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Table 2.1 Stomach content sample size needed to provide 75% and 95% measures of diversity based on cumulative frequency
rarefactory curves of stomach contents for each species and site (Colwell, 2006). N/A was assigned to species that had a linear
relationship between number of stomachs and diversity, and did not plateau. Species that were denoted with (*) represent adequate
stomach contents to estimate dietary diversity (at either 75% or 95% diversity), and is determined by the presence and frequency of

prey items.
Species n (# of Diversity Diversity value n (# of Diversity value (95% n (# of stomachs for 95%
stomachs) asymptote (75% diversity)  stomachs for diversity) diversity)
value 75% diversity)
Peche Island
Largemouth 35 9.8 5.7 21* 6.2 45
Bass
Longnose 6 5.2 3.9 11 4.7 24
Gar
Northern 12 6.9 2.7 11* 2.8 23
Pike
Grass Island
Largemouth 30 6.2 4.6 11* 5.9 23*
Bass
Longnose 31 8.1 6.1 12* 7.7 27*
Gar
Northern 16 N/A N/A N/A N/A N/A
Pike
Mitchell’s Bay
Largemouth 15 54 4.1 13* 5.2 27
Bass
Longnose 30 12.0 9.0 19* 11.4 41
Gar
Northern 7 2.8 2.1 3* 2.7 8
Pike
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Table 2.2 Stable isotopes (mean + 1 SE) and estimated trophic position (TPscaleq) Of predators and baseline species used to calculate
trophic position for each high trophic level species at each site. Baseline species were selected based on a stepwise increase of 0.47%o
+ 1.23 per trophic level (Vander Zanden and Rasmussen, 2001; Post, 2002; McCutchan et al., 2003; Caut et al., 2009).

Predator Lit Lit Baseline-
species n1p FIN(® N Baseline n  Base (ORI N consumer TPscated
P SCA TPsca Carbon ratio®
Peche Island
Largemouth
Bass 1 -16.9 14.4 Yellow bullhead 23 -17.4 106
(Micropterus 31 42 0.3 +0.2 (Ameirius natalis) 5 33 +0.4 +0.6 10 4.6
salmoides)
Longnose
Zebra mussel
Gar 4 -19.4 15.5 o 1 1 -22.7 55
(Lepisoteus  © 0" 106  x05  (Dreissenia o Y 102 010 35 51
polymorpha)
0SSeus)
Northern
: w -171 140 a5 -179 107
Plk_e (Esox 18 4.2 +02 102 Shorthead Redhorse 5 3.1 +0.2 103 0.97 4.2
lucius)
Grass Island
Largemouth Rock Bass
-16.2 14.8 . 4 -16.6 130
Bass 27 4.2 +0.3 10.2 (Amblo_phtes 6 3.4 +11 10.3 1.0 4.1
rupestris)
Emerald Shiner
Longnose -18.3 15.2 - 4 -18.7 10.0
26 4.0 (Notropis 8 2.9 0.77 4.7
Gar +0.3 +0.2 atherinoides) +0.7 +0.3
Northern -16.6 14.8 . 36 -17.3 130
Pike 10 4.2 +0.4 101 Pumpkinseed 5 3.3 +14 105 1.65 4.0
Mitchell’s Bay
Largemouth -16.8 15.4 . 174 127
Bass 12 4.2 +0.7 103 Pumpkinseed 6 3.3 +0.5 104 1.42 4.4
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Longnose -18.6 16.2  Bluegill (Lepomis 5 3.0¢ -18.6 13.6 133

Gar 27 4.0 +0.3 +0.2  machrochirus) +0.7 +0.3
Northern -16.9 154 . -17.4 12.7
Pike 7 4.2 +0.3 102 Pumpkinseed 6 3.3 405 104 111

13
A8 Ceonsumer—baseline
0.47%o0

®Baseline-consumer Carbon ratio -

ltTPconsumer—baseline

Wander Zanden et al., 1997
*Marsh & Douglas, 1997
*Froese & Pauly, 2000
“McLeod et al., 2015

°Scott & Crossman, 1973
®Keast & Walsh, 1968



Table 2.3 Stable isotopes (mean + 1 SE) and trophic position (mean + SD) estimates of Largemouth Bass (Micropterus salmoides)
using different baseline species at Peche Island, Grass Island, and Mitchell’s Bay. ANOVAs were used to determine whether the use
of different baseline species showed significant intraspecific differences in trophic position using either a trophic position with a
narrowing DTDF (TP scaled) OF @ constant DTDF (TP agditive), Significant differences are denoted with (*).

Baseline n 8C(¥SE) &"N(#SE)  LitTPsca TP sealea SD P TP aqgitive = SD P
Peche Island
Yellow bullhead 5 174404 106206 3,312 4.6+0.4 4.4+0.2
(Ameirius natalis)
Shorthead Redhorse ’s
(Moxostoma 5 -17.9+0.2 10.7 0.3 3.1% 4.4+0.3 4.2+0.3 N
macrolepidotum) 0.09 <0.01
Chironomid larvae 8 -17.4+£0.3 7.2 0.1 2.3 44 +04 4.4 +0.2
Spottail Shiner 8 184%07 102204 2.7 4304 41402
(Notropis hudsonius)
Grass Island
Rock Bass
(Ambloplites 6 -16.6 +1.1 13.0£0.3 3.4° 4.1+0.3 3.9+0.2
rupestris)
) 0.1 0.04*
Pumpkinseed 5 173+14  13.0%05 3.32° 40403 3.8+0.2
(Lepomis gibbosus)
Spottail Shiner 10 -15.3+0.1 10.7 0.2 2.7° 4.1+0.3 3.9+0.3
Mitchell’s Bay
Pumpkinseed 6 -17.4+05 12.7+0.4 3.3%° 44+0.4 4.1+0.3
Yellow Perch (Perca ;) 178402 132402 3.7° 4.6 +0.4 43403
flavescens)
0.21 0.02*
Zebra mussel
(Dreissenia 10 -27.6 £ 0.4 8.2+0.2 2.2° 46+0.4 43+0.2

polymorpha)

'Marsh & Douglas, 1997
’Froese & Pauly, 2000
®Scott & Crossman, 1973
*McLeod et al., 2015
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°Keast & Walsh, 1968
®\ander Zanden et al., 1997
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Table 2.4 Stomach content analysis of Largemouth Bass (Micropterus salmoides) across three sampling sites. Prey number (%N),
prey frequency (%F), and prey weight (%W) were all used to calculate an Index of Relative Importance (%IRI) (see methods for
details). The three largest contributors to consumer diet were highlighted for each site, based on %IRI values.

Grass Island (n=8) Peche Island (n=25) Mitchell's Bay (n=13)

Species Trophic Guild Literature TP~ %N? %F° %W° %IRI® %N %F %W %IRlI %N %F %W %IRI
Invertebrates Omnivorous 25! 27 29 <01 0.8
v zoobenthos®
Spottail Shiner 2.7* 81 59 31 61 71 69 32 29
(Notropis
hudsonius)
Striped Shiner 25! o o0 o0 0 95 69 18 32 212 133 222 218
(Luxilus
chrysocephalus) ’s
Emerald Shiner  Insectivores™ 2.9* 27 29 18 12 0 0 0 0 61 67 01 35
(Notropis
atherinoides)
Brook Silverside 5,6
(Labidesthes 2.7 0 0 0 0 24 34 19 10 0 0 0 0
sicculus)
Black Bullead 3.8 0 0 0 0 0 0 0 0
(Ameiurus melas)
S‘zoctf'?iﬁzl':;er 2,51 o 0 0 0 71 103 18 38 0 0 O 0
yp Zoobenthivores?
spiloptera)
Crayfish 3.0 0 0 0 0
(Humilis spp.)
Round Goby Omnivore® 3.28 0o 0 0 0 o 0 o0 0 61 133 148 105
(Neogobius
melanostomus)
Yellow Perch 37! 0 0 0 0 24 69 24 07 0 0 0 0
(Perca flavescens) Pisci 5
. ISCIVOres
Northern Pike 4.1 o o0 o0 0 24 34 91 16 0 0 0 0

(juvenile) (Esox
lucius)
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406N = Determined as the proportion of a particular prey species relative to all prey species.

b%F = Determined as the percent occurrence of a particular prey species across all stomachs.

‘%W = Determined as the percent weight contribution of a species across total mass of all prey species within all stomachs.

%IRI = Percent Index of Relative Importance is determined through the contribution of %N, %F, and %W (see methods for details).

\ander Zanden et al., 1997
2Uzarski et al., 2005
*Bhagat et al., 2007
*McLeod et al., 2015
°Keast, 1968

®Keast, 1985

Turner, 1966

®Brush et al., 2012
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Table 2.5 Stomach content analysis of Longnose Gar (Lepisoteus osseus) across three sampling sites. Prey number (%N), prey
frequency (%F), and prey weight (%W) were all used to calculate an Index of Relative Importance (%IRI) (see methods for details).
The three largest contributors to consumer diet were highlighted for each site, based on %IRI values.

Grass Island (n=12) Peche Island (n=3) Mitchell's Bay (n=14)
Species Trophic Guild Literature TP %N %F° %WE %IRI® %N %F %W %IRI %N %F %W %IRI

Invertebrates Omnivorous 25" 0 0 0 0 0 0 0 0
zoobenthos!

Spottail Shiner 2.7* 125 167 55 9.8 0o 0 0 0
(Notropis
hudsonius)

Striped Shiner 2.5 0 0 0 0 429 333 525 347 0 0 0 0
(Luxilus

chrysocephalus)

Brook Silverside 5,6
(Labidesthes 2.7 0 0 0 0 0 0 0 0 6.5 143 41 6.5

sicculus)
Black Bullead 3.8 0 0 0 0 0 0 0 0 9.7 143 74 105

(Ameiurus melas)

Insectivores®®

Spotfin Shiner 2.5" 63 83 85 40 o 0 0 0
(Cyprinella Zoobenthivores®
spiloptera)

Crayfish 3.0 0 0 0 0 0 0 0 0 65 71 187 7.7
(Humilis spp.)

Bluegill (Lepomis Omnivores® 3.2 0 0 0 0
machrochirus)

Largemouth Bass
(Juvenile) 3.3 0 0 0 0 0 0 0 0 3.2 7.1 5.4 2.6
(Micropterus
salmoides)
Northern Pike
(juvenile) (Esox
lucius)
Yellow Perch 3.7 6.3 83 272 9.2 0 0 0 0 0 0 0 0
(Perca flavescens)

Piscivores®®
4.2t 0 0 0 0 0 0 0 0 32 71 02 1.1
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406N = Determined as the proportion of a particular prey species relative to all prey species.

b%F = Determined as the percent occurrence of a particular prey species across all stomachs.

‘%W = Determined as the percent weight contribution of a species across total mass of all prey species within all stomachs.

%IRI = Percent Index of Relative Importance is determined through the contribution of %N, %F, and %W (see methods for details).

Turner, 1966

2McLeod et al., 2015
*Keast, 1968

“Keast, 1985

*Vander Zanden et al 1997
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Table 2.6 Stomach content analysis of Northern Pike (Esox lucius) across three sampling sites. Prey number (%N), prey frequency
(%F), and prey weight (%W) were all used to calculate an Index of Relative Importance (%IRI) (see methods for details). The three
largest contributors to consumer diet were highlighted for each site, based on %IRI values.

Grass Island (n=8) Peche Island (n=10) Mitchell’'s Bay (n=7)

Species Trophic Guild Literature TP~ %N %F° %W® %IRI® %N %F %W %IRI %N %F %W %IRI
Invertebrates Omnivorous 25! 125 125 0.2 49 0 0 0 0 0 0 0 0
zoobenthivores®

Spottail Shiner 2.7 125 125 03 49 133 200 41 142 0 0 0 0
(Notropis

hudsonius) Insectivores®?

Striped Shiner 25! o o0 o0 0 o 0 o0 0 100 143 84 90
(Luxilus
chrysocephalus)

Spotfin Shiner 5 ponthivores? 25! o o0 o0 0 67 100 31 40 0 0 0 0
(Cyprinella

spiloptera)
Bluegill (Lepomis 3.2° 0 0 0 0 0 0 0 0
machrochirus)

Common Carp 3.1° 125 125 575 26.9 0 0 0 0 0 0 0 0

(Cyprinus carpio)
Pumpkinseed
(Lepomis
gibbosus)
Round Goby
(Neogobius
melanostomus)

Omnivores®

Silver Bass
(Morone
chrysops)

Yellow Perch
(Perca flavescens)

Piscivores®®
37t

125 125 287 15.8 0 0 0 0 0 0 0 0

50 200 100 159 146 _

125 125 0.6

496N = Determined as the proportion of a particular prey species relative to all prey species.
®%F = Determined as the percent occurrence of a particular prey species across all stomachs.
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“9%W = Determined as the percent weight contribution of a species across total mass of all prey species within all stomachs.
Y96IRI1 = Percent Index of Relative Importance is determined through the contribution of %N, %F, and %W (see methods for details).

Wander Zanden et al., 1997
2Uzarski et al., 2005
*Bhagat et al., 2007
*McLeod et al., 2015
*Maitland & Campbell, 1992
®Froese & Pauly, 2000
"Keast & Walsh, 1968
®Brush et al., 2012
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Figure 2.1 Trophic position estimates of (a) Largemouth Bass (Micropterus salmoides), (b)
Longnose Gar (Lepisoteus osseus), and (c) Northern Pike (Esox lucius) at Peche Island, Grass
Island, and Mitchell’s Bay in the Huron-Erie corridor. Black circles represent TPscaeq (1 SD)
estimates, open circles represent TPconstant (£1 SD) estimates, and black triangles represent
dietary TP values. Significant differences between mean TPscaieq and TP aqgitive Were denoted with
(*) for each species and site.
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Figure 2.2 Trophic position estimates of Northern pike (Esox Lucius), Longnose Gar (Lepisoteus
osseus) and Largemouth Bass (Micropterus salmoides) from the Huron-Erie corridor using both
a scaled DTDF and a constant DTDF. Northern pike are represented by squares, Longnose Gar
(Lepisoteus osseus) by triangles, and Largemouth Bass (Micropterus salmoides) by circles.
Black data points denote species from Mitchell’s Bay, light grey represents Peche Island and
dark grey points represent Grass Island.
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CHAPTER 3

NICHE WIDTH AND OVERLAP OF PISCIVOROUS PREDATORS IN THE
LOWER LAKE HURON-ERIE CORRIDOR
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Introduction

The importance of quantifying niches, trophic interactions, and resource partitioning in
biological communities has long been recognized in both marine and freshwater communities
(Bearhop et al., 2004; Newsome et al., 2007). However species abundances, functional feeding
groups, and trophic guilds within food webs vary seasonally and spatially, leading to potential
changes in ecosystem structure and function, and complicate our understanding of food webs
(Layman et al., 2007). Occupied niche space suggests habitat and resource use, and suggests
competition for resources when two species occupy similar niche space (Elton, 1927,
Hutchinson, 1957). Quantifying niche space and overlap between species across temporal and
spatial scales is often implemented to understand dynamic changes in trophic interactions and
resource partitioning (Schmidt et al., 2009). Understanding trophic interactions, resource and

habitat use by way of niche characterization in food webs allows for the greater capacity for

species monitoring and restoration, as well as improving existing food web models (Link, 2002).

The Laurentian Great Lakes is a complex freshwater ecosystem with high fish species
diversity, complicated by the extirpation of a number of native species e.g. Shortjaw cisco
(Coregonus zenithicus) and Kiyi (C. kiyi) (Stockwell et al., 2010), and the introduction of non-
native fish species, e.g. Round Goby (Neogobius melanostomus), due to human-mediated
transport (Jude et al., 1992).The Great Lakes possess complex predator-prey interactions and
high biodiversity of piscivorous predator fish, providing a model system for studying resource
partitioning and niche overlap between freshwater fish species (Hoyle et al., 2012; Lapointe,
2014). This system is also economically important for both U.S.A. and Canada, generating
approximately $7 billion annually in commercial and recreational fisheries (Landsman et al.,

2011). Moreover, the Great Lakes have been subjected to a variety of anthropogenic stressors

53



due to the large human population, resulting in the release of toxic chemicals, e.g.
organophosphate flame retardants (OPE) (Venier et al., 2014), habitat degradation and
fragmentation (Hurly & Christie, 1977; Krieger et al., 1992; Lapointe, 2014), and over-
harvesting of fish species, e.g. Lake Sturgeon (Acipenser fulvescens) (Benson et al., 2003).
There are a variety of higher trophic level fish species that are believed to vary in habitat
and resource utilization in the Great Lakes, however the majority of these are understudied and
their ecological role is not well understood (Turshak et al., 2013), including Longnose Gar
(Lepisoteus osseus), Northern Pike (Esox lucius), Largemouth Bass (Micropterus salmoides),
Bowfin (Amia calva), Walleye (Sander vitreus), and Muskellunge (Esox masquinongy). In other
freshwater systems, Bowfin, Largemouth Bass, and Northern Pike are known to utilize similar
nearshore habitats characterized by dense macrophytic growth, low oxygen concentrations, and a
greater abundance of aquatic invertebrates (Mundahl et al., 1998; Benturelli & Tonn, 2006;
Hodgson et al., 2008), compared to Walleye, Muskellunge, and Longnose Gar that utilize similar
pelagic habitats, characterized by low aquatic invertebrate abundance and less macrophytic
growth (Bozek et al., 1999; Campbell et al., 2009; Corkrum, 2010). Bowfin and Largemouth
Bass have been found to exhibit great dietary plasticity, consuming a variety of prey items in
nearshore environments (Keast, 1979; Winemiller & Taylor, 1987; Mundahl et al., 1998),
compared to Northern Pike and Muskellunge, which have been described as opportunistic, where
seasonal changes in prey abundance are believed to determine diet composition (Bozek et al.,
1999; Venturelli & Tonn, 2006; Harvey, 2009). Longnose Gar and Walleye have been described
as primarily pisciviorous generalists, consuming a variety of species such as Cyprinidae spp. and

Fundulidae spp. (Bowlby et al., 1991; McGrath, 2010; McGrath et al., 2013).
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To understand the variation in resource and habitat utilization amongst higher trophic
level species, isotopic niche width can be quantified using carbon (8*3C) and nitrogen (8*°N)
stable isotopes (Bearhop et al., 2004). Carbon stable isotopes identify primary production
sources within an ecosystem, differing across habitat types from nearshore areas that have higher
8'3C than pelagic areas (Fry, 2007). Nitrogen stable isotopes have traditionally been used to
estimate TP, increasing at a known rate between prey and predator (DeNiro & Epstein, 1981).

Recent studies have aimed to quantify a species or population’s niche using stable
isotopes (Layman et al., 2007; Jackson et al., 2011). Isotopic niches, which are measured as
stable isotope coordinates, have been quantified through the total area (TA) or convex hull
around the outermost data points in an isotopic bi-plot providing a metric of the habitat use and
diet of a population (Layman et al., 2007). However TA is sensitive to outliers and small sample
sizes, often resulting in overestimation of isotopic niche. A more robust estimate of isotopic
niche, standard ellipse area (SEA), accounts for the influence of outliers and small sample sizes
and encompasses the core isotopic niche (represented by a fraction of total area, e.g. 40% of the
spread of isotope values) (Jackson et al., 2011). Standard ellipse area values can be used for
geometric calculations of interspecific isotopic niche overlap, providing insight into potential
functional redundancy and competition for resources through positioning of ellipses (Guzzo et
al., 2013). Additionally, SEA can be further refined through statistical estimates using Bayesian
statistics to estimate SEA, providing a robust estimate of isotopic niche that can be compared
using likelihood-based estimates, and can be used to make inferences regarding interspecific
habitat and resource utilization (Jackson et al., 2011).

The objective of this study was to understand niche width and overlap, competition for

resources, and functional redundancy of top predator fish species (Bowfin, Longnose Gar,
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Largemouth Bass, Northern Pike, Muskellunge, and Walleye) on both a seasonal and spatial
scale using stable isotopes. We examine both the size of isotopic niche as well as the degree of
overlap between species and hypothesize that due to seasonal fluctuations in prey density and
location in the Great Lakes (Corkrum, 2010; Hoyle et al., 2012; Lapointe, 2014), the degree of
overlap will vary seasonally for each species. Additionally, due to different feeding habits and
habitat utilization observed in these species across other freshwater ecosystems, we hypothesize

that isotopic niche width and overlap will vary across species.

Methodology
Sample Collection

Study species were collected at two sites in the Lake Huron-Erie corridor of the
Laurentian Great Lakes; Peche Island (~42.35°N, -82.93°W) in the Detroit River, and Mitchell’s
Bay, which is located in the Northeastern Basin of Lake St. Clair (~42.48°N,-82.42°W) in the
spring (20 April — 20 June, 2014) and fall (20 September — 14 November, 2014).

Fish were captured using a combination of trap, fyke, seine nets, and a single anode boat
electrofisher with a direct current (DC) of 4.0A and a pulse frequency of 30-60 Hz. All fish were
euthanized with tricaine methanesulfonate (MS-222) and morphometric measurements (standard
and total length, weight) were taken, and a ~5 g sample of muscle tissue were removed anterior
to the dorsal fin and frozen until analyzed for stable isotopes.

Stable Isotope Analysis

All samples were lyophilized at -48 °C and 133 x 10° mbar for ~48h, ground by hand,

and lipid-extracted using a 2:1 chloroform:methanol mixture (Bligh and Dryer 1959). Samples

were then weighed into tin cups (sample mass 400-600 pg), and carbon and nitrogen isotopic
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compositions were determined with a Delta V Advantage Thermoscientific continuous flow
mass spectrometer (Thermo Electron Corporation, Bremen, Germany) equipped with a 4010
Elemental Combustion System (Costech Instruments, Valencia, CA, USA). Stable isotope values
are reported as per mil (8) and calculated using the equation:

Rsample

0X = ( Rstandard

- 1) x 1000 (4)

where X represents **C or >N and R is represented by **C:*?C and N:*N. Vienna Pee Dee
Belemnite (VPDB) and atmospheric nitrogen (AIR) were used as standard reference materials
for carbon (6°C) and nitrogen (6*°N), respectively. Analytical precision was assessed by
examining variation in replicate tissue samples (every 10" sample was run in triplicate), all were
within the acceptable +0.2%o standard deviation range (0.1%o for 6**C and 0.1%. for 6*°N, n=30),
and values for internal laboratory standards were run after every 12 samples (NIST 1577c¢ and
internal lab standard tilapia (Oreochromus spp.) muscle (both n=221), which were < 0.2%o for
6"C and < 0.2%o for 6"°N. Accuracy was assessed by certified NIST standard analyzed during
the same time as sample 6™°N values were within 0.1 %o (NIST 8573), -0.4%0 (NIST 8548), and
<0.01%o (NIST 8549), and 5'°C within 0.2%o (NIST 8542) and -0.1%o (NIST 8573) of certified

values.

Isotopic niche size and overlap

All statistical analysis was performed using the statistical software package ‘R’ (R
Studio, Version 0.98.1083, R Core Team, 2014). Prior to statistical analysis, all data were
determined to be normal and equal in variance using Shapiro-Wilks tests and Levene’s test,
respectively. Individual t-tests for each species found no significant differences in 6°C or 6°N

between the two seasons, eliminating season as a factor and allowing all samples to be grouped
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by site (Peche Island or Mitchell’s Bay) (see results, Table 3.1). Due to inconsistent baseline
species collected at each site, we could not compare differences in predator isotopic niche widths
between sites. To compare isotopic composition between species at each site, multivariate
analysis of variance (MANOVA) was used for each site to assess if 5°C and "N varied
between species (dependent variables: §*C and 8"°N, independent variable: species). If the
MANOVA results indicated significant differences between the species within a site (Peche
Island or Mitchell’s Bay) univariate ANOVA models with Tukey’s post-hoc comparisons were
used to compare the CV (Canonical Variables) scores (CV1 and CV2) of each predator species,
to determine which species differed.

To estimate the ecological niche space occupied by each predator species at a given site,
we generated isotopic niche ellipses using the SIBER (Stable Isotope Bayesian Ellipses in R;
Jackson et al. 2011) analysis package in R Studio. The standard ellipse area (SEA) of each
predator was estimated using the 6°C and "N isotope values to generate ellipses that
represented the core isotopic niche, which encompasses 40% of the spread of data along both
axes; the SEA values were then corrected to minimize potential biases related to sample size
using the equation from Jackson et al. (2011), to generate a corrected Standard Ellipse Area
estimate (SEAc) and the area of isotopic niche overlap between each predator was quantified for
each site (Peche Island or Mitchell’s Bay) and expressed as % between each predator
combination (Guzzo et al., 2013).

A Bayesian model was used to estimate each standard ellipse area over 10,000 iterations
(SEAg; Jackson et al. 2011). These models determined mean SEAg values and the 50, 75, and
95% Bayesian credibility intervals (BCI) for each species. Pairwise likelihood comparisons of

the SEAg values were made between species to report the proportion of simulations showing a
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difference in the size of the isotopic niches through likelihood-based estimates of size. The use of
SEA( gives insight into the positioning and orientation of ellipse area, while SEAg provides a

robust estimate of isotopic niche size.

Results

At Peche Island, Bowfin had the highest standard deviation for both §"°C (-16.8 + 2.1)
and 5N and the lowest mean 8"°N (13.5 + 1.3), while Longnose Gar had the highest 5°N (15.8
+1.1) (Table 3.1). Walleye had the lowest 8"3C (-20.1 + 1.1) and Bowfin had the highest §"*C
(Figure 3.1). At Mitchell’s Bay, Bowfin had the largest standard deviation for both 8*3C and §°N
values, as well as the lowest mean 8'°C (-21.7 + 2.3) and 8"°N (14.3 + 1.3) values. Northern Pike
had the largest mean 5'°C value (-17.5 + 1.1), while Largemouth Bass had the largest mean §"°N
value (16.4 £ 1.1) (Figure 3.2).

Species-specific t-tests revealed no significant differences in either 8*3C or §*°N between
seasons at both Peche Island and Mitchell’s Bay for all species (all P > 0.06), allowing us to
remove collection season as a factor in the analysis (Table 3.1). MANOVAs for each site
revealed there to be significant differences in 8"°C and 5"°N between species (Peche Island:
Wilk’s A = 0.38, P < 0.001; Mitchell’s Bay: Wilk’s A =0.37, P <0.001). Further comparisons of
the CV axes for each site indicated that there were significant differences among fish species for
both CV1 and CV2 at both Peche Island (ANOVA, F2174 =21.5, P <0.01) and Mitchell’s Bay
(ANOVA, F212, =19.8, P<0.01; see Table 3.2).

Isotopic niche width and overlap
Separate SIBER models for Peche Island and Mitchell’s Bay found the highest SEA¢

values, i.e. ellipse areas, were Bowfin (Peche Island SEAc = 8.54 %o%; Mitchell’s Bay SEA¢ =

59



9.37 %0°) and differed by <1 %o’ (Table 3.3, Fig 3.1b & 3.2b). Bowfin also had the largest CR at
both Peche Island (4.4 %o) and Mitchell’s Bay (4.7 %o) (Table 3.3). The lowest SEA¢ and CR
varied by site and species; Northern Pike at Peche Island (CR = 1.8%o; SEAc = 1.76 %0°) and
Longnose Gar at Mitchell’s Bay (CR = 1.6%o; SEAc = 1.70 %o°). Northern Pike also had the
lowest NR range at both Peche Island and Mitchell’s Bay (0.9%o) (Table 3.3). Area of isotopic
niche overlap at Peche Island was greatest for Northern Pike compared to Bowfin (100%
overlap) and Largemouth Bass (84%) as well as between Muskellunge and Longnose Gar (71%)
(Table 3.4, Figure 3.1b). Longnose Gar at Mitchell’s Bay had the greatest amount of overlap
with Largemouth Bass (71%) and Walleye (42%), while Bowfin had no niche area overlap with
any predator except Walleye (14%) (Table 3.4, Figure 3.2b).

Across the SIBER model simulations of ellipse areas (SEAg), Bowfin had the highest
mean SEAg (+ 95% BCI) values at both sites (Peche Island SEAg = 8.41 + 3.30 %o°; Mitchell’s
Bay SEAg = 8.19 + 2.47 %.°). Additionally, the Bowfin SEAg values at both sites were higher
than all other predators in 99% of the 10,000 simulations (Table 3.5; Fig. 3.1c & 3.2c). The
lowest mean SEAg (+ 95% BCI) values at Peche Island were found for Northern Pike (SEAg =
1.89 + 0.55 %02) and were smaller than all other predators in 68% of the simulations (Table 3.5;
Fig. 3.1c). Longnose Gar had the lowest SEAg values at Mitchell’s Bay (SEAg = 1.89 + 0.61
%02) and had smaller area estimates than all other predators in 75% of simulations (Table 3.5,

Fig. 3.2¢).

Discussion

In this study, stable isotopes of white muscle tissue were used to model isotopic niches, a

proxy for the resource niche of species, across multiple piscivorous predators from two sites
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within the Huron-Erie Corridor. No evidence of seasonal variation in §'°*C and §'°N values
between spring and fall for any of the species sampled at either Peche Island or Mitchell’s Bay.
However, there was varying interspecific isotopic niche sizes and degrees of overlap between the
Six species, suggesting less habitat and diet partitioning between these species in the lower Great
Lakes than previously believed (e.g. Mason et al., 2002).

The absence of seasonal variation in 8"°C and 8™°N at either Mitchell’s Bay or Peche
Island using white muscle tissue suggests similar foraging strategies for each species across
much of the year. This seasonal consistency may be attributed to access to either the same prey
items over time or to different prey items that occupy similar foraging roles and, therefore,
indistinguishable isotopic compositions (Oviedo & Angerbjorn, 2005). Additionally, the similar
values between spring and fall sampling period may be related to the rate of isotope turnover in
white muscle tissue. The relatively slow turnover of white muscle (isotopic turnover rate =
several months; Boecklen et al., 2011) compared to other tissues, e.g. liver, provides the best
estimate of whole season isotopic niche for freshwater piscivorous predators because it is not
influenced by short-term variations in feeding habits, or rare feeding events (Newsome et al.,
2007; Perga & Gerdeaux, 2005), but this may also limit the ability to detect changes over the
sampling period used in this study, therefore tissue selection may be dependent on the scientific
question being asked.

At both Peche Island and Mitchell’s Bay, Bowfin had the greatest isotopic niche width of
all the species sampled, suggesting potential dietary plasticity or intraspecific competition
leading to individual specialisation (Araujo et al., 2011; Bolnick et al., 2011). The comparatively
small isotopic niche width for Muskellunge at Peche Island may signify a predominantly

piscivorous diet in offshore areas (lower "°C), signifying that lower trophic level (lower §*°N)
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invertebrates and young-of-year fish may not be major contributors to Muskellunge diet.
Likewise, the wide and high-positioned "N range and narrow 8*C range in Longnose Gar and
Walleye isotopic niches at Peche Island could suggest consumption of higher trophic level prey
in predominantly offshore areas. The wide §'°C ranges in isotopic niche widths of Largemouth
Bass, Northern Pike, and Bowfin at Mitchell’s Bay suggest more varied habitat use, while the
NR ranges for these species are narrower and could signify consumption of similar trophic-level
prey. Overall, the variability in the isotopic niches inhabited by the piscivorous predators
provides indicators that there may be a greater degree of niche partitioning occurring within the
HEC than previously thought.

These similar isotopic niche widths for each species at Peche Island and Mitchell’s Bay
represent similar resource use or feeding behaviour at a population level across site (Bearhop et
al., 2004). However, with the exception of Northern Pike and Largemouth Bass, the shape and
placement of ellipses in isotopic niche space differed for many species at Mitchell’s Bay,
suggesting differential habitat and resource use by each predator, or differences in lake
morphology and ultimately the isotopic landscape between Peche Island and Mitchell’s Bay. The
wetlands in Mitchell’s Bay contain a greater amount of terrestrial carbon input, resulting in lower
8"3C and a greater scale in primary production sources relative to Peche Island, which has a
smaller 8'°C scale and a lower amount of terrestrial carbon and organic terrestrial detritus likely
due to increased anthropogenic stressors and shoreline modification (Lapointe, 2014; Leach,
1991). Furthermore, increased agricultural run-off in the watershed around Mitchell’s Bay may
influence stable isotopes, resulting in a changed isotopic scale (Baustian et al., 2014; Staton et
al., 2003). This difference in isotopic scale can facilitate different orientations and shapes of

ellipses; however this does not necessarily suggest a different niche across sites, as differences in
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isotopic baselines could lead to altered positioning of ellipses, and thus underestimation of
functional redundancy (Jackson et al., 2011; Keough et al., 1996). The larger isotopic scale at
Mitchell’s Bay may explain the larger CR for most species relative to Peche Island, and may
suggest that terrestrial carbon inputs are relevant at Mitchell’s Bay.

Varying degrees of overlap between predator species, as well as differences in §*C and
8N values at Peche Island and Mitchell’s Bay suggest that complete functional redundancy
across all piscivorous predators may not be occurring in the Great Lakes. By Hutchinson’s
definition of niche, a large degree of overlap between species signifies same resource utilization
and is a component of functional redundancy within ecosystems (Hutchinson et al., 1957;
Rosenfield, 2002). At Peche Island, a division in resource and habitat use showed Bowfin,
Largemouth Bass, and Northern Pike to have isotopic niche overlap, while these three species
did not experience niche overlap with Muskellunge, Walleye, or Longnose Gar, which could
suggest separate trophic guilds of piscivorous predators. However, this division in trophic guilds
does not suggest intraguild competition or functional redundancy, as consumption of different
prey in similar habitats with similar isotope signatures could lead to isotopic niche overlap. The
higher 8*°N values, narrow CR, and ellipse area segregation for Longnose Gar, Muskellunge, and
Walleye may be driven by a greater abundance of 1° and 2° consumers in offshore environments,
while the greater ellipse areas and degree of overlap between Bowfin, Northern Pike, and
Largemouth Bass may be due to increased invertebrate and young-of-year fish abundance in
nearshore environments (Corkrum, 2010; Lapointe, 2014).

This similar pattern of niche overlap was not observed at Mitchell’s Bay, suggesting that
trophic interactions amongst predators vary throughout the Great Lakes and may be due to

different prey abundances or riparian zones (Hondorp et al., 2014; Lapointe, 2014; Pettitt-Wade
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etal., 2015). The lack of Bowfin niche overlap at Mitchell’s Bay with most predators suggests
differential prey consumption, and is supported by stomach contents at Mitchell’s Bay as well as
literature in other freshwater systems, showing a great amount of crayfish consumption, while
crayfish were not present in the stomachs of any other predator (Jordan & Arrington, 2014;
Nawrocki & Fisk, unpublished data). Additionally, reduced niche overlap between Walleye and
all other predators may suggest a lack of competition with other predators, and may be due to
offshore (pelagic) feeding, as evident by lower §*°C.

While there are few diet studies on the majority of these piscivorous predators in the
Great Lakes, studies in other temperate freshwater systems have found comparable results.
Muskellunge have been known to consume higher trophic level prey, e.g. Yellow Perch (Perca
flavescens) and White Sucker (Catastomus commersoni) when available (Bozek et al., 1999),
while Bowfin are documented to consume a wide variety of prey as a response to changes in
prey abundances as well as increasing environmental stressors, however they consume greater
proportions of crayfish (Humilis spp.) when available (Jordan & Arrington, 2001; Mundahl et al.,
1998). Likewise, Largemouth Bass have been classified as exhibiting specialist, generalist, and
opportunistic behaviour (Keast, 1979; Winemiller & Taylor, 1987), ultimately demonstrating
dietary plasticity in relation to seasonal and spatial availability of prey (Hodgson et al., 2008).
Longnose Gar have been observed to consume predominantly fish species (McGrath, 2010;
McGrath et al., 2013), including higher trophic level prey fishes, agreeing with our findings of a
large NR for Longnose Gar at Peche Island. In contrast to many of the other species that seem to
show high levels of littoral foraging, Walleye have been described as piscivorous specialists
utilizing the more open pelagic regions of freshwater lakes (Hoyle et al., 2012). The varied

feeding habits and prey item selection of piscivorous predators in other freshwater systems
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supports a lack of functional redundancy and needs to be considered a possibility in the Great
lakes.

Additional studies on isotopic niches of piscivorous predators and their prey may be
important to further understand feeding behaviour and trophic interactions within the Great
Lakes. Community metrics derived from stable isotopes cannot be independently used to this
end, because they provide an integrated assessment of diet over a long period of time and may be
confounded by isotopic routing (Kelly & Martinez del Rio, 2010; Layman et al., 2007). The wide
isotopic niche of species like Bowfin and Largemouth Bass could be representative of a
generalist population, or could suggest individual specialisation, while smaller isotopic niches
(e.g. Muskellunge, Northern Pike) could represent individual generalist behaviour within a
population represented by low variance in both §**C and 8*°N, or could suggest a population of
specialists feeding on one specific prey type (Bolnick et al., 2011; Eloranta et al., 2013).
Additional isotopic niche metrics such as measuring mean nearest neighbour distance (MNND)
and standard deviation of nearest neighbour distance (SDNND) have been proposed to further
quantify functional redundancy through understanding clustering of data on isotopic bi-plots
(Abrantes et al., 2014; Layman et al., 2007), however the spread of data does not necessarily
suggest functional redundancy as stable isotopes are non-descript in identifying prey item
contribution to consumer diet. Furthermore, interspecific niche overlap may not suggest
competition, and may be a result of co-existence through shared habitat use, diurnal feeding
habits, or prey availability (Harvey et al., 2012). To further understand these differences,
candidate prey items and stable isotope mixing models (e.g. SIAR; Jackson et al. 2010) would be
necessary to further develop these theories, and would provide insight into relative contributions

of prey within consumer diets (Semmens et al., 2013). Additionally, the use of another isotope,
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such as 8*S, can discern differences in feeding as it relates to sedimentary detritus and
differences in prey availability throughout the water column, where varying species 5**S could
suggest co-existence between predators (Croisetiere et al., 2009).

Functional redundancy of piscivorous predators has been thought to be prevalent in the
Great Lakes, resulting in the generalization of prey item selection and habitat use of piscivorous
predators regardless of species (Krause et al., 2003). However, this study showed inter-specific
differences in isotopic metrics (niche width and overlap), suggesting a lack of functional
redundancy and varied habitat and resource use in the HEC. These weak trophic interactions, as
depicted by varying niche width and overlap, are important in maintaining ecosystem stability
and biodiversity (McCann, 1998). Furthermore, the variation in niche isotopic variation observed
here is consistent with Elton’s description of niche and Hutchinson’s n-dimensional hyper
volume niche theory, which predicts species niches must differ in some aspect or competition
will persist until one group is excluded from a given niche when resources are limited, resulting
in extirpation or a sudden change in niche (Bolnick, 2001; Elton, 1927; Hutchinson 1957). A
greater understanding of trophic interactions, and ultimately food web structure, are required in
the face of continued anthropogenic stressors in an environmentally and economically important
ecosystem such as the Great Lakes.
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Table 3.1 Stable isotopes (mean = 1 SD) of predator species collected in spring and fall 2014 at Peche Island and Mitchell’s Bay in
the Lake Huron and Erie Corridor. Values of 8*3C and '°N did not vary across season and were grouped into a single data set.

Peche Island Mitchell’s Bay
Species
n 613C 615N n 613C 615N
Bowfin 23 168 (F 21 I35 1.3) 23 217 (F 2.3) 123 13)
(Amia calva)
Largemouth Bass 43
) -16.8 (£ 1.5) 14.3 (£ 0.9) 33 -18.1 (£ 1.6) 16.4 (£ 1.1)
(Micropterus
salmoides)
Longnose Gar 11
i -19.2 (£ 1.0) 158 (x1.1) 27 -18.6 (£ 0.9) 16.1 (£ 0.7)
(Lepisoteus
0SSeus)
Muskellunge 25
-19.1 (£ 0.8) 15.2 (£ 0.8) - - -
(Esox
masquinongy)
Northern Pike 41 -16.9 (+ 1.0) 13.8 (x0.7) 15 -17.5 (£ 1.1) 15.3 (£ 0.5)
(Esox lucius)
Walleye 38 -20.1 (£ 1.1) 15.1 (x1.2) 24 -19.6 (+ 1.5) 15.7 (2 0.9)

(Sander vitreus)
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Table 3.2 Mean canonical variable (CV) values from separate post-hoc ANOVAs at Peche Island and Mitchell’s Bay for predator
species. Superscript letters A, B, and C represent similarities between CV axes of predator species.

Peche Island Mitchell’s Bay
Species
Cvi CVv2 Cvi CVv2

Bowfin (Amia calva) -0.07% 0.42% -0.14% 1.69™°
Largemouth Bass (Micropterus salmoides) -0.03° 0.50° 0.15° 1.70%
Longnose Gar (Lepisoteus 0sseus) -0.05"8 0.53° 0.11° 1.72%
Muskellunge (Esox masquinongy) -0.07* 0.495%¢ -- --
Northern Pike (Esox lucius) -0.05"8 0.46™BC 0.115%¢ 1.61°
Walleye (Sander vitreus) -0.11°¢ 0.447¢ 0.03¢ 1.72%
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Table 3.3 SEAc values (%0?) as well as carbon (513C) and nitrogen (515N) ranges (%o) of SEA¢ for predator species at Peche Island
and Mitchell’s Bay. SEAc values represent the core isotopic niche (40% of the spread of data) of §"3C and 8N values.

Species SEAC (%) Carbon Range (CR) (%o) Nitrogen Range (%o)
Peche Island

Bowfin (Amia calva) 8.54 4.4 2.3

Largemouth Bass

(Micropterus salmoides) 4.38 2.9 14

Longnose Gar (Lepisoteus 584 29 57

0SSeus)

I\/Iuskgllunge (Esox 201 19 17

masquinongy)

Northern Pike (Esox lucius) 1.76 1.8 0.9

Walleye (Sander vitreus) 3.42 1.9 2.4
Mitchell’s Bay

Bowfin 9.37 4.7 2.1

Largemouth Bass 4.47 2.8 2.3

Longnose Gar 1.70 1.6 14

Northern Pike 1.98 2.3 0.9

Walleye 4.15 2.9 1.7
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Table 3.4 Area of overlap (%) between SEAc values for predator species at Peche Island and Mitchell’s Bay. Percent overlap values
are read with respect to the species in the leftmost column (e.g. 31% of Bowfin SEA¢ overlaps with Largemouth Bass SEAc).

Species Bowfin (%o) Largemouth Longnose Gar Muskellunge  Northern Pike  Walleye (%)
Bass (%) (%) (%) (%)
Peche Island
Bowfin -- 31 0 0 21 0
(Amia calva)
Largemouth Bass 61 -- 0 0 34 0
(Micropterus
salmoides)
Longnose Gar 0 0 -- 51 0 0
(Lepisoteus osseus)
Muskellunge (Esox 0 0 71 - 0 22
masquinongy)
Northern Pike 100 84 0 0 - 0
(Esox lucius)
Walleye 0 0 2 13 0 --
(Sander vitreus)
Mitchell’s Bay
Bowfin -- 0 0 -- 0 14
Largemouth Bass 0 - 27 -- 18 7
Longnose Gar 0 71 -- -- 12 42
Northern Pike 0 40 10 -- -- 8

Walleye 31 8 17 - 4 --




Table 3.5 Likelihood estimates (%) to compare SEAg values (%o)* between predator species at Peche Island or Mitchell’s Bay.
Likelihood estimates were measured as the probability of each species in the leftmost column having a larger SEAg value than the
corresponding predator in every other column.

Species SEAg Bowfin (%) Largemouth Longnose Muskellunge Northern Walleye (%)
(%o0)° Bass (%) Gar (%) (%) Pike (%)
Peche Island
Bowfin 8.41 -- 99 99 99 99 99
(Amia calva)
Largemouth 4.37 1 -- 86 99 99 85
Bass
(Micropterus
salmoides)
Longnose Gar 3.18 1 15 -- 85 94 35
(Lepisoteus
0SSeus)
Muskellunge 2.14 1 1 15 - 78 3
(Esox
masquinongy)
Northern Pike 1.89 0 1 6 32 -- 1
(Esox lucius)
Walleye 3.48 1 15 65 97 99 --
(Sander vitreus)
Mitchell’s Bay
Bowfin 8.19 -- 99 99 -- 99 99
Largemouth 4.49 1 -- 99 -- 98 63
Bass
Longnose Gar 1.89 0 1 -- -- 28 1
Northern Pike 2.32 1 2 72 -- -- 3
Walleye 4.15 1 37 99 -- 97 --
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Figure 3.1 Isotopic niche area estimates at Peche Island showing (a) showing the mean (+ 1SD %o) of §'*C and "N values, (b)
isotopic niche SEAc values (%o), and (¢) density plots presenting the mean (SEAg) and Bayesian credibility intervals (BCIs) of
corrected SEAc values for Bowfin (Amia calva), Largemouth Bass (Micropterus salmoides), Longnose Gar (Lepisoteus 0sseus),
Musklleunge (Esox masquinongy), Northern Pike (Esox lucius), and Walleye (Sander vitreus). Black dots in Figure 1.(c) correspond
to mean SEAg values and the grey boxes represent BCls of 50, 75 and 95%.
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Figure 3.2 Isotopic niche area estimates at Mitchell’s Bay showing (a) showing the mean (+ 1SD %) of 5°C and "N values, (b)
isotopic niche SEAc values (%o), and (¢) density plots presenting the mean (SEAg) and Bayesian credibility intervals (BCIs) of
corrected SEAc values for Bowfin (Amia calva), Largemouth Bass (Micropterus salmoides), Longnose Gar (Lepisoteus 0sseus),
Northern Pike (Esox lucius), and Walleye (Sander vitreus). Black dots in Figure 1.(c) correspond to mean SEAg values and the grey
boxes represent BCls of 50, 75 and 95%
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CHAPTER 4

CONCLUSION

Thesis Summary

The food web structure and trophic interactions of piscivorous predators is oversimplified
in the Lake Huron-Erie Corridor (HEC), a system that has experienced a large amount of
urbanization and associated anthropogenic stressors, which has led to changes in ecosystem
function (Baustian et al., 2014; Pikitch et al., 2004). The overall goal of this project was to
further understand the trophic ecology of piscivorous predator fish species in the Lake Huron-
Erie Corridor (HEC) by determining trophic position (TP) and isotopic niche widths using stable
isotopes of carbon (8*3C) and nitrogen (8°N). The findings of this project help provide further
insight into varied trophic roles (i.e. minimal functional redundancy) and trophic structure of
piscivorous predators in the HEC.

Chapter 2

Chapter two determined TP variability across species and site using a scaled diet-tissue
discrimination factor (DTDF) for Largemouth Bass (Micropterus salmoides), Longnose Gar
(Lepisoteus osseus), and Northern Pike (Esox lucius), and addressed the importance of proper
baseline selection for TP calculation based on discrimination of §*C between trophic levels. The
use of a scaled DTDF was found to be more consistent in determining TP than a constant DTDF,
allowing for different baseline species to be used to compare TP estimates across consumers. TP
values were determined to be larger when using a scaled DTDF rather than a constant DTDF.
These findings agree with Hussey et al., 2014, which showed a similar relationship between TP
estimates using a scaled DTDF and constant DTDF in marine systems. Furthermore, TP values

for all piscivorous predators varied significantly across site. Sex and body length were found to
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not be significant co-variates in TP for any species, which does not agree with other diet studies
that show ontogenetic shifts and diet selection sex differences of species in other shallow
freshwater lakes (Campbell et al., 2009; Venturelli & Tonn, 2006; Willacker et al., 2013).
Variation in TP values for Largemouth Bass and Longnose Gar were found to be driven by
differences in prey item consumption, and are thought to be attributed to dietary plasticity due to
the heterogeneous distribution of prey items through the Lake Huron-Erie Corridor (Corkurm,
2010; Lapointe, 2014), while the smaller TP range of Northern Pike may be due to opportunistic
feeding strategies, where opportunistic consumption of prey across different trophic levels by
individuals would result in comparable intrapopulation §*°N, ultimately showing a smaller TP
range.

The results of this chapter suggest that food chain lengths in freshwater systems are
longer than previously estimated, and that piscivorous predators in the HEC do not occupy the
same trophic level of 4.0, ultimately demonstrating that trophic structure is more complex than
previously believed (Krause et al., 2003). Furthermore, our results suggest that the use of a
scaled DTDF is less sensitive to variation in baseline species (e.g. 1° and 2° consumers) for TP
calculation, allowing for absolute TP values to be compared across species and site, without
baseline 8°N values influencing differences in TP values, ultimately preventing the truncated
representation of higher trophic level predator feeding habits in the HEC. This study highlights
the importance of selecting appropriate baseline species with respect to 8*3C fractionation to
make accurate TP comparisons within food webs across species and locations, as well as how TP
of piscivorous predators vary within the HEC. Mischaracterization of predator TP can confound
our understanding of food web structure and ultimately influence management decisions, such as

monitoring contaminants and setting human consumption guidelines (Pikitch et al., 2004).
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Chapter 3

Chapter three examined the spatial and seasonal variability in §"*C and 8"°N of
Largemouth Bass, Longnose Gar, Northern Pike, Bowfin (Amia calva), Muskellunge (E.
masquinongy), and Walleye (Sander vitreus) through the determination of isotopic niche width
and overlap using carbon (5'*C) and nitrogen (8"°N) stable isotopes. Predator 8*3C and §"°N
values were found to not be significantly different with respect to season, suggesting similar
foraging behaviour across seasons, or the consumption of seasonally abundant prey items with
comparable isotopic signatures. The long isotopic turnover rate of white muscle tissue may not
be representative of discernable isotopic differences between seasons; however white muscle is
often used because it is not influenced by short-term changes in feeding habits, or rare feeding
events (Newsome et al., 2007). Isotopic niche width estimates using Bayesian statistics revealed
Bowfin to have the largest niche width at both Peche Island and Mitchell’s Bay, suggesting
consumption of species that feed on different carbon sources and a variety of prey from different
trophic levels. This is comparable to findings of a greater Bowfin niche breadth in Lake Ontario,
where large ranges in 5"°C and §'°N were observed (Zhang et al., 2012). Northern Pike and
Longnose Gar had the smallest niche widths at Peche Island and Mitchell’s Bay respectively,
which suggest a more focused foraging strategy. The small niche area of Northern Pike was not
consistent with literature findings, which showed a wider range in 8*3C (Zhang et al., 2012),
however stable isotope differences between the two systems could be attributed to varying
isotopic scales. Furthermore, varying degrees of overlap in isotopic niche widths between species
at Peche Island and Mitchell’s Bay suggest functional redundancy is not relevant and that there is

differential resource and habitat utilization at these sites in the HEC.
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There exists many higher trophic level fish species that are important to both commercial
and recreational fisheries in the Great Lakes, however the trophic interactions and food web
structure between these species is poorly understood and often generalized (Krause et al., 2003).
Understanding the differences in isotopic niches of piscivorous predators is important for both
species-level and ecosystem-based fisheries management, providing insight into both individual
niche variation and higher trophic level community interactions across space and season (Fry,
2007; Link, 2002). The varying niche width areas and degree of overlap between species may
suggest that piscivorous predators in the HEC employ different resource use and foraging
strategies, ultimately filling different ecological roles in this ecosystem.

Conclusion

Future directions for this project involve the refinement of established food web metrics
to further understand trophic interactions of piscivorous predators in the HEC. The use of
multiple baselines when calculating TP can be important in characterizing different sources of
primary production in an ecosystem, and should be considered in determining TP in food webs
with large 8'°C scales (Post, 2002). Additionally, the residency of piscivorous predators needs to
be considered in future studies, as feeding from different habitats with unique '>C may
influence TP values. Furthermore, traditional stomach content analysis and collection of
candidate prey items for stable isotope mixing models would provide insight into varying prey
selection in consumer diets (Semmens et al., 2013). The use of an additional ecological tracer,
such as 8**S which measures the flow of sedimentary detritus throughout a web, may further
differentiate predator isotopic niches by eliminating evidence for competition as seen by niche

overlap when using only "3C and 8*°N (Croistiére et al., 2009).
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The major conclusions of this project are that trophic positions of piscivorous predators
in the HEC are less similar than previously estimated, and that differential utilization in diet
items and habitat, as seen by varying niche width and interspecific overlap, suggest a lack of
functional redundancy and greater trophic complexity in the HEC. The results of this study
suggest that food web metrics such as TP and isotopic niche width can be valuable in
differentiating resource and habitat utilization, as well as providing insight into differences in

trophic interactions between piscivorous predators in the HEC.
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