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Abstract:

As a top predator which exhibits significant effects on prey fish populations, northern
pike, (Esox lucius), are important ecologically and economically. This study aimed to examine
the relationship between the size of prey fish and the localization of northern pike of varying
gape sizes. The specific hypothesis which was tested is the existence of a positive relationship
between prey body depths, prey species, northern pike gape size and northern pike localization.
Sampling was conducted at four unique locations over two separate weeks. Sampling locations
were found to differ in prey abundances across weeks and overall prey body depth decreased
from the first to second week. Neither northern pike abundance nor gape size was found to vary
with site or week, suggesting that pike in Brown Lake may follow an ideal free population
distrbution.

Introduction:

The northern pike, (Esox lucius) holds an important place as a top predator in lake and
river ecosystems. In addition to its ecological importance, the northern pike has an economic
importance as a hard-fighting sportfish. Pike feeding habits have been shown to affect the
numbers and structures of its prey species populations (Frost 1954). Due to its piscivorous
nature, the northern pike can also have economic impacts through its consumption of other
sportfish. Understanding the distribution of pike within lake ecosystems could have important
implications for fisheries management strategies.

Pike have been shown to preferentially select habitat areas which contain high diversity
and biomass of prey species (Chapman and Mackay 1984). Pike feeding habits are also
influenced partly by morphological constraints (Hart and Hamrin 1988). The size of the pike’s

mouth is a factor in determining what prey a pike can consume. Prey body morphology is also a
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factor in pike foraging (Nursal 1973). Pike have been shown to prefer shallow-bodied prey over
deep-bodied prey (Nillsson, 1999), and soft-rayed fish over spiny-rayed fish (EkI6v and Hamrin
1989).

Pike also appear to exhibit selectivity in prey species, as shallow-bodied perch are
known to constitute a predominant proportion of pike diets (Frost 1954). Pike have also been
found to forage on bluegill, and minnows (Savino and Stein 1989). Golden shiner, Notemigonus
crysoleucas, is included in this study as a consumable prey species due to its shallow body depth
and soft-rayed fins (Einfalt and Wahl 1997). Pumpkinseeds are included as a member of the
Lepomis genus, and their subsequent close relation to bluegill. Based on the stated previous
research, this study defines consumable prey fish as yellow perch (Perca fluviatilis), golden
shiner (Notemigonus crysoleucas), bluegill (Lepomis macrochirus), pumpkinseed (Lepomis
gibbosus) having body depths within the consumable limits of pike as measured by gape size.

Optimal foraging theory predicts that pike will feed on prey which gives them the most
gain and least cost per foraging event. Pike are known to feed on prey which is of a size class
that maximizes energy gain while minimizing handling time. This is a strategy to minimize
exposure to conspecifics who may cannibalize or kleptoparasitize the foraging pike (Nilsson and
Bronmark 1999).

As a consequence of increased gape size, larger pike are morphologically able to
consume larger prey. According to optimal foraging theory, this relationship should translate to
larger pike preferentially consuming larger prey. An extension of this dynamic is the habitat
localization of pike. If larger pike preferentially consume larger prey, it should be advantageous
for these pike to localize to areas which contain high densities of large prey (EKI6v 1997). As

the top predator in lake ecosystems, pike above 250mm do not typically have aquatic predators
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and should not select habitats based on aquatic predation avoidance (Chapman and Mackay
1984). Pike have been shown to engage in both cannabilism and kleptoparasitism which
influences the habitat selection of small pike (Nilsson and Bronmark 1999). Additionally, since
small pike are morphologically excluded from foraging on larger prey, these pike should localize
to areas which contain high densities of small prey in order to maximize foraging gains. Based
on these relationships, I hypothesize that northern pike gape size will vary with prey body depth,
and prey species across sites. This relationship will be examined by sampling the fish
communities at unique sites and comparing the body depth and abundance of prey species with
the gape size and numbers of northern pike present.

Methods:

This study was conducted in Brown Lake, located in Gogebic County, MI. This
eutrophic lake has a surface area of approximately 63 acres, a maximum depth of approximately
4.5m, an outlet draining into Brown Creek and very turbid water (Secchi Depth 0.7m). Brown
Lake contains populations of muskellunge (Esox masquinongy), northern pike (Esox lucius),
walleye (Sander vitreus vitreus), black crappie (Promoxis nigro-maculatus), yellow perch (Perca
fluviatilis), golden shiner (Notemigonus crysoleucas), bluegill (Lepomis macrochirus),
pumpkinseed (Lepomis gibbosus), and white sucker (Catastamus cammersanii) (UNDERC,
unpublished).

Four unique habitat locations were chosen for sampling. Samples were taken from the
mouth of the outlet into Brown Creek. This “outlet” habitat area contained both submergent and
floating vegetation over a mud substrate. A “beach” habitat area with submergent, emergent,

and floating vegetation over a sand substrate was sampled. Additionally, samples were taken
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from a “wood” habitat containing submergent vegetation over a mud substrate. A “rock” habitat
consisting of submergent vegetation over a cobble substrate was also sampled.

Prey fish were sampled by fyke net sets. Fyke nets were set for 24 hours and the contents
collected after this period. The length, body depth, and sampling location of the specimens were
recorded and the fish immediately released. Specimens were also identified to species. Northern
pike were collected utilizing the same netting procedure. The gape size of trapped pike was
measured and compared to the body depth of the prey species present at each site. This
procedure was repeated during two weeks, the first week of June and the second week of July
2008.

Experimental data were analyzed using SYSTAT 12. The body depth of prey species and
gape size of northern pike were analyzed by Analysis of Variance (ANOVA) comparisons of
these characteristics across sites. Consumable prey were determined to be yellow perch (Perca
fluviatilis), golden shiner (Notemigonus crysoleucas), bluegill (Lepomis macrochirus),
pumpkinseed (Lepomis gibbosus), which had body depths below the largest northern pike’s gape
size. These prey were separated by size classes, small yellow perch (length<130mm), medium
perch (length<200mm), small bluegill (length<110mm), and small pumpkinseed
(length<110mm). The abundance of consumable prey fish was standardized by net sets for each
site. The abundances of consumable prey were also compared by one-way Chi-squared analyses
across sites. Chi-squared analysis was used to compare the abundance of pike across sites. The
abundances of prey fish were compared by Chi-squared analyses across sampling weeks.
Analysis Of Variance (ANOVA) testing was used to examine variation in body depth between

sampling weeks and sampling sites.
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Results:

Chi-squared testing of the total abundance of prey fish between sampling weeks showed
no significant difference in the total abundance of prey fish between the two weeks (P=0.746)
Variation in prey abundance at two sampling sites was significant between weeks. Chi-squared
testing shows a statistically significant increase in prey abundance for the second week at the
beach site (P=0.032). Prey abundance at the rock site decreased significantly by the second
week as shown by Chi-squared analysis (P<0.0001).

Chi-squared analysis of all possible prey fish (small perch, medium perch, golden shiner,
small bluegill, and small pumpkinseed) abundance across sites shows significant variation in
prey species abundance across the three sites (rock, beach, and wood) where all species were
found (df=8, P=0.000029). These results are illustrated in Table 1. Chi-squared analysis of prey
fish present at all sites (medium perch, small bluegill, and small pumpkinseed) also shows that
there are significant differences in prey abundance across the four unique sampling sites (df=6,
P=0.000984). These site differences are shown in Table 2. Sites were subsequently ranked for
pike preference by individual species abundances. Table 3 shows these rankings.

ANOVA testing of prey body depth shows an overall decrease in prey body depth
between weeks (df=6, P<0.0001). This trend is illustrated in Figure 1. Although body depth
decreased overall, there were no significant differences in prey size between sites. Therefore,
prey abundance is used to predict pike localization instead of prey body depth.

ANOVA analysis indicates that northern pike gape size did not vary significantly across
sites (P=0.648). Chi-squared analysis indicates that the relative abundance of northern pike did
not vary by site or week (P=0.989, P=0.92). Chi-squared analysis also shows that northern pike

abundance did not vary by site between weeks (P=0.78).
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Discussion:

The results of this study reject the tested hypothesis that northern pike gape size and
abundance will vary across unique habitats in a positive relationship with prey fish body depth.
Pike abundances also failed to change across a temporal span in response to changes in prey fish
species abundances. This unexpected finding is interesting because northern pike showed no
apparent preference for a sample site by either numbers caught or the gape size and relative size
of the fish caught. The sample sites, however, did vary significantly in their prey species
composition across spatial and temporal scales.

The three sample sites which contained all species of prey fish varied significantly in the
abundance of prey fish which were found at the sites. The beach site contained the highest
abundance of small pumpkinseed, bluegill and golden shiners, and the second-highest abundance
of small perch, but had the least medium-sized perch. The rock site had the second-highest
relative abundances of all prey species except small perch, which were in the highest abundance
at this site. The wood site contained the least-highest relative abundance of all species except
medium perch, which were in the highest abundance at this site.

When all sites are compared, the outlet contains the lowest abundances of small
pumpkinseed and small bluegill, but has a greater abundance of medium perch than the beach
site. The beach site still contains the least medium perch when compared to all sites. All other
abundances are the same for the remaining sites when compared to all the sites. This suggests
that the outlet site has the lowest potential prey for northern pike as it ranks last in all species
except medium perch, where it has the second-lowest abundance. The relative abundances of
consumable prey fish are shown in Table 3. Golden shiner and small perch are completely

absent from the outlet site. According to this prey composition data in respect of the original
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hypothesis, the outlet site should have had the lowest number of pike captures, while the rock or
beach sites should have had the greatest number of pike catches.

Although prey abundance did not change across all sites by sampling week, it did change
at two sites. Prey abundance at the beach site increased by the second sampling. Conversely,
prey abundance at the rock site decreased by the second sampling. A multitude of factors could
have driven these changes. The hatching and growth of prey fish to catchable size could explain
the increase in prey abundance at the beach site. Additionally, increased seasonal vegetative
cover at the beach site may have resulted in a more diverse habitat which could harbor greater
numbers of prey fish by the second sampling week. The decrease in prey abundance at the rock
site is an interesting finding. This may have been caused emigration due to an increase in
available vegetated habitat in other areas in the lake. Alternatively, the initially high numbers of
prey fish may have been due to fish localizing to the area in response to its rocky, graveled
bottom as a spawning site (Robillard and Marsden, 2001., Danylchuk and Fox, 1996). These fish
may have vacated the site after spawning and returned the site to naturally low numbers of prey
fish. In spite of these temporal differences, pike capture rates fail to reflect the change in prey
fish abundance.

Total prey fish body depth significantly decreased from the first to second sampling
week. Increased numbers of catchable smaller fish may be the reason for this decrease in total
prey body size. This trend was reflected at the outlet site which also showed a decrease in prey
body depth. Pike capture success is greater with smaller fish and the handling time is lower for
these fish, which results in less exposure to cannibalism or kleptoparasitism (Nilsson and
Bronmark 1999). This relationship would predict that greater numbers of pike would be

captured at all sites, particularly the outlet site during the second sampling week. Alternatively,
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optimal foraging theory emphasizes the role of larger prey fish in pike diets. This strategy
predicts pike abundances to be greatest during the first sampling week, when larger prey was
present, in particular, at the outlet site. In light of these differences, the lack of a significant
difference in pike captures at the outlet site between weeks could be seen as a dynamic
equilibrium between large pike optimally foraging and small pike avoiding cannibalism or
kleptoparasitism. However, the lack of variation in pike gape size at this site, suggests that
different size classes of pike are not using the outlet with different strategies.

The failure of pike to localize to certain sites based on prey abundance, composition, or
size, may be due to the pike’s behavioral characteristics. As sit-and-wait predators, pike have a
relatively immobile nature (Savino and Stein 1989, Eklov, 1992). Pike have also been shown to
exhibit strong homing behavior and some have been found to stay in the same zone of a lake
between years (EkIOv 1997). This suggests that pike will not select better habitats because they
will not encounter them due to their tendency to stay in a home range area.

The lack of significant differences between pike capture sites is also supported by the
theory of ideal free distribution. This theory has been shown to hold true for pike which choose
habitats based on intrinsic fitness gradients and this results in a population distribution which
equalizes fitness across habitats (Haugen et al. 2006).

The failure of pike captures to exhibit trends towards a certain habitat is an interesting
finding which could be influenced by a multitude of factors. This study was limited in its scope
by monetary and temporal resources. More data may have been obtained if all the sample sites
in Brown Lake had been accessible to seining. Additionally, the netting of the fyke nets may
have failed to capture the smallest prey fish available at each site. The smallest fish caught had a

body depth of 11mm, and more small fish may have been caught had the netting been finer. Two
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sizes of nets were used in order to control for this, but some fish may have avoided capture due
to body size or ability to see and avoid the netting. Furthermore, the woody site had to be
abandoned during the first week and this potential set of data was excluded from the study.
Northern pike’s foraging strategy as a sit-and-wait predator may also have contributed to the
relatively low capture rate of pike in fyke nets.

Further studies should examine alternative sampling strategies in order to maximize the
sampling across all species and sizes of fish. Future work should also focus on in-depth study of
specific pike in order to examine their foraging strategies within lake ecosystems. Further study
should also focus on manipulating habitat ecosystems in the lab in order to clearly determine the
role of prey fish in pike localization choices. This work could also focus on giving up densities
for different habitat types or different prey types.

Acknowledgements:
I would like to thank Kevin Landom, my mentor for all of his advice, consultation, and

clarification throughout this project. | am also grateful to Ted Kratschmer for his assistance with
sampling. | would like to thank Dr. Gary Belovsky for the use of his boat and Dr. Michael
Cramer for providing daily access to Brown Lake. Funding was generously provided through
the support of the University of Notre Dame Environmental Research Center and the Hank

Family, without whom, none of this would have been possible.



Coggon 10

Literature Cited:
Chapman, Colin A. and W. C. Mackay. 1984. Direct Observation of Habitat Utilization by

Northern Pike. Copeia Vol. 1984.1:255-258 JSTOR 16 July 2008.
<http://www.jstor.org/stable/1445072>.

Danylchuk, A.J. and M.G. Fox. 1996. Size- and age-related variation in the seasonal timing of
nesting activity, nest characteristics, and female choice of parental male pumpkinseed
sunfish (Lepomis gibbosus). Canadian Journal of Zoology Vol. 74.10:1834-1840.

Einfalt, L.M. and D. H. Wahl. 1997. Prey Selection by Juvenile Walleye as Influenced by Prey
Morphology and Behavior. Canadian Journal of Fisheries and Aquatic Sciences Vol.
54.11:2618-2626

Ekl6v, Peter. 1992. Group Foraging Versus Solitary Foraging Efficiency in Piscivorous
Predators : The Perch, Perca fluviatilis, and Pike, Esox lucius, Patterns. Animal
Behaviour Vol. 44:313-326

Ekl6v, Peter. 1997. Effects of habitat complexity and prey abundance on the spatial and temporal
distributions of perch (Perca fluviatilis)and pike (Esox lucius). Canadian Journal of
Fisheries and Aquatic Sciences Vol. 54:1520-1531

Ekl6v, Peter and Stellan F. Hamrin. 1989. Predatory Efficiency and Prey Selection: Interactions
between Pike Esox lucius, Perch Perca fluviatilis and Rudd Scardinus erythrophthalmus.
Oikos Vol. 56.2:149-156 JSTOR 16 July 2008. <http://www:.jstor.org/stable/3565330>.

Frost, Winifred E. 1954. The Food of Pike, Esox lucius L., in Windermere. The Journal of
Animal Ecology. Vol. 23.2:339-360 JSTOR 19 July 2008.

<http://www.jstor.org/stable/1985>.



Coggon 11

Hart, Paul and Stellan F. Hamrin. 1988. Pike as a Selective Predator. Effects of Prey Size,
Availability, Cover and Pike Jaw Dimensions. Oikos Vol. 51.2:220-226 JSTOR 14 July
2008. < http://www.jstor.org/stable/3565645>.

Haugen, Thrond O., lan J. Winfield, L. Asbjarn Vgllestad, Janice M. Fletcher, J. Ben James and
Nils Chr. Stenseth. 2006. The Ideal Free Pike: 50 Years of Fitness-maximizing Dispersal
in Windermere. Proceedings of the Royal Society B: Biological Sciences 273:2917-2924

Nursal, J. R. 1973. Some Behavioural Interactions of Spottail Shiners (Notropis hudsonius),
Yellow Perch (Perca flavescens), and Northern Pike (Esox lucius). Journal of the
Fisheries Research Board of Canada Vol. 30:1161-1178

Nilsson, P. A. and C. Bronmark. 1999. Foraging Among Cannibals and Kleptoparasites: Effects
of Prey Size on Pike Behavior. Behavioral Ecology Vol. 10.5:557-566

Nilsson, P. A. and C. Bronmark. 2000. Prey Vulnerability to a Gape-Size Limited Predator:
Behavioral and Morphological Impacts on Northern Pike Piscivory Oikos Vol. 88:539-
546

Robillard, Steven R. and J. Ellen Marsden. 2001. Spawning Substrate Preferences of Yellow
Perch along a Sand-Cobble Shoreline in Southwestern Lake Michigan. North American
Journal of Fisheries Management Vol. 21:208-215

Savino, Jacqueline and Roy A. Stein. 1989. Behavior of Fish Predators and Their Prey: Habitat
Choice Between Open Water and Dense Vegetation. Environmental Biology of Fishes
Vol. 24.4:287-293

UNDERC. Brown Lake Aquatic Habitat Description. Unpublished raw data, University of Notre

Dame Environmental Research Center, Land O’ Lakes, WI



Coggon 12

Tables and Figures:

Table 1: All Consumable Prey Fish Abundance by Site.

All Consumable Prey Fish Abundance
Golden small perch med perch small ps
Site cpns cpns cpns cpns small bluegill cpns
rock 7.75 18.34 16.45 6.75 6.75
beach 13.50 11.27 2.76 9.25 13.88
wood 0.33 3.04 16.70 5.00 5.00

This table illustrates differences in the abundance of all consumable prey fish across the three
sites where all prey fish were found. Chi-squared analysis indicates significant differences in
abundance of consumable prey fish across sites (df=8, P=0.000029). Data are standardized by
catch per net set (cpns). Golden shiner are abbreviated “golden” and pumpkinseed are
represented by “ps”.

Table 2: Consumable Prey Fish Abundance Across All Sites.

Consumable Prey Fish Abundance
All medium perch small bluegill pumpkinseed
Sites cpns cpns cpns
outlet 5.77 0.33 0.28
rock 16.45 6.75 6.75
beach 2.76 13.88 9.25
wood 16.70 5.00 5.00

This table illustrates the differences in consumable prey fish across all sites. Golden shiner and
small perch were not found at the outlet site and are omitted from this table. Chi-squared
analysis indicates significant differences in consumable prey fish abundance across the sites
(df=6, P=0.000984). Data are standardized by catch per net set (cpns).

Table 3: Prey Fish Ranking By Site.

Prey Fish Ranking (Higher Numbers=Higher Abundance)

Golden small medium small | small Total

Site shiner perch perch ps bluegill Rank
outlet 0 0 2 1 1 4
rock 3 4 3 3 3 16
beach 4 3 1 4 4 16
wood 2 2 4 2 2 12

This table illustrates the sites as ranked by prey fish abundance. Each fish class is ranked with 4
signifying highest abundance among the 4 sites. Zeros indicate no fish were found at that site.
The rock and beach sites have the greatest amount of consumable prey fish. The outlet site
contains the least amount of consumable prey fish. Pumpkinseed are represented by “ps”.
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Prey Body Depth Across Weeks

Mean Prey Body Depth

0.5 1 1.5 2 25
Week

Figure 1: Prey Body Depth Across Weeks. This figure shows the decrease in prey body depth
from the first to second week. ANOVA testing found this decrease to be statistically significant
(P<0.0001). Increases in juvenile fish catches the second week likely drove this trend.



