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Within- and among-population variation in the
trophic position of a pelagic predator, lake trout
(Salvelinus namaycush)

M. Jake Vander Zanden, Brian J. Shuter, Nigel P. Lester, and
Joseph B. Rasmussen

Abstract: Many aquatic consumers have flexible feeding habits, and the diet and trophic position of a species can be
expected to vary both within and among populations. In this study, we quantify the importance of both within- and
among-population trophic variation for lake troiBalvelinus namaycujhusing stable isotope designations of trophic
position from 13 Ontario and Quebec lakes. Lake-to-lake differences explained 78% of the total variation in lake trout
trophic position. Analysis using both stable isotopes and published dietary data demonstrated that the trophic position
of lake trout failed to increase appreciably as a function of animal body size. This finding was attributed to weak pred
ator size — prey size relationships as well as to there being no relationship between prey fish trophic position and body
size. The variance in trophic position of a population reflects the extent to which individuals forage as trophic special
ists; however, we did not identify any one factor that was correlated with within-population trophic variation. Gur find
ing that much of the total variation in trophic position represents among-population differences indicates that
considering the average trophic position of a population does not mask substantial within-population trophic variation.

Résumé: Le régime alimentaire et la position trophique d’'une espéece peuvent varier au sein d'un méme niveau ou de
niveaux différents de populations. Nous avons utilisé pour la présente étude les rapports d'isotopes stables pour estimer
la position trophique de touladisSélvelinus namaycugtprovenant de 13 lacs de I'Ontario et du Québec, ce qui per-

mettait de quantifier I'importance relative de la variation trophique au sein d'une méme population ou entre des popu-
lations. Les écarts notés entre les lacs expliquaient 78% de la variation totale de la position trophique des touladis. Une
analyse fondée sur les données des isotopes stables et du régime alimentaire a montré que la position trophique
n'augmentait pas de facon appréciable avec la taille des poissons. Ce phénoméne a été attribué au faible rapport taille
des prédateurs — taille des proies ainsi qu'a I'absence de relations entre la position trophique des poissons proies et la

taille. La variance de la position trophique d’une population refléte la mesure dans laquelle les individus cherchent leur
nourriture en se spécialisant pour un niveau trophique particulier, mais nous n’avons pu trouver aucun facteur présen-
tant une corrélation avec la variation trophique au sein d'une méme population. Le fait que nous ayons trouvé qu’'une
grande partie de la variation totale de la position trophique reflétait des écarts entre populations montre que le fait
d'utiliser la position trophique moyenne d’une population ne masque pas les variations trophiques appréciables au sein
d’'une méme population.

[Traduit par la Rédaction]

Introduction (Martin 1966; Shuter et al. 1998). Despite the importance of
trophic relationships, attempts to understand and quantify

Trophic relationships can play a major structuring role infeeding relationships are often confounded by high levels of
aquatic ecosystems (Carpenter et al. 1985; Vander Zanden fetod web complexity and spatial and temporal variation at a
al. 199%9), and the trophic habits of fish have consequencesiumber of scales. First, it is well documented that different
for other aspects of their biology, including contaminant ac populations of a species can differ in their diet and trophic
cumulation (Kidd et al. 1995; Vander Zanden and Rasmusposition (Trippel and Beamish 1993; Vander Zanden and
sen 1996) as well as patterns of life history and growthRasmussen 1996). A second type of trophic variation occurs
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among individuals of a population. Although this source ofmussen et al. 1990). Class 1 lakes (containing three trophic levels)
variation is difficult to detect using gut content data, studiesare lakes that lack pelagic forage fish species. In these lakes, lake
have generally found evidence for within-population varia trout consume large amounts zooplankton and zoobenthos. Class 2
tion and individual-level dietary specialization (Bryan and lakes (four trophic levels) contain at least one species of pelagic
Larkin 1972: Zerba and Collins 1992: Gu et al. 1897 forage fish that serve as the principle prey of adult lake trout.

. . . - - Finally, class 3 lakes (five trophic levels) are lakes that contain
Schindler et al. 1997; Beaudoin et al. 1999). Finally, fish of ) .n pelagic forage fish and the zooplankton predatbysis

ten undergo dramatic ontogenetic trophic shifts, typicallyyejicta. Mysisare an important prey of pelagic forage fish, which
shifting from invertebrates to fish prey items as they growgre consumed by lake trout. Analyses using stable isotopes and di
(Magnan and FitzGerald 1984; Werner and Gilliam 1984;etary data indicate that this food chain classification scheme-quali
Werner 1986). While each of these types of trophic variationatively reflects the food web structure of these systems (Vander
have been singularly examined, no studies have simultaZzanden and Rasmussen 1996; Vander Zanden et al.b1999
neously assessed these multiple sources of trophic variation. Thirteen lakes in central Ontario and southern Quebec (located
Quantifying multiple levels of trophic variability is greatly Petween 46°18l and 44°30N and 80°00W and 72°00W) con

facilitated by using integrative approaches to studying food@ning lake tro(‘j‘t as the gop pelagic plzedator were Samp'edl ﬁe
web relationships. Stable isotopic tracers are increasingl}z:/een May and September 1995. Lake trout (13-21 per lake,

d de ti . dd e f feedi | ean = 17) and the available forage fish species ci€mdgonus
used to provide time-integrated descriptions of feeding-re aartedD, lake whitefish Coregonus clupeaformjisround whitefish

t|onsh!ps. In parycular, there is a consistent 3-4% enrlch(prosopium cylindraceujn rainbow smelt ©smerus mordgx and
ment in stable nitrogen isotope ratioSN/*N, §°N) from  sculpins Cottus spp.) from the littoral, pelagic, and profundal
prey to predator (DeNiro and Epstein 1981; Minagawa anctones were collected using gill nets, seine nets, minnow traps, and
Wada 1984). Thusy'™>N values (provided that isotopic dif angling and from local anglers. Littoral fish (primarily Percidae,
ferences at the base of the food web are accounted for) cdpentrarchidae, and Cyprinidae) less than 12 cm in length were
provide a time-integrated, continuous measure of consumeiensidered potential lake trout prey, since lake trout have access to
trophic position that reflects the pathways of energy flowthese fish during the unstratified perlc_>d (Martin 195_4; Vander
(Cabana and Rasmussen 1996; Vander Zanden and Rasmg&nden and Rasmussen 1996). Approximatel (wet weight) of

sen 1999). Recently, stable isotopes have been used to que\}/ﬁl‘zole white dorsal muscle tissue was removed from each sampled

v individual alizati f . G | e trout and forage fistMysisand Diporia were collected using
tify individual specialization of aquatic consumers (Gu et al. 3 nenthic sled. Zooplankton were collected during the day using

1990; Beaudoin et al. 1999). This application of stable pqrizontal tows with a 25@m-mesh standard zooplankton net. Al

isotope techniques is particularly useful because detectinfsh and invertebrate samples were frozen after collection.

among-individual feeding differences (diet specialization)

using the gut content method requires repeatedly examiningaporatory procedures and estimating trophic position

the stomach contents of the same individual fish (Bryan and Fish and invertebrate specimens were dried at 75°C for 48 h in a

Larkin 1972; Zerba and Collins 1992; Schindler et al. 1997).drying oven,ground into a fine powder using a mortar and pestle, and
In the present study, we use stable isotope techniques feacked into 4 x 6 mm tin capsules for isotopic analyses. Stable car-

estimate the trophic position of individual lake trout Pon and nitrogen isotope analysis was performed using a continuous-

(Salvelinus namaycuytand other pelagic consumers from fI_ow VG Micromass 903E isotope ratio mass spectrometer at the En-

13 lakes in Ontario and Quebec (Vander Zanden and Rag/lror_lmental Isotope Laboratory (Department of E_ar‘[h Suenc_es, Uni

mussen 1999). This study differs from previous trophic stud versity of .Waterloo, therloo, Ont.). Stable isotope ratios are

L ) ' L expressed in deltad) notation, defined as the parts per thousand (%o

ies in that we quantify the relative importance of among-,, “per mil") deviation from a standard material:

population (that which is explained by a categorical “lake”

variable), ontogenetic (that which is explained by body size), §°C or 8N = ({RsampidRstandard — 1) *x 1000

and individual-level (differences among same-sized individ whereR = 13C/22C or 15N/4N. The standard material is Pee Dee

yals_) variatio_n in the trophjc positipn of lake trqut. The_ob belemnite limestone fo813C (.Craig 1957) and atmospheric nitro

jectives of this study are td)(quantify ontogenetic shifts in gen fors15N (both standards have a per mil value arbitrarily set at

lake trout trophic position as measured using stable iS0top@%,). One half of the samples were analyzed in duplicate; the stan

techniques and to validate these patterns by using dietamyard error of the estimate was 0.12%. f8t°N and 0.10%. for

data, {i) quantitatively compare the magnitude of within- and §*3C.

among-population variation in lake trout trophic position, and Despite the consistent enrichmentdN from prey to predator,

(i) characterize individual-level (within-population) trophic the 8*°N value of a consumer cannot be used as an absolute mea

variation for a series of lake trout populations and to examinéUré of an organism's trophic position because organisms at the
the factors related to this variable ase of the food web can differ greatlyd%°N values (Cabana and

Rasmussen 1996; Vander Zanden and Rasmussen 1999). Vander

Zanden and Rasmussen (1999) presented a dual iscibié¢ gnd

513C) method for measuring trophic position of aquatic consumers

that corrects for among-lake and within-lake variatior8#iN sig-

) . natures at the base of the food web by dgenerating a primary

Study systems and field sampling _ consumer (baselinep'>N-313C relationship specific to the 13
Previous studies have documented a wide range of food chaigyqgy |akes, i{) using the5!3C value of the aquatic consumer to

structures leading to lake trout (Martin 1952, 1966; Rasmussen &jefine the appropriaté!>N value from which to estimate trophic

al. 1990; Trippel and Beamish 1993; Vander Zanden and Rasmugyosition, and ifi) estimating the consumer’s trophic position using

sen 1996; Vander Zanden et al. 1999 fact, lakes can be classi  the consumers!SN value and thes'*C-adjusted baselingSN

fied according to the number of trophic levels leading to lake troutyajye using the formula

(either three, four, or five levels) based on the presence or absence

of potential prey items that serve as functional trophic levels{Ras Trophic position = (§*°N onsumer— 0-°Npaselind/3.4) + 2

Materials and methods
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where 3.4 is the assumed per trophic level per mil increase in Plotting trophic position — length relationships for each

8'°N. The +2 term is added because trophic position is being estilake confirms that trophic position generally fails to increase
mated relative to primary consumers rather than to primary producyjith hody size (Fig. 1). In fact, none of the lake-specific

grf{ Wﬁ used trt‘)'s method to e‘f't'”;aéeéhe t;’]c_)phIC(S)OSIIEIIOH of eacophic position — body size relationships were significant
sh and invertebrate specimen included in this study. Error associ,, . ;- o

ated with the baseline correction was approximately 0.17%o. égség?lé?)e T?]Oen:;%rvrvoerllo(i‘o(;[JerC;ﬁglstrilg(\:/\E/g\svgtljuc% 'cc;fato \.leeOL\:vere

To complement our isotopic analysis, we also estimated trophi N . .
position using direct gut content data. Using this method, it is nold€nerally able to detect a significant body size effect if the

possible to estimate the trophic position of an individual fish. In Slope was greater than 0.015 (mean SE of slope x critical
stead, dietary data can be used to estimate the trophic position &@lue withp = 0.005). We performed a similar analysis of
numerous fish from a size-class. Adequate dietary data were n@ntogenetic shifts in trophic position using lake trout dietary
available from our study lakes due to our relatively small sampledata taken from Trippel and Beamish (1993). None of these
sizes (less than 20 lake trout per lake). We used size-class-specifgix lake trout populations exhibited significant trophic
(separated by 10-cm size intervals) lake trout dietary data fromposition — body size relationships (using the Bonferroni-
Trippel and Beamish (1993) to estimate the trophic position of thecorrected criticap value of 0.008 (0.05/6)), although certain

sampled size-classes. Trophic position was calculated using guan ; : ; o ;
tative gut content data (either percent weight or percent volume)ilakes suggested a patter of increasing trophic position with

weighted average formulas, and previously published estimates &ody size (Fig. 2).
the trophic position of lake trout prey items (Vander Zanden and
Rasmussen 1996; Vander Zanden et al. 1997) using the formulay/ariance in trophic position

TP =3(VT) + 1 _ Qur measure of .Within-population variation in trophic-po
t sition (VAR;p) varied nearly threefold among lakes {Ta
where TP is the trophic position of the populatiahis the percent  ble 1). We hypothesized that there would be a relationship
volumetric contribution of théth prey item, andT, is the trophic ~ Petween VAR, and food chain length, since lake trout from
position of theith prey item. longer food chains might be expected to have a broader
The within-population variation in trophic position reflects the range of available prey. Yet no relationship between YAR
magnitude of diet consistency and individual trophic specializationand food chain length was observed (VAR= —0.032 x TP
We did not use the population variance because lake trout popular 0.32;r2 = 0.20,p = 0.13). In fact, none of the tested vari-
tions with steeper slopes in trophic position — body size relation-gp|eg (food chain length, lake class, lake area, variance in

ships had a higher variance in trophic positioR € 0.54, SE«= the trophic position of lake trout prey items) were signifi-
0.025,p = 0.004). Instead, we considered the magnitude of the (F;)orrelgted with VAR, althoupghX/AR— vgas found%o
residuals from the trophic position — body size relationships for ! P

lake trout (calculated as the “mean |residual|” from the lake trouﬁe elevat?d in certain class 1 pOpUIat'ons (Table 1). We alsfo

trophic position — body size relationships); we call this variable NYPOthesized that the presence of species that compete with

VAR<p This measure of variance was independent of the slope of@ke trout (i.e., piscivores) would result in narrower dietary

the lake trout trophic position — body size relationship£ 0.20,  habits and a lower VAR for lake trout. However, there was

SE.;= 0.036,p = 0.12). no significant relationship between the number of species of
Analysis of covariance (ANCOVA, SYSTAT) was used to parti potential competitors and VAR (VAR¢p = —0.001 x num-

tion the total variance in lake trout trophic position (as determinedber of competitor species + 0_]_9?,2 = 0.003,p = 0.87).

using stable isotopes) into its component sources: among-

population variation (that which is attributed to the lake trout’s lake

of origin; a categorical “lake” variable), ontogenetic variation (that

which is at_tr_ibuted_ to lake trout body s_izc_a), ar_1d individual variation Discussion

(the remaining within-population variation, independent of body

size). A portion of this remaining (individual) variation represents

error in the stable isotope based trophic position estimates. The present study examined variation in the trophic osi

tion of lake trout at multiple levels: among-population varia
tion, ontogenetic variation, and individual variation. Our
Results comparison of within- and among-population sources of
trophic variation could only have been performed using iso
Seventy-eight percent of the total variation in lake trouttopic techniques, as this method provides a time-integrated
trophic position represented among-lake differences=( measure of the trophic position of individual consumers
64.62,p < 0.001, df = 12, 215¢2 = 0.78). Surprisingly, con  (Vander Zanden and Rasmussen 1999). Traditional dietary
sideration of lake trout length failed to explain any of the re studies are typically useful for characterizing feeding at the
maining variation in lake trout trophic positiorr (= 3.18, population level only, thereby neglecting that populations
p = 0.076, df = 1, 226). The interaction of lake and lakeconsist of individuals that can differ in their behavior
trout length was significantH = 2.52,p = 0.004, df = 12, (Lomnicki 1988). Detecting within-population trophic varia
215), indicating that the slopes of the trophic position —tion using gut content data requires sampling the stomach
body size relationships varied significantly among lakes. Ancontents of an individual fish numerous times. Understand
additional 3% of the total variation in lake trout trophic posi ably, such studies are rarely performed, as they are laborious
tion was explained by the lake-length interaction. Nearlyand usually involve small sample sizes (Bryan and Larkin
20% of the total variation in lake trout trophic positionrre 1972; Zerba and Collins 1992; Schindler et al. 1997). The
mained unexplained after considering the lake variable anfew studies of within-population trophic variation have been
body size; this remaining variation represented individualtypically conducted on a single study system, thus preclud
level (within-population) trophic variation. ing a comparison of within- and among-population variation.
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Fig. 1. Lake-specific relationships between lake trout trophie po Fig. 2. Relationship between lake trout trophic position as-esti

sition and total length from 13 lakes in Ontario and Quebec.
(A) Class 1 lakes: solid circles, Clear Lake; open diamonds,
Dickie Lake; open circles, Happy Isle Lake; open triangles,

5

mated using dietary data and total length from six northwestern
Ontario lakes. Data are from Trippel and Beamish (1993).

Louisa Lake; solid diamonds, Source Lake. (B) Class 2 lakes: Little
solid circles, Opeongo Lake; open diamonds, Smoke Lake; open 5 s DRt Joe
circles, Victoria Lake. (C) Class 3 lakes: solid circles, Twelve = O o
Mile Lake; open diamonds, Lake Memphremagog; open circles, & o “~ee_."" South
Lake Muskoka; open triangles, Lake Rosseau; open squares, . 464 g T— » o“e'ja"‘i—““""“d
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& . °oo o Lake Trout Total Length (cm)
ES
20 1'0 2'0 3'0 4-0 5-0 ) our analysis of dietary data also showing that trophic
0 position failed to increase with body size. The lack of rela
Lake Trout Total Length (cm) tionship was unexpected, since lake trout have been found to
5 undergo ontogenetic diet shifts (Trippel and Beamish 1993;
B) Class 2 Lakes ° Madenjian et al. 1998). Yet it should be recognized that
°, Smoke ontogenetic diet shifts are not necessarily accompanied by
_g 4.5 ° o ° an increase in trophic position. For example, lake trout may
=k e ¢, ° e o Opeongo not consume increasingly large prey items with increasing
& o S e— . size. Alternatively, larger prey may not necessarily have a
= o 4 °q d o - higher trophic position than smaller prey, so that even if lake
.:x;'_a‘ | e—p—" Victoria trout do shift from small to large prey items, this may not
- 8'35 e . o ° correspond to an ontogenetic increase in trophic position.
ol To further examine these two potential reasons for the
° weak relationships between trophic position and body size,
3 : : : : we used dietary 'data .from Trippel and Beam[sh (1993) to
0 20 40 60 80 100 quantify thfe relatl?]ns?ﬁf be_twleekn lake Itr(éUtd s_lzet r?mtd rtn%an
prey size for each of the six lakes included in that study
Lake Trout Total Length (cm) (Fig. 3). Prey size did tend to increase with increasing lake
55 = trout size (average prey length (centimetres) = 0.206 x-aver
C) Class 3 Lakes age lake trout length (centimetres) + 0.46s 27,r2 = 0.44,
. s ° Rosseai F = 19.39,p < 0.001), although the mean prey size for a
S 57 given size-class of lake trout varied widely among lakes.
55 Clearly, a broad range of prey sizes is consumed by a given
2a size-class of lake trout. This broad range of prey sizes-is in
E‘: o 4.5+ dicative of opportunistic feeding, omnivory, and trophic vari
= '.E_ ability, factors that will obscure relationships between
~ S 4 Memphremagog trophic position and body size.
= Our prediction of ontogenetic shifts in trophic position
Twelve Mile was also contingent upon the assumption that larger prey
35 . : . . items will tend to have a higher trophic position than smaller

1
40 60 80 100 120

Lake Trout Total Length (cm)

Trophic position — body size relationships
Our analysis using stable isotope data indicated that thao relationship between trophic position and body size was

trophic position of lake trout did not increase with increas observed it = 206,r2 = 0.005,p = 0.33). Thus, a lake trout

ing body size. This finding was further supported throughpopulation that switched diet from small fish to large fish

prey items. Across multiple trophic levels, this was found to
be true (Fig. 4). Trophic position increased with prey size
when zooplanktonMysis Diporia, and all pelagic prey fish
were included (prey trophic position = 0.67 x prey length
(centimetres) + 2.12n = 247,r2 = 0.42, p < 0.001).
However when only the pelagic prey fish were considered,
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Table 1. Lake-specific relationships between lake trout trophic position (TP) and total length (len, cm) for each of 13 On
tario and Quebec lakes.

Lake TP n Equation r2 SE.q p VAR p
Class 1
Clear 3.87 14 TP = 0.010 x len + 3.54 0.10 0.16 0.14 0.12
Dickie 3.38 16 TP = 0.019 x len + 2.84 0.08 0.38 0.16 0.27
Happy Isle 3.17 17 TP = 0.015 x len + 2.75 0.22 0.29 0.03 0.23
Louisa 4.90 19 TP = 0.003 x len + 4.78 0.00 0.26 0.60 0.17
Source 3.72 18 TP = 0.001 x len + 3.69 0.00 0.27 0.90 0.21
Class 2
Opeongo 4.15 21 TP = 0.001 x len + 4.09 0.00 0.21 0.56 0.15
Smoke 4.37 15 TP = 0.003 x len + 4.21 0.00 0.24 0.47 0.19
Victoria 3.81 13 TP = 0.002 x len + 3.73 0.00 0.25 0.60 0.18
Class 3
Twelve Mile 4.31 14 TP = -0.020 x len + 4.94 0.31 0.29 0.02 0.20
Memphremagog 4.55 19 TP = -0.006 x len + 4.89 0.19 0.20 0.03 0.15
Muskoka 4.64 18 TP = 0.003 x len + 4.46 0.00 0.31 0.44 0.21
Rosseau 4.46 21 TP = 0.008 x len + 4.09 0.25 0.25 0.01 0.19
Temagami 4.60 21 TP = —0.002 x len + 4.68 0.00 0.25 0.54 0.19

Note: n, lake trout sample size; SE standard error of the estimate; VAR measure of the variance in lake trout trophic position. No
relationships were significant at the Bonferroni-corregbed 0.004 (0.05/13).

Fig. 3. Relationship between average prey total length and-aver Fig. 4. Relationship between trophic position and total length of

age lake trout total length from six northwestern Ontario lakes.

Data are from Trippel and Beamish (1993).
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Overall, our results indicate that trophic position does not
tend to increase with body size within what is traditionally ing body size as a proxy for trophic position may be reason
considered a trophic level (Figs. 1, 2, and 4), although acrosable across multiple trophic levels (spanning a broad range
multiple trophic levels, we find that trophic position does in of body size), this relationship may not be applicable at finer
crease as a function of animal body size (Fig. 4). France etcales.
al. (1998) has presented the only broad-scale study of In contrast with our findings, positive body size5!*N re-
trophic position — body size relationships across a broadationships have been reported for a number of species, in
range of taxa and found close corelations between these twauding species of benthic invertebrates (Gu et al. 897
variables. Their results suggested that food webs are-strustriped bass Mlorone saxatiliy (Wainright et al. 1996),
tured somewhat on the basis of body size, possibly as a rédolly Varden Galvelinus malmig least cisco Coregonus
sult of size-dependent predation. The existence of trophisardinellg), Arctic cisco Coregonus autumnalisand broad
position — body size relationships has implications for thewhitefish (Coregonus nasygKline et al. 1998), and marine
numerous studies of food web patterns and dynamics thatirtles (Godley et al. 1998). It is possible that some of these
are based on body size (Sheldon et al. 1977; Cousins 1980ntogeneticd'>N shifts may represent spatial or temporal
Warren and Latwon 1987; Cohen et al. 1993). Although usvariation in isotopic signatures of prey items (independent of

1000
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trophic position), underscoring the importance of accountinghave profound consequences for population dynamics (Par
for baseline isotopic variation when estimating the trophictridge and Green 1985; Lomnicki 1988). In addition, dietary
position of consumers (Cabana and Rasmussen 1996@jfferences may explain why individual fish from a popula
Vander Zanden and Rasmussen 1999). Hobson and Weldlon can differ widely in persistent contaminant concentra
(1995) reported a particularly dramatic increas@N with  tions (Madenjian et al. 1993). Furthermore, these dietary
body size of Arctic charSalvelinus alpinusin Char Lake, differences may explain why same-aged fish can vary
Northwest Territories. Being the only fish species in Charwidely in growth rate and body size. This is particularly-rel
Lake, Arctic char became cannibalistic in this system,-conevant to studies of young-of-the-year fish because the largest
stituting three entire trophic levels. Clearly, cannibalism canindividuals of a year-class typically have the highest first-
generate dramatic ontogenetic trophic position shifts. Ouwinter survival rates (Cargnelli and Gross 1996, 1997).
data suggest that only two of the 228 lake trout included in Just as previous studies have found that among-population
this study are primarily cannibalistic, one from Louisa Laketrophic differences largely determine patterns in the growth

and one from Lake Rosseau (Fig. 1). and life history of lake trout (Martin 1966, 1970), trophic
differences among individuals of a population may be
Within-population trophic variation responsible for the within-population variation in growth and

Our measure of within-population trophic variation, life history patterns of fish. Yet within- and among-

VAR;p, varied widely among lakes; we tested a number ofPopulation trophic variation is generally poorly understood
hypotheses to explain the among-lake trophic variation. Foflue to the limited ability of gut content analysis to elucidate
example, coexistence with few competitor species may alloveeding patterns. For lake trout, within-system trophic varia
lake trout to consume a broad range of prey items, thereb{jon was relatively minor relative to the among-system varia
allowing increased individual trophic specialization and diettion. Although this may or may not be the case for other
separation. Similarly, lakes with long food chains (typically Species, this study has demonstrated the use of stable isotope
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