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ation Characteristics of Muske 
orthern Pike and Their Hybrid 
asquinongy 

David H. WahP and Roy A. Stein 
Department of Zoology and Ohio Cooperdtive Fish and \/G'i/d/ife Research ~lnit,' The Ohio State University/ 1735 Neil A venue, 

CTo/umbus/ OH 432 F 0, USA 

hfahl, B.H., and W.A. Stein. 1993. Compctrative population characteristics of muskellunge (Esox rnasquinsngy), 
northern pike (E. lucius), and their hybrid iE. mmssquinongy x E. lucius). Can. J.  Fish. Aquat. Sci. 50: 
1 961 -1 968. 

We compared growth, survival, diet, and angler catch of muskellunge (Esoxnaasquinsngy), northern pike (E. Bucius), 
and tiger muskellunge (E .  masquinongyx E. lucius) through 5 yr after their introduction into three Ohio reservoirs. 
Muskellunge grew slower than northern pike and tiger muskellunge through the first year but faster than northern 
pike in subsequent years. barge stocked esocids (180-205 mm) survived better than small ones (1 45 mm). Survival 
patterns established through the first fall were maintained through age 5; northern pike survived best, followed by 
muskellunge and tiger muskellunge. Angler catch reflected differences in survival as well as catchability among 
taxa. Northern pike were caught at smaller sines and younger ages than other taxa. Gizzard shad (Dorosorna 
cepedianurn) dominated esocid diets for all taxa and age classes, followed by centrarchids and cyprinids. Prey 
length consumed increased linearly with esocid length; northern pike selected larger gizzard shad than either 
muskellunge or tiger muskellunge. These differences in population characteristics among esocids should influence 
mangernent and stockingprograms. Whereas northern pike maximize anglingopportunities, muskellunge probably 
wil l  provide trophy fisheries. Although tiger muskellunge can be reared inexpensively, they appear to provide little 
recreational fishing in return. 

Nous avons compare la croissance, la survie, le regime alimentaire et [es prises sportives de maskinonge (Esox 
masquinongy), de grand brochet (E. lucius) et de maskinonge tigr6 ( E .  rnasquinongy x E. lucius) pendant [es 5 a 
qui ont suivi leur introduction dans trois reservoirs de I'Qhio. be maskinonge se developpait plus lentement que 
!e grand brochet et le maskinonge tigre pendant la prerniCv-e annke, mais plus vite que le grand brochet des annkes 
suivantes. Les esocidks de grande taille (1 80-205 mm) ont surv6cu mieux que les petits (1 45 mm). hes schkmas 
de survie ktablis le premier automne se sont maintenus jusqcr'i l'iige de 5 ans; le taux de survie 6tait le meilleur 
pour le grand brochet, puis le maskinonge et enfin le maskinonge tigre. Les prises sportives rel'lktaient des 
differences entre les taxons en ce qui concerne la survie et la capturabilite. Le grand brochet ktait capture 2 une 
taille plus petite et 2 un 2ge plus jeune que les autres taxons. b'alose 2 gesier (Dorosoma cepedianum) dominait 
dans le rkgime alimentaire des esocidks pour tous les taxons et toutes les classes d'zge, suivie par les centrarchides 
et les cyprinidks. La longueur des proies consornm6es augmentait de f a p n  lin6aire en fonction de [a longueur des 
esocid6s; le grand brochet choisissait des aloses gksier de plus grande taille que ne le faisaient le maskinong6 
ou le maskinonge tigr6. Ces diff6rences parmi les esocides dans les caracteristiques dkmographiques devraient 
avoir un effet dans les programmes de gestion et de repeuplement. Gandis que le grand brochet maximise les 
possibilitks de peche sportive, le maskinon@ va probablement offrir des peches de trophee. Bien que It. 
maskinonge tigre puisse Gtre 6levii de faqon peu cocteuse, cette espitce semble offrir peu de resultats sur !e plan 
de la peehe sportive. 
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uskellunge (Eso-x masyuinongy), northern pike 
(E. lucius), and their hybrid, tiger muskellunge 
(E.  rncasquinongy x E. lurius), are the largest and 

most abundant esocid sport fish in Noah America (Crossman 
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1978). Tiger muskellunge typically occur naturally only in low 
numbers (Crossman md  Buss 1965), but they have been widely 
introduced (Wingate 1986). Whereas investigators have exam- 
ined population attributes of these taxa individually, quantifying 
growth (Bimber 1982; Diana 1983b; Kipling 1983: Newman and 
Storck 1986), survival (Casselman 1978; Bimber 1982) and diet 
(Frost 1954; Lawler 1965; Mann 1976; Wolfert 1978), few 
studies have con~pared these taxa directly, as they rarely co- 
occur. Recent research has addressed some comparative aspects 
of juvenile esocids (Wahl and Stein 1 988,1199 1); however? com- 
parative daka for older fish, which are critical to the development 
of effective management progarns, are sparse. 

Can. .b. Fish. Aquar. Sci., k'ol. 50,1993 1961 



TABLE 1. Location, date, number, and size of tiger muskellunge (TM), muskellunge (M), and northern pike (NP) stocked into three Ohio reservoirs. 
Length (nearest 1.0 msn) md weight (nearest 0. l g) for each taxon were based on a sample (N = 104)) measured the day before stocking (froan W&l 
and Stein 1989). 

Total length + 95% CCH Wet weight k 95% CI 
Reservoir Stocking No. of 

(ha) date each taxsn TM M NP TM M NP 

North (89) 29 Aug. 1983 1150 1 8 3 2  3.0 2 8 0 + 3 . 9  - 29.0 f 1.6 24.6 f 1.9 - 
Kokosing (46) 9 Aug. 1984 1150 145 i 2.4 147 f 4.5 145 f 2.5 12.8 f 0.7 11.4 f 1.3 11.2 k 0.8 
Nsr-th 4 Sept. 1984 3000 177 i 2.2 179 f 4.2 179 f 3.5 24.4 f 1.1 23.9 f 1.9 30.7 f 1.9 
Madison (40) 29 July 1985 1000 147 + 2.8 144 f 3.0 143 f 1.7 13.9 f 1.0 11.8 f 1.0 14.7 f 0.8 
North 26 Aug. 1985 2150 208 f 4.5 205 f 3.9 205 f 4.7 44.3 L 2.7 39.4 f 2.6 44.6 L 3.6 

Habitat degradation and overexploi~tion have forced rnana- 
gers to stock esocids to maintain populations (Wingate 1986). 
Once potential impacts on natural populations have been consid- 
ered (Inskip and Magnuson 1986; Koppelrnan and Philipp 19861, 
the decision as to which taxon t s  stock depends on trade-offs 
between hatchery adaptability and poststocking performance. 
Tiger muskellunge have hatchery advantages over their parents, 
fkrr they grow faster, accept dry-pellet diets more readily, and 
resist disease (Hesser 1978). Few data are available to compare 
poststocking performance of these esocids in terms sf growth, 
survival, and harvest. Below, we review our expectations regard- 
ing these parameters. 

Growth varies with taxon, food consumption, and tem- 
perature. Although geographic distributions of the two parent 
species overlap, muskellunge are distributed farther south than 
 orth them pike (Crossman 1978). As such, optimal temperatures 
for growth may differ. With a bioenergetic model, Bevelhirner 
et al. (7985) predicted that tiger muskellaange should outgrow 
northean pike and maaskellunge under rraost thermal regimes. In 
the field. juvenile tiger muskellunge grow faster than northern 
pike in ponds (Weithman and Anderson 1977) but at similar rates 
in reservoirs (Wahl and Stein 1991); muskellunge grow most 
slowly. To judge long-term growth consequences, comparative 
data for adult esocids are required. Only by comparing across 
tma within one system can growth differences be ascribed to 
taxon effects rather than temperature, prey compssition, s r  prey 
abundance. 

Survival may vary with taxon, size, and system-specific 
characteristics. Mechanisms underlying sunrival in juvenile 
stocked escoids are now broadly understood. Stress at stocking 
(Mather and Wahl 1989), resident predators (Stein et al. 198 1; 
Wahl and Stein 2989), and forage base (Carline et al. 1986; WaM 
and Stein 1988) have been assessed; these data provide insight 
into the ecology of these fishes, allowing development of taxon- 
specific rna~~agerne~nt programs. In spite of these advances, hsw- 
ever, additional progress has been limited by the lack of 
quantitative assessments of comparative mortality for both 
juvenile and adult esocids. Similarly, without comparative har- 
vest data, which depend oaz survival and relative catchability, 
management decisions are compromised. 

Prey choice may differ with taxa and ultimately affect esocid 
growth and survival as well as determine impacts on other 
trophic levels. As top carnivores, esocids may well influence 
community structure. In fact, esocids have been historically used 
to control undesirable species and improve angling (Wingate 
1986). Success sf this approach depends on prey preference. 
Juvenile esocids select prey based on size, density, and species 

of prey (Mauck and Gsble 197 1 ; Weithman and Anderson 1 977; 
Gillen et al. 1987; Tomcko et al. 1984; Cariiaze et al. 1986; Wahl 
and Stein 1988). Without comparative prey selectivity data for 
larger esocids, our ability to predict how these predators will 
influence prey populations is substantially constrained. 

In this study, we compare growth, survival, prey preference, 
and angler catch of muskellunge, northern pike, and their hybrid. 
In particular, we evaluate whether relationships among taxa 
previously established for juvenile fish (Wahl and Stein 1988, 
199 1) occur in older esocids. In addition, by matching esocid life 
history traits and performance to system-specific characteristics, 
we can increase our ability to establish viable populations. 
Because esocid tam probably differ in their growth, surviva%, 
prey selectivity, and catchability, our work provides insight into 
which taxon should be stocked, at what size, where, and for what 
management purpose. 

Methods 

We quantified growth, survival, diet, and angler harvest of 
tiger muskellunge, muskellunge, and northern pike for 5 yr after 
their introduction into three shallow, relatively small (< 98 ha) 
Ohio reservoirs (Table 7). All three reservoirs are within the 
natural range of maaskellunge and northern pike (Scott and 
Crossman 19739. Esocids for each introduction were obtained 
from Ohio Division sf Wildlife fish hatcheries. The northern pike 
stock used in these crosses originated from Lake Erie and has 
been maintained at the St. Marys hatchery since initiai collection 
over 25 yr ago (Bevelhimer et al. 1985). Muskellunge parents 
were obtained from Ohio reservoirs and are from a recognized 
subspecies, E. rn. ohiosnsks, originating from the Ohio River 
drainage system (Scott and Crossman 1973: Bevelhirner et al. 
198%; Koppelman and Philipp 1986). Each reservoir stocking 
N = 5 total) received equal numbers and similar sizes (145, 180, 
or 205 mm) of each esocid taxon (see Wall and Stein 1991 for 
rearing details). Esocids were counted and 100 were measured 
(total length, nearest 1 mm) and weighed (nearest 0. I g) the day 
before stocking (Table 1). 

Esocids were collected by electroshocking (300 V, pulsed DC) 
the entire perimeter of each reservoir twice and trapnetting 
(1 3-mm bar mesh, N = 12 net-days) every 2 wk during each fall 
(September through Noven~ker) and spring (March through 
May) following stocking. Trapnetting was used to sample those 
esocids 2 yr of age 2nd older. Esocids captured were measaared 
(total length, nearest 1 mm) and weighed (nearest 1.0 g). Stom- 
ach contents were recovered by pulsed gastric lavage (Foster 
1977), frozen, and then thawed for analysis. Recovered prey 



TABLE 2. Survival through first fall for tiger muskellunge (TM), muskellunge (M), and northern pike (NP) 
after each of three (two for northern pike) stockings in Worth Reservoir, Ohio. Population estimates are 
based on Schnabel mark-recapture during October through November. See Table 1 for initial conditions 
at stocking. 

Population % 
Length estimate survival 

Year ErouP Taxa (95% CCI) (95% CI) 
-- - - -- -- -- - - -- - -- - -- 

Months After Stocking 

PIG. 1 .  Mean total weight for tiger muskellunge (TM), muskellunge (Mj. 
and northern pike (NP) following introduction into North Reservoir, 
Ohio. 1983-85. Sample sizes are in parentheses. Vertical lines are 95% 
confidence intends for samples 2 3. 

were identified to species: partially digested fish were identified 
using structures resistant to digestion. Fish that could not be 
identified ( 4 3 % )  were discarded. Prey were measured in length 
as total, standard. or backbone (nearest 1 mm), depending sn  
state sf digestion, and weighed (nearest 0.01 g). Prey total length 
was then back-calculated, if necessary, with regression equations 
(see Table 2 sf Wahl and Stein 1991). 

TABLE 3. Number of esocids caught by anglers as; reported in a roving 
and volunteer creel in North Reservoir, Ohio, 1985-90. Vdlues represent 
the number of tiger ~nuskellunge (TM), muskellunge (M). and northern 
pike (NP) caught following three reservoir stockings, 1983-85. 
Northern pike were not stocked in 1983. 

Age (yr) TM M NP 

2 0 3 3 2 
3 9 B 3 28 

2 4  3 14 if 
Total 12 30 64 
- -- - - - - - - - - .- -- - -- 

Esocid survival was estimated from Schnabel mark-recapture 
population estimates (Wicker 1975). Esocids were fin-clipped for 
these population estimates, which represent the midpoint of each 
fall and spring sample. During the first fall, mark-recapture sam- 
pling was done during mid-October through mid-December. 

Relative angler catch rates of the three esocids were deter- 
mined from a roving and volunteer creel survey in North Reser- 
voir. Creel clerks interviewed anglers randomly during periods 
of high fishing effort. Signs also were posted near the lake 
requesting anglers t s  record infomation from fish returned to 
the lake and to bring harvested esocids to Ohio Division of wild- 
life offices. There were no size limits or other regulations in 
effect on North Reservoir during our study. All fish obtained 
from the roving and volunteer creels were identified, measured, 
and weighed. 

Results 

Growth Rates 

Neither lengths (ANOVA, P = 0.49) nor weights (B = 0.72) of 
esocids captured by electrofishing and trapnetting differed 
across taxa, years, and sample periods. Thus, we combined 
growth data for esocids collected by these two gears. Lengths 
increased linearly through age 5 and were similar for most com- 
parisons in three years in North Reservoir (ANCOVA, homs- 
geneity sf slope, P > 0.16); only muskellunge stocked in 1985 
grew faster than northern pike after age 2 (ANCOVA, P = 0.015). 
Sex-specific growth rates were not calculated; sex ratios were 
about 1: 1 for all taxa and stockings. Weight gain followed two 
linear growth stanzas, one for age-0 esocids and a second for 
age-1 through age-5 fish (Fig. 1). Linear models provided better 

Cam. .I. Fish. A~tuut. Sci., Vob. 58,1993 



TABLE 4. Percentage of total prey weight of various prey species recovered from age-0 through age-3 tiger muskellua~ge (TM), muskellunge (M), 
and northern pike (NP) stomachs in North Reservoir, Ohio. 1983-88. Invertebrates coiatributed in only two instances: 2% for aage-1 tiger muskellunge 
and northern pike. Numbers of each esocicl sampled are given in parentheses. 

Age 0 Age 1 Age 2 Age 3 

TM M WP TM M NP TM M NP TM M NP 
Prey (881) (1171) (938) (90) (176) (421) (24) (42) (295) (3) (43) (64) 

Gizzard shad 86 89 7 8 36 80 52 93 99 8 5 100 9 7 5 8 
Lcpomis spp. 5 5 11 13 5 13 3 0 11 0 3 5 
Cyprinidae 0 1 1 3 .L "D 5 0 0 2 0 0 0 
Other fish 8 5 10 44 2 28 3 1 2 0 0 37 
% empty 55 58 43 48 5 8 5 1 5 0 41 45 0 52 

-- -- 
60 

- 

Survival 

Survival through the first h l l  of juvenile esocids increased 
with stocking size (Table 2). Fish from the 145-mm length 
goups stocked in Kokosing and Madison reservoirs survived 
poorly, preventing application of mark-recapture techniques. In 
Madison Reservoir, CPUE (number per hour) with electrofishing 
gear was initially highest for muskellunge (7.4=hV1), followed by 
tiger muskellunge (2.2.h-I) and northern pike (0.20h-~); similar 
patterns occurred in Kokosing Resewoir (7.3, 3.0, and 0.9~h-l, 
respectively). In both reservoirs, CPUE fell dramatically for all 
taxa during the first 14 d after stocking; by 30 d poststocking, 
survival fell to near zero. In contrast, survival in North Reservoir 
was substantially higher for 180- and 205-rnm fish (Tdble 2). Sur- 
vival did not differ between 180- and 205-mm fish, as confidence 
limits on population estimates overlapped. However, blocking 
by size, northern pike survived better (15-43%) than either tiger 
muskellunge (2-1196) or muskellunge (3-9%) (Table 2) 
(ANOVA, P = 0.054). 

Northern pike survived better than the other taxa through age 
3 or 4 (ANCOVA, homogeneity of intercept and slope, P < 0.03; 
except 1985 stocking, homogeneity of slope, P 9 0.42); tiger 
muskellunge and muskellunge survived si~railarly in all three 
years (ANCOVA, homogeneity sf slope and intercept, 
P > 0.16). Confidence limits for these estimates provided confir- 
mation; northern pike survived better than muskellunge or tiger 
rnuskellunge (Fig. 2). Although muskellunge and tiger muskel- 
lunge died at similar rates, muskellunge from both stockings 
persisted at least 1-2 yr beyond tiger muskellunge (Fig. 2). 

12 24  36 48 

Months After Stocking Angler Catch 

FIG. 2. Survival as a percentage of initial numbers of stocked fish (see 
Tdble 1) for tiger muskellunge (TM). muskellunge (M), and northella 
pike (NP) following introduction into North Reservoir, Ohio, 198345. 
Vertical lines are 95% confidence intervals and symbols are point 
estimates based on Schnabel mark-recapture population estimates. Note 
the different vertical scales among panels. 

fits of the data than exponential models based on lack-of-fit tests 
and residual analysis (Neter et al. 2983). During their first yea, 
relative growth in weight for northern pike and tiger muskel- 
lunge exceeded that for muskellunge (ANOVA, P = 0.05; 
Tukey's multiple comparisons, P < 0.05, per Wahl and Stein 
1991). In subsequent years, growth differed muskellunge grew 
faster than northern pike (Fig. 1; ANCOVA, homogeneity of 
slope, P < 0.02). Tiger muskellunge grew at an antemediate rate 
and did not differ from either of ~ L Y  parents (ANCBVA, 
P 9 0.14). 

Esocids were sampled by creel survey and volunteer reports 
for 5 yr in North Reservoir. Across all years and ages, anglers 
caught mostly northern pike, followed by muskellunge and tiger 
muskellunge (Table 3) (chi-square, B < 0.01). Catch rates were 
highest for northern pike even though they were not stocked in 
1983. More northern pike from each stocking were caught as 
2- and 3-yr-old fish than as age 24 (chi-square, partitioned 
degrees of freedom, P < 0.038). Conversely, muskellunge and 
tiger muskellunge were equally vulnerable across age groups 
(chi-square, partitioned degrees of freedoan, P > 0.12). 

Esocid Diets 

Diet analysis by prey number or prey weight yielded similar 
conclusions (chi-square, $ 9 0.10). In North Reservoir, the 
proportion by weight of each prey species consumed was similar 
among the three taxa and four ages (Table 4). As described by 
Wahl and Stein (1991), diets of age-0 esocids were dominated 

1964 Can. J. Fish. Aquat. Sci., W)I. 50,1993 
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Esocid Length (mm) 
FIG. 3. Mean and maximum lengths of gizzard shad and &epomi,s spp. consumed by tiger muskellunge 
(TM), muskellunge (M), 2nd northern pike (NP) in North Reservoir, Ohio. 198348. Values indicate 
lengths of prey eaten by esocids of each 25-mm length interval. Sample sizes can be approximated from 
Table 4. Lines represent best fits by least squares linear regression. 

by gizzard shad (Dorosorna cepedio&armkan.r) (78-89%), followed 
by Legomis spp. (primarily bluegill (L. macrochirus)), brook 
silverside (Labidesthes. sicculus). Cyprinidae (primarily 
Not)-opis spp.). and largemouth bass (Micropterus sulnzos'des) 
(Table 4). Food habits of age-1 and older esocids were similar to 
those for juvenile esocids, dominated by gizzard shad 
(36-F00%), followed by Leponzis spp. and cyprinids (Table 4). 
Excluding the few tiger muskellunge sampled as age 3, empty 
stomachs were common and consistent across all taxa and age 
groups (Table 4). 

In contrast with species composition, size selection varied 
markedly among esmid age groups. Based on length frequen- 
cies, age-0 escecids fed exclusively on young-of-year gizzard 
shad and L~pomis spp. whereas ages 1-3 fed increasingly on 
yearling and older prey. In general, mean prey length increased 
linearly with esocid length for all taxa and prey types. To assess 
esocid size selectivity, we calculated mean and maximum prey 
lengths for 25-mm length intervals of each taxon (Fig. 3). Too 
few cyprinids in the diet prevented comparisons. Within a prey 
species, regressing mean prey length against predator length for 
all esocids yielded similar intercepts (ANCOVA. homogeneity 
of intercept, P > 0.1 1). However, northern pike selected larger 
gizzard shad than muskellunge (ANCOVA, homogeneity of 
slope, P = 8.004). Tiger muskellunge consumed gizzard shad 
intermediate in size and did not differ from its parents 
(ANCOVA, P > 0.18). Maximum size of gizzard shad consumed 
was largest for northern pike (ANCOVA, P = 0.0001). Bn 
contrast, no differences among esocid taxa existed in either mean 
or maximum lengths of Lepomi~ spp. consumed (ANCOVA, 
homogeneity of slope, P > 0.07). 

Prey size selected also varied with prey species and escecid 
size. Juvenile northern pike and tiger muskellunge selected 

smaller mean sizes of Ecpo~k~is spp. than gizzard shad 
(ANCOVA, homogeneity of intercept, P = 0.01 8). As these two 
aaxa grew, they selected increasingly larger sizes of Leporazis than 
gizzard shad (ANCOVA, homogeneity of intercept, P = 0.045). 
Although relationships were not as strong as for the other two 
taxa, muskellunge exhibited a similar pattern of smaller initial 
size (ANCOVA, P = 0.06) but more rapid change with predator 
length (ANCOVA, P = 0.18) of Lepomis as compared with 
gizzard shad. 

Esocid Growth 

Length increased linearly though age 5 for all three esocids. 
In contrast, two growth stanzas were required to describe weight 
changes, but weight also increased linearly for age- t and older 
fish. Growth rates in fishes can change after sexual maturity is 
attained. In esocids, sexual maturity varies with latitude but is 
generally reached from 2 to 4 yr of age for male and female 
northern pike and from 3 to 5 yr of age for both sexes of muskel- 
lunge (Scott and Crossman 1973). We saw no evidence of 
changes in growth rates in either length or weight for these ages 
of fish. However, additional assessments of growth for esocids 
beyond age-5 fish sere required. 

Growth in length was similar among esocids; however, growth 
in weight varied among both esocid taxa and age groups. Young- 
of-year northern pike and tiger muskellunge grew faster in 
weight than anuskellunge (Wahl and Stein 1991). In ponds, 
juvenile muskellunge also grow slower than the other two taxa, 
but tiger muskellunge outgrows northern pike (Weithman and 
Anderson 1977). As discussed by Waf11 and Stein (1 991), small 
differences in thermal regimes between systems might explain 



these differences in growth amlong taxa (Bevelhi~ner et al. 15885). 
In contrast with young-of-year fish, growth of older esocids was 
highest for muskellunge, followed by tiger muskellunge and 
northern pike. Across a variety of waters, muskellunge typically 
grow faster than northern pike (Carlander 1977). In addition, 
given that our study reservoirs were near the southern extent of 
the range of northern pike (Crossman 19'98), we expected 
muskellunge to outgrow northern pike. In contrast, growth 
similarities between muskellunge and tiger muskellunge were 
unexpected. From previous work with hybrid vigor in other 
species (Bevelhirm~er et aE. 1985; Kerby et al. 1987: Johnson et 
al. 1988; Hooe and Buck 19911, tiger muskellunge would be 
expected to grow faster than muskellunge. That adult growth 
does not reflect juvenile growth could derive from several 
factors: ( I )  ontogenetic shifts in themal preferences or foraging 
abilities in the field or (2) respiration and consumption allornetry 
of juvenile and ad~alt fish (Post 1990). Quantifying respiration, 
consumption, and excretion across temperatures for all three 
esocids would be most efficient for evaluating these hypotheses. 
Although laboratory experiments with large esocids are intract- 
able (see Diana 1982, 1983a), comparing adult growth across 
themal regimes would provide insight into our conclusions. 

Growth rates could also vary among populations within a 
taxon. DiEerences in growth among fish stocks have been ob- 
served for other species (Philipp and Whitt 19911, and distinct 
genetic populations of esocids have been identified (Koppelman 
and Pl-milipp 1986). The extent to which these genetic differences 
might influence growth is unclear and hture experimental work 
should quantify effects of temperature and food consumption on 
growth rates of esocid stocks. 

Survival 

Similar to previous work with muskellunge (Hanson et al. 
1986: Sem and Andrews 1986) and tiger muskellunge (Carline 
et al. 1986), survival through fall of all esocids increased with 
stocking size. Introducing each esocid size in a different study 
reservoir could have confounded our findings. However, those 
factors previously identified as critical to survival, such as 
temperature regimes (Mather and Wahl 1989: Wahl and Stein 
1991) and prey and predator communities (Wahl and Steiim 1988, 
1989)- were similar among reservoirs. In our view. large size and 
reduced fall temperatures combined to increase survival. 
Specifically, stocking mortality declines with lake temperature 
(Mather and Wahl 1989) and vulnerability to predation declines 
for large fingerlings (Stein et al. 1981: Wahl and Stein 1989). 

In addition to size effects, survival differs among taxa. First- 
year survival was highest for northern pike. Fewer northern pike 
were consumed by largemouth bass tlzan were tiger muskel- 
lunge, but numbers of worthem pike and muskellunge eaten were 
similar (Wahl and Stein 1989). Stocking mortalities were also 
similar among taxa (Mather and $%rahl B 989). Although predation 
by resident piscivores and stocking stress account for some 
losses, other variables such as emigration, disease, and long-term 
predation also may influence survival of stocked esocids. 

Survival through the first h l l  was useful in predicting long- 
tern survival. For all taxa, most fish died during the first 2 mo 
after stocking; thereafter, survival remained relatively constant. 
Overwinter mortality was low, but variable, among years and 
taxa. Energy reserves dictate overwinter success in some fishes 
(Hunt 1969; Oliver et al. 1979). Differences in energy reserves 
anong years or taxa may explain some of the variability in over- 
winter mortality for esocids (Carline et al. 1986). As compared 

with the high mortality observed during the first year, numbers 
of fish declined gradually in subsequent years for all taxa. 
However, northern pike survived better than its congeners 
through age 4. Although survival was poor for the other taxa, 
n~uskellulage persisted for at least 1-2 yr longer than tiger 
muskellunge. Data from angled esocids from across North 
America also suggest that tiger muskellunge longevity is lower 
than for muskellunge (Casselman and Crossman 1986). 

Angler Catch 

In ponds, northern pike are more vulnerable to angling than 
tiger muskellunge or muskellunge (Beyerle 1973; Weithman and 
Anderson 1974). Greater catchability combined with higher sur- 
vival yielded more creeled northem pike as compared with its 
congeners in our reservoirs. Northern pike were caught at 
smaller sizes and younger ages than other taxa. In spite of its 
higher vulnerability to angling however, fewer tiger muskel- 
lunge were caught than muskellunge, owing to greater survival 
in muskellunge. In general, tiger muskellunge did not survive 
sufficiently long to reach hamestable size. 

Esocid Diets 

Esocids of all ages were almost exclusively piscivorous. Like 
juvenile esocids (Mauck and Coble 1971 ; Weithan and 
Anderson 1977; Wah1 and Steiim 19881, larger esocids fed pre- 
dominantly on gizzard shad. Centrarchids and cyprinids 
followed gizzard shad in importance in diets. Because gizzard 
shad are more easily captured than centrarchids owing to their 
lack of spines and antipredatory behavior (Reist 1980; Moody 
et aZ. 1983; Webb 1986; Wahl and Stein 1988), gizzard shad are 
selected by esocids. 

As documented for other fish predators (Knight et al. 1984; 
Johnson et al. 1988), esocids consume larger prey as they grow. 
Even so, prey size preference varied among taxa; northern pike 
chose the largest mean and maximum sizes of gizzard shad. 
Whether these differences relate to morpho8sgical or behavioral 
differences among taxa is unclear. Preliminary compa~sons of 
jaw morphology suggest that northern pike have wider mouths 
than the other two taxa for young-of-year fish (D.H. Wdhl, 
unpublished); similar data for adult fish are not available. 
However, othermorphometric variables associated with the head 
of adults are relatively larger for northern pike than for muskel- 
lamge; tiger muskellunge are intermediate (Casselman et al. 
1986). Behaviord differences among predators (i .e., habitat 
selection, Wall1 and Stein 1989) also might influence prey 
selection by affecting encounter rates and consumption of 
various sizes of prey. 

Prey species and esocid size affected prey size selection. Large 
individuals of all three taxa selected larger sizes of centrarehids 
than gizzard shad; prey lengths increased more rapidly with 
esocid length for centrarchids than for gizzard shad. In contrast, 
small eswids selected smaller mean sizes of centrarchids than 
gizzard shad, as predicted from previous laboratory and field ex- 
periments quantifying optimal sizes (Gillen et al. 1981 ; Carline 
et al. 1986; Wdhl and Stein 1988). These differences between 
esocid size groups may be related to changes in optimal prey 
sizes for larger esscids or to changes in prey availability. Because 
gizzard shad often experience high overwinter mortality 
(Jenkins and Morais 19'98; Adam et al. 1982; Storck 1986), their 
populations are dominated by young-of-year. Hence, adult eso- 
cids may have been constrained to small sizes when feeding on 
gizzard shad. 
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Management Implications 

In our work, most esocid mortality had occurred by the first 
fall; survival of all thee esocids was relatively constant there- 
after. As a result, survival through fall can be reliably used as an 
index of recruitment for both stocked and natural esocid 
populations. 

All three esocids survived better when stocked at sizes 
>I75 mm. These findings reinforce previous work that suggests 
that esocids should be stocked at large sizes (200-250 mm) in 
the fail to minimize predation mortality (Stein et al. 1981: Wahl 
and Stein 1989) and reduce losses to themal stress (Mather et al. 
1986; Mather and WAl 1989). However, final selection of a 
stocking size depends on complex relationships between 
hatchery costs and characteristies of individual lakes, such as 
predator and prey abundance and size distributions and themal 
regimes. Development of a bioeconsmic model incorporating 
these variables would allow managers to create cost-efficient, 
system-specific stocking programs. 

Taxon choice for an individual lake or reservoir depends on 
growth, survival, harvest. angler preferences, and management 
objectives. These decisions also should consider the natural dis- 
tributions of esocids (Crossman 1978), effects on native popu- 
lations (Inskip and Magnuson 19861, and conservation of genetic 
stocks (Koppelman and Philipp 1986). If the iraanagernent objec- 
tive is to maximize either the number of fish in a Iake or angler 
catch, then northern pike should be chosen, owing to its high sur- 
vival and angler catch. For trophy fisheries, muskellunge should 
be selected, for it grows faster than northern pike and survival 
and catch rates exceed those for tiger muskellunge. Tiger mus- 
kellunge are only appropriate when hatchery costs must be mini- 
mized or when subsequent reproduction is a concern. 
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