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Abstract

Competition for prey is known to narrow the trophic niche width of
freshwater fishes. Upon release from interspecific competition, the niche
variation hypothesis (NVH) predicts that population niche width will expand via
increased inter-individual variation in resource use. | compared the trophic
ecology, growth, and body condition of Lake Trout (Salvelinus hamaycush) in
sub-arctic lakes that varied in their competitive regime. Stable isotope analyses
indicated that population trophic niche width and inter-individual variation were
smaller in lakes with fewer competitors, a pattern inconsistent with the NVH.
Further analyses revealed that these patterns were likely due to foraging shifts, as
trout consumed primarily littoral resources in lakes with multiple competitors vs.
primarily pelagic zooplankton in lakes with one competitor; growth did not differ
between lake-types, but populations in the latter lakes were in better body
condition. Findings highlight the potential sensitivity of northern Lake Trout

populations to colonizing fish species.
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1.0 Introduction

Understanding food web structure and trophic niches are principal aims of
animal ecology. Traditionally, the trophic niche concept described the diet and
trophic interactions of a population or species that linked it to all others organisms
in a food web (Hutchinson 1957), and largely overlooked individual-level traits.
However, recent literature has re-focused our attention to variation among
foraging individuals and its effects on the population or species from which those
individuals are drawn (e.g., Bolnick et al. 2003, Semmens et al. 2009, Aradjo et

al. 2011).

In his classic comparison of niche width (i.e., the range of resources a
population exploits) and inter-individual variation between populations of birds,
Van Valen (1965), like others (e.g., Wilson 1961), found that the constraining
force of interspecific competition can keep populations’ niches tightly packed
together; correspondingly, decreased interspecific competition resulted in empty
niche space and wider niches. In addition to increased population niche width,
increased inter-individual variation was observed under reduced competition.
Van Valen (1965) described this pattern in his ‘niche variation hypothesis’
(NVH), where an increase in a population’s or species’ niche width occurs via
increased inter-individual variation in resource use. In contrast with the NVH, the
‘parallel release hypothesis’ (Bolnick et al. 2010) predicts that population niche
breadth increases when all individuals in a population shift to use a greater

number of the available resources without increasing inter-individual variation.



Van Valen’s early empirical work was supported by Roughgarden (1972),
whose mathematical model reinforced the relationship between inter-individual
variation and population niche width. Roughgarden (1972) also proposed that a
population’s resource use is described by its total niche width (TNW), which is
the sum of its two components: the within-individual component (WIC) and the
between-individual component (BIC), where the WIC is the average variance of

resources within individuals’ diets, and the BIC is variation among individuals.

Subsequently, a number of empirical studies testing the NVH have
emerged (see Bolnick et al. 2003, 2007, 2010), with empirical support for the
NVH divided. Studies that have measured variance in consumer diet have found
positive correlations between inter-individual variation and niche width over a
wide-range of taxa (e.g., Costa et al. 2008, Araujo et al. 2009, Darimont et al.
2009). In contrast, studies relying on morphological measures as a dietary proxy
have been less supportive (e.g., Malmquist 1985, Dennison and Baker 1991, Meiri
et al 2005). Recent work on Threespine Stickleback (Gasterosteus aculeatus) has
suggested this mixed support for the NVH may be due to moderate or weak

correlation between morphology and diet (Bolnick and Paull 2009).

The NVH has been supported by studies conducted in freshwater
ecosystems (e.g., Bolnick et al. 2007). Indeed, the ecological constraints thought
to be precursors for population-specific increases in trophic niche width are well
documented in both lentic and lotic ecosystems. Among fishes, ample literature
has identified partitioning of prey resources to play a much stronger role in

ecological partitioning than either habitat or time dimensions (see Ross 1986),



with the trophic niche width of two or more competing species narrowing as a
result of resource partitioning (Hodgson et al. 1997, de Mérona and Rankin-de-
Mérona 2004, Amundsen et al. 2010). Because fish are often found to have
ingested fewer and/or lower quality prey items in the presence of competitors
(Hodgson et al. 1991, Dieterich et al. 2004), outcomes of interspecific competition
for prey resources have commonly been documented as declines in condition
(Tonn et al. 1986, Hodgson et al. 1991, Pardo et al. 2009) and growth (Fraser

1978, Hanson and Legget 1985, Marchetti 1999, McHugh and Budy 2006).

A variety of methods are available in ecological research to investigate the
trophic niche. Stomach contents analysis (SCA) is a standard tool that can
provide detailed information on prey composition in a consumer’s diet. However,
since the information obtained from SCA provides only a ‘snapshot’ of consumer
diets, it is ideally associated with a longitudinal sampling program to identify any
temporal variation in diet. But because of the expense and impracticality of
repeatedly sampling the same individual over ecologically meaningful time-spans,
a longitudinal approach is rarely employed (but see Bryan and Larkin 1972).
Instead, methods that infer diet over longer temporal periods have been used to
supplement the information provided by SCA (e.g., Beaudoin et al. 1999, Janjua

and Gerdeaux 2011).

In the last 20 years, stable isotope analysis (SIA) has been increasingly
employed in ecological research to understand diets and feeding relationships
(Hobson and Wassenaar 1999, Thompson et al. 2005). SIA of tissues provides a

dietary proxy that tracks the flow of elemental isotopes from resources to



consumers. In particular, ratios of **C to **C and *°N to **N (measured as §'°C
and 5™N, respectively; see below) are commonly analyzed. Because 8*3C is only
slightly enriched between source and consumer (due to respiratory CO; being
slightly isotopically lighter than assimilated carbon), it can provide an indication
of the path of energy flow from producer to higher consumers (McCutchan et al.
2003). For instance, in freshwater ecosystems basal resources in the littoral zone
can be differentiated from their pelagic counterparts on the basis of their 5°C
signatures; unlike algae in the pelagic zone, littoral algae is more enriched in **C
because its boundary layer is CO; limited, making it difficult to preferentially take
up the lighter isotope (**C) (Hecky and Hesslein 1995). In contrast, 5°N
consistently undergoes a step-wise increase between successive trophic levels
(McCutchan et al. 2003), because the lighter isotope (**N) is preferentially
excreted during protein transamination and deamination in consumers (Minagawa
and Wada 1984). Thus, it can be useful as a trophic-level indicator, provided that
it is standardized to the "°N signature of a taxon whose trophic level is known
(Vander Zanden and Rasmussen 1999). Together, §'°C and 8N reflect the prey
materials assimilated by a consumer to indicate its long-term diet and position in a
food web; in slow growing fish populations, isotopic turnover can take years
(Hesslein et al. 1993). The primary drawback of SIA is that it provides an

estimate of average diet, not a direct measure of feeding like SCA.

Traditionally, the results of SIA have been interpreted qualitatively using
bi-plots, which present the 8**C and *°N signatures of individuals (or population

means) in isotopic space. Recent developments in quantitative measures for



interpretation of SIA include dietary mixing models (e.g., Phillips and Gregg
2003, Moore and Semmens 2008) and linear distance metrics (Layman et al.
2007). Mixing models rely on an iterative statistical approach (e.g., IsoSource
(Phillips and Gregg 2003)) or Bayesian probability (e.g., MixSIR (Moore and
Semmens 2008)) to estimate relative proportions of organic carbon sources that
support a consumer. Linear distance metrics, originally developed to assess
community metrics, have been used successfully at the population level to explore
niche width and inter-individual variation in two-dimensional isotopic space (e.g.,

Darimont et al. 2009, Quevedo et al. 2009, Swanson et al. 2010).

The additive nature of fish communities in low diversity regions like
northern Canada, whereby a core of widely occurring species are supplemented in
higher diversity lakes by a series of less common species, can provide a ‘natural
experiment’ for studies comparing the effect of different communities on the
trophic niche of a particular species of fish. Many of the small, shallow lakes that
dot northern Canada share similar physical and chemical characteristics (Pienitz et
al. 1997). In terms of their trophic status, these lakes can often be classified as
oligotrophic. They contain depauperate assemblages of plankton,
macroinvertebrates, and fish (Johnson 1976, Shortreed and Stockner 1986, Pienitz
etal. 1997, Chu et al. 2003). For example, in the Lac de Gras watershed, NWT,
fish community sampling of eleven lakes conducted between 2009 and 2011
revealed O - 7 species per lake (mean + SE; 3.82 + 0.64) (M. Hulsman,
unpublished data). The larger-bodied fish in these lakes included varied

combinations of Lake Trout (Salvelinus namaycush), Arctic Grayling (Thymallus



arcticus), Round Whitefish (Prosopium cylindraceum), Longnose Sucker
(Catostomus catostomus), Burbot (Lota lota), and Cisco (Coregonus artedii), with
smaller fishes such as Slimy Sculpin (Cottus cognatus), Ninespine Stickleback
(Pungitius pungitius), and Lake Chubb (Couesius plumbeus) also present. Within
the NWT, adults of the larger-bodied fishes are known to consume similar food
resources, including crustaceans, aquatic insects, molluscs, and mites; Lake Trout,
Arctic Grayling, and Burbot also consume fishes (Scott and Crossman 1973,
Birtwell et al. 2005, Stewart et al. 2007; M. Hulsman, unpublished data). In
particular, Lake Trout is commonly regarded as an opportunistic generalist
predator (Scott and Crossman 1973); the preferred diet of adults is generally
pelagic forage fish, but in lakes lacking this prey type, littoral fishes, benthic
invertebrates, and zooplankton make up the diet in variable proportions (Martin
1966, 1970; Pazzia et al. 2002). Within Lake Trout populations, inter-individual
differences in trophic position have been documented (Vander Zanden et al.
2000). As large, versatile predators, Lake Trout and Burbot have the ability to
interact as both direct predators on, and resource competitors with, the rest of the

fish community (Scott and Crossman 1973, Cott et al. 2011).

The overall objective of my study was to use SIA and SCA to investigate
if the presence or absence of other large-bodied fish species, as potential
competitors and prey of Lake Trout, affect Lake Trout trophic ecology, condition,
and growth rate in small, oligotrophic sub-arctic lakes. My specific objectives

were to determine if;



1) Lake Trout diet shifts between lakes with and without other large-

bodied fishes,

2) Lake Trout population trophic niche width and degree of inter-
individual diet variation differ between lakes with and without other large-

bodied fishes, and

3) Lake Trout condition and growth rate differ between lakes with and

without other large-bodied fishes.

To address these objectives, | sampled six lakes within the Lac de Gras
watershed, NWT, during the summers of 2009 - 2011. In three of these lakes,
Lake Trout and Burbot are the only large-bodied fishes, while the remaining three
lakes support, in addition to Lake Trout and Burbot, Round Whitefish, Longnose
Sucker, and/or Cisco. All six lakes are pristine ecosystems, and have never been

influenced by angling activity.

My study is directly relevant to natural resource management because
industry-led fish colonization projects in the Northwest Territories have recently
been initiated under Canada’s Fisheries Act. These projects identify Arctic
Grayling, Cisco, Lake Whitefish (Coregonus clupeaformis), Round Whitefish,
and Longnose Sucker as target species for colonization (Golder 2001). As a
result, there is high potential for these species to colonize small, oligotrophic
lakes that currently support Lake Trout and Burbot as the only large-bodied

fishes. My study should increase our ability to predict the effects of these policy



driven ‘ecological experiments’ on northern Lake Trout populations during this

era of increasing development across Canada’s sub-arctic.

2.0 Materials and methods

2.1 Study Area

The study was conducted within the Lac de Gras watershed, Northwest
Territories, Canada, ca. 64°28°N, 110°14’W, in a region known as the
Barrenlands (Figure 1 inset). The low topographical relief and glacial history of
this area have resulted in an abundance of lakes and streams that cover ca. 21% of
the landscape (Jones et al. 2003). The lakes are bordered by sedge tussock, low-
tall shrub tundra (Bliss 1981), and boulders; their littoral zones support low
densities of aquatic plants, including Hippuris vulgaris, Potentilla palustris, and
Sparganium augustifolium, and are instead dominated by boulders and soft
sediments, although small sections of both sand and gravel/cobble substrates can
be found (M. Hulsman, personal observation). The presence of soft sediments
could suggest that epipelic primary production is important in these ecosystems
(Sierszen et al. 2003). The smaller lakes (ca. < 30 ha) are typically ice-free from
mid-June to late-October. Sampling conducted on a subset of 10 lakes indicated
that they undergo weak thermal stratification by mid-July (M. Hulsman,

unpublished data).

Fieldwork was carried out in six study lakes that are located withina 7.5
km radius of each other (Figure 1). All of the lakes are small (mean =1 SE; 9.2 £

2.5 ha) and have moderate maximum depths (9.7 £ 0.9 m); their littoral zones
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Figure 1 Map showing locations of the study lakes in the Lac de Gras watershed, Northwest Territories. ‘Class 1’ lakes (i.e., M3,
E14, E17) support Lake Trout and only one other large-bodied fish (i.e., Burbot), whereas ‘Class 2’ lakes (W1, R34, R2) support Lake
Trout and at least two other large-bodied species (i.e., Burbot, plus Round Whitefish, Longnose Sucker, and/or Cisco). Inset: Location

of the study area in Canada.



warm to a considerable temperature in the summer (mean + 1 SE; 15.11 £ 0.14
°C) (Table 1). They are all oligotrophic and share similar pelagic chlorophyll-a
levels and chemical characteristics, though two of the lakes (E14 and E17) have
elevated levels of total nitrogen due to anthropogenic sources (Table 1). The
lakes were designated as either ‘Class 1° or ‘Class 2’, based on the composition of
their fish community (Table 2). Class 1 lakes (M3, E14, and E17) supported Lake
Trout and only one other large-bodied fish (Burbot), while Class 2 lakes (W1,
R34, R2) supported Lake Trout and at least two other large-bodied species (i.e.,
Burbot, plus Round Whitefish, Longnose Sucker, and/or Cisco). At least one
small-bodied species (i.e., Slimy Sculpin, Ninespine Stickleback, and Lake Chub)

was also found in each lake (Table 2).
2.2 Field Procedures
2.2.1 Limnological Sampling

Water samples were collected offshore from 0.5 m below the surface of
each lake. In 2009, one sample was collected in both July and August from lakes
M3, W1, and R34. In 2010, one sample was collected in July from M3, W1, and
R34, whereas one sample was collected in both July and August from lakes E14,
E17,and R2. In 2011, one sample was collected in both July and August from all
six lakes. Samples were collected following standard protocols (Biogeochemical

Analytical Laboratory 2007) and kept cool until further processing.

10



Table 1 Limnological characteristics of the six study lakes, Northwest Territories, Canada. Temperature is mean littoral temperature

measured over July and August 2010. Total nitrogen (TN), total phosphorous (TP), and Chl-a are displayed as mean lake values with

their associated standard error (SE), calculated from measurements taken over three summers (2009-2011) for lakes M3, W1, and

R34, and over two summers (2010-2011) for lakes E14, E17, and R2. TN, TP, and Chl-a were collected and analyzed following

standard methods.

Lake Area (ha)  Znyax (M) Temperature + SE (°C) TN+ SE (ug/L) TP £SE (ug/L) Chl-a = SE (ug/L)
Class 1

M3 3.0 7.5 153+£0.1 243.3+10.8 87+£1.2 19+04
E1l4 4.1 6.7 151+0.1 15425+ 75.5 83x0.2 2605
E1l7 5.7 10.5 154 +0.1 607.0 £ 84.9 8.8+£0.6 25103
Mean 43+0.8 82+1.2 153+0.1 797.6 £ 387.0 86x0.2 23%0.2
Class 2

w1 13.7 115 152+0.1 241.7+9.4 106 +2.2 21+0.1
R34 18.9 12.5 n/a 229.0+17.7 9.0+£1.6 15+£01
R2 9.9 9.5 146 +0.1 246.0x0 105+04 22%0.1
Mean 142+26 11.2+09 149+0.2 2389+5.1 10.0£0.5 1.9+0.2

11



Table 2 Fish community composition of the six study lakes (“+” = present, “-” =
absent). ‘Class 1’ lakes support Lake Trout (LKTR) and only one other large-
bodied fish (Burbot; BURB), whereas ‘Class 2’ lakes support Lake Trout and at
least two other large-bodied species (i.e., Burbot, plus Round Whitefish (RNWH),
Longnose Sucker (LNSC), and/or Cisco (CISC)). All lakes support at least one
species of small-bodied fish, including Slimy Sculpin (SLSC), Ninespine

Stickleback (NNST), and Lake Chub (LKCH).

Piscivores Large-bodied Small-bodied

Lake LKTR BURB RNWH LNSC CISC SLSC NNST LKCH
Class 1

M3 + + - - - + - -
El4 + + - - - + - -
E17 + + - - - + - -
Class 2

w1 + + + - - + - -
R34 + + + + - + + +
R2 + + + + + + - -

12



2.2.2 Fish Sampling

Fish were collected from July to early-September using a combination of
Gee minnow traps, fyke nets, backpack electro-fishing, angling, and experimental
(multi-mesh) gillnets. Total length (mm) was measured for Burbot, Slimy
Sculpin, and Ninespine Stickleback, while fork length was measured for all other
species; wet weight (g) was measured for every fish captured. In addition, hard
structures (otoliths from dead small-bodied fish, pectoral fin rays from live large-
bodied fish, and pectoral fin rays & otoliths from dead large-bodied fish) were

collected from a subset of all individuals for age estimation.

Muscle tissue for SIA was collected from a sub-set of individuals of each
fish species in each lake. Live fish were sedated with MS-222 (20 mg/L) prior to
making a small incision slightly below and posterior to the dorsal fin; a biopsy
needle was then used to collect a ca. 25 mg sample of white dorsal muscle from
fish > 15 cm in length (McAndrew 1981). A scalpel was used to dissect white
dorsal muscle from mortalities and small fish that were sacrificed because their
length was less than the minimum-size recommended for biopsy. The biopsy
needle and scalpel were sterilized with 95% ethanol between fish to prevent
infection and disease transmission. All muscle tissue was frozen at -20 °C after

collection.

| also collected stomach contents from a sub-set of the Lake Trout, Round
Whitefish, Longnose Sucker, and Cisco captured in 2010 and 2011. Gastric

lavage was performed on live fish (Foster 1977) and the stomach contents were

13



preserved in a 90% ethanol solution. Subsequent dissection of a subset of Lake
Trout stomachs (n = 6) revealed that gastric lavage had an average efficiency rate
of 98% = 0.5 (mean = SE) (M. Hulsman, unpublished data), consistent with
similar studies on other fish species (e.g., Foster 1977, Light et al. 1983, Hartleb
and Moring 1995). The esophagus and stomach were removed intact from fish

mortalities and frozen at -20 'C.

Gillnetting surveys were also conducted to estimate the relative abundance
(expressed as catch-per-unit effort (CPUE)) of each large-bodied fish species
present in a given lake. The North American standard gillnet was used; it
measures 24.8 m long (8 x 3.1 m panels) by 1.8 m deep, and has eight mesh sizes
(38, 51, 64, 76, 89, 102, 114, and 127 mm stretched mesh) (Bonar et al. 2009).

To standardize the surveys, | set eight nets in each lake perpendicular to shore for
24 hours (x 4 hr) following a depth stratified-random design. Specifically, in M3
and E14 (Zmax: 6.7 - 7.5 m), four nets each were allocated across the upper and
lower halves. In E17, W1, R34, and R2 (Zmax: 9.5 - 12.5 m), three nets were
allocated across each of the 0 - 3 m and 3 - 6 m strata, while two nets were
allocated across the 6 - 12 m stratum. This depth stratification is generally
consistent with that recommended by Sandstrom et al. (2008), so that the volume
of water sampled in each stratum is approximately equal. To limit the intensity of
effort, since over-exploitation of the fish community is a concern in small, sub-
arctic lakes (Sierszen et al 2003), the eight net sets per lake were distributed over
2009 - 2011 for lakes M3, W1, and R34, and over 2010 - 2011 for lakes E14, E17,

and R2.
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2.2.3 Invertebrate Sampling

Samples of potential invertebrate prey were collected for SIA in both July
and August 2010. Zooplankton were collected with an 80 um Wisconsin net
hauled vertically from 0.5 m above bottom. | collected benthic invertebrates from
the soft sediments at various depths in each lake using a standard Ekman grab.
Additional samples of benthic invertebrates were collected from hard substrates in
the littoral zone with a kick net, and emerged aquatic insects were collected with a
dip net from the water surface. Terrestrial invertebrates were collected with a dip

net from shoreline vegetation.

2.3 Laboratory Procedures

2.3.1 Limnological Samples

All water samples were processed within 24 hours after collection.
Samples collected for analysis of their total nitrogen (TN) and total phosphorus
(TP) concentrations were frozen at -20 °C. Samples collected for analysis of their
Chlorophyll-a levels were filtered onto ethanol pre-washed 0.7 um glass fibre
filters and frozen at -20 °C. All samples were shipped to the Biogeochemical

Analytical Laboratory at the University of Alberta for analyses.

2.3.2 Samples for Stable Isotope Analysis

One to ten samples (mode = 5) were analyzed for each taxonomic group
per lake. Samples were collected over the summer of 2010, with the exception of

Lake Trout (2009: n = 2; 2011: n = 3) and Burbot (2011: n = 5) in M3 lake.
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Because Lake Trout diet can be influenced by size-related factors (Martin and
Oliver 1980), samples from 10 randomly selected individuals that fell within a
lake-specific ca. 100 mm size class (Appendix 1) were submitted for SIA to
minimize size variation. Size class for a given lake was dependent on the length-
frequency distribution of its trout population; classes were selected to minimize,
as much as possible, size differences among the six populations. The smallest
individual analyzed (fork length = 347 mm) was still of sufficient size to exploit

the full suite of available resources, including fish (Mittelbach and Persson 1998).

All aquatic invertebrates were held for 24 hours in Petri dishes containing
de-ionized water to allow time for gut clearance; emerged aquatic insects and
terrestrial invertebrates were held in empty Petri dishes. All organisms collected
for SIA were identified to at least Order, with the exception of Ostracoda and
Hirudinea, and frozen at -20°C. Only soft tissues were used from snails and clams
for SIA (Carabel et al. 2006). To determine if other invertebrates with calcareous
structures contained relevant amounts of inorganic carbonates, | performed the
‘champagne test’ (Jaschinski et al. 2008) on a subsample of thawed coleopterans
and zooplankton from each lake. | applied a small amount of 10% HCI to a
sample; if carbonates are present in relevant amounts, the sample will effervesce.
No effervescence was observed, indicating that no relevant amounts of inorganic
carbonates were present. Still, two samples of Coleoptera were acidified with
10% HCI and submitted for SIA. Tissues from all other organisms were expected
to have low amounts of inorganic carbonates, so were not treated with HCI

(Pinnegar and Polunin 1999, Bunn et al. 2003, Carabel et al. 2006).
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Each fish and invertebrate sample was rinsed in distilled water, oven dried
for 48 hours at 65°C, and homogenized, before a 1 mg (+ 0.2 mg) fraction was
encapsulated in a 5 x 8 mm tin capsule for analysis of its stable carbon and
nitrogen isotope ratios. Each sample was composed of tissue from a single
individual, unless a composite sample was required to meet the mass requirement,
as was often the case for invertebrate samples. In most cases, invertebrate sample
categories were analyzed for both July and August to capture any seasonal
variability in their isotopic signatures. Samples were analyzed with a Europa
Scientific ANCA G/S/L elemental analyzer coupled to a Tracer/20 mass
spectrometer at the University of Saskatchewan Stable Isotope Facility. A
reference sample (egg albumen) was also run every 11 samples to measure
instrument error, and duplicate sub-samples were run to assess the efficiency of
the homogenization procedure. Results are reported as & values and %o deviations

from the international reference standards (i.e., PeeDee Belemnite for §**C and

atmospheric nitrogen for §'°N), calculated as:

813C or 815N = [(RSAMPLE / RSTANDARD) - 1] x 1000

where R = BC/*C or *'N/**N.

A sample’s lipid content is accurately reflected by it carbon to nitrogen
ratio (C:N) (Post et al. 2007). Because lipids are depleted in *C, the §*3C of
samples with high lipid content (C:N > 3.5) can be inaccurate unless lipids are
removed by chemical or mathematical procedures (Post et al. 2007). As most of

my samples had C:N greater than 3.5, | adjusted the §'*C values of all samples for
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differences in lipid concentration using the equation described in Post et al.

(2007):
8"C adjusted = 8*°C - 3.32 + 0.99 x C:N

2.3.3 Samples for Stomach Content Analysis

Invertebrates found in the stomach contents of Round Whitefish (n = 14-
19 per lake), Longnose Sucker (n = 15 per lake), and Cisco (n = 15) were
identified to order, family, or genus, depending on the taxon and degree of
digestion. Identical procedures were conducted on stomach contents of Lake
Trout (n = 8-19 per lake) that fell within the size classes on which SIA was
performed. Individuals from each invertebrate taxon were counted, and lengths of
the first 20 were measured under a dissecting microscope to the nearest 0.1 mm.
The average dry mass (mg) of individual invertebrates was then estimated using
taxon-specific, length-mass regression equations [zooplankton: (Bottrell et al.
1976, Persson and Ekbohm 1980, Rosen 1981); aquatic insects: (Leeper and
Taylor 1998, Benke et al. 1999); adult aquatic and terrestrial insects: (Sabo et al.
2002); other Arthropoda: (Hédar 1996, Baumgartner and Rothhaupt 2003);
Hirudinae: (Poepperl 1998); Mollusca (Benke et al. 1999, G. Mittelbach,

unpublished data)].

Prey fishes found in the stomach contents of Lake Trout were identified to
species unless the degree of digestion prevented this level of resolution, in which
case they were documented as ‘fish remains’. The length of all intact fish was

measured to the nearest 1 mm, and taxon-specific, length-mass regression
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equations were used to estimate the wet-mass of individual fish. In cases where a
high-degree of digestion prevented identification and accurate measurement, the
mean length and mean regression parameters for the prey fish species found in the
stomach contents of Lake Trout from the same lake were used as an estimate.
Following Hewett and Kraft (1993), prey fish wet-mass was converted to dry-
mass by calculating the average of the body water content values (x = 0.758) for
Esox lucius (0.762; Diana and Mackay 1979), Perca flavescens (0.753; Hayes and
Taylor 1994), and Culaea inconstans (0.759; Kelso 1973), and applying these to

the wet-mass of each prey fish (i.e., [(1 - 0.758) x Wet Mass]).

| summarized diet composition at the population level using frequency of
occurrence (% O;), and percentage abundance of prey taxon (i) by number (% N;)
and by mass (% M;) of all prey taxa. To provide a composite measure of % O, %
N, and % M, I calculated the Relative Importance Index, RI (George and Hadley
1979), which scales the importance of each prey taxon so that the sum of the RIs
for all prey taxa is 100. For a given fish population, the RI of prey taxon i is

calculated as:
n
RI, = 100 x Al / ZAIi

i=1

where Al; (=% O + % N + % M) is the absolute importance of prey taxon i, % O
is the percentage of all non-empty stomachs in which prey taxon i occurred, % N
is the percentage that items of prey taxon i contributed to the total number of prey

items in all stomachs, % M is the percentage that the mass of prey taxon i
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contributed to the total mass of prey items in all stomachs, and n is the number of

prey taxa.

To explore inter-individual differences in foraging, diet patterns of
individual Lake Trout were also summarized using a modified version of the
Relative Importance Index. In this case, the calculation did not include % O, such
that Al; =% N + % M, where % N and % M were based on the number and mass,
respectively of items that prey taxon i contributed to the total number and mass of

all prey items in an individual’s stomach.

2.3.4 Fish Age Estimation

After being cleaned of soft tissue, one otolith and the three leading rays
from the left pectoral fin of each Lake Trout were embedded in Cold Cure epoxy.
For each fin ray, an initial cut at the base of the fin removed the rough edge
leftover from excision, and a 0.2 mm cross-section was then cut near the base
using a low-speed saw (Buehler Isomet, Buehler Ltd., Lake Bluff, 1llinois). Each
embedded otolith was cut through its nucleus in a 0.5 mm thick transverse cross-
section, and polished on the cut side that was nearest the nucleus using fine grit

sandpaper. The second otolith from each fish was left whole and also polished.

Annuli of both sectioned and whole otoliths were read once under a
microscope by two experienced readers at the Department of Fisheries & Oceans’
Freshwater Institute. Internal Quality Assurance / Quality Control procedures run
on the age estimates indicated that fish < 20 years old were most accurately aged

using whole otoliths, whereas otolith cross sections were most accurate for
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estimating ages of fish > 20 years (R. Wastle, DFO, pers. comm.). Consequently,
when age estimates for a fish differed between the two methods (which occurred
41% of the time, with an average age difference of 1.56 years), the age from the
whole otolith was used for fish < 20 years old, while the age from the sectioned
otolioth was used for fish > 20 years of age. The potential situation where age
estimates from the whole otolith and cross section were on opposite sides of 20

years was never encountered.

Fin rays were read once by an experienced reader. A complementary
otolith-fin ray comparison indicated that at all ages fin rays underestimated the
age of Lake Trout compared to otoliths, and that the degree of error increased
with age; however, the underestimation did not follow a consistent,
mathematically correctable pattern (Appendix 2). As a result, | used otolith age in

my growth analysis.

2.4 Data Analyses

2.4.1 Catch-Per-Unit-Effort

Catch-per-unit effort (CPUE) was calculated for each gillnet set by
dividing the catch for each species by the soak time. CPUE for each species-lake
combination was then calculated as the mean of the individual set CPUEs for each

lake and expressed as number of fish caught per 100 hours soak time.

21



2.4.2 Diet Patterns and Overlap

The Bayesian mixing model, MixSIR (Moore and Semmens 2008), was
used to estimate the contribution of three sources to the diet of each Lake Trout
population. MixSIR incorporates uncertainty in fractionation and isotope
signatures to produce source contribution estimates with associated probability
distributions. Trichopteran larvae and copepods were included in the model as
littoral and pelagic end-members, respectively. These sources were selected
because qualitative examination of 813Cad,- vs. 35N bi-plots revealed that across all
of the study lakes, they had the greatest separation in 813Cad,- and showed
relatively low standard deviation; Slimy Sculpin, which was present in every lake,
was also included in the model as a littoral prey fish member. In one lake (R34),
the isotopic signature of Copepoda was estimated based on its mean isotopic
distance from Cladocera (whose isotopic signature was known) in the other five
study lakes. The three sources included in the model were identified as Lake
Trout prey by SCA. Fractionation values per trophic level were assumed to be 0.4
+ 1.20%o for §"°C and 2.3 + 1.61%o for >N (McCutchan et al. 2003). In Class 1
lakes, Lake Trout was assumed to be 1.0 trophic level above copepods and Slimy
Sculpin, and 1.5 levels above Trichopteran larvae. Trophic level assumptions
were similar for Class 2 lakes, but Lake Trout was assumed to be 1.5 levels above
copepods, as Lake Trout were expected to feed occasionally on younger
individuals of the large-bodied fish species in the lakes. For each run, priors were

set as uninformative and 1,000,000 iterations were carried out.
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Trophic relationships between Lake Trout and large-bodied fish species
were qualitatively examined with 8"°Cag; vs. 8"°N bi-plots. Diet overlap was
quantitatively compared based on RI values (% O, % N, and % M) of the 18 prey
categories summed to include every individual in the population. Schoener’s

proportional similarity index (Schoener 1968) was calculated as:

n
Kyy= 1-05 (lexi - pyiD
i=1

where ayy is the overlap between species x and species y, px and py; are the
proportions of prey category i in the diet of species x and species y, respectively,
and n is the total number of prey categories. The index ranges from 0 (no diet
overlap) to 1 (total diet overlap); an index value greater than 0.60 is indicative of

biologically significant diet overlap (Wallace 1981).
2.4.3 Trophic Niche Width and Trophic Diversity

Ten Lake Trout from each population were plotted in §"Cag; vs. 5"°N bi-
plot space, and six linear distance metrics were calculated for each population
based on arrangement of the individuals. These quantitative metrics provide
measures of population trophic structure, and include range in 813Cadj (CR), range
in 8°N (NR), total area (TA), mean distance to centroid (CD), mean nearest
neighbour distance (NND), and standard deviation of nearest neighbor distance
(SDNND) (Layman et al. 2007). CR describes differences in paths of energy flow

to the population, and is calculated as the difference between the two individuals

23



with the most divergent 3'°C.g; signatures. NR describes trophic-level differences
in the population, and is calculated as the difference between the two individuals
with the most divergent §*°N signatures. TA is a measure of isotopic population
niche width, and is calculated as the total area encompassed by the smallest
convex hull containing all individuals in isotopic space. CD measures the average
isotopic diversity in the population, and is calculated as the mean distance of each
individual to its population’s isotopic centroid (i.e., the mean 613Cadj and 8N for
the population). NND is a measure of trophic redundancy, and is calculated as the
mean of the linear distances to each individual’s nearest neighbour in isotopic
space, while SDNND reflects the evenness of the packing of individuals in
isotopic space, which can indicate the presence of individual outliers (Layman et
al. 2007). Linear distance metrics were calculated using the SIAR package
(Stable Isotope Analysis in R; Parnell et al. 2008, 2010) in the open source

statistical language R (R Development Core Team 2007).

These six metrics were also calculated for the Lake Trout prey community
of each lake and used to interpret the metric values for the corresponding Lake
Trout population, as isotopic range and distribution of prey resources affects inter-
individual variation in consumer isotope ratios (Matthews and Mazumder 2004,
Swanson et al. 2010). The prey community was defined on a lake-specific basis
as those taxa present in the stomach contents of the ten Lake Trout used in the
linear distance metrics. Because stable isotope signatures were unavailable for
some members of the prey communities from certain lakes, these signatures were

estimated based on the mean distance in §*C and 5'°N from a taxon (whose
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isotopic signature was known) in lakes where both groups were present. Taxa
whose 8'C and 5™°N signatures were estimated are identified in the bi-plots

(Appendix 3).

To incorporate these same metrics into the analysis of stomach contents, |
condensed Lake Trout prey items into 8 prey categories to reduce the complexity
of the data set. Each prey item was assigned to one of the following ecological
categories: zoobenthos, molluscs, pelagic zooplankton, littoral/benthic
zooplankton, pelagic macroinvertebrates, free-swimming insects,
terrestrial/emerged insects, or fish. An ordination was then performed on Arcsine
square root transformed proportional prey RI values modified for individual diet
(i.e., based on % N and % M). Non-metric multidimensional scaling (NMS) with
a Sorenson distance measure (n = 250 iterations, 250 runs with real data, 249 runs
with randomized data; stability level = 0.00001) was conducted in PC-ORD v.6
(McCune and Grace 2011), and individual trout from all six lakes were positioned
in the same ordination space. The ordination scores for the Lake Trout in a given
population were then used to calculate the linear distance metrics for that
population via SIAR. Because linear distance metrics are influenced by sample
size (in this case, the number of Lake Trout stomach content samples per lake)
(Layman et al. 2011), all metrics were bootstrapped (n = 30) based on the
minimum sample size in the data set (n = 8) to allow comparison of their mean
values between classes of lake. The bootstrapping procedure was conducted by
randomly selecting eight Lake Trout from each lake, upon which an ordination

was performed. All ordinations used the same seed number. In all cases the mean
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value for each distance metric stabilized by the 30" bootstrap, so no further

bootstrapping was necessary (Appendix 4).

In addition to the above metrics, | explored Lake Trout trophic niche width
and trophic diversity using traditional measures for stomach contents data. Prey
items were assigned to one of 18 taxonomic-/life history-based prey categories
(Table 3), and RI values (% N and % M) modified for individual diet were
calculated. The proportion of prey category j in the population’s niche, gj, was
then expressed as:

q; = 2 Nij
DY) j Nij
where n;; represents the R1 value for prey category j in individual i’s diet. The

trophic niche width of each Lake Trout population was quantified with Levins’ D

(Levins 1968):

where g; is defined as above. The degree of individual specialization present in
each population — which is an ecological equivalent of trophic diversity and
similar to the CD metric — was calculated using the program IndSpecl (Bolnick et
al. 2002), which uses a modified version of Schoener’s (1968) proportional
similarity index to measure the overlap between the diet of individual i and the

diet of the population from which it was drawn:
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Table 3 Eighteen prey categories identified in the stomach contents of Lake Trout

and used in select analyses of trophic ecology.

Prey category

Fish®

Chironomid larvae

Other Dipteran larvae®
Chironomid pupae

Other Dipteran pupae”

Dipteran adults

Trichopteran larvae

Trichopteran adults

Pelagic zooplankton - Cladocera®
Pelagic zooplankton - Copepoda®
Littoral / Benthic zooplankton®
Ostracoda

Terrestrial Coleoptera
Dystiscidae

Corixidae

Mollusca

Hirudinea

Hydrachnidia

#Slimy Sculpin, Ninespine Stickleback, Lake Chub, Cisco, Burbot, Longnose
Sucker, and unidentified Remains

® Ceratopogonidae, Chaoboridae, Culicidae, Empididae, Simuliidae, and
Tipulidae

¢ Bosmina, Daphnia, and Holopedium

¢ Calanoida and Cyclopoida

¢ Chydoridae and Macrothricidae
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where pj; is the proportion of prey category j in individual i’s diet, and g is as
described above. The extent of individual specialization (IS) in each population
was then measured as the average of PS; values (Bolnick et al. 2002); IS can range
from near 0 (very high individual specialization) to 1 (no individual
specialization). Following Araujo et al. (2009), | expressed this measure as the
more intuitive V =1 — 1S, so that higher values indicate higher individual

specialization.
2.4.4 Condition and Growth

Body condition of Lake Trout within the lake-specific 100 mm size classes
was evaluated using relative weight (W,; Wege and Anderson 1978) and Fulton’s
condition factor (K; Ricker 1975). Unlike Fulton’s K, the relative weight equation
does not assume isometric growth, as it compares observed weight (W) to that
predicted from a standard weight-length regression (Ws):

wW. = W><100
W

where W is the weight (g) of each fish and W is the length-specific standard
weight (g) as predicted from a species-specific weight-length relationship
developed from surveys across a species geographic range. | used the W equation
derived from 58 populations of Lake Trout from across North America by Piccolo

etal. (1993):
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loglows = _5681 + 3.246 X logloTL

where TL is total length (mm). Since TL measurements were not available for all
Lake Trout, I used fork length instead. Consequently, W, values will be inflated,
making the standard interpretation of good condition as W, > 100 inaccurate.

Still, W, calculated from fork lengths is a useful metric for comparing Lake Trout
condition within the set of study lakes. To provide a condition index that may be
compared to Lake Trout populations outside of those in the current study, Fulton’s

K was also calculated:

100
K=WX?

where W is wet weight (g) and L is fork length (cm).

The von Bertalanffy growth function (VBGF) was used to describe the

growth of the Lake Trout populations, modeling it as:
Lt = Loo(1 — e(_K(t_tO)))

where L is the estimated length-at-age t, L., is the mean asymptotic length, K is
the Brody growth coefficient, and t, is the hypothetical age at which length is zero
(Ricker 1975). To fit the von Bertalanffy curve, | minimized the residual sum of
squares by manipulating the growth parameters L.., K, and ty (Chen et al. 1992).
As sample sizes for length-at-age data were low for each lake, data were pooled
within each lake class to fit von Bertalanffy growth curves. Consequently, no

statistical comparison was pursued to avoid pseudoreplication.

29



2.4.5 Statistical Analyses

The Kolmogorov-Smirnov test was used to examine data for normality
and Levene’s median test was used to test for homogeneity of variances.
Independent samples t-tests conducted in SPSS v.19 (SPSS, Inc., Chicago,
Illinois) were used to assess differences between Class 1 and Class 2 Lake Trout
populations for the six linear distance metrics, Levins’ D, V, W, and K. Lake was
considered the level of replication for all tests. I assessed significance using an a-
level of 0.10 to minimize type-11 error, and to detect ecologically meaningful

patterns in data-sets with modest sample sizes.
3.0 Results
3.1 Stable Isotope Analysis

Acidifying samples to remove carbonates was deemed unnecessary, as
mean difference + SD in §"3C between treated and untreated sub-samples was
only 0.28 £ 0.08%o (n = 2). Precision and replicability of SIA was good; standard
deviation of reference egg albumen samples (n = 82) was + 0.069%o for 5'*C and
+ 0.051%o for 8"°N. Mean difference + SD between duplicate sub-samples of fish
and invertebrates was 0.40 + 0.59%o for §*3C (n = 10) and 0.16 + 0.11%o for 8°N

(n=10).
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3.2 Catch-Per-Unit-Effort

Lake Trout CPUE varied among lakes, and there was no systematic
difference between lake classes (Table 4). The other large-bodied fishes had

greater CPUE than Lake Trout in two of three Class 2 lakes.
3.3 Diet Patterns and Overlap

Qualitative examination of 8°Cq; vs. 8N bi-plots for each lake revealed
that the 813Cad,- signatures of Lake Trout populations in Class 1 lakes aligned more
closely with pelagic than littoral sources (Appendix 3). Conversely, in Class 2
lakes, the relatively less negative 813Cadj signatures of Lake Trout populations
suggested diets that were based more on littoral than pelagic sources (Appendix
3). Furthermore, relative to their respective prey communities, Lake Trout
populations in Class 1 lakes appeared to have lower "N signatures than

populations in Class 2 lakes.

Results from the mixing model analyses indicated that Lake Trout
populations used resources differently between the lake classes (Appendix 5).
Mean proportional contribution of zooplankton was 0.64 in Class 1 lakes and 0.25
in Class 2 lakes, whereas the contribution of littoral forage fish was 0.25 and 0.69
in Class 1 and 2 lakes, respectively (Figure 2). Mean proportional contribution of

littoral invertebrates was low in both lake classes (Figure 2).

Results from the mixing model were generally consistent with patterns

identified in the RI values of the 18 categories of prey. Fish were identified as a
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Table 4 Mean catch-per-unit-effort + SE (fish net™ 100 hr*) for the large-bodied fish species (excluding Burbot) present in the six

study lakes. ‘Class 1’ lakes support Lake Trout and only one other large-bodied fish (i.e., Burbot), whereas ‘Class 2’ lakes support

Lake Trout and at least two other large-bodied species (i.e., Burbot, plus Round Whitefish, Longnose Sucker, and/or Cisco). Absence

from a lake is indicated by dashed lines.

Class 1 Class 2
Species M3 El4 E17 w1 R34 R2
Lake Trout 7431 101+50 125z3.0 15.0+£3.7 3.7+15 129+14
Round Whitefish - - 77126 10.1+29 18.4+6.9
Longnose Sucker 229+6.7 238157
Cisco 19.6 + 16.6
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Figure 2 Mean (+ SE) median contributions of three food sources to Lake Trout

in Class 1 and Class 2 lakes estimated using the MixSIR model. ‘Class 1’ lakes

support Lake Trout and only one other large-bodied fish (i.e., Burbot), whereas

‘Class 2’ lakes support Lake Trout and at least two other large-bodied species

(i.e., Burbot, plus Round Whitefish, Longnose Sucker, and/or Cisco). N = 3

populations for both lake classes.
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much more important diet category in Class 2 than in Class 1 lakes, with mean RI
values of 20.4% and 5.2%, respectively (Figure 3). The majority of fish were
classified as remains, but when identification was possible, Slimy Sculpin and
Ninespine Stickleback (both littoral species) were the most common fishes in
Lake Trout diet; other fishes included Lake Chub, Cisco, and juveniles of Burbot
and Longnose Sucker (Table 5). Littoral invertebrate prey categories — in
particular, Corixidae, Trichopteran larvae, Dytiscidae, and Mollusca — had higher
mean RI values for the Class 1 Lake Trout populations (Figure 3), which is also
consistent with results from the mixing model. Overall, pelagic zooplankton
(summed mean RIs of Cladocera and Copepoda) were of similar importance to
Lake Trout populations in Class 1 (29.4%) and Class 2 lakes (27.4%). The mean
RI1 values of all other prey categories were minimally different between Lake

Trout populations in the two lake classes.

Qualitative examination of 8*Cq; vs. 8"°N bi-plots for Class 2 lakes
suggested that Lake Trout used some of the same resources as the other large-
bodied fishes (Appendix 3). Round Whitefish and Cisco were deficient in *3C
relative to Lake Trout, indicating that diet overlap between these species and trout
would likely have been strongest for pelagic resources. Conversely, Longnose
Sucker displayed 813Cad,- signatures that were similar to those of Lake Trout; any
overlap between the diets of these species is expected to have primarily resulted
from consumption of littoral prey. Burbot, the other large-bodied fish present in
all lakes, displayed a trophic position similar to Lake Trout in lakes where large

individuals of this species were sampled. Stomach content samples of Burbot (n
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Hydrachnidia ?
Corixidae
Terrestrial Coleoptera g
Trichopteran larvae

Ostracoda
Dipteranadults

Dystiscidae
Littoral/Benthic Cladocera
Trichopteran adults

Other Dipteran pupae
Hirudinea

Other Dipteranlarvae

Mollusca
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Relative Importance (%)

Figure 3 Mean (x SE) Relative Importance (%) of 18 prey categories to the diet
of Lake Trout in Class 1 and Class 2 lakes. Relative Importance is the average of
three diet measures calculated for a prey category, including % frequency of
occurrence, % total numbers, and % total mass. ‘Class 1’ lakes support Lake
Trout and only one other large-bodied fish (i.e., Burbot), whereas ‘Class 2’ lakes
support Lake Trout and at least two other large-bodied species (i.e., Burbot, plus
Round Whitefish, Longnose Sucker, and/or Cisco). N = 3 populations for both

lake classes.
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Table 5 Identity and number of prey fish consumed by Lake Trout in the study lakes. Prey fish included Slimy Sculpin (SLSC),

Ninespine Stickleback (NNST), Lake Chub (LKCH), and Cisco (CISC). Absence from a lake is indicated by dashed lines.

SLSC NNST LKCH CISC BURB(S)* LNSC(S)° Remains® Total

Class 1

M3 2 --- 0 --- 2 4
El4 0 - 0 - 2 2
E17 0 - 0 - 1 1
Class 2

w1 1 0 6 7
R34 6 4 1 0 0 11 22
R2 2 6 2 1 14 27
Total 11 10 1 2 1 2 36 63

# Small Burbot (< 75 mm)
® Small (< 75 mm) Longnose Sucker

¢ Unidentified Fish



= 3) contained few prey items: corixid adults, zooplankton, and chironomid larvae

were the only groups identified.

Comparison of stomach contents indicated moderate diet overlap between
Lake Trout and the other large-bodied species in Class 2 lakes, as measured by
Schoener’s proportional similarity index (Table 6). Typically, Lake Trout had RI
values similar to the other large-bodied fishes for many of the invertebrate prey,
but there were enough differences to limit overlap in diet. For instance, Lake
Trout consumed a greater diversity of prey than any other large-bodied species in

a given lake (Figure 3; Appendix 6).

3.4 Trophic Niche Width and Trophic Diversity

Linear distance metrics calculated using stable isotope data indicated that
Lake Trout populations had more divergent energy flow pathways and increased
isotopic diversity in the presence of other large-bodied fishes (Appendix 1). That
is, populations in Class 2 lakes had significantly greater mean CR (t; = 2.743, P =
0.052) and mean CD (t; = 3.944, P = 0.017) than Class 1 lakes; mean values for
NR and TA were also greater in Class 2 lakes, but not significantly so (t-tests: P >
0.10 for both metrics) (Figure 4). In contrast, trophic redundancy (NND) and
evenness of the packing of individual niches (SDNND) were similar between lake
classes (t-tests: P > 0.10) (Figure 4). None of the linear distance metrics of prey
communities differed significantly between Class 1 and Class 2 lakes (t-tests: P >

0.10; Figure 5).
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Table 6 Dietary overlap (0 = no overlap, 0.60 = biologically significant overlap,
1.0 = complete overlap) between Lake Trout and other large-bodied fishes in
Class 2 lakes (excluding Burbot). ‘Class 2’ lakes support Lake Trout and at least
two other large-bodied species (i.e., Burbot, plus Round Whitefish, Longnose
Sucker, and/or Cisco). Overlap was based on the relative importance (%) of 18
prey categories to the diet of each species, and calculated with Schoener’s

proportional similarity index. Dashes indicate the absence of a species-pair

combination.

Round Whitefish ~ Longnose Sucker Cisco
W1 Lake Trout 0.57
R34 Lake Trout 0.39 0.39
R2 Lake Trout 0.53 0.51 0.34
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Figure 4 Mean (+ SE) linear distance metrics (NR: range in 8"°N; CR: range in
8'°C.q;; TA: total area; CD: mean distance to centroid; NND: mean nearest
neighbour distance; SDNND: standard deviation of nearest neighbour distance)
based on stable isotope data for Class 1 and Class 2 Lake Trout populations.

‘Class 1’ lakes support Lake Trout and only one other large-bodied fish (i.e.,

Burbot), whereas ‘Class 2’ lakes support Lake Trout and at least two other large-

bodied species (i.e., Burbot, plus Round Whitefish, Longnose Sucker, and/or

Cisco). T-tests were used to test for differences between lake classes (*: P <0.1).

N = 3 populations for both lake classes.
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8'3Cag;; TA: total area; CD: mean distance to centroid; NND: mean nearest
neighbour distance; SDNND: standard deviation of nearest neighbour distance)
based on stable isotope data for Class 1 and Class 2 Lake Trout prey communities.
‘Class 1’ lakes support Lake Trout and only one other large-bodied fish (i.e.,
Burbot), whereas ‘Class 2’ lakes support Lake Trout and at least two other large-
bodied species (i.e., Burbot, plus Round Whitefish, Longnose Sucker, and/or
Cisco). Prey community is defined on a lake-specific basis as the items found in
the stomach contents of Lake Trout. None of the metrics differed between lake

classes (t-tests; P > 0.1). N = 3 populations for both lake classes.
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Linear distance metrics from stomach content ordinations did not follow
the pattern of their isotopic counterparts. Instead, individual Lake Trout were
significantly more evenly packed in ordination space (i.e., had lower SDNND) in
Class 2 than in Class 1 lakes (t; = 3.420, P = 0.027; Figure 6), whereas none of
the other metrics differed significantly between lake classes (t-tests: P > 0.10;
Figure 6). The NMS ordinations had a mean minimum stress of 11.68 and mean
cumulative r? of 92% for the 30 bootstraps conducted to standardize sample sizes
across lakes. Traditional measures of population niche width (Levins’ D) and
mean individual specialization (V) for interpreting stomach contents data also
revealed no differences in Lake Trout trophic ecology between Class 1 and Class

2 lakes (t-tests: P > 0.10; Figure 7).
3.5 Condition and Growth

The mean relative weight and condition of Lake Trout populations were
both significantly higher in Class 1 than Class 2 lakes (Appendix 7; (W,): t; =
2.273, P = 0.085, Figure 8a; (Fulton’s K): t; = 3.385, P = 0.028, Figure 8b).
However, the von Bertalanffy growth functions applied to the pooled length-at-
age data of Lake Trout revealed similar growth patterns in Class 1 and Class 2
lakes (Figure 9). Mean asymptotic length (L.,) of Lake Trout was slightly higher
in Class 1 (501 mm) than Class 2 lakes (476 mm); the Brody growth coefficient
(K) (i.e., the rate at which populations approach L.,) was similar between Class 1
(0.139) and Class 2 lakes (0.220). Due to low sample sizes and the resultant

pooling of data, growth could not be statistically compared between lake classes.
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Figure 6 Mean (+ SE) linear distance metrics (VR: vertical range; HR: horizontal
range; TA: total area; CD: mean distance to centroid; NND: mean nearest
neighbour distance; SDNND: standard deviation of nearest neighbour distance)
based on ordination scores for stomach contents data for Class 1 and Class 2 Lake
Trout populations. ‘Class 1’ lakes support Lake Trout and only one other large-
bodied fish (i.e., Burbot), whereas ‘Class 2’ lakes support Lake Trout and at least
two other large-bodied species (i.e., Burbot, plus Round Whitefish, Longnose
Sucker, and/or Cisco). T-tests were used to test for differences between lake

classes (*: P <0.1). N = 3 populations for both lake classes.
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Figure 7 Mean (x SE) measures of Levin’s niche width (D) and individual
specialization (V) for Class 1 and Class 2 Lake Trout populations based on
stomach contents data. ‘Class 1’ lakes support Lake Trout and only one other
large-bodied fish (i.e., Burbot), whereas ‘Class 2’ lakes support Lake Trout and at
least two other large-bodied species (i.e., Burbot, plus Round Whitefish,
Longnose Sucker, and/or Cisco). Neither metric differed between lake classes (t-

tests; P> 0.1). N = 3 populations for both lake classes.
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Figure 8 Mean (z SE) relative weight (A) and condition factor (B) of Lake Trout
populations in Class 1 and Class 2 lakes. ‘Class 1’ lakes support Lake Trout and
only one other large-bodied fish (i.e., Burbot), whereas ‘Class 2’ lakes support
Lake Trout and at least two other large-bodied species (i.e., Burbot, plus Round
Whitefish, Longnose Sucker, and/or Cisco). A t-test was used to test for a
difference between lake classes (*: P < 0.1). N = 3 populations for both lake

classes.
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Figure 9 von Bertalanffy growth functions fitted to length-at-age data of
individual Lake Trout pooled by Class 1 (circles, solid lines) and Class 2 (crosses,
dashed line) lakes. ‘Class 1’ lakes support Lake Trout and only one other large-
bodied fish (i.e., Burbot), whereas ‘Class 2’ lakes support Lake Trout and at least
two other large-bodied species (i.e., Burbot, plus Round Whitefish, Longnose

Sucker, and/or Cisco). von Bertalanffy growth parameters are provided in the text.
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4.0 Discussion

4.1 Diet Overlap and Niche Shifts

Lake Trout can interact as both competitor and predator with other fishes.
Both SCA and SIA revealed Lake Trout had moderate diet overlap with Round
Whitefish, Longnose Sucker, and Cisco in Class 2 lakes, indicating that inter-
specific competition for resources was possible. Perhaps with the exception of
Cisco in R2, both SCA and SIA suggested that Lake Trout did not consume
substantial amounts of other large-bodied fish species. Indeed, most of the Round
Whitefish and Longnose Sucker captured in experimental gillnets were larger than
what Lake Trout are capable of consuming (up to half of their body size (Behnke
2002); M. Hulsman, unpublished data), and condition and growth of Lake Trout
should have been higher in Class 2 than Class 1 lakes if they had consumed
pelagic fish from the former lakes in any great proportion (Martin 1966, Pazzia et
al. 2002). Although Lake Trout may consume YOY and small juveniles of these
species, it seems likely that adult Round Whitefish and Longnose Sucker function

more as resource competitors of Lake Trout than as prey.

Mixing model results and relative importance values indicate that Lake
Trout consumed more zooplankton and fewer littoral forage fish in the absence of
other large-bodied fishes. In other northern lakes, fish predation has been found
to significantly lower zooplankton biomass (e.g., Johnson et al. 2010). Although
zooplankton density was not measured in my study lakes, it is reasonable to
assume that competition for zooplankton would be greater in Class 2 than Class 1

lakes due to the presence of Round Whitefish and Cisco, especially since these
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species had high relative abundances. It is well established that the ciscoes are
zooplanktivorous (Scott and Crossman 1973) and, although Round Whitefish is
more commonly considered a benthivore (Scott and Crossman 1973, O’Brien
1979, Merrick 1992), some populations prey heavily on zooplankton (Rawson
1951, Martin 2001, Steinhart et al. 2007). Indeed, the high relative importance
values for copepods and cladocerans, and the position of Round Whitefish in
isotopic space, indicate that it is likely a significant predator of zooplankton in
Class 2 lakes. Accordingly, the apparent shift in Lake Trout diet from littoral
fishes in Class 2 lakes to zooplankton in Class 1 lakes is consistent with a release
from competition with Round Whitefish and Cisco and, to a lesser extent,
Longnose Sucker for zooplankton. Inter-specific competition for littoral
resources would likely be lower than competition for zooplankton, since there was
no evidence that Round Whitefish, Longnose Sucker, and Cisco consumed fish in
my study. In addition, although the other large-bodied fishes did forage on some
of the same littoral invertebrates as Lake Trout, the diversity of invertebrate prey
present in this zone could facilitate greater partitioning and thus reduce
competition; for instance, RI values for Corixidae and Dystiscidae indicated they
were relatively important to Lake Trout, but were either not consumed or of low
importance in the diets of the other large-bodied fishes. Although I suggest that
Lake Trout diet is influenced by competitors, the possibility that shifts in Lake
Trout diet were driven by different availabilities and abundances of ambient
resources cannot be disregarded since resource distributions are unknown for

either lake class.
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In a similar study that investigated the effect of fish competitors on Lake
Trout trophic patterns in temperate lakes that lacked pelagic forage fish, Vander
Zanden et al. (1999) found that Lake Trout shifted its diet from littoral forage
fishes to pelagic zooplankton in the presence of competitors. This shift to pelagic
prey was due to the foraging nature of the competitors, namely Smallmouth Bass
(Micropterus dolomieu) and Rock Bass (Ambloplites rupestris), which are known
to consume large quantities of littoral prey. In contrast, the competitors in my
study were either primarily littoral (Longnose Sucker) or primarily pelagic
(Round Whitefish and Cisco) foragers. | suggest that competition was stronger
for pelagic than littoral resources because of the lower diversity of prey in the
former, which is why Lake Trout in Class 2 lakes primarily consumed littoral

resources.

Lake Trout’s reliance on littoral carbon resources in Class 2 lakes is
consistent with the findings of Chételat et al. (2010), who found that arctic fish
typically relied on energy flow driven by littoral-benthic algae. Similarly, the
carbon composition of Lake Trout in two small lakes of the Toolik Lake region of
Alaska was predominately benthic, derived from a diet that likely contained large
proportions of Slimy Sculpin and snails (Sierszen et al. 2003). Yet, in three more
southern arctic lakes, phytoplankton was a more important energy source for Lake
Whitefish, Arctic Char, and Lake Trout (Hecky and Hesslein 1995, Kidd et al.
1998, Power et al. 2002), which is consistent with the carbon sources supporting
Lake Trout in the Class 1 lakes from my study. Interestingly, the average pelagic

Chl-a concentration of lakes in my study (2.13 ug/l) was more than 4-fold higher
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than those reported in Sierszen et al. (2003), which could explain the higher
reliance of Class 1 Lake Trout on pelagic zooplankton in the absence of increased

competition.
4.2 Trophic Niche Width and Trophic Diversity

Stomach contents analysis alone did not provide strong evidence for
differences between fish communities in Lake Trout trophic characteristics,
including population niche width (Levins’ D) and trophic diversity (degree of
individual specialization). However, linear distance metrics performed on
stomach contents data did show that individual Lake Trout were significantly less
evenly packed in ordination space in Class 1 than in Class 2 lakes. This could
indicate that Class 1 populations contained more individual trout outliers in
ordination space (outlier analysis identified one individual — it was not removed
from the dataset), which may have inflated the values of the other metrics
calculated for this lake class (Newsome et al. 2012). The general lack of
difference between lake classes, combined with outliers in Class 1 populations,
would suggest generally (non-outlier driven) greater niche width and diet
variation in Class 2 populations. Removal of outliers, however, would have

further constrained sample size for the analysis.

Indeed, linear distance metrics calculated using stable isotope data
indicated that Lake Trout populations in Class 2 lakes had significantly broader
range in 8"°C,q; signatures and significantly greater isotopic diversity than

populations in Class 1 lakes. The former was due to greater inter-individual
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divergence in resource use, via individual trout consuming different resources or
different proportions of the same resources. The greater isotopic diversity was
due to a greater proportion of individual trout positioned near the periphery of
their respective convex hulls in Class 2 as compared to Class 1 lakes, and perhaps
because populations in Class 2 lakes had (non-significantly) larger isotopic
population niche widths. Populations in Class 2 lakes also had non-significantly
broader ranges in §"°N than Class 1 populations. Thus, differences in isotopic
diversity were due more to expansion along the 613Cad,- niche dimension than the
8N dimension in Class 2 Lake Trout populations, indicating that the difference
in isotopic diversity was mainly driven by Class 2 populations consuming prey
that relied on basal resources with more varied §"°C values. In contrast, trout in
both lake classes had similar degrees of trophic redundancy. These seemingly
contrasting results (i.e., different isotopic diversity but similar levels of isotopic
redundancy) were perhaps due to different groups of individuals within Class 2
populations having different feeding patterns (i.e., minor clumping of individuals
in isotopic space); however, distinct resource polymorphisms were not observed
(M. Hulsman, personal observation) and would be unlikely in lakes of these small
sizes (Eshenroder 2008). Class 1 and 2 populations also displayed little difference
in how evenly their constituent individuals were packed in isotopic space. This
suggests that the significant differences in isotopic niche measures were driven by

true diet variation, and not by outliers.

Evidence for dietary differences between Lake Trout populations in Class

1 and Class 2 lakes was also strengthened by the fact that their prey communities
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shared similar isotopic structure; if anything, Class 1 lakes tended to support more
isotopically diverse prey communities. Higher values of isotopic niche metrics in
Class 2 lakes were therefore not attributable to isotopically more diverse prey

communities.

The observed patterns in population niche width and diet variation are
inconsistent with the niche variation hypothesis (NVH; Van Valen 1965).
Because Class 1 Lake Trout populations should have experienced reduced inter-
specific competition, the NVH would predict these populations to exhibit a wider
niche width and greater inter-individual variation in resource use than Class 2
populations. Instead, Class 1 populations had significantly less inter-individual
variation and smaller trophic niche widths in isotopic space than Class 2

populations.

Alternatives to the NVH regarding effects of competitive ecological
release on population niche width include the ‘parallel release hypothesis’
(Bolnick et al. 2010), which predicts that population niche width increases when
all individuals in a population shift to use a greater number of the available
resources without increasing inter-individual variation. Bolnick et al. (2010)
found that the form of ecological release experienced by Threespine Stickleback
was competitor dependent and could involve either niche expansion, consistent
with the NVH, or a qualitative trend towards decreased total niche width, as
increased individual niche width was offset by decreased inter-individual
variation. This ‘individual release hypothesis’ (Bolnick et al. 2010) could

describe the diet patterns observed in the Lake Trout populations of Class 1 lakes.
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However, the integrative nature of stable isotopes makes it impossible to
determine definitively if Lake Trout in Class 1 lakes tended to specialize on
similar subsets of resources, or to generalize on many resources in similar
proportions (as predicted by the individual release hypothesis). Interpreting the
stable isotope-based linear distance metrics in relation to the mixing model
results, however, reveals additional information about Lake Trout trophic ecology

in the different lake classes.

The lower inter-individual variation observed in Class 1 populations is
likely because these trout derived a greater proportion of their carbon from
pelagic than littoral sources. For example, cladocerans and copepods — which
were the main resources available in the pelagic zone, and important components
in the diets of Class 1 populations — displayed a very narrow range in their 613Cad,-
signatures relative to the range of the more diverse littoral resources. In contrast,
populations that consume a higher proportion of littoral resources, such as those in
Class 2 lakes, would likely show a wider range in 813Cadj and increased degree of
inter-individual variation. | suggest that the differences between Lake Trout
populations are because individuals in Class 1 lakes forage on a similar subset of
resources (primarily zooplankton) rather than on a larger range of the available

resources in similar proportions.
4.3 Condition and Growth

Lake Trout populations in Class 1 lakes were in significantly better

condition (W, and Fulton’s K) than Class 2 populations, although their von
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Bertalanffy growth parameters were similar. The combined evidence of SCA and
SIA indicated that populations in Class 2 lakes consumed more forage fish than
their Class 1 counterparts, so it was initially surprising that the latter were in
better condition, and had a similar growth trajectory. Energy expenditures
associated with foraging should be higher for fish that forage on smaller prey,
because of the increased energy demands associated with locating and consuming
more prey (Kerr 1971a,b; Sherwood et al. 2002a,b). Empirical comparisons have
found that such energy costs result in growth differences, with non-piscivorous
populations growing at slower rates and reaching smaller sizes than piscivorous

ones (Martin 1966, Pazzia et al. 2002).

For Lake Trout in Class 1 lakes to be in better condition than those in
Class 2 lakes, prey must be plentiful and foraging costs must be lower for a diet
that contains few fish and many invertebrates than for a diet of many fish and few
invertebrates. With the exception of Cisco, all of the fish species identified in the
stomach contents of Lake Trout frequently inhabit the littoral zone in northern
lakes (Scott and Crossman 1973, Hanson et al. 1992). Even in the sub-arctic,
littoral zones can warm considerably in the summer. Five of my study lakes
(temperature data are unavailable for the sixth) warmed to an average temperature
of 15.1 £ 0.1 °C over July and August in 2010; this temperature is above the 8 °C
to 12 °C range generally considered physiologically optimum for Lake Trout
growth (Christie and Regier 1988). As a result, forays into the littoral zone to

search for prey fish would be energetically costly (Morbey et al. 2006).
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To offset these higher energetic costs, littoral foraging Lake Trout would
have to increase their energy intake. Individual trout in Class 1 (primarily
zooplankton foraging) populations had 2.4-fold more prey items and similar prey
biomass in their stomachs to their Class 2 (primarily littoral foraging) counterparts
(M. Hulsman, unpublished data). Similarly, Pazzia et al. (2002) found that
consumption rates of non-piscivorous Lake Trout (diet of 11% littoral fishes)
were 1.9 - 3.3-fold higher than in piscivorous populations (diet of nearly 100%
fish, mostly Cisco), although after consumption rates were corrected for prey
caloric content, energy intake was approximately equal. In the study lakes, it is
possible that foraging on the large energy resource available in lower trophic
levels could offset or even exceed the advantage of exploiting fish that are usually
small, rare (McDonald et al. 1982), and seek refuge in the littoral zone (Hanson et
al. 1992), because search time may be lower for the former. Perhaps not
coincidentally, the Lake Trout population (R2) that consumed the most fish

(based on MixSIR estimates) was also lowest in condition.

A related explanation for the lower condition of Lake Trout in Class 2
lakes is based on the relationship between productive capacity and fish density.
Previous studies have indicated that salmonid production, growth, and condition
are constrained by availability of food resources (e.g., Bowlby and Roff 1986,
Gibson and Haedrich 1988, Deegan et al. 1997). In my study, although both lake
classes had similar levels of pelagic Chl-a, Class 2 lakes had higher relative
abundances of large-bodied fishes (based on CPUE). While Class 2 lakes are

larger, the difference in size is proportionally less than the difference in relative
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abundance, indicating that Class 2 lakes contain more large-bodied fish on a per
area basis. As a result, per-capita prey availability could be lower in Class 2 than
Class 1 lakes due to higher total densities of fish. Lower per-capita prey
availability could increase the amount of energy individual trout spend searching
to obtain an equivalent number of prey items, which would increase the cost of

foraging in these lakes.

5.0 Conclusion

My study presents comparative evidence that Lake Trout populations in
different competitive but otherwise similar small, sub-arctic lake environments
use resources differently. By shifting from littoral to pelagic prey, trout
populations displayed narrower isotopic niche widths and reduced inter-individual
variation in diet when released from competition with other-large-bodied fishes, a
pattern inconsistent with the NVH. Because these changes in trophic niche traits
appear to result from reduced reliance on littoral resources and increased
consumption of pelagic zooplankton, I suggest that individual trout in Class 1
lakes forage on more similar subsets of resources. In the context of
Roughgarden’s (1972) framework for total niche width, this pattern of foraging
would suggest low within-individual and low between-individual components,
resulting in low total niche width. Given the available information, it is
impossible to know why Lake Trout populations deviated from other animal taxa
in their response to ecological release, but perhaps the answer lies in features of
the northern environment. For instance, in unproductive lakes, the small

population size of a top predator like Lake Trout may be inadequate to drive
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strong intraspecific competition for resources, such as zooplankton; as a result, the

diversifying effect of intraspecific competition could be diminished.

Interestingly, although the diet of trout in Class 1 lakes contained a greater
proportion of zooplankton, these fish appeared to grow at similar rates and were
in better condition than their Class 2 counterparts, which consumed a greater
proportion of littoral resources, including prey fish. While it is unknown if the
better condition of Class 1 Lake Trout results in increased reproductive output and
survival, others have shown that body mass is positively related to gamete
production (Hayward and Gillooly 2011) and is of critical importance for
overwinter survival, especially in arctic populations that may be near their

physiological limits (McDonald et al. 1996).

These findings are directly relevant to natural resource management as
fish colonization projects have recently been initiated in the Northwest Territories
under Canada’s Fisheries Act. The objective of these projects is to increase the
productive capacity of small, depauperate lakes by enhancing their connectivity to
a large waterbody, which is the source of potential colonists (Golder 2001). The
richness and relatively high abundances of other large-bodied species in Class 2
lakes suggest that this objective is achievable. However, the results of my study
suggest that colonization by large-bodied species may result in competition with
native Lake Trout for the available resources in these oligotrophic lakes. In
particular, if the colonists are species that consume large proportions of
zooplankton (e.g., Arctic Grayling, Round Whitefish, and Lake Whitefish are

target species), then Lake Trout populations that currently rely on this resource
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may shift to more littoral prey, which could have negative consequences for their
body condition, although their growth may be unaffected. Overall, before
‘ecological experiments’ such as these are conducted, careful thought should be

given to the potential that there could be consequences to the native populations.
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Appendix 1 Size range and linear distance metric (NR: range in 8"°N; CR: range

in 8'3C.q;; TA: total area; CD: mean distance to centroid; NND: mean nearest

neighbour distance; SDNND: standard deviation of nearest neighbour distance)

results based on stable isotope data for Lake Trout populations in the six study

lakes. ‘Class 1’ lakes support Lake Trout and only one other large-bodied fish

(i.e., Burbot), whereas ‘Class 2’ lakes support Lake Trout and at least two other

large-bodied species (i.e., Burbot, plus Round Whitefish, Longnose Sucker,

and/or Cisco). Metric values are in %o notation.

Lake Metric
FL (mm)? NR CR TA CD NND  SDNND

Class 1

M3 516 - 572 0.88 2.70 1.11 0.61 0.33 0.33
E14 3g5.439  0.88 164 081 0.48 0.30 0.21
E17 347-.409 172 3.05 3.47 0.97 0.62 0.22
Class 2

w1 367.438  1.36 3.70 2.26 1.37 0.32 0.32
R34 412 -493 142 3.43 3.46 1.21 0.51 0.25
R2 396 - 473 2.46 413 5.97 1.53 0.62 0.25

® Range in fork length (FL) of Lake Trout used in the analysis
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Appendix 2 Comparison of assigned ages for paired otoliths and fin rays from
Lake Trout. Ageing structures are pooled samples from eight small lakes in the
Lac de Gras watershed, Northwest Territories. The 1:1 line (solid) and trendline

(dashed) are depicted.
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Appendix 3 Lake Trout populations (black circles) and their prey communities (black diamonds) in 81SCad,- vs. 8N space in M3 (A;
Class 1), E14 (B; Class 1), E17 (C; Class 1), W1 (D; Class 2), R34 (E; Class 2), and R2 (F; Class 2) lakes. Values for Lake Trout are
individual 8"C.g; and 3N signatures, whereas values for all other organisms are mean population §"*C. and 8"°N signatures.
Convex hulls represent total area calculations for Lake Trout populations and prey communities; prey community is defined on a lake-
specific basis as the items found in the stomach contents of Lake Trout. Organisms not present in Lake Trout diet but collected during
sampling are also included (open diamonds). An asterisk (*) indicates that isotopic signature was estimated; see Methods section for

details.

88



NS oo
— (= I = T

aneds LUDTRLUTPIG UTaalBe]sl’]

30

20

10

No. of bootstraps

I I I I I I
S -
o o o

aneds UOTEUIPIO Ul ALEIAI]

T
~
=]

30

20

10

No. of bootstraps

89



)

T
\2
—

T
9
—

NoH v
._1 _U_U_U

anrds LUOTBLUIPIGO T EAy

30

20
No. of bootstraps

10

\? 4 =0 ™
S o S o =]

aneds LOEBLUTPIG T aalBesl]

30

20

10

No. of bootstraps

90



0.45 -

0.4 +

T T T
Noogs T g

m
(=]
=] =]

0.35 -

aneds LOTEUTPIG U aalme sl

0.05 ~

30

20

10

No. of bootstraps

0.35 4

T
L
=]

T T T T
w0 o
1 = ' =
= =

goeds UOTBUIPIO U] 3DUE)SIQ]

0.05 +

30

20

10

No. of bootstraps

91



Appendix 4 Mean (£ SE) linear distance metric (Vertical Range (A), Horizontal
Range (B), Total Area (C), Mean Distance to Centroid (D), Mean Nearest
Neighbour Distance (E), Standard Deviation of Nearest Neighbour Distance (F))
values for bootstraps based on ordination scores for stomach contents data of
Lake Trout in W1 lake. Mean metric values for all other lakes were examined and

also stabilized by the 30™ bootstrap. See text for bootstrapping methods.
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Appendix 5 Median (and 5™ to 95™ percentile) proportional contributions of three

food sources to Lake Trout in the six study lakes estimated using the MixSIR

model. Also shown are mean values for the median source contributions by lake

class. ‘Class 1’ lakes support Lake Trout and only one other large-bodied fish

(i.e., Burbot), whereas ‘Class 2’ lakes support Lake Trout and at least two other

large-bodied species (i.e., Burbot, plus Round Whitefish, Longnose Sucker,

and/or Cisco).

Lake

Source

Pelagic Zooplankton

Littoral Invertebrate

Forage Fish

Class 1
M3
El4
E17
Mean
Class 2
W1
R34

R2

Mean

0.716 (0.586 - 0.836)
0.522 (0.453 - 0.592)
0.669 (0.595 - 0.748)
0.636

0.464 (0.383 - 0.542)
0.173 (0.050 - 0.302)
0.116 (0.020 - 0.225)
0.251

0.029 (0.002 - 0.099)
0.11 (0.025 - 0.208)
0.191 (0.038 - 0.324)
0.11

0.06 (0.005 - 0.197)
0.048 (0.004 - 0.194)
0.047 (0.004 - 0.148)
0.052

0.251 (0.093 - 0.395)
0.368 (0.225 - 0.496)
0.133 (0.016 - 0.302)
0.251

0.466 (0.333 - 0.571)
0.771 (0.564 - 0.912)
0.824 (0.712 - 0.934)
0.687
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Appendix 6 Relative Importance (%) of 18 prey categories to diets of the non-
piscivorous, large-bodied fishes present in the Class 2 lakes W1 (A; Round
Whitefish), R34 (B; Round Whitefish, Longnose Sucker), and R2 (C; Round
Whitefish, Longnose Sucker, Cisco). ‘Class 2’ lakes support Lake Trout and at
least two other large-bodied species (i.e., Burbot, plus Round Whitefish,

Longnose Sucker, and/or Cisco).
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Appendix 7 Relative Weight (W,) and Fulton’s Condition Factor (K) of Lake

Trout populations in the six study lakes. ‘Class 1’ lakes support Lake Trout and

only one other large-bodied fish (i.e., Burbot), whereas ‘Class 2’ lakes support

Lake Trout and at least two other large-bodied species (i.e., Burbot, plus Round

Whitefish, Longnose Sucker, and/or Cisco).

Class 2

W1 R34 R2

Class 1
Condition Index M3 E1l4 E17
W, 122 137 132
K 1.20 1.25 1.20

121 120 107
1.11 1.11 0.99
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