were found to 
grow readily upon media such as beef agar, gelatin, starch and potato. 
Some are facultatively anaerobic but none are strictly so. The reaction 
between them and growing plants has not been deterinined. 

An attempt has been made to study the physiological reaction of 
the products formed from the activity of single isolated species, as well 
as the effects of the residual products due to mixtures of bog bacteria. 
Without going into too much detail it is sufficient to point out here the 
following: 

From a fresh sample of bog water and bog soil dilution cultures 
were prepared. The isolation of the various species was continued 
upon peat-agar plates, and later in teat tubes containing a beef-broth-
agar medium, until from the bacterial colonies which appeared upon them 
pure cultures were obtained. About 35 different species of bacteria 
have thus far been isolated. The organisms belong for the most part to 
the aerobes. Of the bacteria thus isolated, 21 species were tested for 
their toxin-producing power upon a sterilized solution of bog water and 
peat. A number of fl.asks of a liter capacity, contairung the sterilized 
solution, were inoculated with the respective pure cultures. Several 
fl.asks were left sterile to serve as controls, while others were Inoculated 
with 1 cc. of fresh bog water. An additional test condition was arranged 
at the same time from the normal untreated bog water. All fl.asks 
were then placed in an incubator at 100° F. (38° C.) for a period varying 
from two, four to six weeks, and at such times were then brought to the 
laboratory. All physiological experiments were made in duplicate 
series and the greatest caution was observed to reduce the dangers 
of ·contamination during the preparation of the cultures. The physio-
logical tests were made in half-liter Mason jars covered with black paper 
and containing 500cc. of the inoculated solution. Wheat seedlings 

1Kellerman, K. F., M~V I. G., and Scales, F. M., Fermentation of cellulose. 
Abstract in Science, Vol. , 1912, p. 199. · 
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were used for these cultures. The seeds were germinated in sterilized 
quartz sand until 4-5 cm. high.* They were then carefully washed 
in distilled water and transplanted to the cultures. Six seedlings wHe 
used in every experiment. The seedlings were individual~ selected 
out of a large number of plants. The flat corks to which they were 
fastened were pn.viously sterilized and paraffined. The cultures 
were then placed in the University greenhouse in situations where con-
ditions of temperature and diffused light were uniform. In connection 
with temperature and humidity readings the measurement of the 
evaporating power of the air was obtained, a standardized porous cup 
atmometer being used for this purpose. The growth of the plants in the 
various cultures was mea.8ured by transpiration relative to the control 
cultures; the water loss was recorded every fifth day by weighing the 
cultures. In sJI cases the experiments were extended for fifteen days. 
From the data at hand the following have been f'f'lected to illustrate 
the variation in virulency of bacterial products (tables 20 and 21). 

TABLE 20 

TRANSPffiA.TION DA.TA. FOR SOLUTIONS INOCULATED WITH PURE CULTURES OF 
BOG BACTERIA 

Transpiration in grams Com para- Peroent-
Serles m Bacteria tlve age of transpl· decrease 

5th day 10th day 15th day Total ration 

-
Control 9.33 42.92 66.85 119.10 100 0 
B.20 8.85 41.30 44.06 94.21 79.10 20.90 
B.22 8.30 38.15 42.90 89.35 75.02 24.98 
B. 7 8.55 31.80 42.80 83.15 69.81 30.19 
C.3 7.15 30.90 43.95 82.00 68.85 31.15 
C.4 7.60 29.70 44.40 81.70 68.59 31.41 

Dupl!cate 
Control ••. 8.80 44.50 66.83 120.13 100 0 series ---
B. 20 8.40 34.25 45.98 88.63 73.77 26.23 
B. 22 7.05 35.40 46.10 88.55 73.71 26.29 
B. 7 8.15 34.45 42.21 84.81 7-0.59 29.41 
C.3 8.10 30.90 44.25 83.25 69.30 30.70 
C.4 8.40 31.15 41.65 81.20 67.59 32.41 

Atmometer 102 gr. 136 gr. 125 gr. 

•The following method, used by the writer for some time, is found to be con-
venient and very valuable for sprouting wheat seeds. An enameled dish, 20 cm. in 
diameter and 8 cm. high, the bottom of which is perforated with openings of 2 mm. 
is filled with sterilized quartz sand. To keep the quartz from falling through the 
dish is lined with filter paper, or the openings are decreased to a size allowing the 
needed contact with the water by repeated dipping of the dish in melted paraffin. 
The dish is placed upon cork supports in a large enameled iron pan, 25 x 10 cm., con-
taining water up to the lower 2 cm. or the dish. To prevent injury to the seedlings 
from the accumulation of materials which the seeds exude during germination the 
water is changed daily. The germinator is covered with a ~lass-stoppered bell-jar 
whose stopper may readily be replaced by one of rubber with one or more holes. 
When the plants are of the desired height the pan is filled with water, thus allowing 
a ready removaJ. 
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TABLE 21 

TB.ANSPI&ATION DATA FOB SOLUTIONS INOCULATED WITH PURE CULTURES OF 
BOG BACTElUA 

TranSflfratlon ln grams Compara- Percent-
Serles VU Bac:t.rl& tlve age of transpl- decrease 

5th d&y leth day 15th day . Total ration 

--
Control 17.65 36.20 36.60 90.45 100 0 
Bog water 7.65 ll.30 8.90 27.85 30.79 69.21 
B.25 18.15 29.30 26.85 74.30 82.14 17.86 
Bg. w. lee 18.27 30.15 25.70 74.12 81.94 18.06 
B.13 15.72 24.65 30.85 71.22 78.74 21.26 
B.2 17.45 29.05 24.30 70.80 78.27 21.73 
B.1 16.60 28.95 24.85 70.40 77.83 22.17 
B. 27 12.60 24.90 22.80 60.50 66.66 33.34 
B.6 14.00 25.40 20.80 60.20 66.55 33.45 
B. 4 14.93 23.80 20.45 59.20 65.46 34.54: 
B.29 11.60 15.55 15.85 43.00 47.54 55.46 

Atmometer 114 gr. 117 gr. 100 gr. 

Using the transpiration of the controls as a basis and representing 
it as unity (100) the different bacterial cultures have values in the order 
as indicated in the last two columns of the table. These figures show 
conclusively that in all cases the bacteria are responsible for the pro-
portionally diminished transpiration and growth. The transpiration 
values fluctuate to a considerable extent; in some cases the differences 
from the controls are not so very great, but in all cultures the values 
lie below that of the control. The plants function less readily and 
their rate of reaction diminishes as the active bacterial products in-
crease in amount. 

The evidence derived from the duplicate series is omitted, showing 
as it does, results as closely parallel as those in table 20. To what extent 
the tables suggest a possibility that bacterial action when correlated 
with physiological criteria may determine the crop-producing power 
of ditierent soils need not be discussed. at length. The figures speak 
for themselves. Several facts, however, seem to be clearly brought 
out in the above data. The transpiration figures of the first five days in 
B. 25 and B. 1 cc. indicate that the growth of the plants was considerably 
stimulated by the presence of the ta.x:ie substances in the solution. Those 
of the last five days prove that the solution was decidedly injurious. B. 13 
is worthy of note since the plants in that solution disclose a gradually 
intensified power of resistance and a physiological phase marked by a 
greater functional acti.ity. The maximum rate of transpiration occurred 
on the .fifteenth day as in the control, while that of all remaining cul-
tures appeared on the tenth day. As compared with the control the 
inoculated cultures, it will be observed, have reduced the .transpiration 
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quantity of wheat plants 20 to 5~ per cent. Another matter 
is the degree in which individual plants vary in tolerance and resistance. 
When the bacteria are omitted from the sterilized solution no evidence 
of toxicity is noticeable for the wheat plants growing in the solution, 
and their variability in growth, and green and dry weight, deviates but 
littlt: from the common norm. But when inoculated the culture medium 
becomes a condition always active in stimulating or depr~ing normal 
functions. The task of securing a coordinatie>n· between functions 
of absorption, transport and transpiration, becomes a very complicated 
one for the plants, varying greatly within the same species and with 
different species. The analysis of these experiments has strengthened 
the conviction that the best functioning plants rather than the general 
average represent the proper teRt of the possibilities of agricultural plants 
under the given conditions, and that adjustment to conditions is a more 
noteworthy characteristic than structural deviations or acclimatization. 
Much economic value would attach to an extension of these experi-
ments by determining through selection and a more detailed physiole>gical 
study the cultivat€d forms resistant and immune to the effects of this 
type of soil bacteria, and the nature of the resistance. 

Addit~onal evidence of a similar nature and derived from experi-
ments of more recent date is given in table 22. The data confirm t~ 
earlier tests and also demonstrate the ability of some mycelial bog 
fungi and the organisms in alder tubercles• to increase transpiration 
and the amount of assimilable compounds, and, hence the green weight 
of wheat plants considerably above that of plants in untreated bog water. 
Normal appearance is here associated with a uniformly higher absorption 
of the solution, a grrnter amount of transpiration and green weight pro-
duced, and with the healthy condition of roots and leaves. The wheat 
plants in the cultures had the usual osmotic pressure isotonic with about 
a 0.2 to 0.3 normal potassium nitrate solution. Difficulty in absorption . 
(and tolerance of toxic substaneefl) does D<Yt seem to be corrdated with 
high osmotic pressure, as is known to be the case with plants in desert 
areas.• The systematic position of the organisms has not been de-
termined with certainty. The fungi seem largely species of molds 
such as Penicillium, Fusarium and Aspergillus. 

In order to determine the ability of the microorganisms to convert 
soluble proteins into amino acids and allied products of the disin~egra
tion of proteins, enough peptone was added to sterilized solutions to 
make an equivalent of a 1 per cent. peptone culture. After sterilization 
the solutions were inoo11tlated with the baeteria indicated in table 23. 
The cultures were tested physiole>gically at the end of a two-week 

iSpra.tt, E. R., The morphology of the root tubercles of AJnus and Elea.gnus, 
and t_i!epolymorphism of the organism eausing their fermation. Aana.ls of Botany, 
Vol. XXVI, 1912, pp. 119-128. 

•Fitting, H., Die Wasserversorgung und die osmotisehen Druekverhiltni886 
der Wiistenpflanzen. Zeitsehr. f. Botanik, Vol. Ill, 1911, pp. 209-275. 

H-0. B. 18. 
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TABLE 22 
TRANSPmATION DATA OF WHEAT PLANTS IN SOLUTION OF STERllJZED BOG 

WATER AND PEA.T, INOCULATED WITH BOG BACTERIA, l'rlA.RCH 31-APRIL 
15, 1910 

Water required 
Trall8Plratlon Green weight for 1 gram 

Cnlture In~ produced of green 
matter 

1. c. 19 b & f ---------------- 8.90 0.80 11.12 l 2. c. 15 ---------------------- 12.00 1.16 10.37 tt K \"l _::::::::::::::::::::: 14.90 1.14 13.07 
13.08 0.94 13.91 

5. c. 7 ---------------------- 15.65 0.98 15.96 6. c. 16 ______________________ 15.25 0.93 16.39 
7. c. 19 ~fungus) ------------- 17.93 1.60 11.20 
8. C. 17 fungus-------------- 17.40 0.01 17.22 
9. c. 9 ---------------------- 18.07 1.06 17.04 

10. C. 21 (Cungus) ------------- 27.33 2.36 11.58 
11. Alder tubercles ------------ 50.31 2.20 22.86 
12. Mixed culture of above ----- 67.48 1.92 35.14 

Atmometer: 11.7 cc. daily average. 

incubation period. Since the danger of contamination in peptone 
t'ultures becomes increasingly greater, the transpiration figures for only 
the first five days are tabulated. The wheat plants had grown in each 
experiment for three days when they were photographed. 

A brief inspection of the table and the photographs (Figs. 25 and 
26) suffices to show that transpiration, growth, green and dry weight 
of plants are in this case proportionally reduced. The. mixed culture 
solution (Bg. w. lee.) in which the percentage decrease in transpiration 
is as high as 90, seems to show that it is the function of some of the bac-
terial organisms to do the initial work of rendering soluble the protein 
compounds in a peat substratum. The process of denitrification is 
carried up to a point where the products become further decomposed 
by other organisms. A whole series of bacteria, therefore, seems to be 
involved, to which are due the residual products, the sum of which in 

TABLE 23 
TRANSPillATION DATA FOR 1 PER CENT. PEPTONE CULTURE SOLUTIONS, INOCU-

LATED WITH BOG BACTERIA 

Serles No. Bactena 'frallllp. (5th day). Comparative Percentage of 
IX 1n arams transpiration decrease 

6 Control --------- 17.65 100 0 
7 Peptone check ___ 7.00 39.65 60.35 

13 B. 13 ----------- 4.85 27.47 72.53 
14 B. 25 ----------- 2.70 15.30 84.70 
11 B.2 2.30 13.03 86.97 
12 B. 4 ------------ 2.40 13.60 86.40 
15 Bg. w. Ice------- 1.87 10.60 89.40 
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part constitut~ the toxicity of the habitat encountered on Cranberry 
Island, the formation of methane gas, and the reactions which form the 
basis of the process of humification. 

At the end of the experiment a chamical examination of these 
culture solutions indicated the presence of indole, ammonia, and various 
non-volatile products in various proportions. A marked difference 
was noted in the ability of the different species of bacteria to produce 
indole and ammonia. The highest quantity of ammonia was produced by 
B. 13; the least amount was recorded for Bg. w. 1 cc.-theculture solution, 
it will be remembered, which consisted of a mixture of the bacteria 
found in lee. of fresh bog water. None of these products were found 

Fig. 25.-Wheat plants growing in 1 per cent. peptone bog water solutions inoculated 
with pure cultures of bog bacteria. Numbers correspond with data in Table 23. 

in the control (sterilized bog water and peat). It is also to be noted 
that in the various pure bacterial cultures neither the organic acids 
nor the ammonia underwent a further change and that the absence 
of air is not a limiting essential condition for the growth of the bac-
terial organisms. The fact is interesting that the organisms belong for 
the most part to the aerobes. 

In 'concluding this pa.rt of the discussion it is well to note the extent 
to which the results show clearly that the retardation in growth of 
wheat plants is not ca.used by physical-chemical conditions but through 
the direct activity of the bacterial flora. It has long been suspected 
that a reciprocal relation exists between groups of soil bacteria. and the 
plants growing upon the soil. Various writers have been able to point 
out that marked differences in the productive power of different soils 
follow the growth of wild plants, and that these differences persist for 
some time. It is generally concluded, therefore, that the injury ca.used 
to cultivated plants by weeds or previous crops might be due to in-
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fluences on the bacterial life in the soil, and in a direction unfavorable 
to succeeding agricultural crops. No doubt, the "exhaustion" of soils 
which is frequently met with, and which cannot always be attributed 
to the removal of plant _nutrients, is, in part, af! allied phenomenon. 
Whether or not a strong, intimate and controlling relation exists between 

·soil bacteria and surface flora, and how the .bacterial organisms affect the 
character, and the association and succession of plants cannot remain 
a matter of indifference to physiological ecologists~ At best very 
little is known of this phase of the process, and of the reactions and 
effects of the bacterial products upon plant life. 

There yet remains the question how far the microorganisms are 
active in the change of vegetable matter to.peat and lignite, and in the 
formation of gases and of coal.1 To what exten~ is the cooperation 

Fig. 26.-Wheat plants growing in 1 per cent. bog water solutions inoculated with 
pure cultures of bog bacteria. Numbers correspond with data in Table 23. 

either essential, useful, or dangerous in the formation and character 
of organic compounds available for assimilation? What are the factors 
affecting and limiting the decomposition of organic matter? What 
is the nutritive value of the different carbon and nitrogen compounds 
arising through the activity of microorganisms? Toxic substances 
possess an unlike physiological value to different plants and hence 
it is but one step farther to raise the question of the compara-
tive nutrient value of these organic compounds.• It has been fairly · 
well demonstrated that plants other than the legumes possess structures 
with bacterial-like organisms in symbiotic association, which are capable 

•An interesting theory by Dr. Charles B. Morrey, to account for the origin of · 
oil and gas, is quoted in Bulletin 1, of the Geolo~cal Survey of Ohio, 1903, pp. 313-314. 

•Haskins, H. D., The utilization of peat in agriculture. M888achueetts Station 
Rept. 1909, pt. ; pp. 39-45. 

Li_pma.n, J. u., Report of the Soil Chemist and Bacteriologist of the New Jersey 
Agri • .l!aper. Sta., 1910, pp. 188-195. 
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of absorbing nitrogen from the air and transforming it into the organic 
state. Both the tissue and humus resulting from the decay of Alnm 
and its associated undergrowth are notably richer in nitrogen than in 
the organic material of the preceding cranberry-sphagnum association 
(table 33.) But the whole matter requires much further work before 
the correlation between the soil processes and the obvious differences 
in the plant associations displacing each other can be made clear. 

It would be idle, also, to expect that the bacteriological data in 
themselves are sufficient for a clear interpretation of toxicity and physio-
logical drought relations, or of sterility of soils. If attempted, the 
interpretation would be, indeed, one-sided; there is a coordination 
of factors, each and all of which exert a relatively marked influence. 
Temperature, water, and air conditions in the soil, as well as the 
physical and chemical character of it, and the surface vegetation play 
an important role in determining the character of the bacterial flora, 
and, therefore, also the character of the biochemical products formed. 
The bacteriological-chemical, as well as the physiological method 
deserves on that account a closer consideration. The determination of 
the transformation products in various media inoculated with bog 
bacteria should possess an exactness and a reliability that would make 
it suitable for the solution not only of agricultural but of ecological 
problems as well. It is hardly necessary to go into further detail. It 
is only too clear that the need for new investigations is pressing, and 
that especially new points of view and new lines of research are 
imperatively required. 

Summary of Bacterial Relations to Peat Deposits.-With these 
suggestions in mind, the results on the bacterial reactions in culture 
media submitted above may now be summarized as follows: 

Peat soils are very rich in bacteria inducing diastatic, inverting, 
proteolytic, cytohydrolytic, and reducing action. 

The organisms vary in kind and number with the nature of the 
substratum. 

The majority of the forms are found to thrive as saprophytes, 
digesting the debris in the upper layer of the peat substratum and 
aiding in a partial disintegration of the accumulating deposit. Many 
forms thriving as saprophytes among the indigenous flora give little 
aid in the elaboration of food materials to invading or introduced plants. 

The organisms show associative relations and a marked interde-
pendence between themselves; one s~t of bacteria prepares a medium 
for another out of an unfavorable substratum, and this paves the way 
for others to continue the destruction. Signs are not lacking, however, of 
relative indifference and even antagonism among the organisms, result-
ing in products which retard and inhibit further bacterial growth and 
disintegration processes. 

A certain proportion of bacteria in these soils has the special ability 
to produce substances, perhaps unassimilable, certainly injurious to 
all but indigenous plants. In a peat substratum the percentage of bac-
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teria aiding in the production of deleterious substances, such as reducing 
substances, gases, in dole and other fermentation products, varies with the 
season of the year, but especially with the advance of the vegetation 
toward the closed deciduous forest association. These substances consti-
tute the unsanitary conditions in soils, the negative factor which limits 
the rate at which the splitting up of organic compounds into ammonia 
and other assimilable substances proceeds. They are the character-
istic symptoms of a diseased, sterile soil. The greater oxidation action 
in the productive peat soils is due to the activity of a different set of 
bacterial organisms. The r6le which microorganisms play in the soil, 
points, therefore, to the fact that among other things a considerable 
relation exists between the processes of disintegration of organic material 
and the succession of plant associations in bogs and marshes, and in 
peat soil under cultivation. 

· Each plant association has its own bacterial flora maintaining 
a physiologically balanced condition in the soil. The substratum 
is an ever varying medium, the seat of physical, chemical, and vital 
activities which directly and indirectly influence its relative fertility and 
the character of the surface vegetation. 

Varying with the power of multiplication and metabolic activity 
is the quantity of the products of decomposition constituting a toxic, 
physiologically arid habitat at one phase, and an available supply of 
nutrients to plants at another stage of the process. Acidity, toxicity, 
and reducing action represent merely a stage in the decomposition of 
organic matter. In the naturs.J. successions which ensue, each plant 
association augments the efficiency of the soil as a habitat. The soil 
processes involved are an efficient natural process for the maintenance 
of relative productivity. Differences in the mineral components are 
trifling compared with the biological processes. 

The formation of peat is aocomplished mainly by the breaking 
down of carbon compounds, especially through fermentation action 
upon carbohydrates and ligno-cellulose of plant tissues with the pro-
duction of marsh gas and reducing substances. This action must be 
carefully distinguished from the later stage which transforms peat into 
humus, and the organic matter into harmless and to some extent assimi-
lable compounds. Some forms of nitrifying organisms in symbiotic 
relation with higher plants (Alnus) render the succession of vegetation 
more effective. 

The sum total of the reacMons in any stage of the process exercises 
a physiologically selective function upon invading plants, furthering 
the growth of such plants whose roots are not merely absorbing organs, 
and excluding and eliminating all others in which differential proto-
plasmic permeability and the power to make cellular and extracellular 
changes is inefficient. 

The significance of the data calls, however, for still further experi-
mentation to be of sufficient evidence to assume a specific metabolism 
in bog plants, or to disclose the chemical nature of bog toxins. 



CHAPTER XI 

THE CHEMICAL FEATURES OF PEAT DEPOSITS 

General Consideration.-ln the preceding chapters evidence has 
been cited relative to the origin and formation of peat depositt1 and the 
plants from which peat is derived. The vegetable origin of the material 
is clear and needs no further discussion, but its chemical constitution 
is very difficult to determine. The necessary investigations are not 
only difficult but the methods are not well formulated. The series of 
changes are plainly traceable from the living plant cover of a peat bed 
through the fibrous and matted material to the well decayed, structure-
less portions at the bottom or at the outer edge of the deposit, but in 
chemical constitution it is an indefinite combination of organic com-
pounds. In addition, different deposits vary greatly in composition 
and in physical and chemical properties, thereby making it impo<>sible 
to write chemical equations which would represent the various trans-
formations. For fuel purposes this variability of peat is often unimpor-
tant, but not so when it is employed in other special, technical ways and 
for agricultural purposes. 

Though the principal organic compounds from which the debris 
is derived are the carbohydrates and proteins produced by vegetation, 
there are formed in the course of the growth and reproduction of bog 
plants many other compounds, alkaloids, acids and complex compounds; 
and during the decomposition of these substancee by bacteria and fungi, 
still other compounds and transition products arise in the form of gases 
such as marsh gas, hydrogen sulphide and carbon dioxide along with 
various water-soluble compounds and substances commonly spoken of as 
dehydration products of carbohydrates. For most of these the names 
and written reactions have little meaning as now understood. Early 
views regarded the various constituents as having the same general 
properties and relations to each other. Modern views present this 
problem as one of greater complexity. There have appeared several 
papers on methods of determination, on the nature of the organic 
nitrogenous compounds which result from decomposition with acid 
or alkali, on the variable character of the material, the solubility of 
humus and peaty substances in different solvents, the number of separated 
fractions and distillation by-products; but no one organic debris has been 
studied exhaustively as yet, nor has any attempt been made to determine 
and definitely to identify isolated compounds. It is only recently 

{369) 
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that this problem has been found to be susceptible of solution. 1 To 
make clear its chemical nature,. to determine the difl'erent classes of 
compounds that can result from the decomposition of the organic ma-
terial and to know the processes of decay more fully in relation to ques-
tions of humification and of Foil fertility should be one of the leading 
problems of the Government Bureau and of the several State experi-
ment stations. 

Tables of Analyses of Peat Samples.-A.side from the more detailed 
and difficult studies on the chemistry of peat soils, there are certain 
broad distinctions and tests that form a reliable foundation upon which 
to base judgments. This is especially to be seen when the more com-.. 
pletely decomposed peat is compared with the plant debris in its more 
nearly original state. The following series, in part by J. Websky,• 
is especially suggestive. The analyses are calculated on an ash-free 
basis, and show a progressive increase in carbon and a corresponding 
decrease in hydrogen and oxygen. 

TABLE 24 

ANALYSES OF VARIETIES OF PEAT 

Carbon Hydrogen Ory gen ~ltrogen 

Sphagnum peat--------------·- 49.88 6.54 42.42 1.16 
Light-brown peat ------------- 50.86 5.80 42.57 0.77 
Red-..brown peat--------------- 53.51 5.90 ---- - - ----
Dark~l;>rown peat-------------- 56.43 5.30 ----- -----
Bl&ekish peat----------------· 59.70 5.70 33.04 1.56 

For comparison with peat and other organic matter derived from 
plants, such as wood and coal, the following table 25 has been taken 
from determinations cited by Clarke.• 

The table restates in a similar form the steady decrease in oxygen 
and hydrogen, and the fact that the loss in the former is proportionally 
greater than that of the latter element. There is also an indication 
of the changes which peat must undergo in a possible conversion to coal 
and of the theoretical heating value per pound in British thermal units. 

tSchreiner, 0., and Schorey, E. C.1 Chemical nature or soil organic matter. 
U.S. Dept. of Agriculture, Bureau of Sods, Bull. 74, 1910. 

Jodidi, S. L., Organic nitrogenous compounds in peat soils. Michigan Agri. 
Exper. Sta., Technical Bull. 4, 1909. 

· Robinson, S. C., Organic nitrogenous compounds in peat soils, II. Mich. Agri. 
Exper. Sta., Technical Bull. 7, 1911. 

tJour. pre.kt. Chemie., Vol. XCII, 1864, p. 65. 
8Clarke, F. W., The Data or Geochemistry, 1908, p. 658. 
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TABLE 25 

AVERAGE COMPOSITION OF ORGANIC MATERIALS AND CALORIFIC VALUES 

Calorific 
Carbon Hydrogen Oxygen Nitrogen value 

B. t. u. 

\Vood _____________ 49.65 6.23 42.20 0.92 5760. :Peat ______________ 55.44 6.28 35.56 1.72 8600. 
Lignite----------· 72.95 5.24 20.50 1.31 (?)9000. 
Bituminous· coaL __ 84.24 5.55 8.69 1.52 11,000. 
Anthracite _____ ..,_ 

93.50 2.81 2.72 0.97 14,600. 

For economic purposes, the most important facts in peat and other 
organic matter of vegetable origin are those which deal with the fuel 
value; that is, the amount of volatile matter and non-combustible prod-
ucts formed during the process of burning. The characteristics which 
determine fuel value will be indicated in part in a later paragraph 
(pp. 374-377); the most important are water content and ash, lowering 
the heating value nearly in proportion to the amounts in which they are 
present. 

Freshly dug peat from an undrained deposit consists of from 80 to 
95 per cent. of water. The weight of a cubic foot may be as much as 
7 5 pounds. After a few days of exposure to the ~ir the water content 
will be reduced by at least one-half its original amount. Continued drying 
in the sun and wind finally lowers it from 8 to 25 per cent. with a shrinkage 
involved to one-fourth of its original volume. The water content of 
air-dried peat varies according to season l\nd variations in relative 
humidity of the air. The weight of water that must be evaporated 
from a ton of wet material, as its water content is lowf>red by 10 per 
cent. stages to the air-dried product, appears on p. 170. The serious-
ness of the problem involved and the financial impracticability of drying 
peat by artificial heat are easily recognized. In preparing to exploit 
peat deposits the simplest equipment is the one most likely to give 
satisfactory rtturns in fuel. Every added process of treatment adds 
to the cost of the product and decreases the profit. 

The might of a cubic foot of air-dried cut peat ranges from about 
10 pounds for very light, fibrous kinds to over 60 pounds for the black, 
disintegrated variety. The lighter, more fibrous kinds of peat ignite 
when heated in the air at about 400° F. (200° C). Black and denser 
varieties do not ignite as readily and often need a higher temperature 
to induce combustion. The maximum temperature developed by 
thoroughly dried peat of good quality is over 4000° F. (2,200° C.). This 
temperature is, of course, lowered by the presence of small amounts 
of water or ash and is increased by artificially heating or drying the peat, 
thereby increasing the proportion of carbon relative to the volatile 



362 

matter present. The theoretical heating value is, however, practically 
the same whether the peat is cut, pressed, dried by steam heat, or 
briquetted in several commercial ways. On account of the distinctions 
and to secure uniformity of statement in comparing fuel values, the 
chemical analyses are reported here (table 26) in the form commonly 
accepted. The analytical methods are those for coal analysis as adopted 
by a committee of the American Chemical Society and need not be 
discwsed here. 

In table 26 the result.~ of the analyses of Ohio peat are given by 
counties alphabetically arranged. The table shows the locality by 
county, township and section, acreage, the maximum depth of peat 
found in each deposit, its charactu, the field and laboratory number 
assigned to each sample, and the chemical analysis. The samples as 
received at the laboratory contained varying amounts of moisture; 
hence the moisture percentage is taken from air-dried samples. The 
chemical analyses were made upon the eamples after all the wvter was 
eliminated by heating to constsnt weight. The determinations include 
the volatile combustible matter, fixed carbon, ash, nitrogen, sulphur, 
in a fE.w cases iron, and the fuel value in British thermal units. The 
sampleE of peat were collected by the writer in 1909-1911. They were 
analyzed in the peat laboratory of the UnitE.d States Bureau of Mines 
at Pittsburgh, under the direction of Mr. A. C. Fieldner. 

The table (26) shows that in 64 per cent. of the determinations 
the thE.rmal value lit*' hetwl'en 8,000 and 8,900 British thermal unit'3 
and that 36 per cent. fall below 8,000. In almost all samples below a 
calorific value of 8,000 B. t. u .. high ash content is the more important 
defecii, as is seen by comparison with Figure 29 on page 377. The re-
view of the analytical results Peems to indicate that the various deposits 
are tolerably constant in particular locations, but that. they change 
somewhat from one portion of the State to another. There is sufficitnt 
correspondence to warrant the application of th~ analyses here published 
with reasonable confidence in estimating the quality of peat in the neigh-
horhood of the locnlity from which the samples were taken. 



No. County. 

-
1 Ashland ------
2 Ashtabula ----
3 Champaign ___ 

4 Columbiana ___ 

5 Crawford •••••• 
6 " 7 Cuyahoga=:::: 

8 Darke _________ 
9 " ---· .. -- ... -10 Defiance ------

11 " ... ___ .. _ 

12 Fairfield------
13 Geauga -------

" 14 _ .. _..,._..,_..,_ 
15 Greene -------
16 Hancock------

17 Hardin -------
18 " 19 Holmes-=:::::: 

20 Huron _________ 

TABLE 26-LOCATION, DESCRIPTION AND ANALYSES OF OHIO PEAT 

Township Section Acreage Depth In Character of peat and vegetation feet 

Lake --------- 23 60 17 Reddish brown, 
meadow. 

fibrous; cranberry-spahgnum 

Orwell-------- ---- 1,000 5 Dark-brown, partly fibrous, woody and mil de-

Urbana -------
cayed. Tamarack, magle, alder. 

31-32 600 4 Dark-brown, slightly fi rous, well decayed. 
Cedar. 

Center-------- 7- 8 200 6 Dark-brown, well decayed, partly fibrous. Marsh 
and tamarack. Auburn ________ 500 5 Dark-brown, partly fibrous. Under cultivation. 

Cranberry ---- 24-26 300 6 Same. 
Solon--------- ---- 3Cl0-400 10 Brown, well decomposed, partly fibrous. Sedges 

and others. . 
Butler -------- 7, 18 200 (?) 2 Dark-brown, well decayed. Under cultivation. 
Harrison------ 13 4 Same, slightly fibrous. 
Milford ------- 2-11 100 15 Dark-brown, well decayed, slightly fibrous. T8Ili.-

a.rack. 
" 5 15 Brown, fibrous, partly structurelell8. Under cul-_,.. _____ _ __ .,. 

tivation. 
Amanda ------ 26 __ .,._ 12 Dark-brown, well decayed, partly fibrous. Under 

cultivation. 
Bainbridge---- ---- 70 19 Brown, P.artly fibrous, well decayed, with several 

Burton -------
bog associations. 

l:T 100 17 Same, slightly woody. 
Bath --------- 100 (?) 7 Dark-brown, partly· fibrous. Under cultivation. 
Big Lick------ 20-34 2,000 3 Dark-brown, partly structurele118, somewhat 

Marion -------
woody. Heath bog. 

27 16,000 5 Dark-brown, partly fibrous, well decomposed. 
Under cultivation. 

" 27 5 Dark-brown, well decomposed. Maple. W asliington ___ 26 2 19 Brown, fibrous, well decomposed below. Cran-

Richmond ----
berry-sphagnum. ......... 5,500 15 Dark-brown, partly well decomposed. Bog mead-
ow and shrubs. 

I 
~ 

I 
~ 

~ 

~ 
Q) 
~ 



No. 

21 

22 
23 

24 

25 

26 
27 
28 

29 
30 
31 
32 
33 

34 
35 

36 

37 
38 

39 

40 
41 

42 

TABLE 26-LOCATION, DESCRIPTION AND ANALYSES OF OHIO PEAT 

County. Township 

" New Haven __ _ 

Licking -------1 Licking -------
" " 
" " 

Mahoning ____ _i Beaver 

Medina -------1 Harrisville ___ _ " ------- Westfield _____ _ 
Mercer ______ Granville _____ _ 

" 
" 

" 
" 

Montgomery --1 German-------
Portage------- Atwater ------

" ------- Brimfield -----

" 
" 
" 
" " 

" 
Franklin ------

Mantu'a -------

Nelson--------Ravenna _____ _ 

Seneca-------- Big Spring ___ _ 

Shelby-------- Van Buren ___ _ 
Stark--------- Canton -------

" " ·-

Section 

24-36 

35 
18 

20 

32 

14 
6- 7 

Acreage 

3,500 

4,000 

500 

2,000 

1,000 

400 
200 

2 
30 

2,000 

-100 <?> 
3,000 (?) 

100 (?) 

Depth In 
teet 

9 

30 
30 

30 

16 

5 
8 
7 

4 
1- 2 

4 
3 

18 

9 
10-15 

8 

4 
17 
8 

12 
19 

5 

Character of •peat and vegetation 

Dark-brown, well decomposed. Under cultiva-
tion. 

Dark-brown to black, partly fibrous. 
Dark-brown, well decomposed, partly fibrous. 

Maple-alder thicket. 
Brown, coarsely fibrous. Cranberry-sphagnum 

meadow. 
Dark-brown, well decomposed, partly fibrous. 

Tamarack. 
Dark-brown, partly fibrous. Under cultivation. 
Fibrous, partly well decomposed. Sterile soil. 
Dark - brown, structureless, slightly fibrous. 

Under cultivation. 
Same. 
Same. 
Dark-brown, well decomposed. Fossil peat. 
Dark-brown, slightly fibrous. Tamarack, maple. 
Dark-brown, partly fibrous and woody. Maple, 

ash, elm. 
Brown, fibrous, cranberry-sphagnum meadow. 
Dark-brown, well decomposed. Tamarack mus-

keag. 
Dark-brown, well decomposed, partly silty. Maple, 

ash, elm. 
Nearly black and silty. 
Brown, fibrous, partly well decomposed. Several 

associations. 
Dark-brown, almost structureless. Partly under 

cultivation. 
Same. 
Brown, fibrous, partly well decomposed. Under 

cultivation. 
Same. Tamarack. 

~ 
Ol 
H>-

~ 

I 



43 Stark --------- Canton ------- ---- - ..:> ... - 5 Same; partly under cultivation. . 
44 Summit------- Copley ------- ---- 3,000 14 Dark-brown, moderately fibrous.I, Partly under 

cultivation. 
45 " Portage.------ 17 Same. Tamarack. --------- .., ___ 
46 " Hudson ------- 2,500 18 Dark-brown, well decomposed. Maple, ash, elm. --------- ----47 Trumbull ______ Greene ------- ---- 1,500 5 Dark-brown, fibrous, partly well decomposed. 

Tamarack. 
48 Wayne-------- Baughman ____ ---- 300 ('?) 11 Brown, fibrous, partly structureless. Under cul-

tivation. 
49 " " 11 Reddish brown, fibrous. Under cultivation. -------- ---- ---- -- .. -
50 " " 11 Nearly black, well decomposed. Under culti-------- .. --- ... 

_ ...... _ ---- vation. 
51- " " 1-f2 400 12 Brown, moderatelj fibrous. Tamarack. -------- ----

~ 52 " " 5 Dark-brown, wel decomposed. Partly under -------- --- - ---- -- -... 
cultivation. t" 

53 Williams------ Florence ------ 30 300 5 Brownbpartly fibrous. Tamarack. ~ M " " 16 Same, ut well decomposed. ------ Bridgewate;-= = 
...... __ 

0 55 " 14-15 4- Same. Tamarack bog. ~ 56 " Superior. ______ 200 15 Dark-brown, moderately fibrous. Under cul----- tivation. I 5~ " Madison ------ 40 9 Brown, fibrous, partly well decomposed. Ta.ma------- ----
rack. 

58 Wyandot ----- Crawford ______ ---- 3,000 12 Dark-brown, well decomposed, somewhat woody. 
Under cultivation. ~ 59 " " 3,000 14 Same. Heath meadow. ----- ------ ----

60 " " 3,000 14 Same. Under cultivation. 

~ 
__ ... __ 

Crane --====== 
----61 " 200 8 Dark-brown, well decomposed. Under cultiva--- -- ti on. 

~ 



. TABLE 26-LoCATION, DESC~IPTION AND ANALYSES OF OHIO PEAT ~ g 
Laboratory Moisture in Volatile Fixed Thermal 

air-dried Asb Nltrogen Sulphur Iron value In Number sample matter carbon B. t. u. 

1 73-11122 7.14 67.42 24.91 7.67 2.39 0.28 0.39 0070 
2 44-10773 9.08 63.24 26.18 10.58 2.45 0.46 ---- 8966 
3 60--11008 10.73 57.01 26.4.'l 16.56 2.56 1.21 --- ... 7567 
4 24- 10.96 50.29 23.75 2Q.90 2.42 0.80 ---- 7520 
5 64-11014 9.24 54.87 25.62 19.51 2.70 0.90 -- ... - 7448 
6 89-12477 13.53 67.52 27.05 10.43 3.23 0.47 ---·- 8683 
7 49-10778 9.01 51.05 23.51 25.44 2.13 0.77 ..... _ ... 7504 
8 88-12476 12.72 43.44 11.48 45.08 2.30 0.35 _.,. __ 4637 
9 87-12475 16.24 54.75 19.51 25.74 3.05 0.64 ---- 6797 

10 82-11348 8.58 62.44 25.44 12.32 2.58 0.52 ---- 8420 
11 83-11349 8.97 60.53 27.96 11.51 2.90 0.36 ---- 8566 
12 66-11115 7.58 57.72 21.02 21.26 3.25 4.21 ---- 7603 
13 49-10778 9.01 51.05 23.51 25.44 2.13 0.77 ---- 7504 
14 51-10798 10.11 60.09 27.96 11.95 2.24 0.29 ---- 8741 
15 85-12473 15.56 58.72 24.20 17.08 3.60 1.92 ---- 8248 
16 38-10687 11.02 56.72 23.56 19.72 3.48 1.67 ---- 7749 
17 61-11010 10.85 58.86 26.90 14.24 3.37 1.22 -...... 7916 
18 62-11012 10.81 60.67 27.51 11.82 3.41 0.98 7996 
19 72-11121 6.96 69.51 25.04 5.81 2.38 0.23 0.23 9571 

~ 

I 
20 42-10733 8.77 59.73 29.39 10.88 2.84 0.95 ---- 8914 
21 64-11014 13.53 67.52 27.05 10.43 3.23 0.47 ---- 8683 
22 43-10772 9.90 61.63 27.11 11.26 2.21 0.64 ---· 8122 
23 40-10709 7.87 74.79 21.35 3.86 2.52 0.28 ---- 8338 
24 41-10710 9.23 67.09 24.46 8.45 1.01 0.43 ............ 8626 
25 50-10797 10.01 61.97 29.05 8.98 2.66 0.31 8737 
26 70-11119 7.53 55.60 26.69 17.71 2.58 0.69 1.34 8168 
27 71-11120 7.67 56.93 20.93 22.14 2.55 4.57 2.16 7132 
28 81-11347 8.72 64.51 28.12 7.37 2.77 0.51 

To2 
8915 

29 80-11321 9.28 55.79 25.77 18.44 3.19 1.38 7781 
30 79-11320 10.23 55.72 24.49 19.79 2.97 1.10 0.84 7762 
31 84-12472 7.02 26.83 6.20 66.97 0.93 0.55 ---- . 2914 
32 55-10814 8.65 68.01 25.91 6.08 3.01 0.26 ,. ___ 9443 
33 52-10806 11.25 57.64 31.19 11.17 2.33 0.74 ---- 8564 
34 53-10805 8.41 57.58 27.64 14.78 1.62 0.25 ---- 8996 



35 56-10815 9.36 66.73 29.62 3.65 1.66 0.21 ---- 9736 
36 47-10777 10.40 56.33 26.16 17.51 2.46 0.86 ----- 8100 
37 46-11007 9.12 

I 
40.37 18.16 41.47 1.72 0.43 ---- 5121 

38 54-10813 8.98 56.52 25.65 17.63 2.21 0.40 _ .. __ 8402 
39 38--10687 11.02 56.72 23.56 19.72 3.48 1.67 .... _ ... 7749 
40 86-12474 16.28 57.20 24.46 18.34 2.66 0.57 7675 
41 74-11147 10.43 57.32 33.39 9.29 2.94 0.38 0.18 7794 
42 75--11148 8.82 53.75 33.64 12.61 2.79 0.37 0.19 8498 
43 76-11149 8.01 62.03 31.84 6.13 3.39 0.33 0.18 8842 
44 59-10832 11.35 56.86 31.87 11.28 2.72 0.89 ---- 8861 
45 58--10830 10.54 I 60.66 28.92 10.42 2.88 0.75 8703 

I 
----46 57-10829 8.91 59.32 26.38 14.30 2.34 0.98 ---- 8372 

47 45--10774 8.38 59.62 22.64 17.74 2.73 0.38 ---- 8147 
48 67-11116 7.00 61.83 27.20 10.96 2.97 0.81 8608 
49 68--11117 7.44 63.29 32.14 4.57 2.22 0.27 0.23 9569 
50 69-11118 7.60 57.73 26.08 16.19 2.59 0,42 1.38 8280 
51 77-11318 7.27 66.44 29.63 3.93 2.30 0.24 ---- 9148 
52 78--11319 6.99 54.46 25.02 20.52 2.41 0.89 ---- 7875 
53 3.3-13180 10.12 63.61 23.34 13.05 2.63 0.29 r-- ..... 8345 
54 34-13181 10.41 59.94 28.01 12.05 2.93 0.34 ---- 8532 
55 63-11046 9.09 62.21 30.20 7.59 2.03 0.21 ---- 9389 
56 92-13182 8.38 70.02 20.26 9.72 3.36 o.24 ---- 8914 
57 65--11047 12.01 64.43 16.56 19.01 2.43 0.54 ___ ..,. 8005 

I 
I 

58 35--10684 10.63 57.25 28.14 14.61 2.98 1.13 ---- 8378 
59 36-10685 10.35 57.04 29.41 13.55 2.84 1.43 ---- 8482 ~ 
60 37-10686 9.85 57.17 21.90 20.93 2.92 1.95 ---- 7682 
61 39-10688 8.84 51.85 25.12 23.03 2.16 2.18 ---- 7666 

0 

~ 

I .... 
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The analyses, as might be expected, vary widely, but there is a 
certain uniformity in regard to their chemical character. With the 
exception of samples 46, 84 and 88, in which the ash content is very high 
and hence cannot be considered representative of peat specimens, the 
analyses show the following range in chemical composition (table 27) : 

TABLE 27 

CHEMICAL ANALYSES OF .OHIO PEAT-RANGE OF CHEMICAL COMPOSITION 

Moisture in air-dried samples --------------------------
Volatile matter (moisture-free)-------------------------Fixed carbon __________________________________________ _ 
Ash ------------------------------~--------------------Nitrogen ______ -- - - - -- - ----- --- ____ - ----- ______ -- ------ -
Sulphur------------------------------------------------
Iron ---------------------------------------------------Thermal value: British thermal units ___________________ _ 

Minimum 

6.96 
50.29 
16.56 
3.65 
1.01 
0.21 
0.18 

7132.00 

Maximum 

16.28 
74.79 
33.64 
25.90 
3.60 
4.57 
2.16 

9736.00 

For comparison the extreme percentages considered in connection 
with data from the analyAes of Ohio coal, made from the State Geo-
logical Survey by Lord and Somermeier, 1 are shown in the following 
table 28. 

TABLE 28 

CHEMICAL ANALYSES OF Omo coAL 

Moisture at 105° C. -------------------------------------Volatile matter _______________________________________ _ 
Fixed carbon __________________________________________ _ 
Ash ---------------------------------------------------
Nitrogen ______ - - - - - - - - - - - -- - - - - - - - - - -- - - - - -- -- - - - - -- - - -
Sulphur------------------------------------------------Thermal value: British thermal units ___________________ _ 

Minimum 

2.46 
31.25 
40.95 
4.21 
0.86 
0.51 

10740.00 

Maximum 

10.93 
43.56 
55.64 
17.41 
1.44 
6.14 

14000.00 

The important advances in the use of gas, improvements in gene-
rators and gas producers, and investigation of the properties of g~ses 
derived from many kinds of fuel have demonstrated that gas can be 
profitably made from pea.t. This advance has gone on so rapidly that 

. only mechanical engineers especially interested in power development 
1Coal. Bull. Geol. Survey of Ohio, No. 9, 1908, pp. 290-301. See also p. 277. 
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realize the rate at which the change is taking place. Peat gas can be 
used for fuel and, after purification and enrichment, for lighting. Doubt-
less, also, it would without enrichment provide ample light if burned 
in incandescent types of burners. 

The composition of peat ga.s il'I reported to vary considerably, 
being dependent upon the temperature of distillation, the character 
of the peat, the quantity of water in the peat, and the method of dis-
tilling. · 

Ryan' gives the following tables as indicating the average compo-
sition of peat gas: 

Per eent. 
Methane (CH,) ··----- ------------ ______ ---------------- 30 
Carbon dioxide (C02) _____ _ --------------------- 30 Hydrogen (H

2
) __ ___ _ ____ _ __ __ __ __ _ __ ___ _ __ __ __ ____ __ __ __ _______ 19 

Carbon monoxide (CO) __ _____ _ __ __ _______ _ _ __ _ __ __ _ _ _ ___ __ __ _ _ __ 14 
Heavy Hydrocarbons____________________________________________ 7 
Nitrogen (N

2
) __ __ _ _ _ __ _ _ __ _ ___________________________ Trace. 

The gas aftu it has been purified by the removal of the carbon 
dioxide shows the following composition: 

Per cent. 
Methane (CH,) __ _ __ _ __ __ __ _ ___ __ __ _ ___ ___ ___ __ _ __ _ _ ___ ___ 42.5 
Hydrogen (H.) __ _ _ __ ___ __ _ ____ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ ____ __ __ _ __ __ 27.5 
Carbon monoxide (CO)--· _____ -------------- 20.0 Heavy hydrocarbons .. ______ _ _ _ _ ___ ___ _ _ _ _ _____ __ _ _ __ ____ _ _ _____ 9.5 
Carbon dioxide (C0

2
) _ __ _ _ _ _ __ _ ___ _ _ _ ___ _____ _ _ _ ___ _ _ __ _ _ _ ___ __ .2 

Nitrogen (N,) _ _ _ _ ___ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ __ __ __ _ _ .3 

According to official reports cited by Nystrom' the uncondensed 
gases before purification were found to have the following composition: 

ANALYSIS OF UNCONDENSED GASES }'ROM RETORTS AT THE PEAT-COKING 

PLANT AT 0LDENBUBG1 GERMANY 

Carbon dioxide (CO,) __________ _ 
Oxygen (0) __ _ _ _ __ __ _ _ _ _ _ __ _ _ ________________ _ 
Nitrogen (N) --------------------- _______ __ 
Carbon monoxide (CO) _______ -------------------
Methane (CH,) ---------------- _______ _ 
Other hydrocarbons (CnHm) __________ -.- _ 
Hydrogen (H) _ _ _ _ _______________________ _ 

Weight 

Per cent. 
48.8 
2.8 

25.5 
9.7 
9.6 
1.7 
1.9 

Volume 

Per cent. 
27.4 

2.2 
22.5 
8.6 

14.8 
1.0 

23.6 

*This gas had a calorific value of 322 British thermal units per cubic foot. 

1Ryan, Hugh, Reports upon the Irish peat industries, Pt. II: Econ. Proc. Roy. 
Soc. Dublin, Vol. I, pt. 13, pp. 520-521. 

•Nystrom, E., Peat and lignite; their manufacture and uses in Europe. Can. 
Dept. Mines, Mines Branch, 1907, p. 180. . · 

25-G. B. 16. 
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Davis1 s.tates that a report, from the Ziegkr peat-coking plant at 
Beu er berg, gives the composition of the gases obtained there as follows: 

.ANALYSIS OF UNCONDENSED GASES FROM RETORTS AT THE PLANT AT 
BEUERBERG, GERMANY 

G&B 

Carbon dioxide (C02) ---- ------- - - ---- - ---------- ----- --- ---------- -Oxygen (0) _______________________________________________________ _ 
Carbon monoxide (CO) ---------- ------ _ -- --- _ --------- --- --- ______ _ 
Methane and other hydrocarbon gases (CH, and CnHm) --------------
Hydrogen (H) ------------------------------------------------------Nitrogen (N) --------- __________ ----------- _________ ------- ________ _ 

Volume 

Per cent. 
15.5 
1.1 

20.4 
12.4 
28.6 
21.9 

In view of these facts, the possibility of using peat for the manu-
facture of gas becomes an important topic for investigation in regionEi 
where peat ie abundant. 

Analyses of Bog Water.-The water from peat soils is relativdy 
clear; in several places in the State it is use.d occasionally for drinking 
purposes. The suspended particles impart to it a tinge of color from 
olive-green to brown. The brown color of the bog water in deposits 
of northwestern and. northeastern portions of the State may be due 
in part to dissolved matter and in part to the presence of free acids 
forming insoluble or difficultly soluble compounds in calcareous water. 
But there is no apparent relation between color and acidity. The high-
est percentages of aciqity are found beneath tamarack trees. In areas 
occupied by deciduous trees acidity decreases and is notabk on1y in the 
case of cool soil temperatures. On exposure to air acidity decreases 
slowly and the color of the solution darkens perceptibly. Thi8 is prob-
ably due to increased and more rapid oxidation and would indicate 
that color is produced largely by alkaline reactions. 

The waters. of the rivers and the ground water of Ohio lakes and 
ponds derive their mineral constituents from the underlying drift and 
native rocks. The several analyses• show that in calcium and mag-
nesium content they are fairly uniform and contain sufficient mineral 
salts for plant growth. The carbonates of calcium and magnesium are t.he 
leading bases, but potassium and sodium· occur sometimes in small 
quantities. Iron is unfailingly present. Water from greater depths 
and from flowing wells holds sulphates, and nearly all the water of the 
Ohio shale system, and especially that in the limestone region, is charac-
terized by the presence of sulphides, particularly hydrogen sulphide. 

1Davia, Ch. A., The uses of peat. U. S. Bureau of Mines, Bull. 16, 1911, p. 135. 
2Rivers and deep-ground waters or Ohio. Report of Ohio State Boe.rd or Health, 

1897-1898, pp. 47-120, and 179-259; also 1906, pp. 425-437. · 
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Through the considerate interest of Professor C. W. Foulk, analyses 
of samples of bog water and lake water have been made. The data 
a.re given in tables 29 and 30. The samples were obtained in the latter 
part of May, 1910, and early in April, 1912, respectively. In table 30 
the nitrogen content was determined by the Kjeldahl method of analyses. 

TABLE 29 
CHEMICAL AN.\J,YSES OF BOG WATER AND LAKE WATER FROM CRANBERRY 

ISLAND, BUCKEYE LAKE 

Bog water from Bog water from 
Constituents in parts per milllon cranberry-sphag- alder-shrub Lake water 

num association association 

Nitrogen as albuminoid ammonia ___ 10.34 11.48 4.50 
Nitogen as free ammonia----------- 15.19 8.24 2.95 
Nitrogen as nitrites---------------- 0.0005 0.0003 0.00000 
Nitrof;en as nitrates --------------- 0.20 0.20 0.1000 Chlorme ___________________________ 0.30 1.00 1.00 
Required oxygen ------------------ 71.80 70.30 3.70 Alkalinity (as CaC0

3
) ______________ 30.00 40.00 75.00 Incrustants (as CaC0
3

) _____________ 74.00 72.00 76.00 
Total solids. ___________ ------------ 140.00 160.00 200.00 
Loss on ignition 

----~----·---M-----
100.00 20.00 4.00 

TABLE 30 
CHEMICAL ANALYSES OF BOG WATER AND LAKE WATER FROM CRANBERRY 

ISLAND, BUCKEYE LAKE 

Bog water from Bog water from 
Constituents in parts per million cranberry-sphag- alder-shrub Lake water 

num association association 

--
Nitrogen as organic ammonia ------ 3.35 4.75 0.172 
Nitrogen as free ammonia---------- 0.06 0.32 0.08 
Nitrogen as nitrites ________________ 0.004 0.004 0.012 
Nitrof;en as nitrates --------------- 0.168 0.115 0.385 Chlorine ________ ------ _____________ 1.00 1.50 3.00 
Required oxygen ------------------ 62.00 89.50 3.00 
Alkalinity (as CaC<a>-------------- 16.40 11.30 70.10 
lncl'llllta.nts (as CaC 

3
) _____________ 120.00 138.00 62.00 Total solids ________________________ 309.00 423.00 196.00 

Loss on ignition ------------------- 201.00 221.00 49.00 

The marked difference between the total mineral content of bog 
water and that of the adjoining lake is notable. This indicates clearly 
that the ground water is similar in character and of special importance 
in the early stages of the formation of peat deposits, but that with further 
accumulation of plant debris its relation to /the vegetation is of less 
moment. The analysis shows how little of the salts is derived from the 
mineral subsoil. The diffusion · property of peat and its retention of 
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salts by absorption, as is well known, is greater than that of other soils, 
and is still further increased by the presence of calcium salts. 

Tables 29 and 30 also show conclusively that only a small amount 
of nitrogenous substances can be extracted from peat by means of water, 
and that the solubility of a coarsely fibrous peat is less than that at a 
more advanced stage of decomposition. The relatively low amount 
of free ammonia and the larger quantity of oxygen consumed indicate 
that the organic matter is in early transition stages of decomposition. 
This condition clearly points to the fact that the disintegration pro-
ducts arise mainly through the action of microorganisms. It is interest-
ing to note the small quantity of nitrites and nitrates, which ranges 
from a few thousandths to a few hundreths parts per million and yet 
is ample to support plant growth. Practically all of the nitrogenous 
matter is, therefore, of organic nature. 

The osmotic pressure of these solutions is the same as that of Ohio 
lakes and of pea.t deposits of other states,' the average lowering of the 
freezing point varying between 0.005 ° and 0.010° when compared with 
that of distilled water. The acidity of the solutions varies from less than 
0.00075 to 0.004 normal acid when titrated with an 0.05 normal NaOH 
solution and phenolphthalein. Peat soil is alkaline at depths near 
the marly subsoil. The reactions of free humus acids noted in peat can 
he attributed to the colloidal adsorption of plant tissue, retaining, as 
Baumann and Gully' have lately shown, a greator proportion of the 
basic ions of any dissolved salt than of the acid. The basic mineral con-
stituents of peat ash are almost the same as those retained by the 
adsorbent power of the colloids of sphagnum cells. 

The suggestion has been made that acidity may be correlated with 
low soil temperature. Experiments conducted by various writers 
and experiment stations, notably that of Rhode Island, seem to show 
that certain species such as cranberry, blueberry, blackberry, bean 
and others, favor acid soil conditions while for other plants acidity is 
not advantageous for growth and hence becomes a factor in the selection 
of species. Apparently a combination of biochemical and physical 
conditions brings acidity into existence in the soil as a temporary transi-
tion stage. Very little is known about the matter (p. 386). 

The Reducing Action of Peat Soils.-It is a well known fact that 
fresh samples of peat upon exposure to the air absorb oxygen with great 
rapidity. Soil-sampling tests show that this power is strong in the cran-
berry-sphagnum peat, reaching a maximum in areas where the peat 
substratum is compact and less coarsely fibrous, and decreasing toward 
the border zone along the margin of the lake. Judged by the quickntss 
with which the material darkens and the intensity of the color, the 
reducing action increases, for example, on Cranberry Island from any 

•Livingston, B. E., The Physiological properties of Bog Water. Bot. Gazette, 
Vol. XXXIX, 1905, pp. 348-355. 

•Bauman, A., und Gully, E., Ueber die freien Humuasii.uren des Hochmoores. 
Mitt. k. B~yr, Moorkulturnnst, 1910, pp. 31-156. 
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marginal point to the central zone, and decreases as the opposite shore 
is approached. Reducing action becomes greater with the depth of 
the deposit. 

The reducing power of peat is shown clearly by the addition of a 
starch-iodide solution. The observable action is variable, as already 
mentioned; the blue color disappears rapidly in soils from the cranberry-
sphagnum area; the solution is greatly lightened with soils nearer the 
margin of the lake; no action is detected with those along tho margin. 
Various dyes, such as litmus, methylene blue and others, decolorize 
similarly. The ab~ence of sulphur in the analysis of several samples 
of peat is pos."ibly due to its complete conversion to hydrogen sulphide. 
This gas is a product of reduction and has been detected by means 
of lead acetate paper. 

Especially interes~ing in this connection is the presence of pyrite 
in peat beds. A number of deposits were examined in which ferric 
sulphide as pyrite was found to occur disseminated, and frequently 
in small isolated areas, within the peat bed. Several samples contained 
a fairly large amount of pyrite; chemical ::i,nalysis revealed tho 
presence of sulphur (pp. 58, 98, 142, 366), in one example to the amount 
of 4.57 per cent. Sulphates are especially characteristic in the water 
of the great Ohio shales, and iron is unfailingly present, often in notable 
quantity. Under the mass of more actively disintegrating veget.ation 
the sulphates are robbed of the oxygen and, thus undergoing reducing 
action, form pyrite. 

Tests such as these fail to show whether the reducing power in peat 
soils is produced by · microorganisms, i~ due to enzymes, or is caused by 
external chemical or bacterial metabolic products. Nothing absolutely 
certain is known regarding the composition and the nature of these re-
ducing substances in peat. To some extent they seem to be of bacterial 
origin (p. 349), but they have not at present been fully studied. Apart 
from their destruction by aeration, tillage and heat, and their adsorption 
by iru:oluble substances such as quartz, kaolin, carborundum, lampblack, 
and other>: (tablts 10 to 16), uncertainty exists as to whether the reducing 
substances in bogs are colloidal compounds comparable in properties to 
unsaturated fatty acids, to substances which possess the characteristics 
of certain organic reducing ferments, or to residual by-products of an 
incomplete disintegration of peat. They unquestionably reduce oxygen-
conliaining compounds in contact with them; their action is moat marked 
where microorganisms play a part in decomposing organic matter;. 
and the amountt it seems, reaches a maximum in €arly autumn. It 
should be stated further that toxicity and the reducing action of peat 
soil and that of the decomposing organic matter 1 which retard oxida-
tion in the soil1 are not necessarily the same phenomena. An increase 
in the amount of oxygen does not always decrease toxicity or the re-
ducing power of the soil; and hence the amount of oxygen absorbed 
cannot be taken as the measure of the total action of these conditions. 

Reduction processes are predominant in the early stages of peat 
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formation, but are less manifest as the concomitant plant associations 
are succeeded by others, and especially when deciduom1 forests prevail. 
The same factors which decrease the toxicity of the habitat and the 
accompanying reducing processes, favor an increase in the rate of 
oxidation and thus influence the character and nature of the succession. 
The greater oxidation, therefore, in the known productive peat soils, 
would seem to bt: due to the activity of a different set of microorganism", 
which by enzymic action or otherwise hasten the formation of com-
pounds of an assimilable nature (table 22). The excessive oxygen 
avidity of peat soils in the early formation stages must undoubtedly be 
injurious to plants, unless the plants, indigenous or invaders, are likewise 
able to exhibit oxidizing or reducing powers. The reducing proceeses 
in a soil vE:ry likely activate oxidative powers in plants. The various 
reactions of fungi, micorhiza, alder tuberclee, bacteria, and the roots 
of higher plants growing in peat and humus soils should on that account 
be made the subject of considerably greater and more detailed study 
(p. 353). The confliderntion of the relation between plant societies, 
relative physiological aridity, and microorganismP, with their reduction 
and oxidation processes in the soil, has scarcely passed beyond the theo-
retic field of speculation, and yet it is this very relation which makes 
the problem especially interesting. There is need here of experimental 
work of considerable scope. 

The Ash of Peat, Its General Effects and Relation to Fuel Value.-
For technical purposes the ash content in peat analyses is one of the most 
important factors to be considered. In the majority of cases low ther-
mal value is traceable in a nearly direct proportion to high ash content. 
H is only in regions where a peat deposit can be used for local purposes 
and the material does not need to be brought from great distances, 
that quantity is of more importance than quality and precautions re-
garding ash and degree of decomposition may be waived.. The heating 
value does not always diminish as the ash content increases, since 
often the lack of correlation is due to the escap£ of volatile matter in 
deteriorating, weathered or poorly decomposed peat. Various tests 
made in several countries show that, other things being equal, the de-

COMPARATIVE CALORIFIC VALUE OF PEAT WITH VARIOUS AMOUNTS OF ASH 
AND WATER 

Calorific -Calorific 
Ash. Water. value Ash. Water. value 

per pound. per pound. 

Per cent. Per cent. B. t. u. Per cent. Per cent. B. t. u. 
Free. Free. 10726 10 Free. 9653 

4 Free. 10297 20 l<'ree. 8581 
4 11 9117 10 15 8045 
4 15 8688 10 20 7508 
4 25 7615 20 15 6973 
4 30 7079 20 20 6436 
4 50. 4934 
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crease in thermal value is approximately at the rate of 80 to 90 British 
thermal units for every one per cent. increase in ash content. The mois-
ture content of peat also causes a difference in the therma.l value, as 
shown by the above table, p. 374, cited from Davi~. 1 

On the other hand, remarkably high thermal values are of ten 
due to the unusually well decompoS€d condition of the material com-
bined, of course, with a relatively low percentage of ash. In general, 
in the low grade peat the ash content ranges between 15 to 25 per cent. 
while in the high grade it varies from 3 to 5 per cent. 

In Ohio peat there is a fairly close and definite relation between 
the heating value and the variations in ash content. Thus, if the anal· 
yses are arranged ip. order of their thermal value, or in order of .each 
of the elements of the analyses reported, a table of comparative values 
of peat samples . would show clearly a relationship between thermal 
value and other factors. In a general way only is there a relationship 
demonstrable; for other components, such as chemical composition of 
ash, the type of plants from which the peat has been derived, exposure 
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Fig. 27.-Diagram showing relation between thermal value and volatile 
matter in Ohio Peat. 

to air or heat, and the degree of disintegration, are undoubtedly the 
factors necessary in the explanation of irregularities. From the study 
of the origin and formation of peat deposits it is evident that peat, lack-
ing as it does in homogeneity of structure and composition, will invari-
ably give analyses of thermal units varying within unrelated limits. 
Because of this fact it will usually be of advantage to sample and test all 
deposits individually, before commercial exploitation is attempted. 

In figures 27, 28 and 29 the relations between fuel value of Ohio 
peat and the more important factors influencing it are shown graphically. 
Upon the horizontal line or ordinate of each diagram the position of 
every analyzed sample in table 26 is given with reference to a series 
of increasing thermal values. The vertical line or abscissa shows the 
respective modifying factors arranged in an order of increasing magni-

1Davis, Charles A .• The uses or peat. U.S. Bureau of Mines, Bull 16, 1911, p. 59. 
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tude. A line is drawn connecting in each case the poorest with the best· 
sample of peat. The figures show at a glance the relations which hold 
true for absolutely dry peat. Moisture also causes a difference in thermal 
value, lowering it nearly in proportion to the amount of water present, 
but effect and limits of variation are probably the same as appear on 
the diagrams. 

The diagram in Fig. 27 shows that an increase in the percentage of 
volatile matter means a higher thermal value. In only one instance 
is this relationship at variance. The sample (No. 40) has the maximum 
of 74.79 per cent. volatile matter and the calorimetric determination 
gives only 8,338 British thermal units. The percentage of fixed carbon 
and the ash content are low also, being 21.35 per cent'. and 3.86 per cent. 
respectively. The cause of this lack of correspondence may be looked for 
in a possible deterioration of the material but is due probably to the .. 
quality and character of the peat. The calorific value of a sample is 
proportional to the amount of hydrocarbons and carbon present in the 
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Fig 28.-Diagram showing relation between thermal value and fixed carbon 

in Ohio peat. . 

organic material. Fixed carbon does not represent all the carbon 
but merely the combustible matter that is left when peat is coked. 
It is not a definite ingredient, but the result obtained from a special 
mode of treating peat. 

The diagram in Fig. 28 brings out the fact that an increase in fixed 
carbon is usually accompanied by an increase in thermal value. This 
simply means that plant debris composed of cellulose and soft tissues 
contains more hydrocarbons than woody matter, and that well carbon-
ized peat has a higher fuel value than the poorly decomposed or weathered 
product. An imperfect parallelism is, therefore, traceable between the 
distribution of circles in the diagram of Fig. 28 and that of the crosses 
in the diagram of Fig. 27. Two exceptions are noticeable. The sample 
(Nos. 65 and 90) along the line of ordinates, having the value of 15 and 
20 per cent. respectively> show a remarkably high fu(}l value as compared 
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with the quantity of fixed carbon present. These two cases may also 
be due to the better quality of the peat in texture and composition, 
for the percentage of ash is relatively high, varying between 10 and 20 
per cent. 

In a similar mann.er Figure 29 shows that the quantity of ash 
determines within certain limits the fuel value of peat. The relation 
is here inverse and reciprocal; that is, the increase in thermal value 
is nearly in direct proportion to the decrease in the amount of mineral 
matter present. It should be added here that ash does not stand for 
the amount of mineral matter as it exists in the peat. Considerable 
loss in weight of ash is involved in oxidation and in other sources ac-
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Fig. 29.-Diagram showing fuel value in relation to percentage of ash in Ohio peat . 

. companying combustion. The figure indicates, at a glance, the well 
known fact that to raise and maintain the temperature of ash to that of 
the surrounding combustible matter requires a large amount of heat 
which is necessarily wasted in the operation. 

A few exceptions-in this case the three examples mentioned above-
show a greater number of British thermal units than is apparent from 
considerations of the theoretical heating value. These variations 
obtained in the calorimetric determination are undoubtedly due to differ-
ences in degree of decomposition as well as the quality of the peat. 
In general, disintegrating plant tissue of a coars<;, fibrous or woody 
texture is less valuable for fuel purposes than the finer-grained and dark-
colored type. The relatively large amount of oxygen in hydrocarbons, 
present in the better grade material itself, supports combustion even 
under conditions of poor air supply. Peat usually requires less draft 
than other fuels. 

Chemical Composition of Peat Ash.-The ash was not analyzed 
by the Pittsburgh laboratory of the Bureau of Mines, but partial analyses 
were made by Prof. J. W. Ames of the Ohio Agricultural Experiment 

26--0. B. 16. 
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Station. They have been very generously placed at the writer's dis-
posal, in advance of publication elsewhere, and are given here in table 
31. The samples with the laboratory number 5302 to 5306 are from the 
peat land owned by the Peterson & Wright Company, of Akron, Ohio; 
the samples with the laboratory number 14460· to 14465 are from the 
tract of the Horr-Warner Company at Lodi; number 14162 is from an 
area near McGuffey. A description of the deposits and the character 
and depth of the peat has been given in Chaptu III. The notes which 
accompany the samples read as follows: 

Lab. No. Character of peat and I crop 
5302. Sample of poor peat. Produces fine red beets. Carrots grow well, 

but have pale watery centers, and are tasteless. Beets keep 
finely, but carrots will not keep at all. Farmed four years. 

5303. Poor quality of peat. Full of fine, shiny particles, supposed to be 
injurious. Farmed four years. 

5304. Poor peat soil. Plat 1 of test; never received lime or fertilizer. 
5305. Peat first year broken; absolutely new; plowed 6-inches deep; 

celery good. · 
5306. Good peat soil. Has received lime and a mixture of wood and coal 

ashes." Farmed four years; three years successively in onions; 
west of ditch. 

14162. Sample of peat soil from an onion field, collected by W. J. Mathews, 
McGuffey, Ohio, June 3, 1907. · 

14460. Peat soil from onion fields at Garden Isle of the Horr-Warner Co., 
Wellington, Ohio. Poor crop of onions. Ditch filled in for 2 
years; 6-acre field. 

14461. From good peat land in 6-acre field; under cultivation 16 years. 
14462. Peat soil from poor crop in roadway field. 
14463. Peat soil from roadway; fine onions. 
14464. In east field; poor onions. 
14465. Same field as 14464; good onions. 

TABLE 31 

ANALYSES OF PEAT SOILS, CHEMICAL DEPARTMENT, OHIO AG.RICULTURAJ, 
EXPERIMENT STATION-TOTAL AMOUNTS FOUND 

Lab. Locality Ash Mn s10, so. 
Al20a MgO Na.o P20• K,O N no. and Cao 
Fe20a 

--------------------
5302 Akron ------- 9.66 .0056 3.21 1.20 2.04 2.390 .311 ---- - .299 .1594 3.42 
5303 " 14.58 .0099 6.18 •.97 2.91 2.870 .331 ----- .345 .3117 3.24 
5304 II. f9.84 .0220 4.05 fl.03 2.19 3.580 .361 .342 .1531 3.38 ___ .... ____ --- --
5305 " 14.38 .0332 f 5.26 1.03 2.44 3.650 .297 ----- .469 .2956 3.10 
5306 " 11.65 .0515 4.01 .88 2.65 2.800 .345 .337 .1860 3.18 -------- -----

14460 Lodi -------- ----- -- -- - ----- ---- - 5.15 4.529 .570 2.366 .506 .4753 -----
14461 " 4.24 2.570 .420 3.373 .342 .3239 -------- --· .. - ----- ----- - -- - - -- ... --
14462 .. 5.62 4.060 .650 2.040 .374 .3569 _ .. _____ .., ----- ----- ----- -----

_ .. ___ 
14463 " 11.15 2.210 .660 1.944 .256 .9835 -----
14464 " 4.08 3.050 .630 1.066 .373 .3376 -------- ----- --- _ .. - ---- ----- -----
14465 " 4.18 2.340 .420 2.018 .429 .3445 -------- -----1- - ----- ----- -----
14162 McGuffey ____ ----- .... - ... ,.. 

__ .... __ ----- ----- 3.585 ---- - ----- .370 .4720 2.48 
-
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These analyses of the ash constituents of peat indicate that the min-
eral salts are largely of external origin. They are the sediments brought 
in by stream or carried down by erosion and wind. The material is 
found mostly as silica in the form of sand and silt, as alumina and silica 
in the form of clay, and as calcium carbonate in the form of marl. The 
distribution of ash in peat beds is of considerable practical moment. 
The samples, which have not been selected by the writer, often include 
portions of the lower silty layers. Hence a much lower figure than 
indicated could he obtained in the analyses. In oDly a few cases is the 
silty material distributed throughout the whole bed, and . practically 
uniform in various parts of the deposit. 

The ash .of many plants containe silica, showing that some com-
pound of silicon is removed and assimilated by the plants. It does 
not serve, however, as a food material, but as a mechanical constituent 
to give firmness to the slender stalks of grasses and sedges. It is said 
that humic acids decompose silicates and hold them in solution, form-
ing a series of silico-azo-humic acids by a reaction between organic 
nitrogen compounds and the silica. The various relationships which 
enter into the problerµ have not been clearly traced. Only a general 
tendency has been demonstrated. The proportion of silica has been 
found to be high at times when the disintegrating organic matter is 
high also. Silica as well as iron is often precipitated by the oxidation 
of humus acid::::. 

Calcium is an essential constituent in the ash of peat deposits 
overlying the western portion of Ohio. It is found in almost all oi.rt:a.ms 
and natural water basins. J,imestone is the carbonate and gypsum 
the sulphate of calcium. Living organisms, hut especially several aqua-
tic plants such as Chara and a few blue-green algae, and among animals 
the crustaceans and mollusks, withdraw calcium carbonate from solu-
tions in water. With the death of the organisms the material becomes 
permanently deposited in the form of marl upon the floor of peat depos-
iting lakes and ponds. Marl does not redissolve readily, but calcium 
phosphate is dissolved perceptibly in water rich in organic matter. 

The interpretation· of sulphur in peat hogs is not easy for several 
reasons. Bacterial organisms and low algae in the presence of organic 
matter reduce sulphates with elimination of hydrogen sulphide and tho 
formation of carbonates. Hydrogen sulphide fermentation is especially 
conspicuous in small water pockets and in the bottom water of bogs. 
While in one hog the evidence of sulphur reduction may be clear, as at 
Buckeye Lake for example, in other peat deposits, as in those of Medina, 
Huron and Hardin counties, a process of oxidation of pyrite and con-
version to sulphates may he operative without a reduction of these sul-
phides. In still another deposit the considerable quantity of sulphur 
may be found associated with the fact that the deposit is resting on 
gypsum strata or is fed with water containing hydrogen sulphide in 
solution. 
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Iron, manganese and other metals are not infrequently found in 
the ash of peat. Of these the iron compounds, such as carbonate, 
sulphate, sulphide or oxide, are the more abundant. Ferrous carbo-
nate, when oxidized by the atmosphere, forms the film of ferric hy-
droxide which is noticeable on the standing water of several local bogs. 
In many cases iron bacteria absorb ferrous carbonate in solution and 
redeposit the iron as ferric hydroxide. Ferrous sulphate is chiefly 
derived from springs, and acid solutions of it are formed by the oxi-
dation of pyrite. Iron may be precipitated from solution by calcium 
carbonate, .but more commonly by contact with organic matter. 
It may be separated out by any of the several reactions indicated, but 
whether its precipitation takes place by oxidation, by organic matter 
or by calcium carbonate, the various compounds of it are the material 
from which bog-iron is formed. Bog-iron usually occurs along the 
margin, more rarely under or in the center of bogs and marshes. 

Peat as a Fertilizer.-The question of soil fertility and its causes 
is a very old one and has occupied the attention of every one connected 
with agriculture. The problem, it seems, has no simple solution. The 
practices of agriculture, when interpreted in the light of modern sci-
ence, show that the oldest, the most densely populated and most inten-
sively cultivated lands are more productive today, unit for unit, than 
the newer soils, such as those of the United States. No single factor 
can be cited as the cause determining or limiting yield of crops• or the 
growth of plants (p. 307). The soil is not a mixture of particles only; 
it contains gases, solutions, enzymes, disintegrating organic matter, and 
especially, living organisms, such as bacteria, fungi and various forms 
of animal life, which continually modify the physical and chemical 
changes going on in the soil. These forms of life also affect the sanitary 
condition of the soil as well as the pl3;Jlts growing upon it, and thus 
influence productivity. The soil is a living world in itself; hence all 
that science can do is to determine the efficient natural process for main-
tenance of soil productivity,' and to disentangle the various factors 
which favor or limit _the growth of crops. 

Recently, students of ecology and of soils have taken the position 
that the chief relation between plants and their habitat and, . there-
fore, crop production, probably lies in the supply of water to the plants, 
for the most part climatic conditions such as precipitation and tempera-
ture prevailing at the time of the period of maximum growth of plants. 
Since soils differ from one another far more in the amount of water 
required by growing plants than in the amount of essential mineral 
salts, the yield of crops is more often limited by the available water 
content than any other single facfor. 1\.gricultural agitation, however, 
has been for many years very strongly toward chemical analysis as the 

1Hall, A. D., The Fertility of the Soil. Science, Vol. XXXII, 1910, pp. 363-371. 
.Chamberlin, T. C., Soil productivity. Science, Vol. XXXIII, 1911, pp. 225-227. 
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decisive mode of attack and guidance in questions of soil fertility. It 
is thought that the soil's power of producing crops under cultivation 
is determined by its content of those materials which are takm from it 
by the plants, and that to restore the productivity of the soil, it is nec-
essary only to restore the ingredients essential to plants. The commer-
cial fertilizers applied are usually valued on the basis of their content 
in available or soluble nitrogen, potash and phosphoric acid compounds. 
Alarming forecasts have appeared from time to time• as to the avail-
able supply of "plant food in the soil,'' notwithstanding the fact that 
these constituents are not the food of plants, that the action of ferti-
lizers is on the soil• as well as on the plant, and that any normal soil 
will contain quantities of these materials for a long time to come. It 
is well known that the food which plants use is the energy locked up 
in the organic compounds of seeds and fruits. The so-called indis-
pensable elements of the ash-potassium, iron, calcium, magnesium 
and others-serve, in part, as raw materials for protein synthesis, but 
their main mode of action, in all probability, consists in combining with 
and removing the inevitable decomposition products of protoplasm and 
of some of the unstable proteins and carbohydrates associated with 
nutritive processes. The presence or absence of particular compounds 
in the cells interferes with the usual functions and exerts a profound 
influence upon the general course of development of the plant, dwarf-
ing and otherwise injuring tissues. The amount of mineral salts or 
ash in bog plants constitutes less than one per cent.-in most land plants 
not more than two per cent. of the total weight of the water-free organic 
substance-and in regions where the soil water contains little mineral 
matter in solution, plants grow equally as well and contain a propor-
tionately smaller percentage of ash than those of the same species where 
the water has more soluble mineral salts. Yet literature and text books 
in agriculture contain numerous references to the role of mineral salts 
as the "food" of plants, rather than as raw materials for protein syn-
thesis and functional correlation. For example, year after year gen-
erations of bog plants have succeeded one another in one water basin 
since the last ice-age at an ever increasing distance from the mineral 
subsoil. If the growth of plants depends upon the amount of mineral 
salts they can get from the soil, why is it that growth and reproduction 
of bog plants are not decreastd or limited? 

To show the quantities of the fertilizer elements in peat which 
are absolutely eseential for protoplasmic activity, for growth, and for 
the ripening of fruit and seeds in this continuous succession of plant~, a 
number of peat samples were submitted to the late Prof. N. W. Lord 

'Hopkins, C. G., Soil fertility and permanent agriculture, 1911; also Plant food 
in relation to soil fertility. Ills. Ag. Exp. Sta., Cirnular 155, 1912. 

'Cameron, F. K., The soil solution. 1911. 
Schreiner, 0., and Skinner, J. J., The toxic action of organic compounds as mod-

ified by fertilizer salts. Bot. Gaz., Vol. LIV, 1912, pp. 31-48. 



for an analysis with a view of determining the fertilizer value of peat 
soils. The determinations of the ash constituents (table 32) were 
made in the same way as in fertilizer analyses. They may be regarded 
as exact within about 0.05 per cent. This is equivalent to reporting the 
potash and phosphoric acid as present in traces only and leaves the 
actu~l quantitative figure without much significance. 

A few analyses of Ohio peat (numbers 14 to 21) are given by Bonser' 
which may be cited profitably in this connection. Attention is called 
also to the data on phosphoric acid and potash in table 31. The re-
sults are as follows: 

TABLE 32 

FERTILIZER VALUE OF OHIO PEAT 

Phosphoric acid 
Nitro-

Sample gen 
Locallt;y equlva- Potash no. lent to Insol- Avail-

ammo- Total uble able 
nla 

~ 

1. Lodi -------------- 70 2.20 0.19 0.13 0.06 0.640 
2. Lodi, diaeaaed ----- 71 2.38 0.37 0.15 0.22 0.640 
3. Edgerton----·----- 82 2.75 0.13 0.13 --- 0.314 
4. " 83 1.51 0.29 0.15 0.14 0.150 -----------5. Orrville ----------- 68 2.52 0.06 0.06 --- 0.278 
6. " 67 2.58 0.34 0.07 0.27 0.310 -----------7. " 69 2.90 0.43 0.06 0.37 0.198 ________ .., __ 
8. Cranberry Prairie - 81 2.70 0.15 0.06 0.09 0.202 
9. Buckeye Lake - 41 0.80 0.03 --- 0.03 0.120 

10. " " 40 2.55 0.03 0.03 0.120 _________ .. ---
11. Fox Lake 77 2.41 0.28 --- -- - 0.150 
12. Bradley Po~<l-===== 51 2.24 0.19 --- --- 0.270 
13. Mantua Bog • .: _____ 47 2.46 0.42 --- - -- 0.190 
14. Hog Creek Marsh _ -- 1.26 0.10 --- --- 0.100 
15. " " " 1.49 0.38 Trace -- -- --- - --
16. Scioto Marsh------ 61 (?) 1.09 0.09 --- --- 0.100 
17. " " 0.95 0.13 Trace - -- ---
18. " " 0.90 0.09 0.100 -- --- -- -19. " " 1.40 0.07 Trace ·---- -- ---
20. " " 1.44 0.10 0.150 

Big Sdring Pr~~== -- --- ---
21. 37 (?) 0.99 Trace --- -- - Trace 
22. Mixe farm manure. -- 0.50 0.26 --- --- 0.630 

These analyses show very clearly that the quantity of potash and 
phosphoric acid in peat is very small and that the value of peat and 
humus as a fertilizer for "exhausted" land does not depend so much 
on the chemical composition as on the physical effect upon land soils. 
ThPre is no objection to the use of the material as a filler in fertilizers, 
for besides being cheap and abundant, it provides the organic matter 

•Bonser, T. A., Ecological study of Big Spring Prairie. Ohio State Acad. of 
Sci., Vol. III, 1903, pp. 1-96. 
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in which all chemical fertilizers are most deficient and f'€rves as a more 
valuable diluent than inert sand or plaster. No attempt, it is needless 
to add, should be made to charge for peat the same price that is paid 
f~r complete fertilizers. 

In order to utilize large deposits profitably and with benefit to 
agricultural interests, peat should not be dried in a kiln and granulated 
before being placed on the market. Chemical as well as bacteriological 
and physiological experiments distinguish with accuracy the varying 
degrees of quality and usefulness of the material. The methods have 
shown that the organic compounds, especially the nitrogenous ones, 
of air-dried peat are more available to plants than those of the material 
treated in kilns at. a high temperature. Moreover, air-dried organic 
matter has the greater water-holding power, and does not resist the 
decomposition processes in the soil. The process of granulation should 
not be used, since the readily decomposable constituents vanish too rapid-
ly, and granular peat does not improve the aeration of the soil. When 
applied to the land in a partially disintegrated condition, and especially 
in composts well mixed with barnyard or stable manure, peat increases 
the water-content of the soil and its heat conduct.ivity; it influences the 
solubility of the soil minerals and affects the aeration and the character 
of the soil organisms. Bacteria and fungi are indispensable for the pro-
duction of available nitrogenous and other compounds containing phos-
phates and potash, and for converting the higher compounds of the 
organic matter into simpler ones. Fibrous and brown peat frei>hly 
dug should not be used in the wet condition. It will yield better returns 
if properly composted with coarse manure-thin layers of peat alter-
nating with those of the stable refm~e to the height of several feet. The 
whole stack should be allowed to stand for several months and during 
that time should be turned over occasionally. Peat, if air-dried, may 
be used to still better advantage afttr having served as bedding for stock 
or a.s an absorbent of moist, waste organic matter and the nitrogenous 
liquids of stables and barnyards which ordinarily are not retained. 

Peat and humus cannot be a significant source of mineral salts and 
mineral fertilizers. Many farmers think it advisable to burn over the 
surface of a peat deposit in order to obtain peat ashes for agricultural 
purposes. The weight of evidence gathered shows that this is a mis-
taken waste, if for no other reason than the greater value of the peat 
itself. Ashes from wood, peat or any other vegetable tissue contains 
a disproportionately small percentage of mineral salts. Where the 
ash content of peat is extremely variable in quantity and exceeds three 
per cmt. of the dry weight of the peat, the excess may safely be attrib-
uted to both wind and water action. The larger proportion is then 
silty sediment, the sand and clay derived from flooding by streams, 
or th<: rain wash from hilleides and cultivated areas. It forms prac-
tically the same abundant constituent of all mineral soils1 and is of 
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little value as raw material for plant growth. On the other hand, peat 
of a low ash content, because of the greater amount and purity of plant 
tissue, would have a relatively greater quantity of potash and phos-
phoric acid salts. The value of peat M a direct fertilizer depends 
on the nutritive value of the different organic carbon and nitro-
gen compounds and the character of the processes in the plants by 
which these compounds are absorbed (pp. 335-342). But the variable 
composition of peat and humus renders it difficult to determine, except 
by means of carefully devised and controlled experiments, what organic 
substances are actually absorbed by plants and are valuable or inju-
rious to nutritive metabolism. 

Peat in Agricu1ture.-Very little work has as yet been attempted 
in the United States on the utilization of peat soils in agriculture. In 
Europe, soils of this nature have been reclaimed for many years by 
drainage and cultivation. The problems involved in the proper value 
of peat soils, in increasing the rate of yield, and the diversity of crops 
have been the subject of careful and extensive study by trained special-
ists. · European governments have not only aided in this important 
work of establishing and maintaining experiment stations at peat de-
posits, but have carried on practical experiments on a large and sys-
tematic scale to develop the areas of peat and marsh land. 

Many farmers are of the opinion that heath plants, such as cran-
berry (Plate VII, A), and high-bush blueberry (Plate VIII, A), could 
be grown successfully upon peat deposits, and should be cultivated on 
a commercial scale. It is a matter of great regret that nothing has been 
done so far to grow these plants in bogs that are best adapted to them. 
In the eastern states, the cultivation of cranberries, and to some extent 
that of the high-hush blueberry, has proved remunerative. An inter-
esting bulletin• shows that blueberries afford good promise of success 
in the field, and that ultimately improved varieties of these plants will 
be obtained. There are no reasons why the same success should not 
be obtained in Ohio. 

In preparing a peat deposit for the cultivation of agricultural crops, 
or a partly filled bog for the cultivation of the economic heath plants 
-the cranberry and the high-bush blueberry-the water level, if at 
or near the surface; should be lowered at least one foot by effective ditch-
ing and draining. After this has been accomplished the vegetation 
cover should be removed by the process known as "turfing," which 
carries 9way all the native plant growth, the partly decayed stumps 
and other woody debris. The naked peat soil is then tilled and fur-
rowed. There are peat deposits in Ohio under cultivation which, 
according to the testimony of their owners, have not failed for at least 
ten consecutive years to produce a crop of corn without any applici... 

•Coville, F. V., Experiments in Blueberry culture. U. S. Dept. of Agricultur", 
Bureau of Plant Industry, Bull. 193, 1910. 



PLATE VIII 

A.-The high-bush blueberry (Vaccinium corymbosum) in fniit. 
(Photograph by L . Kini.) 

B.-A view or the celery crop on a peat deposit under cultivation. Garden 
Isle, Lodi. 
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tion of manure or fertilizer. On the other hand, obsnvations in vari-
ous parts of the country, where peat soils are common, indicate that, 
generally, only one or two crops h<J.ve been taken from newly cleared 
peat land. Various localities with diseased and unproductive soils 
have been pointed out in a preceding chapter, and :::omi:, of the causes 
of the infertility have been suggested. In such cases fodder grasses like 
timothy, red top, blue grat>s, and later clovn yield good crops for a 
number of years until the surface layers of the soil are blackened and 
disintegrated. If garden truck is desired, a good supply of well decom-
posed barnyard manure should be mixed thoroughly with the soil, plowed 
down and later worked over with harrow and boat. Barnyard manure 
is particuhrly effective in adding to the value and productiveness of 
peat soile, since it promotes the decomposition of the pe!l.t by intro-
ducing fungi and bacteria, which aid decay and hasten humus forma-
tion. Methods of composting, and the uses of even poorly decom-
posed pe'.1.t as '.l.n absorbent in stables, for saving valuable nitrogrnous 
waste matter, or as litter and bedding for stock have been mentioned 
in another place. It should be added that protecting hedges are often 
needed to break the force of winds and to prevent the removal of the 
surface soil and seeds. The treatment of peat land is expensive when 
well done, costing perhaps $300.00 to $400.00 an acre, but its value is 
often $1,000.00 an acre with a gross revenue of, at least, $300.00 an acre. 

The plants selected should be as a rule, such as can well endure 
drought and early frosts. Celery (Plate VIII, B), onion, lettuce, 
carrot, parsnip, beet, radish, potato, strawberry, lupine, buckwheat, 
spinach, cabbage, turnip, peppermint are among the most valuable 
crops which are grown upon intensively farmed areas. The bacterial 
condition of the freshly drained organic soils is often not favorable to 
growth of certain crops (p. 351). The more general farm crops, notably 
corn and timothy in regular rotation, are then grown to advantage 
until the peat has changed from the brown, fibrous material to the 
black, well disintegrated variety. For hay, timothy is often seeded 
with alsike clover, giving frequently from 1 ! tons to 2! tons per acre. 
Celery is probably the most important crop. An acre of celery will 
produce from 900 to 1,000 dozen of bunching plants. Onions consti-
tute another favorite, yielding an average of about 500 bushels per acre. 
A production of 50 to 70 bushels of oats per acre is not unusual. Buck-
wheat matures early and besides being profitable aids in shading more 
susceptible crops. The yield in potatoes is heavy, ranging from 100 
to 300 bushels per acre, but the quality of the tubers is not as good as 
those in sandy soils. Rice and corn grow well and frequently without 
the use of lime. Peat soils form blue grass land and thus furnish the 
best of pasturage. They can be turned with profit into corn land 
yielding about 40 to 50 bushels per acre. Rotations should include 
such crops as prefer a soil inclined to "acidity" (p. 372), or such plants 
as are in9.i:fferent to it. The statement is often made that heath plants 
and others growing upon peat require an acid soil. It has been shown 
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elsewhere in this chapter that humic acids in peat are complex and 
unstable compounds, as yet but very little understood. They have 
a relatively short-lived existence in the soil, and recent investigations 
have clearly set forth the logical fallacy involved in much of the prev-
alent interpretation of soil acidity.' The matter requires much further 
work before any information can be accepted as conclusive (Chapter 
IX, pp. 334, 342). 

There are many wood lots, country homes and parks which in-
clude small peaty depressions and sphagnum bogs. With little trouble 
these could be maintained as bog gardens for orchids, wild rosemary, 
fringEd gentian, sundew, pitcher plant, lobelias and others.• Where 
a bog garden can be madr either at the side of a pond, along a running 
stream, or in a wet meadow, it is well worth trying to attempt it along 
lines which resemble the natural vegetation units (Chapter VI). Some 
species can be purchased from nurserymen, but the native bog plants 
will soon disappear completely as the bogs are drained for farm lands 
or filled in to make building lots. 

The Chemical Nature of Peat Soils in Relation to Bog Vegetation.-
The ecological relation of plants to soils, particularly to the chemical 
nature of the substratum, is especially interesting and has been exten-
sively studied from the standpoint of the distribution of species, the 
succession of vegetation, and the adaptability of crops to certain soils. 
In mountainous countries, and even in states like Ohio, with soils of 
morainal and of varied geognostic nature, one can obtierve sharply 
delimited distinctions in the distribution and in the whole appearance 
of vegetation units. And yet, though many species are confined to 
soils with a definite chemical relationship, wheat,• corn,• sugar beet,• 
and others, and the larger forest types of the United States are not 
related to soil types; nor is their range of distribution limited or af-
fected by them. Many plants can grow on soils widely dissimilar 
in kind; even the finer distinctions between soil types are of little value 
in understanding the range of such species. Are the reasons for the 
generally observed distinctions to be sought in the chemical consti-
tution of the soil, or is the distributional relationship due to the phys-
ical characters, particularly to relations prevailing in regard to the 
amount of available water and the specific quantity required by the 
plants, and to the thermal and sanitary conditions in the soil? 

Not all field work is adapted to throw light on this vexed question 
•Cameron, F. K., The soil solution. Easton, Pa., 1911, p. li5 and I. c. p. 372. 
2Manning, H. W., Two kinds of bog garden. Country Life in America, Vol. 

XIV, 1908, pp. 379--380. 
Miller, W., What England can teach us about gardens. New York, 1911. 
•LeClerc, J. A., Tri-local experiments on the influence of environment on the 

composition of wheat. U. S. Dept. of Agr., Bureau of Chemistry, Bull. 128, 1910. 
•Smith, J. W., Relation.of precipitation to yield of corn. Yearbook U.S. Dept. 

of Agr., 1903, pp. 216-224. 
Straughn, M. N., and Church, C. G., The influence of environment on compo-

sition of sweet corn. 1905-1908. U. S. Dept. of Agr., Bureau of Chemistry, Bull. 
127, 1909. 

5Wiley, H. W., Influence of environment on the composition of the sugar beet, 
1901-1904. U. S. Dept. Agr., Bureau of Chemistry, Bull. 96, 1905. 
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of a long standing dispute. Difficult as is the attempt to establish a 
correlation between vegetation and any one factor of the environment, 
it is possible, however, to make such a correlation with peat soils, within 
the area here investigated. 

It is now generally recognized that the nature of a lake and bog 
environment is constantly selective, and that the associations and 
societies of plants succeeding one another are each characterized by 
a definite physiognomy in response to their dependence upon soil con-
ditions under atmospheric influences essentially similar otherwise. In 
an earlier chapter the writer has listed the success!ons of the more 
genetically related vegetation units, their associations and societies, 
occurring in Ohio lakes and· peat deposit'3. 

The several anal~es submitted in this chapter do not reveal the 
obvious distinctions between successions of vegetation on peat soilfi and 
the changes in the chemical character of the peat. The fact that cer-
tain plant associations have an absolutely defined morphological and 
topographic distinction, and the fact that these contrasts must be at-
tributed to conditions prevailing in the soil, direct special attention to 
the contrasts between peat soils of the various vegetation unitl:l or 
groups of plants. The following series in table 33 is especially sugges-
tive in showing the more typical features of the correlation. 

TABLE 33 
CORREI,ATION BETWEEN VEGETATION UNITS IN OHIO BOGS AND CHARACTER 

OF PEAT SOILS . 
~ .... ... " -"' .. - "' " " .e "' :;; 0 0 .. 

.E ~ t: t2 .. 
Vegetation unit, locality and num- El -to ~fl} ., .. .. " ... o.!!1 ber of sample i!'i s " ., .a ~~ " "' ... .. -o "' 0 

., :; ,._ 
-8:5 " "' !l .. 0" "' ~ 0 

~ .!:! .:i 0 .<I " ';;;" ::s 
""' z p.. i:l; rn u 

-- ----------------
Bog meadow succession. 

Cranberry-sphagnum 
association. 

Lakeville, No. 73 ------------ 7.14 67.42 24.91 7.67 2.39 ---- - ----- 0.28 5039 
Lakeville, Holmes, No. 72 ___ 6.96 69.15 25.04 5.81 2.38 - ---- ----- 0.23 5317 
Buckeye Lake, No. 41 _______ 9.23 67.99 24.46 8.45 1.01 0.12 0.03 0.43 4792 

Bog shrub succession. 
Alder-maple association. 

Buckeye Lake, No. 40 ------- 7.87 74.79 21.35 3.86 2.52 0.12 0.03 0.28 4632 
- Orwell, No. 44 --------------- 9.08 63.24 26.18 10.58 2.45 ____ .. ----- 0.46 4981 

Geauga, No. 49 -------------- 9.01 57.05 23.51 25.44 2.13 ·- ----- 0.77 4169 
Bog forest succession. 

rack association. 
Tama-

Canton, No. 76 ______________ 8.01 62.03 31.84 6.35 3.39 -- -- - -- - 0.33 4912 
Leman's Bog, No. 82 _________ 8.58 62.44 25.44 12.32 2.58 - -- - - - ---- 0.52 4678 
Fox Lake, No. 78 -----------~ 8.99 54.46 25.02 20.52 2.41 0.15 0.28 0.89 4375 
Eckert Bog, No. 56 ---------- 9.36 60.73 29.62 3.65 1.66 ----- - - 0.21 5409 
Copley Bog, No. 58 ----------

Mesophytic forest succession. 
Maple-ash-elm association. 

10.54 60.66 28.92 10.42 2.88 -- -- - - - -- - 0.75 4835 

Mantua Bog, No. 47 __________ 10.40 56.33 26.16 17.51 2.46 0.19 0.42 0.86 4550 
Bradley Pond, No. 51 ________ 10.1160.09 27. 9611.95 2.24 0.27 0.19 0.29 4856 
Brimfield Bog, No. 52 ------- 11.25 57.64 31.1911.17 2.33 ----- - ·-- 0.74 4758 
Copley Bog, No. 59 ---------- 11.35 56.85 31.8711.28 2.72 ----- ----- 0.89 4923 
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The correlation phenomena between vegetation units in bogs, 
and the character ot the peat soil, are not in all cases as those given 
in table 33. There are many exceptions to the rule, for reasons which 
cannot, at present, be stated clearly without further study. On the 
whole, however, the results may be summarized in the following well-
defined relations: 

1. In color, Ohio peat ranges from a greenish and grayish brown, 
due to the presence of clay and marl, through various shades of brown 
to an almost black variety. The colors are darker when the peat is 
wet. In general, the light-colored peat supports a meadow-like vege-
tation; trees and shrubs are found growing on dark-colored peat. In 
texture, peat varies from a loosely compacted, fibrous, heterogeneous 
meshwork of plant debris to the fiberless, homogeneous variety. Here 
also, a close relationship exists between vegetation cover and soil con-
ditions. Coarsely fibered peat is derived from, and generally supports, 
grass-like and sedge-like plants. It is usually poorly decomposed, 
exctpt in localities where weathering and biochemical processes reduce 
the organic debris to simpler, dark-colored substances. Mature vegeta-
tion types, such as thickets and forests, grow upon darker and much 
more thoroughly decomposed peat and the debris is likely to be more 
woody. 

The water plants form a soft, oozy, structureless peat. It only 
occurs as the bottom layer of peat-depositing lakes and ponds. 

2. The physical water content of peat is higher in the coarser, 
fibrous substratum of the bog meadow association, but the amount 
of moisture retained when air-dried, is lower (table 33). The mat, 
when adjoining open water, adjusts itself easily to changes in the water 
level of the basin. With the disintegration of the plant tissues and the 
advance of maturer vegetation types the water-holding capacity of 
peat increases. The concentration of the bog water solutions is very 
low, varying between 40 and 260 parts per Inillion of total solids (table 
29-30). The osmotic pressure and the acidity of the solutions differ 
but slightly between the various grades of peat soil and their respective 
vegetation cover. 

3. Reducing processes in peat soils, judged by methylene blue 
or a one per cent. starch-iodide solution, increase from any marginal 
point of a peat-depositing lake to the bog meadow a::<sociation and de-
crease aP the deciduous forest association is approached. 

4. The nature of the changes which have taken place in the trans-
formation of vegetable debris into peat i::< only partly understood. The 
principal changes are a relative loss in oxygen and hydrogen, and a 
progressive increase in carbon and nitrogen. This is clearly shown 
(tables 24 and 33), in passing from the fibrous peat substratum of bog 
meadows to the structureless peat occupied by bog forests and decid-
uous trees. 
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5. In poorly decomposed peat such as that of the bog-meadow 
variety, the percentage of volatile combustible material is high, the 
percentage of fixed carbon, nitrogen and ash is low. In well decom-
posed peat and in that of the advanced forest association, the reverse 
is true (table 33). 

6. The higher ash content in peat from bog shrub and bog forest 
associations is believed to be due largdy to wind-blown silt; a bog meadow 
association interferes less with wind work than the timbered area of a 
deposit.• But the chief source of a high ash content is flooding from 
streams and rain wash from hillsides. 

7. Peat contains potash and phosphoric acid in comparatively 
inconsiderable quantities-only a fraction of one per cent.-whereas 
the percentage of calcium and nitrogen is very high, varying from one 
to almost four per cent. (tables 31 and 32). The capabilities of a soil 
for crop production are usually judged from the study of its chemical 
character, and soils markedly deficient in phosphates, potash and other 
salts are looked upon as barren and sterile; maintenance of fertility is 
connected with abundance of these constituents, and their effect on 
plants rather than on the soil. In peat soils from the bog meadow to 
that from bog-forests, the essential mineral salts of the agricultural 
tripod, it seems, play minor roles in protoplasmic activities and in growth 
and ripening of bog plants. 

8. More systematic investigations from the standpoint of agri-
cultural chEmistry have shown that in the several bog associations the 
number of possible inorganic nitrogenous substances, the quantity of 
nitrites, nitrates and ammonia is quite small, ranging from a few thou-
flandths to a few hundredths parts per million (tables 29 and 30). Prac-
tic'l.lly all the nitrogen contained in peat is, therefore, of organic nature. 

9. Only a small amount of nitrogenous substances can be extracted 
from peat by means of water from any of the bog associations under 
consideration. The relatively low amount of free ammonia and the 
large amount of oxygen consumed indicate that the organic matter in 
any one of the related vegetation units is not in an advanced stage of 
decomposition. 

10. The solubility of coarsely fibrous peat from the bog meadow 
is less than that of peat in a finer state of division and supporting a 
more advanced stage of bog successions. This condition seems to point 
to the fact that the organic compounds arise mainly through the action 
of microorganisms (tables 20 to 22). Compounds associated with 
the decomposition products of proteins by mineral acids are here prac-
tically out of the question. 

11. Little is known as to the chemical constitution of peat in 
passing from the fibrous, bog meadow variety to the structureless 

•Beyer, S. W., Peat deposits in Iowa. Iowa Geological Survey, Vol. XIX, 1908, 
p. 698. 
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material occupied by trees. No data are at hand concerning the trans-
ition products of proteins and carbohydrates arising in the vegetable 
debris during its transformation into peat. Biochemical technique 
has not permitted, as yet, the analysis or the preparation of isolated 
peat soil constituents of comparative purity. They are undoubtedly 
of acc.ess for chemical investigation and isolation. Known methods 
of investigation in biochemistry have been applied in the study of decom-
position products of organic compounds in mineral soils. 

Schreiner and Schorey, Jodidi, and Robinson have more recently 
isolated and identified a number of these compounds. In peat soils the 
compounds are present in small amounts, the number of transition prod-
ucts iS undoubtedly larger, and their effects upon living plants are for 
the most part unknown. It is difficult to understand how a substance 
present in peat soils or in bog water in such minute concentration that 
for ordinary chemical analysis itP. influence is negligible, may never-
theless exert a profound effect upon the growth of plants (tables 10 to 
19). It seems necessary to assume that this distinctly disproportionatu 
effect is produced by external action, by biochemical metabolic 
products. Peat is a heterogeneous sytem of substances and its vari-
able composition renders it difficult to determine what substances are 
injurious and what compounds can actually be absorbed and assimi-
ilated by plants. The presence of one substance or the concentration 
of another constituent, as determined by quantitative analysis, may 
have only an apparent relation, and not nPcessarily a causal value. 
This might be because the substances are differently distributed 
on account of differences in solubility or oxidation, are absent in one 
phase of the decomposition process because of differences in the bacterial 
flora at work in different layers, or vary greatly with reference to the 
diosmotic properties of the absorbing organs of plants. Humus has long 
been recognized as a very important factor in soil fertility, and yet almost 
all the difficulties in any special problem with humus or peat arise in 
the lack of knowledge of the chemical nature, and the effects on plant 
life of the various organic compounds resulting from weathering pro-
cesses and from the activity of microorganisms. The complexity of 
the problem emphasizes the need of physiological studies. Bacte-
riological-chemical and physiological analyses deserve on that account 
a closer consideration. The determination of these compounds by 
chemical means alone will be valuable only in part for investigations in 
ecology. 

Numerous problems of experimentation have arisen ·quite apart 
from the main question itself. 

It would be interesting to determine the water requirement of bog 
plants for a growing period and to compile the results on a basis of the 
water needed for one part of ash yielded. Data on the specific differ~ 
ences in the ratio, i. e., on the water requirements of bog plants and 
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the percentage of ash in herbs, shrubs and trees covering peaty basins, 
are not at hand. The analyses reported by Sargent in the Ninth Census 
of the forest trees of North America give the percentages of ash for 
some of thi: trees common to bog8. Pinus strobus 0.19; Liriodendron 
tulipifera 0.23; Magnolia acuminata 0.29; Betula lutea 0.31; Lari;i; lari-
cina 0.33; Thuja occidentalis 0.37; Acer rubrum 0.37; Quercus alba 0.41; 
Fraxinus americana 0.42; Tsuga canadensis 0.46; Nyssa sylvatica 0.52; 
Fraxinus nigra 0.72; Ulmus americana 0.80; Quercus palustris 0.81; 
Ulmus fulva 0.83; Carya cordiformis 0.90; Celtis occidentalis 1.09. The 
data ar€ interesting in showing that the majority of trees frequenting 
bogs have a percentage of ash less than 0.5, and only a few of the de-
ciduous species occurring on Ohio peat depoEits have a percentage of ash 
as high as 1.5. Comparisons of the quantities of mineral salts contained 
in peat deposits, differing so widely in ash constituents from land soils, 
again point to the fact that differences in mineral components are 
trifling as compared with the biological processes in the substratum 
and the differences in the available water. 

A closer study of the chemical anitlysis of Ohio peat will show that 
the opinion €xpressed by the :mpporters of the chemical theory is of 
limited application. It has been shown that acidity, toxicity, and 
reducing action of peat soils are merely stages in the decomposition of 
the organic matter, and that an effir.ient natural process exists for the 
maintenance of productivity relations. In the natural successions 
which ensue, each plant association augments the efficiency of the 
soil as a habitat. Nature does not know soil exhaustion. Several 
types of plant associations and particularly forests of varied physiog-
nomy, growth-form and function are associated together in groups 
upon a habitat similar in chemical constituents. Not only the distri-
butional relationship of natural vegetation successions, but experi-
mental work as well, show that differences in the mineral components 
of peat soils are trifling compared with the biological processes in the 
Pubstratum and the differences in available water. It cannot be too 
strongly emphasized that the prime condition determining the decid-
uous forest association is not an increase in the mineral constituents 
in the soil. As Camcron1 has pointed out, the plant food thoory of 
soils must pass with the recognition of the general failure of the older 
methods of soil analysis to bring out the dynamic nature of soil pro-
cesses. Diseased (organically poisoned) soils must be treated by such 
means as increase its oxidizing power and its absorptive properties. 
The fertilizers generally used are, undoubtedly, effective in this way, 
but better physical soil conditions, especially in sanitation and water 
supply, are the more efficient factors. It is not difficult to see on what 
basis of knowledge we should advance in order to improve abandoned 
farms, to increase the productivity and to maintain the fertility of 

•Cameron, F. K., The soil solution. Easton, Pa. 1911, p. 16. 
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soils other than peat. Recent investigations (p. 386), have shown that 
cereals and other agricultural plants of the same variety obtained from 
different soils possessing widely different chemical and physical char-
acteristics, when grown side by side in one locality, yield crops which 
are almost the same both in appearance and in chemical composition. 
The chemical composition of mil).eral soils and seed' play a relatively 
small part in influencing the composition of crops. The differences in 
yield are mainly due to climatic conditions, such as temperature and 
precipitation, at the time of the period of maximum growth. The results 
on the leaching of organic and inorganic substances from wheat seeds 
and others, and from mature plants especially at the ripening stage, 
and the accumulation of decomposition products of organic substances 
in _the soil, have shown the necessity of a fuller understanding of the 
biochemistry of the organic matter of soils, and of the biological changes 
taking place therein. Better cultural methods, better seed, and fuller 
knowledge of soil processes will alone control the dangers of soil de-
terioration and accelerate the increase of yield. 

'Harris, J. A., on the significance of variety tests. Science, N. S., Vol. 36, 1912,. 
pp. 318-320. . 
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Copley Bog __________________________________________________ .. _ _ _ _ _ _ _ _ _ _ _ _ _ 123 
Copley Township, Summit County, peat in _____ _ _ __ _ __ ____ _ __ __ _ _ _ _ ____ _ _ _ _ _ 123 
Coptis lrifolia (L.) Salish., goldthread ______________________________ 34, 65, 111, 252 
Coreopsi.q, see Bidens. 
Cornell, F., peat from Jund of----------------------------------------------- 134 
Corn, growth of, on peat____________________________________________________ 385 
Cornus alternifolia L.f., dogwood _________________________________________ 35, 65, 82 
Cornus amomum Mill., silky dogwood--------------------------------··------ 250 
Cornus canadensis L., dwarf dogwood ------··-------------------------· _____ 252 
Corn-us circinata L'Her., round-leaved dogwood or corneL ____ 35, 41, 65, 82, 252, 254 
Cornuspaniculata L'Herb., ~ C. candidissimaMarsh, dogwood ______ 108, 126, 250, 258 
Corn us stolon if er Mich.'C., red-osier dogwood ------ ______ .... __________________ _ 

_______________________________________ 38, 41, 73, 88, 108, 117, 126, 236, 250, 258 
Correlation between vegetation and character of peat soils ______ _________ _ ___ 387 
Cost and size of peat factory----··-------··----------------------------·-----·- 158 
Cost of bog ______________________ ------ __________ --·--------_ . _ ___ _ __ _ __ _ __ __ _ 168 
Cost of briquetting plant_ ______ ------ ______ ---·· __________________ -·· ___ -·_____ 174 
Cost of briquettes by wet carbonization process ______________________________ 177 
Cost of drying peat_________________________________________________________ 170 
Cost of manufacturing peat_ ________________________ -··_______________________ 168 
Cost of plant for manufacture of peat -~ __ ---c---- __ _ ___ _ _ _ _ _ _ __ __ _ _ _ _ __ _ __ _ _ 166 
Cotton grass, see Eriophorwm. 
Coville, F. V., cited-------------------------------------------------------- 384 
Cowles, H. C., cited -------------------------------------89, 117, 198, 212, 221, 259 
Cox, J. H., cited ----------------------------------------------------------- 286 
Craig, S., cited ------------------------------------------------------------ 38 
Crampton, C. B., cited __________________________________________________ .198, 221 
Cranberry, see Vaccinium, Oxycoccus. 
Cranberry Island __________________ -· __ -· ________ .. ___________ . _____ ·- _ _ _ _ _ _ _ _ _ _ 86 
Cranberry marsh _________ 46, 47, 52, 53, 54, 60, 70, 75, 77, 80, 91, 93, 108, 134, 136, 143 
Cranberry Prairie -·-______________________ --··--__________________ .. _ ··--·· ___ 85, 100 
Cranberry-sphagnum association ________ 32, 34, 64, 77, 82, 91, 108, 112, 133, 136, 239 
Cranberry Township, Crawford County, pc~t in _____ ------------------------ 46 
Crane Township, Wyandot County, peat in-------·--------------------------- · 143 
Crawford County peat deposits _ __ _ __ _____ ___ __ _ __ _ __ __ _ _ ___ __ _ _ ___ _ _ _ _ _ _ _ _ _ 45 
Crawford Township, Wyandot County, peat in---··---··------------------------ 139 
Creeping snowberry, sec Chiogenes. 
Crowfoot, see Ranunculus. 
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Crump, W. B., cited-------·----------------------·------------------------- 309 
Cucumber tree, see Magnolia. 
Cultivation, effect on vegetation development --------------------- ---· ------ 259 
Cultivation, succession by --------------- -------- -------- ------------------- 259 
Culture experiments onMarchantia ------------- -------------··------------309, 311 
Culture methodt1 for peat bacteria _______ --·---- --------···-----------------346, 350 
Currant, wild black, see Ribes. 
Cusc1.ta gronovii Willd., dodder --------------------------------------------36, 89 
Cut peat ------ ----. _. _________ --------. _ ------ _______ . __ --- _____ ------.. 161 

defects of___ ----------------------------- .. --------------------- 163 
preparationof ----------------·----------------------------------- 162 

Cuyahoga County, pe&.t in----------- ------------------------- ------------- 47 
Cyperus strigosus L., sedge _____________ .. _____ .. ________________ ------- .33, 92, 235 
Cypripedium acaule Ait., stemless lady's slipper, moccat1in flower _______ 34, 65, 105 
Cypripedium candidum Muhl., small white lady's slipper ______________ ------- 56 
Cyripedi'!tm hirsutum Mill., = C. spectabile Salish., showy lady's slipper-------
Cypripedium parviftorum Salish., smaller yellow lady's slipper--------------- 41 
Cystopteris bulbifera (L.) Bernb., = Filw bulbifera (L.) Underw., bladder 

fern ----------------- ---------------------------- ---------· ______ 41, 254 
Czapek, F., cited _______ •• ______ . _____________ .... ___ ......... __ . _____ • __ .. 280, 338 

D 
Dachnowski, A., cited ______________________________________________ . ____ .21, 309 
Dalibarda repens L., dalibarda -------------------------------------------34, 252 
Dallas Arbor Vitre Bog_____________________________________________________ :m 
I>amascus Swamp ---------------------------------------------------------- 44 
Danger from overdraining peat land------------------------------~----------- 120 
Danthonia spicata (L.) Beauv., wild oat grass -----------------------------54, 233 
Darke County, peat in ___ -------------- __________________ ----------_________ 49 
Darwin, Charles, cited __ . ________ --------- _____________ ------ ____________ .24, 262 
Davenport, C. B., cited -------------------------------------------------c318, 320 
Davis, C. A., cited ---------------------------------25, 145, 309, 370, 375 
Decay of peat, causes of ------------------------------------------21, 22, 348, 359 
Decodon and Typha as matbuilders ------------------------------------------ 92 
Decodon verticillatus association ________________ . ____________________ ------- 231 
Decodon verticillatus (L.) Ell., swamp loose-strife or water willow ___________ _ 

______________________________ 32, 52, 54, 64, 67, 82, 88, 92, 106, 112, 121, 126, 231 
Decomposition products in peat, origin and nature of ----------------------348, 359 
Defiance County, peat deposits in--------------------------·---------------- 51 
Definition of peat---------------------------------------------------------- 17 
Delong, J. S., peat from land of----------------·----------------------------- 69 
Denitrification in peat substratum ------------------------------------------ 354 
Density of peat -------------------------------------------------------20, 153, 361 
Deterioration of peat ------------------------------------------------------74, 376 
Detmers, F., cited --------------------------------------------------------- 86 
DeVries, H., cited --------------------------------------------------------- 262 
Dianthera americana L., water willow -------------------------------------- 88 
Dickey, M. G., cited .. _______________________________________________ ------- 302 
Direction of migration ______________________________________________ .. 212, 216 
Directions for physical and chemical tests of peat -----------------------151-153 
Discussion of peat deposits by counties ________ . _____ ----- __________ -------- _ 29 
Distillation of peat____ _ ___________________________________________ .... 182, 188 
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Distribution of peat in the U. S --------------------------------------------in ()hio ________________________________________________ _ 

general ------------------------------------------------

Page. 
24 
26 
24 

Distribution of tamarack bogs in Williams County--------------------------- 134 
Ditch stonecrop, see Penthorum. 
Dock, see Rumex. 
Dodder, see Cuscuta. 
Dodecatheon meadia L., shooting star --------------------------------------- 38 
Dogwood, see Cornus. 
Domestic uses of peat ------------------------------------------------------ 186 
Dorset Township, Ashtabula County, peat in -------------------------------- 35 
Dover Township, Fulton County, peat in ------------------------------------ 60 
Drainage of peat deposits ------------------------------------------------155, 161 
Drainage of peat land, danger from excessive •. _______________________________ 120 
Drift soils of Ohio---------------------------------------------------------- 200 
Drosera rotundifolia L., round-leaved sundew ___________________ 34, 42, 91, 239, 246 
Drude, 0., cited ----------------------------------------- ------------------ 308 
Drying, artificial effects of -------------------------------------------- _ 170 
Drying, utilization of waste heat for ---------------------------------------- 170 
Dryopteris crystata (L.) Gray., == Aspidium cristatum (L.) Sw., -= N ephro-

dium Michx., shield or wood fern ------------------------------41, 90, 105, 254 
Dryopteris goldiana (Hook) Gray., == Aspidium goldianum Hook., shield or 

wood fern-------------------------------------------------------------- 34 
Dryopteris noveboracenis (L.) Gray.. = Aspidium noveboracense (L.) Sw., 

shield fem______________________________________________________________ 34 
Dryopteris spinulosa (Retz) Kuntze, = Aspidium spinulosum (0. F. Muller) 

Sw., wood or shield fern ------------------------------------ _____ 34, 90, 252 
Dryopteris thelypteris (L.) Gray., = Aspidium (L.) Sw., = Nephrodium Strem-

pel., shield fern ___________ . _____________________________________ . AI, 55, 
61, 63, 64, 82, 91, 95, 106, 111, 112, 114, 140, 141, 142, 234, 235, 239, 246, 250, 258 

Duchouquet swamp ___ -------- ---------- ______ -------- ------ __ _______ ___ __ _ 38 
Duckweed, see Lemna. 
Dulichium arundinaceum (L.) Britton, = D. spathaceum Pers., tall sedge ___ _ 

----------------------------------------------~------63, 64, 67, 77, 91, 239, 250 
Dune vegetation----------------------------------------------------------- 117 
Duval, J. W. T., cited------------------------------------------------------ 203 
Dwarf huckleberry, see Gaylussacia. 
Dwarfed plants ----------------------------------------------92, 141, 244, 306, 340 
Dyestuffs from peat __ -------------- --- ______ ----- --- ------ _ ---- ----- -- --- _ _ 190 

E 

Eaton Rapids, Mich., peat-drying plant near ____________________________ .. _ _ 177 
Ecesis, the germination and establishment of invaders_______________________ 212 
Eckenberg, M., on wet carbonization of peat -------------------------------- 177 :Eckert Bog _________________________________________________________________ 109 

:Ecology defined------------------------------------------------------------ 198 
:Ecotone, a vegetation tension line __________________________________________ 228 

:Edaphic vegetation successions--------------------------------------------- 259 
Eden Township, peat in ---------------------------------------------------- 115 
:Effect of bog toxins upon soils_______________________________________________ 333 
:Effect of crops upon peat soils---------------------------------------------- 74 
:Effects of excessive drainage and cultivation --------------------------------74, 75 
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Effects of ice age in Ohio -------------------~-----------------------------209, 211 
Elderberry, see Sambucu.s. 
Electric power station at the Schweger Moor------"------------------------- 189 
Electric processes for drying peat ------------------------------------------- 176 
Eleocharis obtusa (Willd.) Schultes., spike rush _______ 38, 41, 52, 54, 82, 91, 232, 250 
Eleocharis palustris (L.) R. & S., sedge or spike rush ___________________ -41, 114, 258 
Eleocharis quadrangulata (Michx.) R. & S., = E. mutata Britton, spike rush___ 250 
Elodea canadensis Michx., water-weed -------------------------------------67, 226 
Elk horns, occurrence of ---------------------------------------------------51, 140 
Elm, see Ulmus. 
Engler, A., cited _____________ ------------- - ---------- - --- ---- ------ ---- _ _ ___ 209 
Epilobium coloratum Muhl., fireweed ---------------------------------111, 126, 258 
Equisetum arvense L., horsetail -------------------------------------------- 38 
Erie County peat deposits ___ ------------------------------------------------ 55 
Erigeron canadensis L., = Leptilon Britton, horse-weed--------------------- 73 
Eriophorum cyperinus L., = Scirpu.s cyperinus (L.) Kunth., woolgrass ________ 33, 67 
Erirophorum virginicum L., cotton grass ______________ 34, 77, 82, 91, 239, 246, 258 
Estimated cost of a portable peat factory ----------------------------------- 167 
Estimating contents of peat deposits----------------------------------------- 150 
Eupatorium perfoliatum L., boneset __ ------- _______ ---------------- ________ 81, 258 
Eupatorium purpureum L., trumpet weed----------------------------------- 82 
Evaporated water from a ton of peat---------------------------------------- 170 
Evaporating power of air, role of-------------------------------------------- 299 
Evaporation gradient, vertical---------------------------------------------- 304 
Evaporation in relation to vegetation successions ---------------------------- 242 
Everlasting, see Gnaphalium. 
Evening primrose, see Oenothera. 
Everett Lake-------------------------------------------------------------- 66 
Evolution, fundamental methods of ----------------------------------------- 198 
Eoonymus obovatu.s Nutt., spindle tree-------------------------------------111, 258 
Experimental ecology, importance of---------------------------------------- 198 
Experimental work in peat manufacture ------------------------------------- 160 

F 

Facies-the dominant species of a plant association _________________________ 88, 228 
Factors conditioning formation of Ohio peat deposits ------------------------ 285 
Factors in evolution of plants and ecological units --------------------------- 262 
Factors influencing fuel value of peat---------------------------------------- 375 
Factors of soil fertility_ .. -- __ - ----- -- - -- - -- --- - -- - - .. -- - - ___ --- __ _ _ _ _ _ _ __ _ _ _ 381 
Fagus grandifolia Ehrh., = F. f erruginea Aft., = F. americana, Sweet., beech 65 
Failures in peat manufacture ------ ---- --- ------- ___ ---- ____ ------ _________ 145-146 
Fairfield County peat deposits---------------------------------------------- 58 
Farmers' Farm Company --------------------------------------------------- 194 
Fermentation induced by peat bacteria-------------------------------------- 346 
Fertility of soil, factors ---------------------------------------------------- 381 
Fertilizer filler, peat as----------------------------------------------------- 194 
Fertilizer, role of----------------------------------------------------------- 381 
Fertilizer value of Ohio peat------------------------------------------------ 382 
Filiz bulbifera (L.) Underw., = Cystopteris bulbifera (L.) Bernh., bladder 

fern ------------------------------------------------------------------41,254 
Finger lakes ---------------------------------------------------63, 85, 99, 134, 215, 
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Fire, peat deposits showing effect oL _____________________ 34, 35, 36, 40, 46, 50, 

51, 73, 83, 105, 106, 108, 111, 112, 113, 116, 118, 125, 128, 130, 131, 133, 134, 138, 143 
Fire succession---------------------------~--------------------------------- 257 
Fireweed, see Epilobium. 
Fish ponds, peat bogs as---------------------------------------------------- 38 
Fitting, H., cited --------------------------------------------------------340, 353 
Fixed carbon defined -----------------------------------------------------30, 277 
Fixed carbon in relation to fuel value of peat -------------------------------- 376 
Floating association-------------------------------------------------------- 229 
Floating peat-islands --------- __ -------------------- ------ ---------- ------ _ 86 
Flooded soils, succession in------------------------------------------------- 234 
Floral types, cause or changes in -------------------------------------------- 281 
Florence Township, peat in _____________ -------------------- _______ ---------- 135 
Flowering fem, see Osmunda. 
Foerste, A. F., cited ------------------------------------------------------- 267 
Food of plants -------------------------------------------------243, 273, 307, 381 
Forest types on peat deposits --------------------------------------.-251, 253, 256 
Formation of coal beds, conditions oL--------------------------------------- 275 
Formation of Ohio peat deposits and factors conditioning the process----------- 285 
Fossil peat 103 
Fossil plants -------------------------------------------------------------274--275 
Foulk, C. W., acknowledgment to------------------------------------------- 371 
Fowke, G., cited __________ ---- ---- ---------- ----------- _______ ----------- __ 267 
Fowler's Mills, vegetation of -----------------------------~----------------- 67 
Fox Lake------------------------------------------------------------------- 133 
Frank,..Caro process for obatining ammonium compounds from peat____________ 188 
Franklin Township, Portage County, peat in _________________________________ 109 
Fra:cinus americana L., white ash ----------------------------------------117, 391 
Fra:cinus nigra Marsh., == F. sambucifolia Lam., black ash _________________ _ 

36, 40, 52, 88, 106, 108, 126, 135, 254, 391 
Fra:cinus quadrangulata Michx., blue ash ----------------------------------- 126 
Frequency distributions of annual wood increment in Acer rubrum ___________ 319, 321 
Fruh, J., cited 21, 286, 345 
Fuel analyses of peat from Black Lake, New York____________________________ 176 
Fuel efficiency, comparative, of peat prepared in different ways-------------- 175 
Fuel gas from peat --------- __ ------------- ___ -------- ______ -------- _____ .183, 369 
Fuel value of peat ______________________________ . ___________________ 30, 185, 366, 374 
Fulton County peat deposits ------------------------------------------------ 59 
Functional reactions, importance oL _____________________________________ 335, 341 

G 
Galium triftdum L., cleavers or bedstraw ____________________________ 33, 49, 67, 235 
Galium trijlorum Michx., cleavers or sweet-scented bedstraw----------------- 88 
Gallagher, F. E., cited ----------------------------------------------------- 327 
Ganong, W. T., cited ------------------------------------------------------- 286 
Garden Isle---------------------------------------------------------------- 97 
Garfield Bog--------------------------------------------------------------- 96 
Gas from peat -----------------------------------------------------------182, 369 
Ga.s from peat, average composition of ------------------------------------369-370 
Gaultheria procumbens L., wintergreen, teaberry ___________________ 34, 65, 109, 245 
Gaylussacia baccata (Wang.) C. Koch, = G. resinosa T. & G., black huckle-

berry ___________ 32, 34, 42, 55, 62, 77, 91, 108, 100, 118, 135, 245, 247, 252, 282 
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Gaylussacia baccata = resinosa-Vaccinium canadense association___________ 246 
Gaylussacia dumosa (Andr.) T. & G., dwarf huckleberry -------------------111, 252 
Geauga. County peat deposits------------------------------------------------ 60 Geauga. Lake __________________________________________ -- ____________ -- ----- 61 
Gentiana crinita Froel., fringed gentian ---------------------------------42, 56, 24-0 
Geological divisions of Ohio ----------- _____ ---------- -.-- ___ ----------- ___ 265-266 
Geology of Ohio ----- ______ --------- ___ ---- ------ ______ -------------- -- .. 199, 209 
German Township peat in-------------------------------------------------- 102 
Germinatorforseeds ------------------------------------------------------- 351 
Geum rivale L., water or purple avens --------------------------------------- 41 
Glacial lakes of Ohio------------------------------------------------------- 214 
Glacial period, cause of----------------------------------------------------- 210 
Glaciated area of Ohio ---------------------------------------------------2001 202 
Gluck, H., cited _____ ------------------ ___ ------- ------- _________ ·-______ 226, 2'J:l 
Glyceria canadensis (Michx.) Trin., manna or rattlesnake grass _____________ -41, 96 
Glyceriaftuitans (L.) R. Br., =Panicularia brachyphylla Na.sh., manna grass 

232 
· Glyceria torreyana (Spreng.) Hitche., = G. elongata Trin., manna. grass _____ -41, 254 
Gnaphalium polycephalum Michx., G. obtusifolium L. (?) common ever-

lasting--------------------------------------------------- 126 
Godlewski, E., cited _______ -------- _________ ------------ ----- _ ------------- 308 
Goebel, K., cited ____ ------------------ _____ --------- __ --------------------_ 309 
Golden ragwort, see Senecio. 
Goldenrod, see Solidago. 
Goldthrea.d, see Coptis. 
Goshen Township, Mahoning County, peat in -------------------------------- 96 
Graebner, P., cited---------------- ____ ------- ___________ ------------------_ 242 
Grandeau, L., cited. ______ --------------------------------- ___ ----------·--- 308 
Granville Township, Mercer County, peat in_________________________________ 100 
Grass, white, see Leersia. 
Gray, A., cited ____________ J·----------------------------------------------- 212 
Green briar, see Smilax. 
Greene County peat deposits------------------------------------------------ 67 
Green Township, Mahoning County, peat in --------------------------------- 96 
Green, W. J., cited ---------------- ____ ------------ --- __ --- _ --------- --- ---- 207 
Growth conditions of plants ------------------------------------------------ 307 
Growth of plants in bog water ---------------------310, 313, 325, 326, 328, 332, 337 
Gully, E., cited ------------- -------- ------ ------------ ------ __ -·--------339, 372 

H 

Habenaria blephariglottis (Willd.) Torr., white fringed orchid_______________ 34 
Habenaria clavellata (Michx.) Spreng., = H. tridentata Hook., orchis __________ 65, 90 
Habenaria psycode8 (L.) sw., orchis ----------------------------------------- 41 
Hackberry, see Celti8. 
Hairgrass, see Agrosti8. 
Hall, A. D., cited __ ------- __ ------ _____ ------------- - --- ------------ ____ 323,.380 
Hamamelis virginiana L., witch-hazeL .. ------------------------------------ 55 
Hancock County peat deposits ---------------------------------------------- 69 
Hann, J., cited _________ ------------- ____ -------- ---------- -------- --------- 299 
Hardin County peat deposits ----------------------------------------------- 71 
Harper, M. R, cited ------------------------------------------------------23, 213 
Harris, J. A., cited --------------------------------------------------------- 392 
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Harrison Township, Darke County, peat in ---------------------------------- 50 
Harrisville Township, Medina County, peat in---------------"---~----------- <Jl 
Harshberger, J. W., cited 205, 207 
Hartland Township, Huron County, peat in---------------------------------- 80 
Haskins, H. D. cited---------------------------------------------------- 338, 356 
Heating value of peat ------------------------------------------------------ 361 
Heating value of peat as affected by method of preparation of peat____________ 176 
Hedge bindweed, see Convolvulus. 
Iledwigia albicans, moss---------------------------------------------------- 41 
Hemlock, see Tsuga. 
Henry, A. J., cited---------------------------------------------------------- 289 
HenryCountypeatdeposits ------------------------------------------------ 76 
Ilibiscus moscheutos L., swamp rose ----------------------------32, 88, 89, 229, 232 
Hickory, see Carya, Ilicoria. 
Ilicoria minima Britton, - Cqrya cordiformis (Wang.) K. Koch., bitter nut 

or swamp hickory -------------------------------------------------32, 254, 391 
High, A. F., peat from land of ---------------------------------------------- 46 
Highland Township, peat in ------------------------------------------------ 54 
Highways of biotic dispersal ------------------------------------------------ 218 
Historical factor in vegetation __ ~-----------------------------l<Jl, 209, 217, 221, 287 
Hog Creek Marsh---------------------------------------------------------- 75 
Holmes County peat deposits ----------------------------------------------- 77 
Holmes Township, Crawford County, peat in--------------------------------- 47 
Honeysuckle, see Azalea, Rhododendron. 
Honeysuckle fly, see Lonicera. 
Hooker, J.B., cited-------------------------------------------------------- 212 
Hoop pole, see Spartina. 
Hopewell Township, peat in------------------------------------------------- 114 
Hop hornbeam, see Ostrya. 
Hopkins, C. G., cited ---------------------------------------------------307, 381 
Horner, E., peat from land of----------------------------------------------- 32 
Hornwort, see,Ceratophyllum. 
Horr-Warner Company, peat from land of ----------------------------------- 98 
Horsetail, see Equisetum. 
Horseweed, see Erigeron, Leptilon. 
Hubbard, G.D., cited------------------------------------------------------ 134 
Huckleberry, black, see Gaylussacia. 
Hudson Township, Summit County, peat in---------------------------------- 126 
Humidity, effect of -------------------------------------------------299, 303, 339 
Humification, process of---------------------------------------------------- 348 
Hummocks of sphagnum, causes oL------------------------------------------ 91 
Humus as an adsorbing agent, effects of -----------------------------------328-329 
Humus, defined _____ ---- ___ ----- ___________________________ --- --- --- ______ 19, 360 
Huron County peat --------------------------------------------------------45, 78 
Hussey, J., cited ---------------------------------------------------------101, 119 
Huston, H. A., cited ------------------------------------------------------- 307 
Hydrophytic formation __ -------------------------------- ------ ---- --------- 222 
Ilypericum prolificum L., shrubby St. John's-wort____________________________ 42 
Hypericum virginicum L., -= Triadenum Raf., =Elodea campanula Pursh., 

marsh St. John's-wort ---------------------55, 62, 77, 106, 112, 233, 235, 239, 250 
Ilypnum sp., mosses ------------------------------------------------------42, 226 
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Ice-age, cause of ----------------------------------------------------------- 210 
Ignition~heat of peat------------------------------------------------------ 361 
flex verticiUata (L.) Gray., black alder, winterberry ------------------------

______ 32, 34, 40, 41, 46, 52, 55, 77, 82, 88, 95, 105, 109, 111, 112, 121, 135, 249, 254 
Ilicioides mucronata Britton. = Nemopanthus mucronata (L.) Trel., mountain 

holly _______________________________ 34, 63, 105, 106, 108, 109, 111, 112, 135, 249 
Illuminating gas ___________________________ ------- ------------------ ____ 182, 369 
Impatiens biflora Walt., = I.julva Nutt., spotted touch-me-not _____________ _ 

--------------------------------------------- 35, 36, 41, 674 oo, 95, 111, 250, e52 
Impatiens pallida Nutt., pale touch-me-not --------------------------------- 234 
Importation of moss litter ----------------------·---------------------------- 194 
Imports of peat------------------------------------------------------------ 26 
Indian cucumber root, see M edeola. 
Indian or water rice, see Zizania. 
Indian pipe, see M onotropa. 
Indole, production of _______ ---------- _________ ----------- ---------- _____ 347, 355 
Infirmary farm, peat from land of·------------------------------------------- 115 
Invasion -----------------------.---------------216, 225, 230, 237, 244, 249, 255, 259 
Ipomrea sp. L., morning glory .. ----------"-----------------------·------------ 89 
Iris versicolor L., larger blue flag____________________________________________ 83 
Iron in peat -------------------------------------------------------------366, 380 
Iron ore-bed swamps------------------------------------------------------- 94 
Isnardia palustris L., = Ludvigia (L.), Ell., water purslane _______ . _________ 33, 235 

J 
Jacard, P., cited ----------------------------------------------------------- 223 
Jackson Township, Hardin County, peat in----------------------------------- 75 
Jennings, 0. E., cited -----------------------------------------------205, 235, 243 
Jodidi, S. L., cited---------------------------------------------------------- 360 
Johnson celery farm-------------------------------------------------------- 142 
Johnson Township, Champaign County, peat in ------------------------------ 43 
Juglans cinerea L., butternut, white walnut -------------------------------40, 254 
Juglans nigra L., black walnut ---------------------------------------52, 126, 256 
Juncus acuminatus MicID:., bog rush________________________________________ 232 
Juncus brachycephalus (Englem.) Buchenau., bog rush _______________ -41, 232, 239 
Juncus canadensis J. Gray ----------------------------38, 82, 91, 232, 236, 239, 258 
Juncus effusus L., soft rush ----------------------------38, 54, 96, 108, 114, 232, 239 
Juncus tenuis Willd., bog rush --------------------------------38, 44, 49, 52, 82, 232 
Juneberry, see Amelanchier. 
Juniperus virginiana L., red cedar -------------------·--·"----------------- 103 

K 

Kalmia polifolia Wang., = K. glauca Ait., pale laurel ________ .. ____________ ~-- 93 
Kellerman, K F., cited ···---------------·------··---------------------------22, 350 
Kellmore Lake (Bradley Pond)---------------------------··------------------ 63 
Kellso, H., peat from land of ______ ·---··--. __ ---------- ______ ··------_ ·- __ -·- 64 
Kendrig, H., acknowledgment to·--·---------------------------------------- 301 
Kerr, H. C., acknowledgment to-------··----··--·-------··--·----------------- 326 
Kerr, W. A., cited-----------------------------------------· ------------- 185 
Kihlman, A. 0., cited ---------------------------------------------------285, 309 
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Kiln-dried peat, defects of----------------------·--------------------------- 383 
King, F. H., cited-·---------------------····--------------------·---------- 323 
King fem, see 08munda. 
Kline, H., peat from land of _ ----· --------- ------- _ ------ ---------··----_ ____ 135 
Knotweed, see Polygonum. 
Knowlton, F. H., cited _________________ ------------------ ___ -----~---_______ 209 
Kohl, G., cited ________________________ ·----------------··------------------·· 316 
Korschinski, S., cited _________ ---------------- __ ·---------------- ·--------- 262 
Krill, F., peat from land of ----------------·--·-----------------------· _____ 53 

L 

Labrador tea, see Led um~ 
Ladd's Lake·--------------------------------------------------------------- 52 
Lady's slipper, see Cypripedium . 

. Laiiy's thumb, see Polygonttm. 
Lane-Muntz process for obtaining nitrates from peat__________________________ 190 
Lake County peat deposits ------------------------------------------------- 84 
Lake cress, see Radicula. 
Lake region __ . _____ ..• ____ . ____ . _. ____ . ________ . ____ . __ . ________ . _____ . _ .216--217 
Lakeville ____ ·--------------_____ ---- ______ ..•. _.-------. __ -----·· __ --------. 33 
Lamarck, F., cited __ ···--------__ . __ . ____ -------- ______ -------------- __ ____ _ 262 
Langley, H. A., peat from land of ··------· •. ---------------------····--------- 143 
LarU& laricina = americana association.------------------------------------- 251 
Lari.i: laricina (DuRoi) Koch., = L. americana Michx., tamarack--------· 34, 

35, 36, 44, 51, 52, 64, 66, 93, 95, 106, 109, 111, 121, 125, 133, 134, 136, 137, 282, 391 
Lathyrus myrlifolius (Muhl.} Gray., vetchling ---------------------------···-36, 88 
Lathyr·us palustris L., vetch!ing •.. _. _________ ... __ . ____ ... ______________ .. _ _ _ 38 
Laurel, see Kalmia. 
Lautenberger, F., peat from land of. •• __ ••.•. __ .......... __ -----··_________ 108 
Layers, vegetation ___ --------------------------------------···22:1, 236, 245, 252. 254 
J,aying out the plant for peat manufacture -------------------· .. ·····----.... 157, 165 
Leather leuf, see Chamredaphne, Ca<1sandra. 
LeClerc, J. A., cited --------------------------· ---·----···-------·--·--·---- 386 
Ledurn gramlandicu.m Oeder., = L. latifolium Ait., labrador tea ........ 93, 245, 282 
Leersia virginica Willd., white grass -----······--·---------------·--···--·33, 235 
Lemrui'f! Lake_ ..... ______ ... __ ....... ___ ......... ___ ...... __ .... _ ...... _.... . ........ _ 52 
Lemna minor L., duckweed ····------··--····-------···--------------···· ... 229 
Lemnd trisulca L., duckweed ----- ----- __ .. ___________ ...... ·-··-------.•.... _ __ 229 
Leon Bog--------------------------------------------···------------........ 35 
Lepeechkin, W. H., cited ----·----------------···-----·-------------------·-·· 338 
Leptilon canadense (L.} Britton.,= Erigeron J,., horse-weed----------------- 73 
Lesquereux, J,., cited ---------------- .. ·-------------------------···17, 267, 274, 286 
Leverett, F., cited ·-··---------------.------------------------------ ___ .211, 272 
Lewie, F. J., cited .................................................................................. 223 
Licking County pent deposits .. __ .... _. _. ----------- ....... ____ .. _____ . _ .. ·--... 85 
I.J.ebig, J. V., cited .... c .••. ----------------------------·------------------- 307 
Lindemuth, A. C., cited ..... ···-------------------------·--------- ·------··· 49 
Liparis lreselii (L.) Richard., tway-blade -------·-··-···-------------·--------- • 41 
Lipman, J. G., cited -----------------------------------------------------338, 356 
Liriodendron tulipifera L., tulip tree .................................... .40, 52, 55, 254, 391 
Little Ls.ke ... __ ------ ....... __ ........ ____ ............ _. __ . _. ___ ... __ • ___ . _ ..... __ ..•.. 52 
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Livingston, B. E., cited--···-·---------·------------- ___ 299, 300, 308, 313, 323, 372 
Livingston, Mrs. J. G., cited ___________ . ____ . _. _______ ... __ . __ . -- ____ . ___ --- 300 
I.iverwort, see Riccia. 
Lizard's tail, see Sat<rurus. 
Lobelia kalmii L., lobeliu __ ... ___ . _____ .. _ _ ___ . 142, 246 
Lobelfo Biphilitica L., great lobelia _ _ . __ . ___ ------- _________ . __ .-42, 240 
J,;1bez.ia spicatu Lam., lobelia ·---____________________ . _. _ _ _ _. _ ... -42, 240 
Location of peat bogs, importance of----·--·-·----------·----·----· 148 
I,ogan County peat deposits ___________________ ---- ___ . . - --- - - - - - -- 93 
Lonicera oblon!Jifolia (Goldie) Hook., swamp fly honeysuckle ---------·----- 126 
Lorain County peat deposits _____ . ______ . _____ ·---_______ --- _ - - -- - -- - - - - 93 
Lord, H. C., acknowled!!:ment to __________ . ·-.. _______ . __ . ______ ----· - _ - ··-_ 301 
Lord, N. W., cited ____ -----------· ---------------- .... 277, 36S, 370 
Lousewort, see Pedicuiaris. 
Loyett, G., peat from land of. _ --· _____________________ . _ --· ______ . _. - __ . --- 78 
Lucus County peat deposits _ __ _ ______ .. _ _ __ _ _ _ _ __ _ __ _ _ _ ____ - - _. - -- - __ . - - !H 
L11.dvigia alternifolia J,., seedbox _____ . ___ .. __ ··-__ .. ___________ . -- --- .. - --- .54, 55 
Ludvigia pali.stris (I,.) Ell., = lsnardia L., water purslane ------------------33, 2.15 
Lycopodium dendroideum (~fichx.) D. C. Eaton, club moss _________________ 34, 252 
Lycopodi'Um lucidulum Michx., clnb moss .. _______ -------- ____ -------- ______ 65, 252 
Lyman, W. S., cited--------------------------------------------------·----- 99 
I.yme Township, peat in-------------------------------------------··-------- 79 
Lysimachia thyrsiftora L., tufted loose-strife------··------------------------·- 232 

M 

M!)Betb, I. G., cited ------------------------ --------------- ·------ ·----- 350 
McCurdy, J., peat from land of ------------ ---------------- .... _________ 134 
McDougfl;l, D. T., cited ----- .. ·----... ---------------------- _____ 280, 203 
McMiller, C., peat from land of ___ . ______ .. ___ .... _________________ . _______ . 50 
Jl.iarhinc peat __________ .. ____ ·-------·- ------- --·-- . ·---·-··--·------- 161 
Machinery for peat manufacture ----------- .. ____ -··---_ .157-158, 163, 165, 173 
l\fachines for cutting peat _ ___ . __ . __________ -----. _. _____ .. ______ ... _ --- _ _ _ 163 
Machines for cutting water-weeds ______ .... _ _ __ _ _ _ _ . ____ . _. _ _ ______ ··----_ 226 
Madden, J. A., peat from land of _________ . ___ . _ ______ _ __ _ __ . ____ .. ____ __ _ 58 
Madison Township, Williams County, peat in ___ ...... ___ .. ___ . ·----- 137 
Magnolia acuminata L., cucumber tree_______ ----·· ----··------35, 65, 254, 391 
Mahoning County peat depm;its ____________ . -----. _ ... ----- ... __ . --· _______ . _ 94 
Maianthemum canadcnse Desf., Unifolium canadense (Desf.) Greene, May 

flower, false lily-of-the valley------··-----· ____ 34, 36, 41, 96, 109, 111, 252, 254 
Maidenhair fern, see Adianf1lm. 
Mammoth, remains of--···--------
Manna grass, see Glgceria. 

51 

Ma1111ing, H. W., cited _______________ .... ____ ---· -----· ----··-------------- 386 
Man's presence in glacial times ··--------· --· __ -------- -----------· ___ .. ___ ·-·- 218 
Mantua Bog -----------------··-··-----· ----------·------··------------- __ .. --- 110 
M!i.Iltua Township, Portage County, peat in ----------------------··--------· 110 
Manufacturing methods, peat briquets •.•• __ .. --··-__________ . __ _ _ ____ __ 173 
Maple-alder zone on Cranberry Island---------------------·------··- -------- 89 
Mai,;le-asb-elm forest type-----------····--··· ______ 32, 35, 65, 67, 106, 108, 110, 136 
Maple, see Acer. 
Margaretta Township, Erie Connty, peat in __ ------ ---- ___ • __ ------ ----- ___ . 5G 
Marigold, see Bidens. 

•28--0. B. 16. 
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Marion Township, Hardin County, peat in----------------------------------·· 71 
Market for peat--------------------------------------------------------··--- 146 
Marl ____ ------------------- __________ . ____ 38, 41, 43, 56, 65, 69, 105, 107, 115, 134, 225 
Marflh bellflower, see Campanula. 
Marsh cress, see Rndicula. 
Marsh marigold, see Caltha. 
Marsh St. John's-wort, see Hypericum, Triadenum. 
Marvin, C. F., cited _______ , ________________________ -------------···-··__ 300 
Jlvlason, F. H., cited --------- --·-------··-------------------··----------_______ 175 
Massart, J. 1 cited ---------------------------------------------------------- 242 
Mastodon amcricanus ------------------- -~--------- -----··---·--c------------ 218 
Mastodon, remains of __________________________________ ,, ____ 38, 39, 51, 60, 103, 113 
Matbuildcrs ________ ---------- ·---··---. ____ .. __ ------ ________ ---- .. ____ . __ . _ 92 
Materials for tanning from peat ________ . __ -------. _______ .. _. _. _ __ __ _ _ __ __ __ _ _ 191 
Maximum and ruinim1tm temperatures at Cranbcny Island _ .. _ ... ____ . _ _ .. _ _ _ 296 
Mayflower, false lily-of-the-valley, see lYiaianthemum. 
Meadow rue, see 7'halictrum. 
Meadow-sweet, see Spirrea. 
Mechanical tests of peat _______ --------. _ ------ ____ --··-··· ________________ 150, 15:3 
Medary Beaver marsh _ -----· ________ -·· ________ ---- __ --· _. _ ---·- ______ . __ _ ___ 113 
Medeola t1irginiana L., Indian cucumb!'r root _____ ,, __________ . ______ 34, 41, 252, 254 
Medina County peat deposits ___________ --------·------------·----------·---··-- 97 
Menyanthes lrifoliata L. 1 buckbean ____ -----··----------- ___ 64, 77, 91, 136, 239, 282 
Mercer Cmmty peat deposits - . -- ------ -- -- --- --- . - - _____ . _________ --· __ __ __ 99 
Mermaid weed, see Proserpinrea. 
Merriam, C.H., cited ----·----------------------------·-··------··--·-··---219, 290 
Mesophytic formation _____ ----- ____ . -- -- -- .... - __ . _ -- _. __ . _________ . --- _ _ __ _ 222 
Meteorological conditions of Ohio __________ . ______________ . -··-_____ . 203-208, 2.SO 
Method of manufacturing peat briquets --· _ ----- _______________ ··-. ___ ------- 173 
Methods of ecological vegetation 1:1tudies ___________ .. _______________________ 220-221 
Methods of prospecting peat bogs and estimating their contents_ .. ______________ 150 
l\:leyei·'s Lake ________ ---------··----- -··--------.. - - .. - ---- - -- _ -- -- _ ----- __ ··-- 121 
Miami County peat deposits -----. _ ----· _______________ ..... _________ . _____ . __ 101 
Michaelhi, L. 1 cited-------------·----- -- ·--------- .. ------------------·-----316, 330 
Microorganisms in peat formation --- --· .. ______________ . _. ___ .. 21, 274, 280, 344-358 
Migration of vegetation _______________ . _ ------ _. _. ·----- __ . _ ______ _ _ ___ _ ___ 215 
Miley, J.E., peat from land of-------------------------------- .. --·------------ 116 
M ilium cffusum L., millet grass ___ --- . _ - --- .... --- - . - . _____ . --- __________ . __ . 41 
Milkweed, see Asclvpias. 
Miller, S. A., cited---------------------·-----------------------··----·--------- 268 
IVIiller, W., cited ____________________ ---------------·------------------····---- 386 
Millet grass, see Milium. 
Millikin, W. H., peat from land of __________ --··-____ ··-__________ . ___ . -··--____ · 73 
Mineral salts, role of ----------------------·-------------.. -----------242, 339, 381 
Minimum and maximum temperatures in central zone on Cranberry Island____ 296 
M ilchella repens L., partridge berry _____ ----- ______________ .. ____________ ··-. 108 
M ilella diphylla L., miterwort _____ ----- ----------··--_____ .. ______________ .41, 254 
Miterwort, see M itella. 
Moisture content of peat _____ . _ ------ __ ··----___ .. ___ ------ _______________ .20, 361 
Moisture in dried peat --------------- ·-·-----------------------------·---170, 361 
Molisch, H., cited ___ ------ ---------------- ____ __ __ __ ___ ___ _ _____ _ _ __ ___ ____ 315 
Monotropa uniflora L., Indian pipe------------------------------------------ 65 
Montgomery County peat deposits----------------··------------------------- 102 
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Montpelier, peat deposits near .. -·----------·------------·-----------·-----· 
Moore, E., peat from land of····-----·-·---·-·-------·-------·-----·--------
Morning glory, see I pomrea. 
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136 
64 

Morrey, C. B., cited -------------·-·-···----·-------·-------------···---354, 356 
Mosely, E. L., cited -------·---·----·--·-··-----------·--·--·-------·-57, 20.5, 235 
]);losqnito Lake ____ .. _ .. ________ .• _______ .... ____ . _______ • _____ .. __ . ________ . _ _ _ 43 
Mount.am holly, see Nemopanthus, llicioides. 
Muchinippi swai:np _____________ . ___ . ________ ·--·-----··--------· . _ ·--· __ __ 38 
Muck, defined_____________ -----·-----·-----·---------··--------·--------- 19 
lVIud Creek Bog·----·------------------··--···---------·------------·-------- 50 
lVIud J,ake __ . ____ .•• ---··-____ •... __________ .••. __ ···------ -------. ________ .• 32, 78 
1V1nd Lake Bog .. ·--·-----------------··-------------------· ·----·----·-·- 126 
Muhlenkamp, J., peat from land of _ .. -· .•• __ . ---------- __ ----~··-. ____ ----. __ 100 
Munson Township, Geauga County, peat in •••.• ·---------------..... __ ···----- 67 
Muntz-Laine proeess for obtaining nitrates from peat . ---------· -------- ----- 190 
"Muskeag" bogs-·-----------------------------------------· _______ .. 109, 136, 253 
Mycorhizal fungi in peat--·-------- .•..•. __ .. __ ------··--·-· ____ ·-----____ .344, 353 
Myrica gale L., sweet gale -------------··-----·---.. -------------------------- 282 
Myriophyllum spicatum L., water milfoil__ _____ ·----------------------------- 2'26 

N 

Nasturtium lacustre Gray., = Radicula aquatica (Est.) Robinson, = Roripa 
americana Britton., lake cress -----------------------------------88, 227, 231 

Nasturtium palustris D. C., ... Radicula palustris (L.) Moench, = Roripa 
Bess., marsh cress------------------------------------------------------ 88 

Nelson, peat from vicinity of ----------------------------------------------- 111 
N emopanthus mucronata (L.) Trel. =N. fascicularis Raf.,= llicioides mucro- · 

nata Britton., mountain holly ________ 34, 63, 105, 106, 108, 109 111, 112, 135, 249 
Nettle, false, see Brehmeria. 
Nettle, see Urtica. 
New Albany Marsh -------------------------------------------------------- 96 
Newberry, J. S., cited ---------------------------------------128, 211, 267, 269, 274 
New Haven Marsh ------- -------- ------------------- ~ ____ -------------- ___ -45, 80 
New Knoxville ------------- ____ -------------------------------------- ------ 39 
New Washington Bog ------------------------------------------------------ 46 
Nitrates from peat -------------------------------------------------190, 371, 389 
Nitrates, quantity necessary for growth of bog plants------~----------------- 372 
Nitrates, reduction of ----------------------------------------------------· _ 347 
Nitrogen, assimilation of atmospheric in bog plants ------------------------- 344 
Nitrogen content. _________________________ 360, 361, 366, 367, 368, 369, 371 378, 382 
Nitrogenous compounds in peat _______________________________ 371, 378, 382, 387, 389 
Northern bogs, type of----------------------------------------------------- 40 
Nutrient aetion of organic substp,nees in peat ------------------------------338, 354 
Nymphrea advena Aft., =- Nuphar Aft. f., yellow water 

------------------------------------------------32, 52, 64, 67, 106, 126, 227 
Nyssa sylvatica Marsh., - N. multiftora Wang., blaek gum __________ 54, 105, 256, 391 
Nystrom, E., cited ---------------------------------166, 172, 174, 175, 180, 185, 369 

0 
Oak, see Quercus. 
Oenothera biennis L., = Onagra Scop., evening primrose -------------------111, 258 
Oglevee, C. S., cited ------------------------------------------------------- 329 
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Oil and gas, origin of ------------------------------------------------------- 269 
Onagra biennis Scop., - Oenothera biennis L., evening primrose ___________ 111, 258 
Onion, growth of, on peat--------------------------------------------------- 385 
Onoclea sensibilis L., sensitive fem ________________ 33, 34, 55, 62, 106, 108, 235, 250 
Orchid, see Habenaria, Calopogon, Pogonia. 
Orchis, see Arethusa. 
Origin of land plants ------------------------------------------------------- 281 
Origin of xerophytism -------------------------------------------------~---- 280 
Orrville Bog.-------------- ____ ------------- --- _ - -- --- ----- ---- -- _ -_ _ _ _ _ _ _ __ 131 
Orton, E., cited 370 
Orwell Township, Ashtabula CoUl,lty, peat in -------------------------------- 35 
Osmosis ------------------------------------------------------------------- 338 
Osmotic pressure of bog wate~----------------------------------------------- 372 
Osmotic pressure, role of -------------------------------------------------340, 353 
Oamunda cinnanwmea L., cinnamon fem------------------------------------

------------34, 36, 41, 62, 65, 77, 82, 91, 95, 105, 106, 108, 239, 245, 252, 254, 258 
Oamunda regalis L., - 0. spectabilis Willd., flowering, king or royal fem _____ _ 

-------------------------------------34, 36, 63, 82, 90, 95, 105, 108, 239, 245, 258 
Osterhout, W. J. V., cited •• ------------------------------------------------- 340 
Ostrya virginiana (Mill.) K. Koch., hop hornbean --------------------------- 256 
Ottawa County peat deposits------------------------------------------------ 103 
Output from small peat deposits -------------------------------------------- 168 
Oxidation, effect of, on toxic substances ------------------------------------- 317 
Oxycoccus macrocarpon Pers. = V accinium macrocarpon Ait., large or American 

cranberry ______________________________ 32, 46, 64, 77, 91, 105, 133, 239, 282, 384 
Oxygen, absorption of------------------------------------------------------ 372 

p 

Packing material, peat as--------------------------------------------------- 194 
Padanarum, bog near------------------------------------------------------- 35 
Palisade tissue, cause of formation of -------------------------------------219, 316 
Pallavicinia lyellii (Hook) S. F. Gray, moss -------------------------------- 90 
Pammel, L. H., cited------------------------------------------------------- 344 
Panic grass, see Panicum. 
Panicum huachucm Ashe, panic gra.ss --------------------------------------54, 232 
Panicum spharrocarpon Ell., panic grass----------------------------------- 52, 232 
Papaw, see Asimina. 
Paper from peat------------------------------------------------------------ 191 
Parnassia caroliniana Michx., gra.ss of Parnaasus ________________________ 38, 41, 240 
Parthenocissus quinquefolia (L.) Planch., - Psedera quinquefolia (L.)Greene, 

=Ampelopsis Michx., woodbine, Virginia creeper -----------------------34, 40 
Partridge berry, see Mitchella. 
Pasteboard from peat ----------------- -------------------- -_ --- ----------- _ 192 
Pasture association --------------------------------------33, 42, 115, 138, 143, 234 
Patten, H. E., cited -------------------------------------------------------- 327 
Paulding County peat deposits ---------------------------------------------- 104 
Pearson, K., cited--------------------------------------------------------318, 320 
Peat as fuel, discussion of--------------------------------------------------- 161 
Peat briquets ------------ -------- -- ---- ------- --- -------- ------ -------- ---- 172 
Peat coke •• ------·-·------------------------------------------------------- 187 
Peat composts, value of, to agricult1,1re -------------------------------------- 383 
Peat islands ·····--·····-···-··-----------------------------------------·-· 86 
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Peat powder _____ ------ ____ ------ ____________ • _ ------ _____________ ----- _ .171, 186 
Peat prairie 79 
Pedicularis lanceolata Michx., lousewort ----------------------------------Al, 240 
Peltandra virginica (L.) Kunth., ~ P. undulata Raf., arrow-arum ____________ _ 

------·---------------------------------------------641 67, 88, 92, 2'Z'/, 239 
Penhallow, D. P., cited -------------------------------------------------209, 211 
Penthorum sedoides L., ditch stonecrop -----------------------------------33, 235 
Percentages of ash in trees-------------------------------------------------- 391 
Periodicpeatislands.------------------------------------------------------- 86 
Permeability of protoplasmic membrane, importance oL ______ 336, 338, 339, 340, 342 
Peterson & Wright Co., peat from land of ----------------------------------- 123 
Pettit, J. H., cited·--------------------------------------------------------- 307 
Pfeffer, W., cited·--------------------------'-------------------------------- 308 
Philotria canademis Britton., = Elodea Michx., water-weed ________________ 67, 226 
Phleum pratense L., timothy --------------"--------------------------118, 259, 385 
Phosphoric acid in peat ------------------------------------------378, 382, 387, 389 
Phragmites eommunis association------------------------------------------- 235 
Phragmites communis Trin., ""'P. vulgaris BSP., reed-----------------------

------------------------------------------55, 56, 58, 73, 83, 104, 142, 233, 258 
Physiography in relation to vegetation-------------------------------------- 197 
Physiological ecology, importance of ---------------------------------------- 198 
Phytogeographic regions of Ohio-------------------------------------------- 203 
Phytolacca decandra L., pokeweed ·------------------------------------------ 54 
Pickerel-weed, see Pontederia 
Pieters, A. J., cited ------------------------------------------------------226, 230 
Pig-weed, see Amaranthus. 
Pine, see Pi nus. 
Pin us strobus L., white pine----------------------------- .34, 36, 65, 66, 106, 251, 391 
Pitcher plant, see Sarracenia. 
Place-functions of plants-------------------------------------------------~-- 336 
Plains or peat prairies------------------<------------------------------------ 122 
Plankton association------------------------------------------------------- 223 
Plantain, water, see AliB?na. 
Pl.ant geography ol Appalachian region -------------------------------------- 208 

Lake region------------------------------------------------ 205 
Scioto Valley _____________________________ ---------------___ 2JY7 
Western Plain---------------------------------------------- 206 

Plant society, defined ------------------------------------------------------ 228 
Platanus occidentalis L., sycamore ----------------------------------------40, 254 
Pleistocene -------------------------------------------------------------210,217 
Plymouth Township, Ashtabula County, peat in·----------------------------- 37 
Poa compressa L., wire grass, Canada blue grass ---------------------------67, 385 
Poa pratensis L., blue grass -----------------------------------------67, 259, 385 
Pogonia ophioglossoides (L.) Ker., orchid ----------------------------------83, 239 
Poison sumach, see Rhus. 
Pokeweed, see Phytolacca. 
Polygonum amphibium L., knotweed ---------------------------------52, 2'Zl, 228 
Polygonum hydropiperoides Michx., - P. opelousanum Riddell., water pepper 

-------------------------------------------------------33, 52, 92, 2Zl, 228; 235 
Polygonum muhlenbergii (Meisn.) Wats., = P. emersum Britton., knotweed 

-----------------------------------------------------------32, 52, 88, 227, 228 
Polygonum pennsylvanicum L., knotweed -----------------------------33, 54, 235 
Polygonum persicaria L., lady's thumb ------------------------------------33, 235 
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Polygonum sagittatum L., arrow-leaved tear-thumb __________ -49, 95, 126, 234, 258 
Polytrichum commune L·-------------------------------------------34, 65, 105, 252 
Pondweed, see Potamogeton. 
Pontedtria cordata L., pickerel-weed ----------------------62, 64, 67, 106, 227, 239 
Poplar, see Populus 
Populus deltoides Marsh., = P. monilifera Aft., cotton wood_________________ 117 
Populus grandidentata Michx., large-toothed aspen or poplar----------------- 55 
Populus heterophylla L., downy poplar --------------------------------54, 82, 258 
Populus tremuloides Michx., American aspen --------------------------------

-----------------------------------34, 36, 52, 54, 55, 112, 116, 117, 233, 250, 258 
Portage County peat deposits----------------------------------------------- 104 
Portage Township, Summit County, peat in --------------------------------- 125 
Potamogeton lucens L., pondweed ------------------------------------------- 226 
Potamogeton natans L., pondweed------------------------------------------- 226 
Potamogeton pectinatus L., pondweed--··------------------------------------ 226 
Potash in peat -------------------------------------·-------------378, 382, 387, 389 
Potatoes, growth of, on peat------------------------------------------------ 385 
Potentilla fruticosa association __ ----------- -------- ---------- ------------ -- 246 
Potentilla fruticosa L., = D~phora Rydb., shrubby cinquefoil, five-finger ___ _ 

42, 44, 56, 118, 140, 141, 142, 245, 246, 282 . 
Potentilla monspeliensis L., cinquefoil ------------------------------------54, 233 
Potentilla palustris (L.) Scopt., marsh five-finger __________________________ 88, 239 
Potonie, H., cited 24, 278 
Powder, peat, for fuel ------------------------------------------------------ 186 
Prairie, twenty--seven mile-------------------------------------------------- 131 
Preparation method of, and heating value or peat ---------------------------- 176 
Presses for briquetting peat ------------------------------------------------ 173 
Preparation of the bog for use ---------------------------------------------- 155 
Primary conditions or peat formation --------------------------------------- 21 
Primary successions of vegetation---------------------------- _____ ------ __ 222, 223 
Principles governing profitable utilization of peat deposits ------------------- 145 
Probable output from a small peat factory ----------------------------------- 168 
Problem of xermorophy ----------------------------------------------------- 277 
Producer gas from peat----------------------------------------------------- 183 
Producer gas plant at Ska.bersjo -------------------------------------------- 149 
Producer gas plants-------------------------------------------------------- 186 
Profit in machine peat------------------------------------------------------ 169 
Properties of briquetted peat-----------------------~------------------------ 172 
Proserpinaca palustris L., mermaid weed ----------------------------------- 227 
Prospecting for peat bogs ------ ---------- --------- ----------------------- __ _ 150 
Prosser, C. S., cited-------------------------------------------------------- 265 
Protective features of plants -----------------------------237, 248, 271, 278, 279, 315 
Proteins, disintegration of -------------~------------------------------------ 353 
Protoplasm, selec.tive power of ------------------------------------~-------336-342 
Prunus serotina Ehrh., wild black cherry -----------------------------------

-----------------------------------40, 52, 65, 95, 109, 111, 112, 116, 117, 252, 254 
Prunus virginiana L., choke cherry-------------------------------------- 127, 252 
Psedera quinquefolia (L.) Greene., =- Ampelopsis Michx., = Parthenocissus 

quinquefolia (L.) Planch. Virginia. creeper 40 
PundersonLake ------------------------------------------------------------ 67 
Pusheta. Township, Auglaize County, peaty muck in ------------------------- 39 
Putnam County peat deposits----------------------------------------------- 113 
Putrefaction bacteria, role or, in peat formation ----------------------------- 348 
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PymatuningSwainP--------------------------------------------------------- 33 
Pyrite, presence of, in bogs__ 80, 98, 142, 373 
Pyrus arbutijolia (L.) L.f., = Aronia arbutifolia Ell. chokeberry ____________ _ 

__ 32, 36, 40, 41, 46, 63, 77, 82, 91, 106, 108, 109, 111, 112, 135, 249, 254, 258, 282 
Pyrus melanocarpa (Michx.) Willd., = Aronia nigra Britton, chokeberry ____ _ 

34, 36, 54, 55, 63, 77, 82, 88, 91, 95, 105, 109, 111, 112, 121, 135, 233, 249, 258, 282 

Q 

Quality of peat------------------------------------------------------------- 18 
Quality of peat as related to surface vegetation------------------------------ 223 
Quantity and value of peat products for the U. S ----------------------------25, 26 
Quantity of peat, deterlllination of, in a deposit ---------------------------149, 150 
Quartz sand as an adsorbing agent, effect of -------------------------------328-329 
Quercus alba L., white oak ----------------------------------------------117, 391 
Quercus bicolor Willd., = Q. plantanoides Sudworth., swamp white oak ______ _ 

----------------------------------------------------------------108, 116, 135 
Quercus coccinea Muench., scarlet oak------------,-------------------------- 52 
Quercus imbricaria Michx., laurel or shingle oak --------------------------90, 117 
Quercus palustris Muench., swamp oak ___________________ 90, 109, 112, 116, 117, 391 
Quercus velutina Lam., = Q. tinctotia Bartr., black oak_____________________ 55 

R 

Radicula aquatica (Eat.) Robinson, = Roripa americana Britton, = Nastur-
tium lacustre Gray, lake cress ----------------------------------- 88, 227, 231 

Radicula palustris (L.) Moench., = Roripa Bess., = Nasturtium D. C., marsh 
cress ------------------------------------------------------------------ 88 

Ragweed, see Ambrosia. 
Ragwort, see Senecio. Range of bog plants _________________________________________________________ 282 

Range of chemical composition of Ohio peat and coal------------------------- 368 
Range of substratum temperatures on Cranberry Island---------------------- 296 
Ranunculus pennsylvanicus L.f., bristly crowfoot --------------------------- 232 
Raspberry, see Rubus. 
Rate of peat accumulation--------------------------------------~----------- 19 
Rate of plant Illigration ---------------------------------------------------- 217 
Ravenna, peat near city of-------------------------------------------------- 112 
Ravenna Township, Portage County, peat in -------------------------------- 112 
Reactions of vegetation ________________ 228, 230, 233, 237, 243, 245, 247, 255, 259-262 
Read, M. C., cited _____________ --------------------------------- _____ ------- 79 
Reclaination of marsh -----------------------------------------------------55, 104 
Recovery of by-products from Ziegler peat-coking process -------------------- 180 
Redbud, see C ercis 
Red cedar, see J uniperus 
Red top, see Agrostis. 
Reducing action of peat soils _____ ----------_---------------------------- •. 372-373 
Reed, see Phragmites. 
Reed, H. S., cited---------------------------------------------------------- 315 
Relict, a plant, or group of plants, belonging to an earlier type of succession 

than the one in which it is found. 
Relicts, plant ----------------------------------------------------208, 213, 215, 218 
Renault, B., cited ----------------------------------------------269, 274, 280, 344 
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Response, functional ------------------------------------------------ 198, 305, 336 Reversion in vegetation development _______ .; __________________ 91, 198-199, 257, 261 
Rhamnus alnifolia L'Her., buckthom ---------------------------------41, 111, 252 
Rhododendron viscosum (L.) Torr., ""Azalea visco11a L., clammy azalaea, white 

swamp honeysuckle---------------------------- 34, 35, 52, 64 65, 111, 252, 254 
Rhus glabra L., smooth sumach --------------------------------------------- 117 
Rhus vernix L., = R. venenata D. C., poison sumach or dogwood _____________ _ 

_____________ 32, 36, 41, 52, 62, 77, 82, 88, 95, 121, 135, 140, 142, 246, 249, 254, 258 
Ribes ftoridum L'Her., wild black currant----------------------------------- 111 Ricciaftuitans L., liverwort ________________________________________________ 229 

Ricciocarpus natans, liverwort --------------------------------------------- 229 
Richmond Township, Huron County, peat in_________________________________ 80 
Rivas, D., cited __ ------- ______________ ------ __ _ _ _ _ __ _ ___ __ __ __ __ _ _ _ _ _ _ __ __ _ 349 
Robinson, 8. C., cited ------------------------------------------------------ 360 
Rodent, see Castoroides. 
Role of substratum temperature in bog habitats ---------------------------292-298 
Root systems in relation to substratum _____ 225, 227, 230, 232, 234, 237, 239, 245, 249 
Ropira americana Britton, = Radicula aquatica (Eat.) Robinson,= Nastur-

tium lacustre Gray, lake cress------------------------------------ 88, 227, 231 
Roripa palustris (L.) Bess., ... Radicula (L.) Moench., marsh cress----------- 88 
Rosa carolina L., wild rose ____ 55, 67, 82, 89, 106, 112, 114, 116, 118, 140, 233, 250, 258 
Rosemary, see Andromeda. 
Rose, swamp, see Hibiscus. 
Rose, wild see Rosa. 
Rotation of crops on peat soils -------------C-------------------------------- 385 
Royal fern, see Osmunda. 
Royalton Township, Fulton County, peat in --------------------------------- 60 
Rubus allegheniensis Porter, = R. nigrobaccus Bailey, shrubby bramble------ 89 
Rubus hispidus L., prostrate bramble---------------------------------------

-------~------------------------ 34, 42, 54, 55, 83, 96, 105, 109, 233, 239, 245, 258 
Rubus idreus var. aculeatissimus (C. A. Mey.) Regel & Tiling, = R. strigo-

sus Michx., bramble --------------------------------------------c_______ 252 
Rubus setotus Bigel, = R. nigricans Rydb., ascending bramble _____________ 34, 245 
Rubus triftorus Richards, - R. americanus Britton, dwarf bramble or rasp-

berry ------------------------------------------------------------ 41, 55, 254 
Rubus villosus Ait., = R. procumbens, Muhl., - R. canadensis L (?), dewberry 

or blackberry---------------------------------------------------------- 117 
Rumex acetosella L., field or sheep sorrel------------------------------------ 54 
Rumex brittanica L., great water dock ----------------------------------- 95, 231 
Rumex crispus L., yellow dock ------------------------------------------- 33, 235 
Rush, see Eleocharis, J uncus. 
Rush Township, Champaign County, peat in-------------------------------- 43 
Russell, I. C., cited ------------------------------------------------------24, 212 
Ryan, H., cited. ------------------------------------------------172, 185, 191, 369 
Rynchospora alba (L.) Vahl., beak rush -------------------------77, 82, 91, 239, 258. 

s 
Sachs, J., cited __________ ----------------------·----------------------------- 307 
Sagittaria heteroph.ylla Pursh., arrow-head ________________________________ 235

1 
236 

Sagittaria latifolia Willd., arrow-head .. ------ __ --------- -- ... ---- --- _ --- -- _ 
_________________________________ 34, 55, 62, 82, 88, 95, 106, 126, 232, 234, 235, 240 

St. Johns, village oL-------------------------------------------------------- 38 
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St. John's-wort, see Hypericum, Triadenum. 
St. Joseph Township, Williams County, peat in________________ ----------·-- 134 
Salem Township, Champaign County, peat in---------------------·---------- 43 
Salisbury, R. D., cited ----------------------------------197, 210, 213, 267, 276, 277 
Salix amygdaloides Anders., peach-leaved willow -------------------------- 52, 236 
Salix candida Flugge., hoary willow _. ______________________________ . 121, 142, 250 
Salix cordata Muhl., willow------------------------------------------------- 250 
Salix discolor Muhl., glaucous willow _______________ 38, 41, 52, 88, 126, 236, 250, 258 
Salix lucida Muhl., shining willow-------------------------------- 34, 142, 236, 250 
Salix nigra Marsh., black willow-------------------------------------- 34, 88, 250 
Salix pedicellaris Pursh., = S. myrtilloides L. (?),bog willow _______________ _ 

------------··----------------------------------------83, 88, 142, 236, 250, 258 
Salix petiolaris Sm., low shrub willow----------------------------- 41, 54, 121, 233 
Salix rostrata Richards, S. bebbiana Sarg ------------------------------ 142, 250 
Salix sericea Marsh., silky willow ----------------------------------95, 96, 108, 250 
Salix sp.-Populus tremuloides asosciation ---------------------------------- 249 
Sambucus canadensis L., elderberry --------------------- 41, 82, 90, 127, 254, 258 
Sampling of peat, tests in ______________________________________ . __________ 150--153 
Samuels, G. B., peat from land of -------------------------------------- 121 
Sanddunevegetation ------------------------------------------------- 117 
Sandusky County peat deposits---------------------------------------------- 104 
Sandusky Township, Crawford County, peat in ------------------·---------·- 47 
Sanguisorba canadensis L., = Poterium Gray, Canadian burnet._____________ 41 
Sarracenia purpurea L., pitcher plant __________________ 771 93, 121, 136, 239, 240, 252 
Sarsaparilla, see Aralia. 
Sassafras variifolium (Salish.) Ktze., sassafras------------------------------ 55 
Saururus cernuus L., lizard's tail_ ______________________________ 35, 36, 41, 106, 252 
Scales, F. M., cited -------------------------------------------------------- 350 
Schaffner, J. H., cited ------------------------- ---------------------------43, 243 Schenk, J., cited • ___________ . ________________________ . _________________ . __ _ 205 
Scheuchzeria palustris L., ---------------------------------------- 91, 239, 240 
Schimper, A. F., cited------------------------------------------ 198, 221, 290, 309 
Schlenz, F., peat from land of----------------------------------------------- 50 
Schory, E. C., cited-------------------------------------------------------- 360 
Schouw, J. F., cited ---------------------------------·--------------- 223 
Schreiner, O., cited--------------------------------------------- 315, 339, 360, 381 
Schroter, C., cited ________________________________________________ 17, 21, 286, 345 

SciotoMarsh -------------------------------------------------------------- 71 
Scirpus americanus Pers., = S. pungens VahL, bulrush -------------- 55, 233, 235 
Scirpus atrovirens Muhl., bulrush ------·-------------------------------- 38, 104 
Scirpus cresspitosus L., bulrush. _____ .--· _____ . ___________________________ ·-- 239 
Scirpus cyperinus (L.) Kunth., = Eriophorum cyperinus L., wool grass _____ _ 

---------------------------------------------------33, 44, 49, 105, 234, 239, 258 
Scirpus validus Vahl., = S. lacustris L.?, great bulrush _________________ 55, 233, 235 
Scott, D. H., cited------------------------------------------·-------------- 274 
Scutellaria galericulata L., skullcap _____________________________________ 82, 88, 231 
Secondary conditions of peat formation------------·-----·-----·-----·------- 23 
Secondary vegetation successions------------------------------------------- 257 
Secrest, E., cited----------------------------------------------------------- 207 
Sedge, see Cyperus, Carex. 
Seedbox, see Ludvigia. 
Seeds in peat deposits ----------------------------------------- 73, 83, 97, 98, 123 
Selby, A. D., cited------------------------------------------------------ 203, 217 
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Selection of process and machinery------------------------------------------ 158 
Selling prices of manufactured peat------------------------------------------ 169 
Semi-aquatic or amphibious associations------------------------------ 32, 126, 2Zl 
Seneca County peat deposits------------------------------------------------ 113 
Senecio aureus L., golden ragwort------------------------------------------ 41 
Seruiitive fern, see Onoclea. 
Settling of peat--------------------------------------------------- 36, 63, 141, 243 
Seville, peat near ---------------------------------------------------------- 99 Shaking prairie _ __ __ _ _ _ _ __ _ _ _ _ __ _ __ _ __ _ ___ _ _ __ ____ __ ___ _ __ _ __ _ _ _ _ _ _ _ _ _ _ _ 101, 131 

Shelby County peat deposits------------------------------------------------ 119 
Sherman, C. E., cited -----------------------··------------------------------ 199 
Shield fem, see Aspidium, Dryopteris. 
Shooting star, see Dodecatheon. 
Shreve, F., acknowledgment to --------------------------------------------- 300 
Shrinkage of peat ------------------------------------------------------ 91, 243 
Shull, G. H., cited --------------------------------------------------------- 318 
Shrubby cinquefoil, see Potentilla. 
Silica in _ _ _ _ ___ _ ______________ . ____ ----- __ .. __________________________ . 379 
Simm's 68 
Sitensky, F., cited ------------------------------------------------~-------- 344 
Sium cicutwfolium Schrank., water parsniP-------------------------------- 82, 227 
Size and cost of peat factory------------------------------------------------ 158 
Skinner, J. J, cited ------------------------:..---------------------------- 339, 381 
Skullcap, see Scutellaria. 
Skunk cabbage, see Symplocarpus. 
Smilacina trifolia (L.) Desf., = Vagnera trifolia (L.) Morong., false Solomon's 

seal ----------------------------------------------------------------- 41, 254 
Smilax hispida Muhl., green briar ---------------------------------------- 252 
Smith, J. W., cited _____________ ----------------- ___ -------- ____ ------- ___ 203, 386 
Smith, L., peat from land of. _______________________________________________ ~ 114 
Snakehead, see Chelone. 
Snowberry, see Chiogenes. 
Snow, J., cited---------·--------------------------------------------------- 224 
Snow Pond (South Pond)--------------------------------------------------- 66 
Snyder 94 
Society, a subdivision of a plant association characterized by a principal species. 
Soft rush, seeJuncus. 
Soil and air temperatures, differences between------------------------------- 298 
Soil, nature of ____________________ -- ___ • --- ________ -- --- _ -- _____ -- _ -- __ -- -- _ 380 
Soil process in peat deposits----------------------------------------- 343, 348, 372 
Soil productivity, factors of ------------------------------------------------ 380 
Soils of Ohio ----------------------------------------.---------------- 31-139, 199 
Solanum dulcamara L., bittersweet ---------------------------------- 89, 231, 249 
Solidago canadensis L., golden-rod----------------------------------- 142, 246, 258 
Solidago graminifolia (L.) Salish., - S. lanceolata L., golden-rod-------------- 258 
Solidago ohioensis Riddell, golden-rod ------------------------------· 41, 142, 246 
S. ridellii Frank, golden-rod ---------------------------------------- 41, 142, 246 
Solidago rugosa Mill., golden-rod------------------------------------------ 81, 112 
Solidago uliginosa Nutt., golden rod ---------------------------------------- 239 
Solomon, ·peat from land of._________________________________________________ 119 
Solomon's seal, false, see Smilacina, Vagnera. 
Solon Bog------------------------------------------------------------- 47, 61, 106 
Solon Township, Cuyahoga County, peat in -----------------c··-------------- 47 
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Solubility of nitrogenous substances in peat----------~----------------------- 372 
Solubility of peat ---------------------------------------------------------- 372 
Somermeier, E. E., cited----~------------------------------------------- 277, 368 
Sorghums~ growth of, in bog water --------------------------------- 337 
Sorrel, field, see Rumex. 
Sources and percentage of ash ----------------------------------------154, 377, 379 
South Pond (Snow Pond)----------------------------------------------·----- 66 
Sparganium eurycarpum Engelm., bur-reed ____ 33, 49, 95, 96, 104, 232, 234, 235, 236 
Spartina cynosuroide8 (L.) Roth., = S. poly8tachya Willd., hoop-pole, salt 

reed grass ------------------------------------------------------------- 56 
Specific gravity of peat----------------------------------------------------- 20 
Specific gravity of peat, determination of------------------------------------ 153 
Speedwell, marsh, see Veronica. 
Spencer, H., cited ---------------------------------------------------------- 262 
Sphagnum cymbifolium Ehrh.; S. parvifolium (Sendt.) Warn.st.; S. acutifo-

lium var. versicolor; S. recurvum Beauv.; S. recurvum var. amblyphyllum. 
Sphagnum hummocks ----------------------------------- 42, 55, 109, 135, 241, 253 

conditions for growth ______ -------- __ --------------_-------------- 241 
Sphagnum mosses, occurrence of--------------------------------------------

----------------34, 35, 36, 42, 46, 49, 62, 64, 65, 77, 91, 96, 105, 106, 111, 112, 121 
Spice bush, see Benzoin. 
Spikenard, see .Aralia. 
Spike rush, see Eleocharis. 
Spindle tree, see Evonymus. 
Spirma latifolia Borkh., meadow sweet---------------------~-------52, 82, 114, 258 
Spirma salicifolia L., meadow sweet, white spirrea ---------------------------

---------------------C---------------------------52, 55, 96, 111, 112, 233, 249 
Spirma tomentosa L., steeple bush ------------------------------------112, 249, 282 
Spirodela polyrhiza (L.) Schleid., duckweed --------------------------------- 229 
Spratt, E. R., cited -----------------------------------------------------344, 353 
Springfield, city of, peat deposit -------------------------------------------- 44 
Stano, M., peat from land of------------------------------------------------ 123 
Starch, conversion of, and test for------------------------------------------- 346 
Star flower, see Trientalis. 
Stark County peat deposits------------------------------------------------- 120 
Statistical study of growth in trees ----------------------------------------- 319 
Steeple bush, see Spirrea. 
Stimulatory action of organic substances in peat _____________ 310, 313, 319, 328, 331 
Stonewort, see Chara. 
Stopes, M. C., cited-------------------------------------------------------- 248 
Stratigraphical divisions of Ohio ___ ---· __ . --------------- ____ ------ --------- 266 
Straughn, M. N., cited ----------------------------------------------------- 386 
Structure of peat ___________ ---------- ____ -------- ___ ··------_______________ 18, 233 
Stunted form of plants ---------------------------------------------- 92, 141, 244 
Submerged association ------------------ _______ -------. ------ _____ ----- 126, 225 
Succession of vegetation in Carboniferous period----------------------------- 273 
Succession of vegetation, post-glacial---------------------------------------- 215 
Sugar beets--------------------------~------------------------------------- 143 
Sugar, conversion of-------------------------------------------------------- 346 
Sulphur gases in peat--------------------------------------------"--- 58, 126, 137 
Sulphur in pea.t------------------------------------------------------------- 379 
Sumach, poison, see Rhus. 
Summit County peat deposits-----------------------·----------------------- 122 
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Sundew, see DrQsera. 
Superior Township, Williams County, peat in -------------------------------- 136 
Surface area of adsorbing bodies,calculation of ----------------------------327-328 
Survival of the fittest ___ ·----··----------------------------------222, 261-262, 340 
Swales--------------------------------------------------------------------- 69 Swamp, Black ______________________________________________________ 104, 205, 217 

Swamp, defined ____________ ----------- ____ ---------------------_------------· 19 
Swamp loose-strife association ___ ---------- ________ ------ ----·------__ __ ___ __ 62 
Swamp oak, see Quercus. 
Swamp rose, see Hibiscus. 
Sycamore, see Platanus. 
Symplocarpus fretiduis L., skunk cabbage ••• -------------------------------- 62, 250 

T 
Tall sedge, see Dulichium. 
Tamarack bogs------------------------------- 59, 61, 63, 125, 128, 133, 134, 136, 137 
Tamarack, see Larix. 
Tanning materials from peat------------------------------------------------ 191 
Tape grass, see Valisneria. 
Taxus canadensis Marsh., American yew, ground hemlock -------------- 34, 252 
Tear-thumb, see Polygon um. · 
Temperature, effect of, on peat formation --------------------------------- 23, 287 
Temperature in relation to formation of bogs_________________________________ 286 
Temperatures in peat substrata -------------------------------------------294-296 
Ternetz, C., cited ----- __ -------------- -------------------- ____ ------------- 344 
Tertiary vegetation ---------------------------------------------- .•. 209, 212, 213 
Testing, mechanical method of, peat bogs·----------------------------------- 29 
Texture of peat 20, 233, 238, 388 
Thalictrum dasycarpum Fisch. & Lall., = T. purpurascens, meadow rue------

- --- - -- ---- ---- - --- ---- ---- -- --- -- - -- - ---------- - -- -- - - -- -- -- ---- 41, 82, 254 
Thalictrum revolutum D. C., = T •• purpurascens L., meadow rue ------------- 258 
Thermal value of peat ----------------------------------------30, 362, 366, 375-377 
Thermal value, range of, in Ohio peat --------------------------------------- 362 
Thuja occidentalis L., Arbor vitre, white cedar -------------------------40, 253, 391 
Thuja occidentalis association ---------------------------------------------- 253 
Tickseed, see Bidens. 
Tight, E.G., cited ------------------------------------------------------209, 267 
Tilia americana L., basswood ---------------------------------------------- 65 
Tilting of Lake Erie shore-------------------------------------------------- 56 
Timothy, see Phleum. 
Tool for estimating peat bogs--------------------------------~-------------- 150 

cutting and draining peat deposits ---------------------------------- 162 
Topographic conditions for peat formation ------------------------21, 23, 220, 275 
Topography of Ohio ----------------------------·---------------- 31-139, 201,203 
Touch-me-not, see Impatiens. 
Toxic action of organic substances in peat·----------------------- 310, 313, 325, 332 
Toxic bodies in peat, nature of ------------------------------------------ 373, 390 
Tranaeau, E. N., cited·--------------------------------- 217, 242, 286, 308, 316, 322 
Transpiration, conditions affecting -------------------------------------- 280, 339 
Transplanted species on Cranberry Island.----------------------------------- 93 
Transportation facilities ------- ----"----------------------------- ----------- 148 
Trees and woody fragments ia peat deposits _____________ 33, 34, 35, 48, 53, 55, 

58, 61, 62, 82, 83, 103, 109, 112, 114, 126, 127, 130, 131, 135, 136, 140, 141, 142, 144 
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Tree growth in bogs----------------------------------------------------- 253, 318 
Triadenum virginicum (L.) Ra.f., = Hypericum virginicum L., marsh St. 

John's-wort ------------------------------------------------------------ 42 
7'rientalis americana {Pers.) Pursh., star flower ------------------ 41, 111, 252, 254 
Trifolium hybridum L., alsike clover ------------------------------------ 259, 385 
Triglochin sp., I,., arrow-grass---------- .. ·---------------------------------- 77 
Trillium erectum L., wake robin ----------------------------------------- 41, 254 
Trillium grandiftorum (Michx.,) Salish., wake robin, birthroot ______________ 41, 254 
Trillium undulatum Willd., = T. erythrocarpumM1ichx., painted trillium _____ 34, 252 
Troy Township, Geauga County, peat in ------------------------------------ 66 
True, R.H., cited---------------------------------------------------------- 329 
Trumbull County peat deposits --------------------------------------------- 128 
Trumpet weed, see Eupatorium. 
Tsuga canadensis (L.) Carr., - Abies Michx., hemlock------ 34. 36, 65, 106, 251, 391 
Tulip tree, see Liriodendron. 
Turfing -------------------------------------------------------------------- 384 
Turkey Foot Lakes---------------- ___ ----------------- --- -··---------- ------ 128 
Twayblade, see Liparis. 
Twenty-seven Mile Prairie---------- --- ----------------------------- _ __ ___ __ 131 
Twig rush, see Cladium. 
Tyler, F. J., cited ---------------------------------------------------------- 243 
Types of machines--·--------------------------------- ---------------- .. --- -- 165 
Types of peat ---------------------------------------18, 227, 231-233, 238, 241, 388 
Types of presses for making peat briquets------------------------------------ 173 
Typha anguslifolia L., cattail --------------------------------------- 88, 231, 240 
Typhaassociation ---------------------------------------------------------- 234 
Typha latifolia L., common cattail----------------------------------·-------

---------------- 32, 34, 42, 52, 64, 67, 88, 96, 104, 106, 111, 126, 130, 133, 231, 240 

u 
Ulmus americana L., white or American elm·------------------------ 117, 256, 391 
Ulmus fulva, Michx., red or slippery elm ------r- 52, 106, 108, 116, 126, 135, 256, 391 
Underwood, J. S., peat from land of ----------------------------------------- 136 
Undrained peat substratum, effects of--------------------------------------- 318 
Unglaciated area of Ohio ------------------------------------------------ 201, 202 
Union Township, Hancock County, peat in ---------------------------------- 70 
Unproductiveness of clay soils ---------------------------------------------- 68 
Urbana Township, Champaign County, peat in ------------------------------ 39 
Urtica gracilis Ait., nettle -------------------------------------- 111, 140, 141, 246 
Usteri, A., cited ---------------------------------------------------------- 23, 24 
Utilization of peat deposits --------------------------·------------------- 145, 185 
Utricularia intermedia Haynes, bladderwort-------------------------------- 228 
Utricularia minor L., smaller bla.dderwort ---------------------------------- 42 
Utricularia vulgaris L., greater bla.dderwort -------------------------------- 226 

v 
Vaccinium canadense Kalm., velvet-leaf blueberry -------------· --------- 247, 282 
Vaccinium corymbosum L., high-bush or swamp blueberry.32, 34, 36, 52, 55, 63, 

65, 77, 105, 108, 109, 111, 112, 121, 127, 133, 135,233,241,245,249,257,258,282, 384 
Vaccinium macrocarpon Ait.,-Oxgcoccus macrocarpon Pers., la.rge or American 

cranberrY----------------------------- 32, 46, 64, 77, 91, 105, 133, 239, 282, 384 
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Vaccinium O:r:ycoccus macrocarpon-Sphagnum sp. association_______________ 239 
Vaccinium pennsylvanicum Lam., low blueberry ------- 34, 105, 108, 127, 245, 246 
Vaccinium 11acillans Kalm., late low blueberry--------------- 64, 108, 127, 245, 24? 
Vagnera trifolia (L.) Morong., = Smilacina trifolia (L.) Deaf., false Solomon's 

seal ------------------------------------------------------------------- 41 
Vail, J. H., peat from land of ----------------------------------------------- 120 
Valisneria spiralis L., tape grass --------------------------------------- 61, 226 
Value of wet carbonization process ___ ---------------------------------------- 178 
Value and quantity of peat products for the United States -------------------25, 26 
Van Buren Township, Shelby County, peat in-------------------------------- 119 
Van Meter.huckleberry swamp---------------------------------------------- 116 
Van Tieghem, P., cited----------------------------------------------------- 344 
Van Wert County peat deposits --------------------------------------------- 130 
Vapor blanket, influence of, on vegetation----------------------------------- 303 
Varieties of peat ------------------------ ------------------- -------- __ 18, 388-389 
Vegetation development and structure ------------------------------------220-262 
Vegetation of Ohio during the ice age --------------------------------------- 211 
Vegetation of the coal measures ----------------------------------------- 273, 275 
Vegetation regions of Ohio-------------------------------------------------- 203 
Vegetation types ----------------------------------------------------------- 222 
Verbena hastata L., blue vervain ----------------------------------- 49, 81, 142, 258 
Veronica scutellata L., marsh speedwell -----------------------------------33, 235 
Vertical evaporation gradient----------------------------------------------- 304 
Vervain, see Verbena. 
Vesque, J., cited _________________________ --------------------------------___ 316 
Vetchling, see Lathyrus. 
Viburnum cassinoides I,., white rod, wild raisin, arrowwood ________________ _ 

------------------------------------- 32, 34, 36, 64, 77, 109, 111, 112, 249, 252 
Viburnum dentatum L., arrowwood ------------------------------------------

--------------------32, 34, 36, 62, 64, 77, 82, 95, 105, 106, 111, 112, 127, 249, 252 
Viburnum lentago L., sweet viburnum _ ----------------------------- 111, 112, 252 
Viburnum nudum L., arrowwood ----------------------------105, 108, 111, 112, 252 
Viet, Ch., cited __________________ ~------------------------------------------ 316 
Viola arenaria D. C,, V. canina var. puberula Wats., violet--------------- 42 
Viola blanda Willd., = V. amcrna LeConte., violet ____ -41, 42, 82, 88, 90, 96, 252, 254 
Violet, see Viola. 
Virgin's bower, see Clematis. 
Virginia creeper or woodbine, see Ampelopsis, Psedera, Parthenocissus. 
Volatile hydrocarbons defined ---------------------------------------------- 277 
Volatile matter defined -----------------------·----------------------- --------. 30 
Volatile matter in relation to fuel value of peat------------------------------ 375 
Volkens, G., cited---------------------------------------------------------- 309 

Wake robin, see Trillium. 
Walnut, see J uglans. 

w 

Ward, L. F., cited --------------··--------------------------------------- 270, 274 
Warming, E., cited·----------------------------------------------------- 221, 309 
Washington Township, Hardin County, peat in ------------------------------ 75 

Henry County --------------------------------------- 76 
Holmes County -~------------------------------------ 77 

Water arum, see Calla. 
Water avens, see Geum. 
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Water content of peat --------------------------------------------------- 361, 388 
Water content of peat, estimation of ---------------------------------------- 152 
Water dock, see Rumex. 
Water, discussion of analyses of--------------------------------------------- 370 
Water gas from peat, for illuminating purposes------------------~------------ 183 
Water hemlock, see Cicuta. 
Water-holding capacity of peat ------------------------------------------ 20, 388 
Water in dried peat ----------------------------------- ------------------ 170, 361 
Water in peat as related to weight___________________________________________ 170 
Water in relation to peat formation ----------------------------------------- 345 
Water lilies, see Castalia, Nymphrea. 
Water milfoil, see Myriophyllum. 
Water parsnip, see Si um. 
Water pepper, see Polygonum. 
Water purslane, see Ludvigia. 
Water requirement of plants ------------------------------------------------ 339 
Water table, effect of lowering---------------------------------------------- 52 
Water-weed, see Elodea, Philotria. 
Water-weeds, machine for cutting ------------------------------------------- 226 
Water willow, see Dianthera. 
Wayne County peat deposits------------------------------------------------ 131 
Wayne Township, Ashtabula County, peat in_________________________________ 37 
Websky, J., cited ----------------------------------------------------- _____ 360 
Weight of peat------------------------------------------------------------- 361 
Weight of water evaporated from a ton of peat ------------------------- _____ 170 
Weiss, cited _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ 275 

Wet carbonization of peat -------------------------------------------------- 177 
White, D., cited ---------------------------------------------------------269, 274 
White grass, see Leersia. 
Whitney, M., cited--------------------------------------------------------- 313 
Wild bean, see Apios. 
Wild oat grass, see Danthonia. 
Wild rose, see Rosa. 
Wiles, W. L., peat from land of --------------------------------------------- 54 
Wiley, H. W., cited -------------------------------------------------------- 386 
Williams County peat deposits---------------------------------------------- 134 
Williams, G., peat from land of --------------------------------------------- 119 
Williamson, C. W., cited __ ------------------------------------------------- 38 
Willow, see Salix. 
Winchell, N. H., cited ___________________________ ---- ____ _ __ _ _ __ ___ _ 71, 130, 138 
Winterberry, see !lex. 
Wintergreen, teaberry, see Gaultheria. 
Witch-hazel, see Hamamelis. 
Wolffia columbiana Karst., duckweed ----------------------------------- 229, 236 
Wolffiella ftoridana (J.D.Srn.) Thompson, = Wolffia gladiata J. D. Sm., duck-

weed--------------------------------------------------------------- 229, 295 
Wollny, E., cited----------------------------------------------------------- 344 
Woltercek, H., process of, for obtaining ammonium compounds from peat____ 189 
Wood, artificial, from peat ---------··--------------------------------------- 192 
Woodbine, see Psedera. 
Wood County peat deposits------------------------------------------------- 138 
Wood fern, see Aspidium, Dryopler-is. 
Wood mint, see Blephilia. 
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Wood reed grass, see Cinna. 
Woodwardia virginica (L.) Sm., chain fern ---------------------------------- 96 
Woodworth, J.B., cited.---------------------------------------------------- 197 
Wool grass, see Scirpus, Eriophorum. 
Woven fabrics from peat---------------------------------------------------- 192 
Wyandot County peat deposits---------------------------------------------- 139 
Wyer, S.S., cited ___ . __________________ -------------------------------------- 185 

Xeromorphy, problem of 
Xerophyte, a dry soil plant. 

x 
277 

Xerophytic formation ______ . __ ---- ___ -------- ____ ----- ___ ----- -- _ --- -- ___ -- _ 222 

y 

Yapp, R.H., cited--.----------------------------------------------- 230, 301, 305 
Yew, see Taxus. 
Yield from a small peat fectory ---------------- ----------------------------- 168 

z 
Zieglerpeat-cokingprocess __________________________________________________ 179 

Zizania aquatica L., water or Indian rice------------------------------------ 235 




