
SCIENTIFIC RESULTS OF THE KATMAI EXPEDITIONS OF THE
NATIONAL GEOGRAPHIC SOCIETY.

I. THE RECOVERY OF VEGETATION AT KODIAK.*

ROBERT F. GRIGGS.

PREFATORY NOTE.

When its magnitude is fully understood by the scientific
world, the eruption of Katmai is certain to rank with that of
Krakatoa as a unique exhibition of the forces of vulcanism.
To the National Geographic Society alone belongs the credit
of having made known to the world this tremendous eruption.
As soon as the news came that there had been a great volcanic
explosion in Alaska, the society dispatched Dr. Geo. C. Martin
to the scene. His report published in the National Geographic
Magazine for February, 1913, remains the only detailed record
of the events of the eruption. This first study was followed
up by three other expeditions under the direction of the writer,
whose results have been summarized in the National Geographic
Magazine for January, 1917 and February, 1918.

The purpose of the society in sending these expeditions was,
however, quite as much to undertake detailed study of the
numerous scientific problems raised by the eruption as to
furnish its members with authentic accounts of one of the
greatest volcanic disturbances in history. Hand in hand with
exploration of interest to all of the 750,000 members of the
society, has always gone intensive study of numerous scientific
problems which would appeal to a more restricted audience.
The Board of Managers of the society has from the first recog-
nized that the expeditions would fail in their purpose if they
brought back nothing beyond material for articles suitable
for a magazine of general interest to all intelligent people.
These articles are, to be sure, as accurate and as truly con-
tributions to knowledge as the most recondite memoir. But
it is recognized that they must be brief epitomes in which
the detailed data essential to the progress of science must be
cut out on account of the limitations of space.

* Copyright, 1918, by National Geographic Society, Washington, D. C. All
rights reserved.
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The expeditions of 1915-1916 owed their inception to the
foresight of Mr. Frederick V. Coville, of the Board of Managers,
who first recognized the unique opportunity presented by the
revegetation of the ash for the solution of many problems of
great importance to agriculture connected with the trans-
formation of the raw mineral ash into a humous soil. It was
primarily for the study of these problems that the project
was undertaken, for no one at that time suspected the existence
of the volcanic wonders which were to prove of wider general
interest than the specific objective of the expeditions.

Although it has been the intention of the society to provide
for the comprehensive study of all the scientific problems
growing out of the eruptions, the members of the expeditions
have been able to realize this ideal only in part. The scientific
problems presented in this remarkable district are so manifold
that it has always been necessary to forego the study of many
important aspects of the eruption. The eruption was, more-
over, so vast a cataclysm that its comprehension passes the
power of the human mind. The members of the expeditions
have always felt that the results attained were to be measured
only by their own limitations of vision and of strength for
following up the opportunities that lay around them on every
hand.

Good progress has, however, been made along a number of
major lines, including the botany of the region; its revegetation
so far as that has progressed; the geology of the volcanic
district; studies of the volcanic phenomena in some detail; the
chemical condition of the ash plains in relation to their coloniza-
tion by plants; chemical and thermometric examinations of
the volcanic emanations in co-operation with the Geophysical
Laboratory of the Carnegie Institution; the zoology of the
district, the insects especially having received attention thus
far; while beginnings have been made in the study of the soil
bacteriology and mycology of the devastated areas.

For various reasons the publication of the papers embodying
the results of these investigations has been somewhat delayed,
but it is now proposed to issue, as rapidly as possible, a series
of contributions of which this is the first, making known the
results which have been obtained. Inasmuch as the National
Geographic Society has no organ of its own suitable for such
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papers, the Ohio Journal of Science has undertaken the pub-
lication under an agreement whereby the Geographic Society
assumes the major share of the expense.

The eruption of Katmai and its effects on vegetation have
been discussed in previous papers.1"2"3 The present paper is
presented as a more detailed record than could be given in
the general account of the remarkable recovery shown by
the plants buried under the ashfall at a great distance from
the vent.

"GREEN KODIAK" TRANSFORMED TO A DESERT.

It will be recalled that although a hundred miles from the
Volcano, Kodiak was covered about a foot deep by the fall of
ash, which here has the character of fine sand. The effect of
this blanket of ash, coming as it did on June 6, just as the
plants were putting forth their spring growth, was to strike
down all herbaceous growth, giving "Green Kodiak" the
appearance of a pine barren, devoid of vegetation except
for the trees and bushes which stuck through the ash uninjured.
To everyone who visited Kodiak during the first two seasons
after the eruption, the damage done to vegetation seemed
irreparable.

It was during this period that I first saw Kodiak in June,
1913, almost exactly a year after the eruption. It was indeed
a bleak and desolate prospect. Outside the forest the country
had the appearance of a desert, whose gray-brown slopes were
relieved only here and there by spots of green where some alder
or willow stuck through the ashy blanket (see page 4), or on
some steep slope where the ash had been washed off. Lupines,
fireweeds, and other strong-stemmed perennials had, to be
sure, come up through the ash here and there, but they were
not abundant enough to have much effect on the landscape.
Within the forest the prospect was less desolate because the
spruces stood up out of the ash in something like their original
condition, but the undergrowth beneath them was gone and

1 Rigg, G. B. The Effects of the Katmai Eruption on Marine Vegetation.
Science 40 : 509-513. 1914.

2 Griggs, Robert F. The Effect of the Eruption of Katmai on Land Vegetation..
Bull. Am. Geogr. Soc. 47: 193-203; Figs. 1-10. 1915.

3 , The Eruption of Katmai. Nature 101: 497. 22 Aug., 1918.
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Photograph by M. D. Snodgrass
ASH COVERED LANDSCAPE NEAR KODIAK.

At the end of the first growing season after the eruption. October 20, 1912.
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Photograph by B.B. Fulton
THE SAME PLACE THREE YEARS LATER.

Rank grasses have everywhere covered the hillsides coming up from old roots.
The only bare ash yet remaining is in the old swamp at the right.
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their branches were still heavily laden with ash, bending them
down against the ground (see page 48).

The officials of the Experiment Station and of the Kodiak
Baptist Orphanage were attempting to grow a crop of oats
to provide ensilage enough to keep their cattle alive over the
winter. We felt it our duty to encourage them in this effort,
but in reality the prospect seemed very gloomy to us. Well
do I remember debating with one of the citizens whether the
country would ever come back to its original condition. He,
with the vividness of his memory of things as they had been
before the eruption, was pessimistic, but I, with the knowledge
that the ash would probably be beneficial after it was incor-
porated with the soil, reassured him with the prediction that in
ten years vegetation would begin to come back in some
abundance.

THE MARVELOUS RECOVERY OF VEGETATION.

But during the second and third years the old roots sent
up new growth through the ash layer in such profusion as to
completely upset even the most optimistic of predictions.
When I landed in June 1915, despite the reports I had received,
I could not believe my eyes. It was not the same Kodiak that
I had left two years before. The mountains were everywhere
green with their original verdure. The character of the change
is indicated by the pictures on pages 4, 5 and 7 better than it
could be by any description. Where before had been barren ash
was now rich grass as high as one's head. Everyone agrees
that the eruption was "the best thing that ever happened to
Kodiak." In the words of our hotel keeper, "Never was any
such grass before, so high or so early. No one ever believed
that the country could grow so many berries, nor so large, before
the ash."

I had come to Kodiak to study the re vegetation, but I found
my problem vanished in an accomplished fact. The re vegeta-
tion which I had hoped to study at Kodiak had given place
to a remarkable recovery of the antecedent plants, transferring
the problem of revegetation proper to the more deeply buried
country near the Volcano.



GRASS COME UP THROUGH THE ASH. Photograph by D. B. Church
In some places this grass, the native blue top, Calamagrostis langsdorfii, penetrated twenty inches of ash. The connection of the present tops

with old roots, hold-overs from before the eruption, is everywhere manifest.



8 The Ohio Journal of Science [Vol. XIX, No. 1,

COMPARISONS WITH REVEGETATION IN OTHER VOLCANIC
DISTRICTS.

But, although the country around Kodiak presents only a
subordinate aspect of the problem of revegetation, it is, as
may be seen below, more similar to most of the other volcanic
districts whose revegetation has been studied, than the country
nearer the volcano. It seems appropriate, therefore, to digress
at this point for a comparison of the Katmai district with other
volcanic regions.

There is a very natural tendency on the part of many to
group the revegetation of all volcanic terrains under a single
generalization. Considering how remote volcanic phenomena
are from the experience of most botanists, this is quite excusable.
But when one's attention is called to the fact that volcanic
ejecta not only vary in physical condition all the way from
compact glassy rock to fine sand, but also have all the varieties
of chemical composition shown by igneous rocks from basic
to acid, he sees at once that the establishment of plant life on
different volcanic terrains may be as diverse as on soils derived
from different varieties of sedimentary rocks. The problems
encountered by Forbes4 and MacCaughey,5 for example, in
studying plant invasion on Hawaian lava flows have little
in common with those that confront us in the Katmai district.

Moreover, as our knowledge of the phenomena of the
eruption increases, and the affected country is better explored,
it becomes more and more evident that the eruption of Katmai
stands in a class by itself, offering opportunities for the study
of revegetation quite without parallel since the development
of modern botany, before which, of course, no such studies
could have been made.

KRAKATOA.

The eruption of Krakatoa, for example, will occur to
botanists and geologists alike as the greatest of volcanic explo-
sions. Yet the total area on which the studies of revegetation
were made, the island of Krakatoa, was only about five square
miles in extent—so small that it could almost be dropped

4 Forbes, C. N. Prelim. Obs. Concerning the Plant Invasion on Some of the
Lava Flows of Mauna Loa, Hawaii, Bishop Mus. Honolulu. Occ. Pap. 5:15-23. 1912

5 MacCaughey, Vaughan. Vegetation of Hawaiian Lava Flows. Bot. Gaz. 64:
386-420. 1917.
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bodily into the crater of Katmai. In the present case, the area
covered by deep deposits, through which the roots of plants
can not reach the original soil, is more than a hundred times as
large.

Unfortunately, moreover, the study of Krakatoa was of a
very fragmentary nature. It was three years after the eruption
before the island was visited at all. Revegetation had already
begun on an extensive scale6. This first plant life consisted
of blue-green algae and ferns, but several species of seed plants
were already well established. After this first brief visit
no other observations are recorded for eleven years, until
1897 when it was visited by Penzig7. After this visit, a similar
period elapsed before another visit, that of Ernst8 and Campbell9.
Although Ernst has worked up the data gathered, in masterly
fashion, it should be remembered that his opportunity for field
examination was very brief, consisting of only a few hours,
during which time it was not possible so much as to reach the
summit of the island, much less to explore it carefully.

These workers, moreover, paid little attention to the
problem which most concerns us, namely, the means of prepara-
tion of the raw inorganic soil for the life of higher plants,
but studied especially the means of dispersal by which the
plants reached the new land, making the observations the
basis of a study in plant distribution for which Krakatoa, by
virtue of its insular position, offered a unique opportunity not
duplicated at Katmai.

Since these papers are well known to most botanists, there
is no occasion to abstract them at length here. Probably
the most significant of the results brought out are the following:
(1). The pioneer vegetation consisted not of flowering plants,
but of Blue-green algae (Cyanophyceae), which were followed
by ferns and then by flowering plants. (2). The first flowering
plants were species whose seed was either distributed by the
wind or by ocean currents, invasion progressing largely from
the strand. (3). It was believed that the nitrogen compounds
necessary for the growth of the luxuriant vegetation were

6 Treub, M. Notice sui la nouvelle Flore de Krakatau. Ann. Jard. Bot.
Buitenzorg 7: 213-223. 1888.

7 Penzig, O. Die Fortschnitte der Flora des Krakatau. Ibid 21 : 92-113. 1902.
8 Ernst, A. The New Flora of the Volcanic Island of Krakatau. Translated

by A. C. Seward. Camb. Univ. Press. 1908.
9 Campbell, D. H. The New Flora of Krakatau. Am. Nat. 43: 449-460. 1909.
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derived in part from the activity of nitrogen fixing soil bacteria,
and in part from compounds formed in the atmosphere by elec-
trical storms. This suggested solution of the nitrogen question
is of great interest in connection with our problem.

TAAL.

The return of vegetation to the slopes of Taal volcano in
the Philippines after the destructive eruption of January, 1911,
has been studied first by Gates10 and later by Brown, Merrill and
Yates11. Although it entailed the destruction of many hundreds
of human beings, this eruption was, by comparison with that
with which we are dealing, a minor affair. The depth of the
ejecta on the slopes of the volcano is stated by Worcester12 to
have been only 8-12 inches, while at the foot of Katmai, eight
miles from the crater, the ashfall was eleven feet on the level.
It is clear, therefore, that the return of vegetation to Taal is
more nearly comparable to the recovery at Kodiak than to the
revegetation of the mainland areas in the vicinity of the volcano.

Gates reported that "more than 99% of the new vegetation
are seedlings," but the sterilization even of the volcano island
was by no means complete, "for in April, 1914, bananas were
fairly abundant and indicated quite well the positions of many
of the former houses" while several species of bamboo, which
are likewise exclusively culture plants unable to spread without
human assistance, were prominent. Since only three clumps
of bananas and none of the bamboo were present in October,
1913, the indications are that these tropical plants have a
capacity for undergoing long dormant periods beneath the
ground, analogous to that found in the Katmai district (see
page 32).

The investigations of Brown, Merrill and Yates suggest
that a larger proportion of the native plants likewise, may have
survived than was supposed by Gates. The most important
species in the new vegetation is a grass Saccharum spontaneum,
which "has characteristic deep seated rhizomes." From
observations of the rate of growth, they believe "that the dense

10 Gates, Frank C. The Pioneer Vegetation of Taal Volcano. Philip. Jour.
Sci. 9: Sec. C. 391-434. PI. 3-10. 1914.

11 Brown, W. H.; Merrill, Elmer D.; and Yates, Harry S. The Revegetation
of Volcano Island. Philip. Jour. Sci. 12: Sec. C. 177-248. PI. 4-16. 1917.

12 Worcester, Dean C. Taal Volcano and Its Recent Destructive Eruption.
Nat. Georgaphic Mag. 23: 313-367.1912. Citation on p. 350.
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stands of grass that Gates found in 1913 and 1914 would have
required more than three years to develop from seed." Of the
trees also, the two most abundant species. Acacia farnesiana and
Ficus indica, were probably both hold-overs. Acacia farnesiana
has a notable ability "to regenerate after the aerial portions
of the plant have been killed by fire," and specimens of Ficus
indica were "observed that had apparently sprouted from old
stumps."

The return of plant life at Taal followed very much the same
course as at Kodiak. There was the same initial period, when
it appeared that nearly all of the old plants had perished.
Writers, describing the eruption, state that its effect on plants
as well as animals is "better described as annihilation than as
destruction" for "not a blade of grass escaped." But then
there came a sudden revival from the old roots when it seemed
that complete recovery would be a matter of only a few years,
and then a second pause, as the process slowed up, while the
plants slowly spread against the adverse conditions.

The ejecta from Taal differ markedly from the ash of Katmai
in that, instead of being composed almost entirely of insoluble
materials, they contain "nearly 5% of material readily soluble
in water, including 0.3% sulphuric anhydride (SO3) and 0.74%
chlorine. This would indicate that such ash would not form
soil favorable for plants until after the water-soluble material
had been leached out to a very considerable extent." This
introduces a retarding factor into the problem of revegetation
quite different from anything encountered at Kodiak, for the
ash of Katmai has very little water-soluble material.*

THE SOUFRIERE OF ST. VINCENT.

St. Vincent likewise has made a notable recovery since the
eruption of 1902, as recorded by Sands13, whose report has
great interest in connection with the problem before us.

The depth of the covering of ejecta varied from 50 to 80
feet thick in some of the valleys, down to a few inches on steep
slopes. On fairly level land, it was 1 to 5 feet. "Already
quite a dense growth of shrubs, climbers, grasses and other

* Data on the salt content of the ash are given in a forthcoming paper by J.
W. Shipley, Chemist of the expeditions.

13 .Sands, W. N. An Account of the Return of Vegetation and the Revival of
Agriculture in the Area Devastated by the Soufriere of St. Vincent in 1902-3.
West Indian Bull. 12: 22-33. 1912.
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plants has been formed. It is very evident that the greater
part of this vegetation has become established from roots
and seeds whose vitality was not destroyed by the eruptions.
There are no trees; only a few charred trunks remain." They
will, however, soon appear for seedlings are already starting.
The commonest plants in the new vegetation "are the Roseau
grass, Heliconia, Bamboo grass, Impomcea umbellata and
7. cathartica, silver fern, Verbena, Vitis sicyoides, and hurricane
grass; also several melastomaceous and rubiaceous bushes."
Around the sites of former negro gardens are found sugar-cane,
banana, and plantain. This type of vegetation continues with
little change to an altitude of about 1,000 feet. "At 1,400 feet,
plants are scantily distributed and the growth is poor." At
2,000 feet, silver ferns and mosses only are seen. 'From this
altitude to the lower lip of the crater, approximately 2,800 feet,
only algae, mosses, and lichens are able to exist at present.'
'Around the edge of the crater, and inside for a short distance
down, only two mosses, (Pogonatum tenue and Philonatus
tenella), a lichen which grows in distinct circular patches
(Stereocaulon sp.), and algse, are found.' "

On the leeward side cultivation in the devastated area has
been attempted only at one estate. Here, by a system of deep
tillage and by utilizing large quantities of the pigeon pea and
native weeds as green dressings, fair crops have been produced.
These lands were covered with about 12 inches of ash, but this
had been partly converted into soil by the large growTth of native
plants of the previous three or four years. "It still requires,
however, very heavy applications of manure and organic
matter to make it capable of producing average crops." But
on the windward side a considerable portion of the broad plain
is under cultivation in sugar-cane, cotton, arrowroot, pigeon peas
and other crops. In this section scarcely anything remains
to indicate that the whole district was a waste of ashes and
cinders less than ten years ago.

In order to test the effect of the ash on plants, experimental
plots of sugar-cane, arrowroot, sweet potatoes and ground nuts
were started in the ash alone and in mixtures of ash and soil.
These showed plainly "that the ash in itself could not support
plant life—not a single crop could be successfully grown in it—
but no sooner was a certain proportion of old soil mixed with it,
or the plants were placed in the old soil, than crops, in some
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cases above the average of those produced before the eruptions,
were obtained without the addition of manure; but only for
one, and sometimes two years. That this temporary increase
in fertility was not entirely due to deep cultivation is evident
by the fact that only the upper 3 or 4 inches of the old soil were
touched in the process, and that it is now necessary to manure
heavily to obtain average crops." The cause of this temporary
increase in fertility is believed to be due, not to "any available
food materials in the ash or to any improvement in the physical
condition of the soil, " but to the effect of the partial sterilization
of the soil by the heat of the ejecta, which increases the quantity
of available nitrogen compounds because of the increase of
bacteria consequent upon the destruction, by the heat, of the
larger organisms that prey upon them, as has been found to be
the case by Russel and Hutchinson at Rothamsted.

This explanation of the temporary increase of fertility by
the ejecta is very interesting as, perhaps, in a measure accounting
for the widespread idea that volcanic ash has value as a fertilizer.
Although the ash from Katmai was not hot as it fell, there was
some suggestion at Kodiak and elsewhere of a similar stimulating
effect of the ash fall.

TARAWERA.

Among the notable eruptions of the last fifty years was that
of Tarawera in 1888. This has been discussed recently in an
excellent paper by Aston.14 The following quotations will serve
to summarize his conclusions:

"Occasionally, where the water-supply is favorable, lichens
and moss may perform their usual function of transforming
the barren rock into fertile soil, but the Raoulia must be
accounted the great humus maker of this mountain. As it
languishes in vigor, owing to age, from it grow other plants, the
chief woody ones being Coriaria and Leptospernum, and
sometimes Pittosporum, but also herbaceous plants such as
Trifolium and Rumex acetosella. Four stages may thus be
predicted for the repeopling of the plant-covering of this open
area (excluding the ravines, which are able to jump the first

14 Aston, B. C. The Vegetation of the Tarawera Mountains, New Zealand.
Trans. N. Z. Inst. 48: 304-314. 1916. The same paper is published with minor
changes in the text and somewhat different illustrations in the Journal of Ecology.
4: 18-26. 1917.
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and possibly the second stages) : first, the patch plants; secondly,
the Coriaria; thirdly, the Aristotelia, with possibly Fuchsia
and Melicytus; fourthly, forest.

"If the above list of the plants collected be analyzed,
it will be seen that of ninety-one species observed on the
isolated northwestern face, twenty-four (or 26 per cent.) may
be called bird-distributed, fifty-three (or 58 per cent.) wind-
distributed, and only fourteen (or 15 per cent) are difficult to
account for."

THE GREAT PUMICE AREA OF NEW ZEALAND.

Another region, whose revegetation must have been more
similar to the Katmai district than any of those yet mentioned,
is an extensive area in New Zealand which was covered with a
heavy deposit of ash and pumice by some prehistoric eruption.
Revegetation has already occurred over this country, which has
largely grown up to bushland or even to forest. A study of
this area should throw much light on the processes by which
the raw mineral ash is converted into soil. Such a study is
not yet available, but the difficulties encountered by the
colonists in attempting to utilize these lands for grazing throw
a very interesting side light on the problem.

Although the forage plants grown on these pumice soils
are normal, so far as reported, they are so seriously deficient as
stock feed that cattle and sheep which are pastured on them
shortly sicken and die of a curious malady locally known as
"bush sickness." I am informed that horses may live for
twenty years in perfect health on pastures which are fatal to
cattle or sheep in the course of a few months. Sheep are more
susceptible to "bush sickness" than cattle, and young animals
more so than old. There is thus much borderland country
where lambs cannot be raised to maturity, in which cattle
suffer but little. The researches of Aston and his associates15

indicate that the trouble is due to a deficiency of available
iron in the forage, and considerable progress has been made
toward alleviating the condition by applying some iron com-
pound such as the sulphate to the soil. The investigation which is
still in progress bids fair to throw much light on the general
problem of revegetation of volcanic terrains.

16 Aston, B. C. The Chemistry of Bush Sickness. Jour. N. Z. Dept. Agriculture
5: 121-125. 1912. Also Ibid. 3: 394. 1911. 6: 616. 1913. And other articles there
mentioned.
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There is one point of dissimilarity between Katmai and all
of the other eruptions cited, which is of great importance in
the problem of revegetation. All . of these volcanoes are
located in tropical countries, while Katmai is on the edge of
the subarctic zone. This of itself must compel the process of
revegetation to take a widely different course. The differences
introduced by the climatic factor promise, indeed, to become
more and more interesting as time goes on, and it becomes
possible to make better comparisons of the course of revegetation
here and in warmer districts.

THE GREAT PREHISTORIC ERUPTION OF ALASKA.

Of all eruptions, the one which presents conditions most
similar to that of Katmai is probably the Great Prehistoric
Eruption which covered a vast area in the interior of Alaska and
the Yukon territory with a thick blanket of ash and pumice.
Capps16 maps an area of one hundred and forty thousand square
miles known to have received a deposit of an inch or more of
ash. But his figure, large as it is, is not to be taken as an
estimate of the area covered, for it is admittedly based on the
incomplete data available from a country only partially explored.
Near the crater, deposits of this material three hundred feet
thick have been reported. This eruption though geologically
recent, occurred long before historic records began in North
America. Capps17 estimates that it is fourteen hundred years
old. It is evident, therefore, that the forces of erosion have
had full sway. Judging from our experience at Kodiak, vast
quantities of this material must have been carried out to sea
by erosion. Its original mass may have been much greater
than present estimates would indicate.

It is to this region that one must look for aid in predicting
the course of events in the Katmai district. Here the succession
of events, in the course of revegetation, must have been some-
what similar to that in our area. Unfortunately, however,
this region has not yet been studied botanically, and little is
known about its revegetation. In many places the ash deposit
is covered with a layer of peat, which reaches a thickness of
seven feet as reported by Capps17. But in other places, the

16 Capps, S. R. An Ancient Volcanic Eruption in the Upper Yukon Basin.
U. S. G. S. Prof. Pap. 95 D. 1915.

17 Capps, S. R. An Estimate of the Age of the Last Great Glaciation in Alaska.
Jour. Wash. Acad. Sci. 5: 108-115. 1915.
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ash remains bare with only the beginnings of revegetation.
It should be possible by studying the transitions from one
condition to the other, and by examining the peat, to gain
considerable information concerning the sequence of events.
It is very much to be hoped that results of such a study may soon
be available.

ASH POOR IN NUTRIENT SALTS.

Before taking up the discussion of the details of the recovery
of vegetation at Kodiak, it will be advisable to consider the
chemical character of the ash. I find that there is a wide-
spread idea that this remarkable recovery is due to some
"fertilizing" property in volcanic ash which stimulates plant
growth. This idea owes its origin to the well known fertility
of soils derived from the weathering of volcanic rocks, especially
from basaltic lava flows. In the United States particularly,
the fertility of the soils derived from the great Columbian
lava flows of Oregon and Washington have been so much
advertised as to have influenced the thinking of many people.
Even so competent an authority as Russel says, concerning a
fall of volcanic ash in the west: "This last light shower of
dust * * * * added many thousands of tons of fertilizing
material to the region on which it was spread."18 A little
reflection will convince anyone, however, that there is a vast
difference between a fresh deposit of raw ash and a soil derived
from the slow weathering of lava through perhaps a million
years. There was, moreover, a great difference, in the initial
chemical composition of basic lava like the basalt of the Colum-
bian region and the acid ash deposited at Kodiak. Whereas
the one contains considerable quantities of the salts required
for plant growth, the other, as shown by the subjoined analysis,
is very low in such compounds,* having in fact practically

18 Russel, I. C. Volcanoes of North America, p. 287.
* Analysis made by Elton Fulmer, State Chemist of Washington for the United

States Department of Agriculture. Sample was collected at Kodiak and consisted
of all three layers mixed so as to give a fair average of the conditions encountered
by plant roots.
Loss on ignition 0.65% Lime (CaO)!....: 3.80%
Silica (SiO«) 72.16% Magnesia (MgO) 0.47%
Ferric oxide (Fe2O3) 2.85% Soda (Na2O) 3.86%
Manganese oxide (MnO) 0.41% Potash (K2O) 2.43%
Titanium oxide trace Sulphuric acid (SO3) 0.20%
Alumina (A12O3) 13.85% Phosphoric acid (P2O6) 0 36%

Remarks: The ash is highly magnetic; in all probability some of the iron
present is magnetic.
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the composition of pulverized granite. If one will compare
the soils derived from the weathering of granite with those
formed from basalt, he will see how inapt is the comparison
of volcanic ash with such soils, for granite forms a notoriously
poor soil.

More direct evidence than the reasoning from the analysis,
however, may be had from the results of attempts in laboratory
and field to grow plants in the ash, which will be reported in a
special paper. In the present connection it is sufficient to say
that when such a plant as wheat is grown in the ash, it starts
well and grows so long as the supply of nutriment stored in
the seed holds out, but when this is exhausted the plant soon
starves to death. While it is perfectly true, therefore, as has
been stated elsewhere, that the ash has improved the pastures
at Kodiak, this is not attributed to any chemical effect, but
is to be accounted for largely by its action as a mulch, which,
by smothering the smaller herbs, provided improved conditions
for the stronger plants which pushed up through it; and second,
by the improvement in the physical condition of the soil when
mixed with the ash, for the old soil was inclined to be heavy,
mucky, and poorly drained-.

CLIMATE OF KODIAK REMARKABLY MILD.

It will also be advisable before taking up the botanical
features of the recovery, to discuss the climate of the district,
for this has an important bearing on the course of re vegetation,
and like the chemical composition of the ash is subject to
much misconception by those who have not given it especial
attention. The Government Experiment Station at Kodiak
has for a number of years kept records of temperature and
precipitation which are summarized herewith (Tables I and II).
These records were supplemented during the field season of 1916
by observations of some features of more especial importance
to the growth of plants. The instruments used were a Priez
Hygrothermograph, a battery of non-absorbing porous cup
atmometers placed in various habitats, a rain gauge, and a
barograph to assist in forecasting the weather, a very important
item in work involving so much use of boats in the open. The
continuity of the records was made possible by the assistance
of my wife, who, as thesilent partner in all the investigations, has
contributed greatly to whatever merit the work may possess.
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Kodiak has an extreme case of an "insular climate" con-
ditioned not only by proximity to the sea, but also by the Japan
current, which has the same effect here as has the Gulf Stream
on Ireland. This produces a remarkably equable and very
moist climate, in which, despite the high latitude (58°), the
seasons are subject to considerable variation from year to year,
as may be seen from the summarized data.

TABLE I.
SUMMARY MONTHLY MEAN TEMPERATURES, KODIAK.

Highest
of

Record

Lowest

Jan.

35.9
(1912)

22.6
(1906)

Feb.

39.1
(1905)

26.0
(1907)

Mar.

40.4
(1905)

29.8
(1911)

April

38.6,
(1905)

30.8
(1911)

May

45.6
(1906)

40.1
(1911)

June

54.3
(1905)

45.7
(1911)

July

59.4
(1899)

48.8
(1908)

Aug.

58.2
(1899)

52.0
(1908)

Sept.

51.7
(1906)

45.7
(1908)

Oct.

44.5
(1906)

37.8
(1908)

Nov.

38.4
(1899)

31.9
(1900)

Dec.

36.1
(1914]

28.0
(1911]

TABLE II.
SUMMARY MONTHLY PRECIPITATION, KODIAK.

Highest
of

Record

Lowest

Jan.

12.92
(1912)

1.00
(1907)

Feb.

8.16
(1912)

0.30
(1901)

Mar.

7.46
(1900)

0.00
(1907)

April

6.67
(1912)

2.10
(1914)

May

14.59
(1912)

3.01
(1911)

June

11.21
(1914)

1.63
(1908)

July

6.64
(1908)

0.82
(1899)

Aug.

9.20
(1906)

2.37
(1899)

Sept.

10.00
(1901)

1.50
(1906)

Oct..

13.52
(1914)

1.85
(1900)

Nov.

9.32
(1911)

2.28
(1900)

Dec.

11.10
(1901]

1.88
(1905]

The extreme minimum temperature recorded is -12° F. But
many winters pass in which the temperature does not reach
zero. The extreme maximum is 82°. There is great variation
in the time of the first and last frosts and the record is not
long enough to give data for reliable generalizations. But
the last killing frost usually occurs in May, and the first killing
frost in October. The growing season is, therefore, in the
neighborhood of one hundred and fifty days, which will compare
favorably in length with that of the northern states of the
Union.
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The total precipitation averages approximately sixty inches
per annum. Although heavy rains (1.50 inches) are known,
the rainfall comes largely in the form of fine mist which, while
holding the air at the point of saturation for days together,
accumulates very slowly. For this reason, tables of precipita-
tion and temperature are apt to give a very incorrect idea of the
climate.

There are about one hundred and sixty days with precipita-
tion of one one-hundredth of an inch or more and many more
days with low-hanging clouds. The persistent cloudiness
greatly cuts down the amount of radiant energy reaching the
ground. But the long hours of daylight throughout the growing
season, with practically continuous illumination for a month in
mid-summer, must largely compensate for the weakness of the
light. Measurements of the radiant energy received in this
area, if compared with similar measurements in an alpine area
of lower latitude such as Pike's Peak, would form an exceedingly
interesting and instructive exhibit, for as is well known, the
plant societies of the two regions have many resemblances.
It was hoped at the beginning of the work that such records
could be obtained, but conditions incident to the war made it
impossible to procure the necessary instruments.

EVAPORATION VERY LOW.

Probably the most significant records available for estimating
the conditions under which the plants grow, are those of the
hygrothermograph and of the atmometers. The record of the
hygrothermograph for a typical week, July 17-24, 1916, is
reproduced herewith. In addition, the records of the ten weeks,
including the best of the growing season, during which the
instrument was operated at Kodiak, may be summarized.
During this period temperatures above 70° F. were reached
only five times, for an hour or two only in each case. The
highest temperature was 73.5°. The lowest was 40°, but
temperatures , below 45° were reached twenty-six times
and sometimes were held for a number of hours. The lowest
relative humidity recorded was 47%, and only on fifteen days
was the humidity reduced to less than 60%. More significant
is the fact that during twelve hundred and sixty hours or 75%
of the period, the humidity stood above 80%. Inasmuch as
this record was taken in the open in an instrument shelter of



THE HYGEOTHERMOGRAPH RECORD FOR A TYPICAL WEEK.
Humidy in percent, temperature in degrees Farenheit.
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standard type, where humidity was at a minimum and evapora-
tion high (see below), it is evident that there was small danger
of seedlings suffering from drought in the field.

The evaporation data were taken by non-absorbing cylin-
drical atmometers furnished by the Plant World Company.
One was located in an open school yard beside the other
instruments, a second in a dense growth of young spruce
trees near Vegetation Station 11, a third in an open glade
formerly occupied by a small bog (Vegetation Station 12), a
fourth on a steep mountain side in the Calamagrostis-Alnus
association at an altitude of two hundred and fifty feet, (Vegeta-
tion Station 28), and the fifth on the summit of Pillar Mountain,
a bare wind-swept situation at an altitude of twelve hundred
feet (Vegetation Station 17, see page 26). The average daily
evaporation rates from these instruments, corrected by the
coefficient supplied with the cups to reduce it to that of the
standard instrument, is given in Table III. The table gives
both the absolute rates and the ratio of evaporation in the
different habitats.

TABLE III. EVAPORATION DATA AT KODIAK.

Evaporation from white cylindrical porous
standard values

Station

Base, Schoolyard Kodiak, alt. 20 pp
Grass covered mountain side, alt. 375 pp
Summit Pillar Mountain, alt. 1200 pp
Opening in forest formerly occupied by small bog. .
Dense forest, young trees

cup atmometers reduced to

Period

67 days
66 days
66 days
67 days
67 days

Average
Daily

Evaporation

6.83
6.30
9.79
2.64
2.22

Percent-
age

100
94

146
39
33

The data shown in Table III need no comment, except
in the case of the mountain summit. This station was bathed
in thick fog for many days when the lowland was clear. As
there were usually high winds on such days, the evaporation
on the lowland was often considerable, when moisture was
condensing around the mountain top. Since, therefore, the
period of evaporation on the summit was much shorter, the
comparative rate, when evaporation occurred at all, must have
been considerably greater than is indicated by the results,
notwithstanding the fact that this station had a much higher
rate than the base station. This is probably of great importance



Photograph by R. F. Griggs
VEGETATION STATION 18, AUGUST 11, 1915.

A fence corner bare of vegetation except for a few stalks of Polytrichum and the
bunches of grass around the post.

Photograph by D. B. Church
THE SAME STATION A YEAR LATER.

August 27, 1916. Seventeen seedlings of lupine had come up, also several grass
seedlings. The clumps of grass outside the fence which prove to be

Deschampsia caspitosa have fruited but are not much extended.
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in determining the character of the vegetation in the station,
which, before the eruption, was occupied by a typical arctic-
alpine heath. Instrumental records giving comparative hourly
evaporation rates in such stations and the lowland would
be of great interest.

More significant than the differences between the different
habitats is a comparison of the evaporation rate of the region
as a whole with that of other regions. Unfortunately, how-
ever, comparable data are very scanty. Briggs and Shantz

Photograph by R. F. Griggs
THE SAME STATION TWO YEARS LATER.

September 12, 1917. All but one of the lupines winter killed but many new ones
have started. Many clumps of Agrostis hiemalis. Old clumps

of grass much enlarged.

have shown19 that records of the different types of instruments
employed for measuring evaporation are not closely comparable.
Although porous-cup atmometers of the general type used in
the present investigation, have been employed for a number
of years in ecological research, it is only recently that the
instrument has been sufficiently perfected to correct the errors

19 Briggs, L. J., and Shantz, H. L. Comparison of the Hourly Evaporation of
Atmometers and Free Water Surfaces with the Transpiration Rate of Medicago
sativa. Jour. Ag. Research 9: 277-292. Pis. 4-6. 1917.
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incident to exposure under different climatic conditions. Thei
instruments we used were of the non-absorbing or "rain-proof"
type, but the new spherical cups had not yet been supplied to
correct for variations in the angle of incidence of the sun's rays.
The following example will, however, convey some idea of the
relative evaporation at Kodiak and in the northern United
States. Transeau20, in the pioneer work of this sort, found an
average daily rate of evaporation of 19.72 ccm. at his base;
station, the Garden of. the Carnegie Institution at Cold Spring.
Harbor, Long Island, New York, as compared with 6.83 ccm.
at Kodiak. This station at sea level near the ocean is in a
general way comparable with Kodiak. But his instruments
were of the old rain absorbing type, and the cup was set close
to the ground, whereas ours was set about a meter above the
ground. Both of these facts would tend to increase the differ-
ence between the rates at the two places.

THE VEGETATION STATIONS.

At the inception of the work, it was recognized that the
restoration of the plant cover was a process that would probably
require several decades for its completion. It was deemed
essential to a proper record of the progress of events that a
series of permanent vegetation stations of some sort be estab-
lished in which the future student might find areas whose exact
history is known from the period of the eruption. The selection
of the type of such vegetation stations and the best way of
locating them were, therefore, among the first problems to be
solved at the beginning of the investigation.

In the course of the work about one hundred definite vegeta-
tion stations have been established, partly in the vicinity of
Kodiak, partly on the mainland. Some of these have already
served the purpose of their establishment and observation of
them has been discontinued. At others the anticipated begin-
nings of vegetation will not start for some years. Repeated
observations through three consecutive years have now been
made at more than half of these stations. In some cases the
photographic records include five years, dating back to 1913 or
even to 1912.

20 Transeau, E. N. The Relation of Plant Societies to Evaporation. Bot. Gaz.
45: 217-231. 1908.
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The changes that have already occurred at some of these
vegetation stations have been of great service in interpreting
the progress of revegetation, and the value of the record will be
materially increased with the lapse of time. (See pages
22 and 23). For the present it is not considered advisable to
undertake the expense incident to the publication of this rather
extensive record. Later developments, however, when revege-
tation shall have made more progress, may very probably
make it advisable to publish the record, in part at least. For the
present I have contented myself with inserting, after such
photographs of the stations as could be suitably used to illustrate
the article, the station number, as for example on page 47
(Vegetation Station 11).

THE DIFFICULTY OF MARKING VEGETATION STATIONS.

The selection of vegetation stations, which can be easily
located in a country without the landmarks that grow up with
human occupancy, was found to be a problem involving some
considerable difficulty. Many of the most interesting situations
observed were located in the depths of the forest far from a
trail, or in the middle of a mountainside in a spot which one
could hardly hope to find again himself, much less describe
on paper so that another might go to it.

It will be seen at once, therefore, that the limitations thus
imposed, restrict the selection of vegetation stations so that
those chosen cannot be claimed to present an ideal set of stations
covering all sorts of habitats within the area. Since the popula-
tion is primarily maritime, the country around Kodiak, despite
the fact that it has been occupied since before the time of the
American Revolution, is almost untouched by the hand of man,
and landmarks are very few. I have made much use of such
landmarks as are available, however, for the large majority
of the stations have been related to some monument of human
occupancy. Aside from such places, the number of situations
which can be relocated with ease is rather limited. Several
of the stations have been placed on a narrow neck connecting
a peninsula with the mainland. Mountain and hill tops may be
located with ease and were much used. Such places are, however,
to a large extent just the places most unfavorable for returning
vegetation. Any station which can be seen for a distance is
necessarily in an exposed situation, and wind-sweep is such a
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factor in retarding re vegetation, that such places will be the
last to be occupied by plants, whereas one would wish to place
stations in the places that will be first taken up by new plants,
if he could describe locations therein.

The problem of marking the stations so that they may be
found again is also one of considerable difficulty. If one
intended to follow the progress of returning vegetation only for
a year or two, the customary wooden stakes would serve very

Photograph by D. B. Church
THE SUMMIT OF PILLAR MOUNTAIN.

Vegetation Station 17.

well. But where one wishes to follow the succession of vegeta-
tion, as in the present case, the stations should be so marked
that they can be visited a hundred years hence, and this is a
much more difficult matter. It was planned in advance to
mark the stations with iron pins, but when it was observed that
the natives have a habit of gathering up any pieces of old iron
that might prove useful, such marks were seen to be even less
permanent than wooden stakes. In no case where the stations
are located beside a fence, abandoned house, or other human
improvement, will the marker last for any such period. It has
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been necessary to trust that the land-line, represented by the
fence, would be maintained and the fence renewed. Where the
line so chosen is the line of a government reservation, it is
reasonable to expect that the line will be maintained, but in
other cases it is more doubtful. In many cases stones were
set on the ground to mark the position of the stations. These
are subject to few natural disturbances, except movement
by masses of snow, which were not to be expected in the stations

Yj ^ men 3
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Photograph by R. F. Griggs
DETAIL FROM SAME STATION AT END OF FOURTH SEASON.

Trisetum spicatum and Agrostis hiemalis cover the ground. Festuca (ovina)
brachyphylla, the vernal fascies, and the other alpine plants mentioned

in the text, (p. 30) are not conspicuous in the photograph.

chosen. If not removed by hunters, they should remain in
place for many years. But around Kodiak some of them had
been picked up by the curious within a few weeks from the
time they were set.

On the mainland, it seemed necessary to use the deserted
houses at Katmai village for markers in the absence of almost
all other landmarks. But they are falling into ruin so rapidly
that there will be little left after ten or a dozen years. For-
tunately, however, the stove pipes, shown in the photographs,
are heavy wrought iron affairs which will stay in place for a
long period. Two stones were found in the cemetery and from
these, a rough system of triangulation was made, tieing together
all the stations within sight of them.
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Such definitive data as could be drawn from the immediate
vicinity were in most cases supplemented by compass bearings
on distant objects. When a station commands a view of the
surrounding mountains or similar features, such bearings
are the most permanent marks that can be used for its location.
In other cases the bearings were taken on blazed trees, which,
if uncut, will stand for several centuries, while even if cut, the
stumps will persist for a long while. Theoretically compass
bearings in two directions fix the location of any point, but in
practice the method is open to -considerable objection. It is
very easy to take compass bearings from any point, but it is
much more difficult to return with the compass and pick up a
station from the readings. Pocket compasses, with which
the bearings were taken, are not instruments of precision,
moreover, and it is doubtful whether the instrument would
always duplicate its readings at the same station. Nevertheless,
it is believed that such compass bearings will be of considerable
assistance in locating the stations after the face of the country
shall have undergone considerable change.

ADVANTAGES OF PHOTOGRAPHS OVER HAND MAPPED
QUADRATS.

The most satisfactory means of locating a station, con-
sidering all things, is a photograph taken so as to show the
relation of the station to distant objects. Such-bearings fix the
position of the camera with a considerable degree of precision.
In some cases, it has been found desirable, for example, to
duplicate a photograph taken soon after the eruption, which
came into our possession with no data as to location except that
furnished by the picture itself. Where the general location of
the picture could be guessed, it was found possible to fix its
exact location within a very few feet. It is believed, therefore,
that the photographs are the most valuable means of locating
the stations, containing as they do, much data not susceptible
of description. (See pages 4 and 5).

In planning for the work before reaching the field, it was
assumed that the best form of vegetation station for the work
would be the meter quadrat developed by Clements. Experience
showed, however, that the ground covered by a definitely
located photograph makes a more satisfactory station. The
photograph possesses several distinct advantages over the
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method of laboriously mapping square quadrats employed by
Clements. (1) It has unlimited flexibility as to size. It is as
readily adaptable to the minutest group of seedlings as to a
whole hillside (See page 30 and page 40). (2) In every case
it records conditions with a fidelity to detail unattainable by
any other method at anything like the same scale. One has
only to decide with what detail a given situation should be

Photograph by R. F. Griggs
ALDER SEEDLINGS COME UP IN THE ASH AROUND THE FALLEN

FRUITS, NATURAL SIZE.

recorded, and set up his camera at a distance suitable for
rendering that detail. (3) In all but the largest scale pictures
the record, by including some prominent feature in the land-
scape, can be made to carry its location with it more accurately
than any ordinary verbal description. (See page 39). (4) It
eliminates the personal equation, which becomes very large in
mapping even if it is attempted to include every detail. (5) It
shows many things not noticed by the observer. It often
happens that the development of vegetation occurs along
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unexpected lines, so that objects which at the beginning were
included merely incidentally turn out to be of first importance.
Station 17, for example, (see page 26) was located for the purpose
of recording the return of vegetation in the foreground and no
special attention was paid at the time of its establishment to the
condition of the mound in the background. There was no
change in the special ground designated as the station until two
years had elapsed, but a striking invasion occurred the following
year in the background, a detail which is reproduced on page 27.

BSSS|22
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Photograph by R. F. Griggs
" SEEDLINGS OF RUBUS SPECTABILIS AND CHAM^NERIUM

AUGUSTIFOLIUM.
Starting in the ash beneath the shelter of the spruce trees whose needles cover

the ground.

After this had taken place, it was found possible to go back to
the first photograph and identify every one of the clumps of
grass which sprang up so conspicuously the following year,
ascertaining exactly what had happened as accurately as though
a complete census of the area had been taken in the first place.
(6) Beside providing much better records, photographic meth-
ods are much more rapid and, therefore, much less expensive
than platting. This may not be apparent to one who does his
work near home in vacations, but where considerable sums
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must be spent in traveling expenses and the season for work is
short, it becomes an extremely important item. (7) Photo-
graphic records may readily be reproduced at small expense,
but hand made maps could be duplicated for the use of others
only at considerable cost. The loss of a set of quadrat plats
might upset the whole work, but a set of field prints, if lost
in the vicissitudes of exploration, would be missed only
temporarily.

REVEGETATION DUE TO RECOVERY OF OLD PLANTS.

It was supposed by all who visited Kodiak during the first
two seasons following the eruption, that the smaller herbaceous
plants had been practically exterminated, except for a few
individuals so situated that they could easily grow through
the ash layer. Consequently, when the remarkable new growth
of succeeding seasons was observed, it was natural to suppose
that the new vegetation must consist of new plants which had
started in the ash from seed.

Field study, however, at once showed the incorrectness of
this view, for even the most superficial observation showed
that at the beginning of the fourth season (1915), there were
practically no seedlings, most of the new plants being directly
traceable to the old roots. The most striking large scale
demonstration of this fact is furnished by the condition of a
field on the Frye-Bruhn ranch, south of Kodiak, which was
plowed before the eruption. Where cultivation destroyed the
weeds, no new vegetation appeared for five years, but the plants
of the uncultivated land all around came up in undiminished
vigor and completely covered the ground. The difference
between plowed and fallow ground is so marked that it is
conspicuous as far as one can see. (See pages 32 and 33).

Excavation of the underground parts of the new vegetation
always revealed either a characteristic "two-storied" root
system, or definitely showed the connection of the new stalks
with the old soil in those plants which do not put out new roots
at the surface of the ash.
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PLANTS RESURRECTED AFTER THREE YEARS BURIAL.

The belief shared by all observers, that the herbs which
did not reappear during the first season after the eruption had
been killed, was, of course, due to the presumption that a com-
paratively short period of covering would prove fatal at Kodiak

Photograph by D. B. Church

A PLOWED FIELD. PART OF WHICH WAS CULTIVATED JUST
BEFORE THE ERUPTION.

The line between cultivated and fallow ground remains perfectly distinct after
four years. Cultivation just before the eruption destroyed most of the weeds
and no new ones have been able to start. The uncultivated land has grown
a mass of fireweed, whose bloom is conspicuous for miles—illustrating the
importance of residual vegetation.

as it would in the United States. The death of grass in a lawn,
where a board is allowed to lie for a few weeks, is familiar to all.
It was supposed that burial under a foot of volcanic ash would
have the same effect. I was, therefore, very much astonished
to find that the plants at Kodiak were able to recover from such
burial. Later observations, however, showed that the recovery
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at Kodiak was altogether eclipsed by that shown in some areas
on the mainland, where many plants survived a much deeper
burial for a longer period. For there many plants were found
to have recovered after a burial of three years under an ash
blanket several feet in thickness.* Definite proof of recovery
after such an interval was observed in only one instance at
Kodiak, but the manner of reappearance of numerous species
strongly suggests that recovery after such prolonged dormant
periods was as important a feature at Kodiak as at Katmai.

A number of the humbler species of plants, which could not
penetrate the ash, seemed in 1913 to be practically exterminated.
But some of these have reappeared in such a way as to suggest

Photograph by D. B. Church

THE SAME PLOWED FIELD FROM A MOUNTAIN TOP.

that the old stocks, from which the new shoots have come, lay
dormant for two or three years before putting out any new
growth. Rubus pedatus, for example, which formerly carpeted
the forest floor was not seen at all in 1913. In 1915 a few plants
could be found by search. But in 1916 it was common in
many places, growing as vigorously as before the eruption.
Of Vitis-Idaea only a single sprig was seen in 1913. In 1915 it
was not uncommon, and in 1916 it was abundant. No speci-
mens whatever of Drosera were seen around Kodiak until 1916,
when a single individual wras detected. Rubus chamaemorus
likewise was not seen at all until 1916, but then was fairly
common in a number of places, some of which had been repeat-

* This matter is discussed in detail in a forthcoming paper dealing with the
recovery of the mainland plants.
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edly collected over in previous years. Examination showed
that all of these plants were hold-overs rather than seedlings. It
seems hardly credible that we could have been so careless
as to have overlooked them if they had put forth new growth
in the previous years, for when found they were growing
vigorously, flowering and fruiting freely.

Photograph by B. B. Fulton
FIREWEEDS INJURED BY SAND BLAST.

The few fireweeds which remain in the plowed field shown on pages 32 and 33 have
had a hard time of it, being lopped over and cut to pieces or

plastered up by the sand blast.

Although this situation would be difficult to account for
otherwise, it may not be justifiable to assign resurrection of
dormant roots as the cause for the reappearance of these species
on such slight evidence. But in Equisetum arvense crucial
proof, of the ability of the underground parts to retain their
vitality when buried, was furnished when I found an old
rhizome of this species which I had exposed in excavation in
1915 that had put forth new shoots the following year. This
had been lying water-soaked in an old bog for three years.
When dug up, all of the plant remains, of which it was a part,



Nov., 1918] Recovery of Vegetation at Kodiak 35

were blackened by bacterial action and were unhesitatingly
pronounced dead. The circumstances were such as to leave no
manner of doubt that the new growth had come from part of
this supposedly dead material, for the new shoots were coming

Photograph by R. F. Griggs

RUB US PEDATUS GROWN THROUGH THE ASH.
This species did not reappear in numbers until three years after the eruption.

out of old rhizomes still embedded in the clods, as I myself had
removed than the year before in establishing one of the vegeta-
tion stations. The material was, moreover, lying on a bare ash
flat without other vegetation for many feet round about.
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DIFFICULTY OF STARTING SEEDLINGS IN THE ASH.

More significant, perhaps, than negative observations indi-
cating the absence of seedlings, are the results of the attempts1

that have been made to seed down various ash covered areas.
At the Government Experimental farm at Kalsin Bay a number
of pasture grasses were planted soon after the ash fell. The
seeds came up well, giving an almost perfect stand in nearly
every case. Where heavily manured, many of the plots have
continued to do well, and some of them have formed a good
turf on the ground.

Photograph by R. F. Griggs
A TIMOTHY PLAT THREE YEARS OLD.

Sowed in the ash soon after the eruption, the seed came up well and most of the
plants are still alive but have made no growth. Contrast with the

grass come up from old roots, shown on page 7.

Where planted in the untreated ash or with little fertilizer,
different species have behaved differently. In some, most of
the plants were overwhelmed while yet small, but a few individ-
uals managed to get a good start and are now strong enough to
hold their own against the undermining wind, while in others
most of the original plants have persisted, but have made only
very slight growth. On the timothy plot, for example, most of
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the plants are still living, but after four years are only three
inches tall. (See page 36). The contrast offered by such
plants with grasses which have come up from the old roots (see
page 7) is too striking to need further discussion. The
importance of surviving plants in the revegetation cannot be
overestimated. Where for any reason none of the old plants
persisted, the ground remained as bare as when the ash first
fell, for no seedlings were able to start in such places. The
reason did not lie in the sterility of the ash, for as will be seen,
this can be overcome where the surface is stable enough to give
the young plants a chance. The trouble is that the ash, having
the consistency of fine sand, is kept moving so rapidly by the
wind that seedlings have no chance except in sheltered places.

Photograph by R. F. Griggs
ASH DRIFT LODGED BEHIND FIREWEEDS.

The drifts bear every appearance of snow banks. The fireweed endured such
burial for three years but then succumbed.

ASH DUNES LIKE SNOW DRIFTS.

One of the most striking examples of the effect of wind
action was in the plowed field above referred to. Here every
passing gust of wind picked up a cloud of dust, while the heavier
sand particles were swept along the ground. Volcanic ash is
composed of angular fragments of glass far sharper than
ordinary sand. The sand blast was thus very hard on all
plants exposed to it. The few weeds which escaped the plow
and came up through the ash in the open part of the field were
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nearly destroyed by the sand blast. They were all lopped
over before the wind, and their lower leaves either cut to pieces
or so plastered with the drifting ash as greatly to interfere
with their functions. (See page 34). Where the plants stood
thicker, on the other hand, at the edge of the field, they checked
the moving sand which formed conspicuous drifts behind them.
(See page 37). These drifts follow exactly the familiar forms of
snow drifts. Some of them are several feet deep, forming
shifting dunes very like those of the sea shore. Where such
dunes were caught by growing vegetation, the plants have had
a severe struggle to maintain themselves. The more rapidly
new growth was pushed out beyond the engulfing sand, the
more drift did the plants catch and the higher must they grow

Photograph by R. F. Griggs
HILLOCK OF DRIFTING ASH CAUGHT BY A WILLOW WHICH IS

OVERTOPPING THE OBSTRUCTION BY ITS GROWTH.

to clear it. Many plants in this way surmounted drifts much
thicker than they could have penetrated if they had accumulated
all at once. In some cases, as in the willows, where the plants
could readily send out new roots into the sand, they are probably
little the worse for their experience. (See cut above). But
plants like the fireweed, which have no such capacity, were
soon so deeply buried that it overtaxed the conducting system
to maintain the connection between the leaves and roots. At
the edge of the field in question, they held out for four seasons
and at the end of 1915 were apparently unaffected by the strug-
gle. But the next spring they failed to come up, showing that
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the dune had finally been too much for them. It is obvious
that no new plants can gain a foothold so long as such con-
ditions prevail. Any seedlings that start are either promptly
undermined, blighted by the sand blast, or buried beneath
the drifts.

A DUNE OF WIND-BLOWN ASH NEAR KODIAK.
The rapidly shifting surface makes it impossible for plants to start.

(Vegetation Station 59).

QUICKSANDS IN THE SWAMPS.

Quite a different set of conditions prevail in the numerous
swamps, shallow ponds and tundras which were formerly
common. Here also the deposit of ash has been increased by
secondary accumulations, in this case brought down by the
streams. There is no tendency for this ash to blow about
for it is kept constantly soaked. It is, moreover, of quite a
different physical constitution from the loose sand of the dunes.
It should be explained that there was a marked difference
in consistency between the three layers of ash as they fell.



Photograph by B. B. Fulton
AN ASH-FILLED POND.

The circle of Menyanthes (center) marks the former edge of open water in which grew the waterlilies. The outer zone
was a sphagnum bog. The bog was destroyed but the aquatics have come through the ash. (Vegetation Station 13.)
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The bottom (gray) layer was made up of fairly large particles,
giving the deposit the character of fine sand; the second (terra
cotta) layer was very much finer, almost all dust; while the top
layer (gray) was similar to the first but very much finer. The
top layer has almost everywhere blown away, leaving the present
surface of the ash composed usually of the middle brown layer.

Because of the fineness and angularity of the particles, the
physical properties of this layer are very peculiar. When dry,
it is all blown away in a cloud of dust by the gentlest breeze.
But when moist, the particles settle close together, interlocking
one with another, till they form a hard compact terrain which
coheres almost as though the particles were cemented together.
If more water is added there comes a point at which the inter-
locking particles are floated free from each other, and the mass
suddenly changed from a rigid solid to a perfect liquid. This
layer, therefore, in the wet climate of Kodiak, is little affected
by wind action, but is rapidly eroded by the streams, and it is
this fine material especially which has accumulated in the ponds
and tundras, sometimes to the depth of several feet. In such
deep beds, the facility with which its condition changes from
solid to liquid becomes a matter of considerable moment.
This change may often be brought about suddenly by stirring
the mixture, without the addition of more water. It will be
seen that there are here conditions favorable to the formation
of dangerous quicksands. In the examination of such places,
one often finds on retracing his steps that the place, over which
he came on hard ground but a moment before, has become a
soupy liquid under the disturbance caused by his tread. Several
men have been seriously mired in such places.

POND PLANTS LARGELY SURVIVED.

Where the ash deposit in the filled ponds is wet enough to
remain in a semi-fluid condition, the original aquatic vegetation
has to a large extent recovered, and is thriving as before the
eruption. A little pond in the forest north of Kodiak (see page
40) will furnish a good illustration of the situation. So much
ash has. been washed into the pond that it is completely filled
up, so that the surface remains dry and hard during dry periods.
In the center, formerly covered with open water, are water
lillies (Nymphaea polysepala) thriving apparently as well as
ever, for they flower and fruit abundantly. Surrounding the
former open water is a zone of buckbean (Menyanthes trifoliata)
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likewise in good condition. Here and there are also clumps of
Mare's tail (Hippurus vulgaris). The first and last are appar-
ently spreading merely by vegetative means, but there are many
seedlings of Menyanthes on the bare surface round about,
which give every indication of establishing themselves.

BOGS PRACTICALLY DESTROYED.

The ring of buckbean was formerly surrounded by a Sphag-
num bog or tundra. This, like all the bogs, was practically
exterminated by the eruption. Sphagnum, and the plants
associated with it, are of such weak growth that they were not

Photograph by R. F. Griggs
A CARPET OF HORSETAIL IN A FORMER BOG.

Many of the old bog areas have come up in a pure stand of Equisetum arvense
which has kept the ash from blowing away and serves as a

"nurse" for seedlings of other plants.

able to pierce the ashy blanket. Where only two or three
inches of ash remained on the bog plants, they were apparently
as hopelessly buried as when covered ten times as deeply. Only
here and there, where the Sphagnum occupied a steep bank
which was quickly cleared of ash, did it survive. The fate of
such buried bog areas is one of the most interesting problems
in connection with the revegetation of the country. Bog and
tundra are so abundantly developed in all northern countries,
that it is to be supposed that they are favored by climatic con-
ditions, and hence their return may be expected in the Katmai
district. There are not enough bog plants left, however, to
reseed the areas so that in any event the general return of bog
conditions must be long delayed.
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HORSETAIL VERY IMPORTANT AS THE FIRST GROUND COVER.

At present the former bogs remain quite bare or are grown
up with Equisetum arvense. In most cases the Equisetum
appears to have been restricted to the edges of the bog before
the eruption. In such bogs the middle remains bare ash, but
the horsetail is sending long runners toward the unoccupied areas
and will soon cover them. (See pictures below). While the old
bogs are perhaps the most conspicuous examples around Kodiak
of the ability of the horsetail to cover ground which would
otherwise have remained bare, there are many other areas

Photograph by R. F. Griggs
EQUISETUM SENDING RUNNERS INTO BARE ASH.

Equisetum has occupied large areas which otherwise would have become dunes
of drifting ash. Its importance in the revegetation of the

country cannot be overestimated.

where it was almost the only survival, as was brought out in an
earlier paper (Griggs2, 1915). It was by far the most important
species of the flora in providing a new plant cover on the ash.

Its importance in the recovery of the country can hardly
be overestimated, for over large areas it was for a long time the
only ground cover. This was even more conspicuous in certain
parts of the mainland than at Kodiak, for here there were
literally many square miles of horsetail in pure stand. Although
this cover of horsetail was of little value in itself, its service in
protecting the ash surface from wind was of the greatest impor-
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tance. There can be no question but that its presence greatly
mitigated and shortened the period of the prevalence of the
dust storms which afflicted the country after the eruption.
It provided, moreover, a protection that gave very great
assistance to the seedlings of other plants. Many areas now
support an abundance of seedlings which would undoubtedly
still be barren wastes if it had not been for the Equisetum
(see cut below).

Photograph by D. B. Church
A TURF FORMED BY SEEDLINGS OF DESCHAMPSIA C^ESPITOSA.

These came up under the protection of a rank growth of the pioneer horsetail
which has been cut away in the foreground to expose the grass.

HARD COMPACT BEDS OF ASH.

Returning now to the areas occupied by fine grained ash, one
other set of conditions rather commonly encountered must be
described. Where masses of fine terra-cotta ash are so situated
as to be kept well drained, the particles "set" together so as to
form a compact hard mass very unfavorable to plant growth.
Laboratory experiments with this material show that seedlings
grown in it are at a considerable disadvantage as compared
with those in the coarser grained ash. The difficulty is probably
due to lack of aeration, as well as to the mechanical obstacles
to root extension offered by such a compact hard "soil." The
analyses show that it is not due to any deleterious chemical in
the material. Buckwheat, which was planted in an area of
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such ash, was red, dwarf ted, and malformed, and did not
advance beyond the cotyledon stage in the course of six weeks.
It is not surprising, therefore, to find the areas covered by this
material absolutely bare except where pierced by the old plants
from beneath. (See cut below). Since the ash is composed of
the most insoluble materials, there is no reason to expect a
change in its physical condition. It is difficult to see, therefore,
how vegetation can ever start in such areas. Some of those

Photograph by R. F. Griggs
A DRIFT OF CLOSE PACKED ASH UNSUITED FOR PLANT GROWTH.

Buckwheat planted here had not passed beyond the cotyledon stage in six weeks.
(Vegetation Station 14.)

chosen for vegetation stations are so located that the ash
accumulation is not likely to be eroded away. Their future
history will be watched with interest.

MESH-WORK OF MOSS ON THE FOREST FLOOR.

Except for the ponds, most of the habitats so far discussed
belong to the open country westward from Kodiak. In the
shelter of the forest to the eastward, the conditions for the
growth of seedlings are much more favorable21.

21 Kodiak stands at the line separating the great Pacific coniferous forest
from the open grassland beyond. For a discussion of the ecological aspects of
this transition see: Griggs, R. F. Observations on the Edge of the Forest in the
Kodiak Region of Alaska. Bull. Torr. Bot. Club. 41: 381-385. 1914.
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Photograph by B. B. Fulton
MASSES OF MOSS ON THE TREES NEAR KODIAK.

These moss balls held quantities of the falling ash which have since been consol-
idated and bound in place by the growth of moss.
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The trees themselves were but little affected by the ash
fall, although their branches were heavily loaded, and in places
still retain considerable ash. (See page 48). In the deeper
parts of the forest the branches bore great masses of moss,
which, of course, caught and held quantities of ash. During
the interval that has followed the moss has grown out over the
ash, making larger masses than ever and giving the trees a
very bizarre appearance. (See page 46).

Photograph by B. B. Fulton
THE MESH WORK OF MOSS ON THE FOREST FLOOR.

Wind borne spores lodged in themud cracks whose position was thus indicated by
a growth of moss long after they had been filled up by drifting ash.

(Vegetation Station 11).

The most striking feature of the revegetation of the forest,
however, is to be found on the ground. When the ash dried
out after the first heavy rains following the eruption, deep
cracks appeared like the mud cracks in a dried-up puddle.
(See pages 4 and 48). These cracks are, of course, long since
filled up by drifting ash, but a heavy growth of moss (Ambly-
stegium sp.) has come up in every crack, giving the ground
a most curious reticulated appearance. " (See cut above).



Photograph by George C. Martin

P* "MUD CRACKS" IN THE ASH AFTER THE ERUPTION AUGUST, 1912.
The cracks were 2 inches wide and 6-8 inches deep. For a long time the only plants

to reappear came through such cracks. (Cf. page 47).
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This curious distribution of moss is apparently due to the
fact that the spores found lodgment in the cracks. The same
moss often starts around fallen sticks or other objects which
wind-borne spores would settle. One of the most striking
instances of this was a sea-urchin shell, dropped by a raven,
which was embedded in a mass of moss that had grown up
around it.

SEEDLINGS OF ALL SORTS STARTING IN THE FOREST.

In the forest the trees protect the ground from the wind,
and insure a stable surface on which new plants can start.
It was sometime after the eruption, however, before seedlings
made their appearance in any numbers even in the most pro-
tected situations. None were observed in 1913 and in the
beginning of the season of 1915 they were very few and far
between. But during the latter part of the season of that
year, they began to appear in numbers. These seedlings
included representatives of all the important members of the
flora including among others: Picea sitchensis, Alnus sinuata
(see page 29); Populus candicans, Rubus spectabilis (see page 30);
Calamagrostis langsdorfii (see page 50); Deschampsia caespitosa
(see page 44); Archangelica officinalis, Heracleum lanatum,
Echinopanax horridum, Lupinus nootkatensis (see page 55);
Sanguisorba sitchensis, Solidago lipida, Agrostis hiemalis (see
pages 23 and 27); Agrostis meleleuca and Chamaenerium
angustifolium, (see page 30). All of these except the last
were common in many places.

The presence of large numbers of such a variety of seedlings
dispelled all doubts which may have previously been enter-
tained concerning the. ability of seeds of plants to germinate
in the ash. Almost without exception, moreover, they weathered
the drought of the first summer, which was unusually severe
for that region and were in good condition when we left the
field in September. But they were not yet sufficiently abundant
to be of any ecological consequence and it remained to be seen
whether they could survive the winter.

SOME SEEDLINGS SURVIVED THE WINTER.

The winter of 1915-16 was extremely long and severe.
The ice did not break up in the ponds until after the first of
May. The minimum temperature was not very low, only
+8° F., but the vegetation suffered severely. Many spruces,
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especially small ones, succumbed, and the canes of Rubus
spectabilis were so severely winter-killed as to seriously diminish
the crop of berries the following year. Under conditions so
exceptionally severe, a high mortality was to be expected
among the seedlings which, being dependent for their nutrition
exclusively on roots distributed through the sterile ash, were not
as well nourished and in as good condition to resist unfavorable
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Photograph by D. B. Church
GRASS SEEDLINGS IN THE ASH.

Coming up under the shelter of old clumps of the same species, Calamagrostis
langsdorfii. (Vegetation Station 44.)

influences as though they had grown in normal soil. It was
found on examining them the next spring that, as was expected,
the mortality had been very high. Nearly all of the special
seedlings that had been marked for observation had perished.
But, notwithstanding the high death rate, large numbers had
survived, and the renewal of growth showed that they would
be better fortified against the next winter.
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Seedlings were similarly starting in sheltered places beyond
the forest. Beside many a strong clump of grass, for example,
the ash surface was fairly covered with small seedlings, pre-
sumably of the same species. (See page 50.) In many places
beneath the omnipresent Equisetum such seedlings, especially
those of Deschampsia caespitosa, were so thick as to form a
veritable turf over the ground. (See page 44). In less sheltered
situations, the seedlings often appear along the lines washed
by the run-off from rains. (See cut below). A similar phe-

Photograph by D. B. Church

SEEDLINGS COMING UP WHERE "PLANTED" BY STORM WATER.
Polygonum aviculare and a grass. The intervening spaces where the seeds, pre-

sumably present, were not covered by washed-in sand are bare.

nomenon was observed much more conspicuously in Katmai
Valley and will be discussed in detail in a succeeding paper.
It is believed to be due to the fact that the running water
buries the seeds beneath a layer of ash, thus preventing their
blowing away and giving them a chance to start.

Beside these yearling plants were a very few others, especially
of spruce and alder, which had started in earlier years and
persisted. These were continuing to grow slowly. Some of
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them had almost succeeded in getting their roots through the
ash layer and into the original soil beneath. When this con-
nection is once made, the seedling is removed from the problem
of revegetation of the ash, and the factors controlling its success
or failure are the same as those affecting similar seedlings out-
side the ash-covered area.

SALT MARSHES RESTRICTED BUT RETURNING.

Another type of habitat, whose revegetation requires separate
consideration, is the area formerly covered by salt marshes.

Photograph by R. F. Griggs
A SALT MARSH ON CHINITNA BAY.

Giving a very good idea of the general character of the salt marshes of the
devastated district before the eruption.

This association throughout the southern shore of Alaska
differs considerably from the more familiar salt marshes of
lower latitudes in the greater simplicity of its composition.
For here, instead of being a varied association including Sali-
cornia and other plants conspicuously adapted structurally
for a halophytic existence, the salt marsh is often composed
of a pure stand of a single grass, Puccinellia sp. When other
plants occur they are in such small numbers and so scattered
that they may be considered as accidental rather than as
forming definite components of the association.
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The ash fall around Kodiak effectually buried the salt
marsh vegetation, and the conformation of the ground is such
that the ash layer does not erode away rapidly in such places,
but rather has been increased by subsequent deposition. This
has not only prevented the revival of the original plants, but,
by raising the level of the land, has so altered conditions that
considerable areas, formerly overflowed by the tide, are now
above its reach. It is to be doubted, therefore, whether
salt marshes will become so numerous as before the eruption.

Photograph by D. B. Church
A SALT MARSH STARTING ON AN ASH FLAT.

The plants are mostly Puccinellia amongst which may be seen numerous fragments
of decaying algas, principally Fucus. (Vegetation Station 47.)

It is only at a few places that one can look for the stages in
their return. In one such place examined, numerous seedlings
of Puccinellia Alaska, together with A triplex Alaskce, had
started, and had reached reproductive maturity. (See cut
above). But the plants stood apart from each other and had
not made much progress toward the formation of the thick
turf characteristic of the original salt marsh. (See page 52).
No progress in this direction was shown between 1915 and
1916. But this may have been due to the severity of the
intervening winter.
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The ash on which the salt marsh plants were starting was
foul with decaying algae on the surface, and beneath it was
blackened by bacterial action and emitted a strong odor of
hydrogen sulphide. This was taken to indicate that subsoil
conditions did not differ greatly from the normal salt marsh.
The complete re-establishment of the salt marsh is, therefore,
expected before many years have passed.

PROBLEMS OF THE FUTURE.

It is already clear that the recovery at Kodiak is permanent.
For, with the demonstration that seedlings can start in the ash,
it is evident that any gaps which may develop in the ranks of
the old vegetation will be promptly filled by new plants starting
from seed.

The problems of the future in this area concern, first, the
fate of the exposed habitats where the surface is at present too
unstable to admit of revegetation, and second, the succession
of plants which will develop as the first ephemeral plant cover
shall give way to more permanent vegetation, for it appears
quite likely that the stages in the course of succession toward the
climax associations of the country will be materially altered
by the disturbance caused by the eruption.

ASH BEING RAPIDLY REMOVED.

The unstable conditions caused by the shifting sand will be,
for the most part, of short duration. Where the ash layer was
only a foot thick originally, it does not require a very long
period for the wind to remove the whole deposit. Indeed, in
many exposed places, the ash is already completely gone. And
in any case it will be only a few years until the large part of
the ash from the mountains has been blown out to sea. Even
on the level, some places, where the wind has a clear sweep,
have been nearly cleared already. Thus the field at the
Frye-Bruhn ranch, repeatedly spoken of above, retains at present
only enough ash to veil the black soil beneath, and the sand
blast is almost a thing of the past. The conditions no longer
offer any obstacle to revegetation, and in 1916 lupine seedlings
came up thickly over the whole area. (See page 55). These
were able to penetrate the ash and reach the old soil immediately
with their roots, so that in another year the whole bare field will
be green with lupine.
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In places sheltered from the wind, erosion by water has
proceeded so rapidly that where the land is at all steep (and
Kodiak is a very rugged country), nearly all of the ash has been
washed away. On the average grass-covered mountain sides,
the present covering of ash amounts to only an inch or two and
this is so mixed with plant stems and roots as to form a very
indefinite layer. Erosion has proceeded so rapidly that even
now it appears almost incredible to a stranger that the ash stood
a foot deep only four years ago. I should hesitate to believe

Photograph by R. F. Griggs
LUPINE SEEDLINGS.

These have come up thickly in the plowed field shown on pages 32 and 33. They
did not start until practically all the ash had blown off, just

enough now remains to conceal the soil beneath.

it myself if I had not seen it with my own eyes. Within a
century, volcanic ash will become almost as much of a curiosity
at Kodiak as it is at other places. Long before any such period
has elapsed it will be difficult to secure enough for a good
specimen, except from a few special places.

Another factor, which is tending to destroy the identity of
the ash as a separate layer, is the action of earthworms. The
importance of these animals in ordinary soils is too well known
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to require mention. One frequently sees their castings at
Kodiak voided on the ash surface. From the character of the
castings it would appear that the worms are confining their
activity to a large extent to the ash itself, but even so, their
action will serve to bury increasing quantities of vegetable
debris. And where they bring up the old soil from beneath,
they will thoroughly mix ash and soil till the ash layer becomes
hardly recognizable.

Of succession it is too early to speak or even to make pre-
dictions. Within five years, however, some indications may be
expected which will give a clue to the future course of events.

ALPINE HEATH ON THE MOUNTAINS BEGINNING TO
REAPPEAR.

Not directly connected with the problem in hand, but yet
one of the results of the eruption, is the opportunity afforded
by the devastation of the mountain tops to study the stages in
the re-establishment of the alpine heath. The prostrate alpine
plants occupying the summits had no capacity,of sending up
shoots through the ash layer, but were effectually buried beneath
it. Long after the lower slopes were green with tall grass,
which had come through the ash, the mountain tops remained
gray wastes.

But such exposed situations were naturally the first to be
cleared of ash by erosion, leaving large areas of the original
surf ace with the soil in exactly the same condition as before the
eruption. Doubtless a large proportion of the old roots
remained alive as in lower altitudes, but the sand blast about
the summits was so much more severe than at lower levels,
that over considerable areas all of the antecedent vegetation
was destroyed. These areas, therefore, give an unparalleled
opportunity to study the process of the establishment of the
Alpine heath, which association at Kodiak is very similar to
that occupying the tops of high mountains generally.

The first stages in the revegetation of these summits have
already appeared. On some of the mountains, new grasses
have sprung up, apparently from seed, which almost cover the
ground to the exclusion of other plants, forming in places a real
turf. The most important of these are Festuca (ovina) brachy-
phylla, the vernal fascies, and Agrostis hiemalis var., the autum-
nal fascies. (See page 27). In other places, the dwarf Alpine
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harebell, Campanula lasiocorpa, has come in. Considerable
areas were found in 1915 where small seedlings of this species
were almost the only plants except for occasional hold-overs.
The year following they had matured and were flowering in
great profusion. The only other plant which at present gives
promise of becoming an effective pioneer is the lupine, which,
in 1916 for the first time, appeared in numbers on the mountains
as well as on the lowland. There were, to be sure, other areas
where a more varied flora has made its appearance, but as there
was reason to suspect that these plants are survivals rather
than seedlings, they will not be considered here.

It is confidently expected that, as the development of the
mountain heath shall proceed, it will provide a most interesting
and instructive insight into the conditions of life of the arctic-
alpine flora which is a matter greatly to be desired.

If, in conclusion, we may attempt to generalize for the
benefit of other countries, which might be similarly afflicted,
we must recognize that the experience of Kodiak is decidedly
reassuring. The damage to vegetation by an eruption is not
likely to be as great as at first appears. Where the ash fall
is a foot or less, no permanent injury to agricultural interests
is to be expected. It would be very foolish for the people in
such a region to abandon their property and go elsewhere, as
some were inclined to do at Kodiak.




