
Assessing diet compositions of Lake Ontario predators using fatty acid profiles of
prey fishes

Austin Happel a,⁎, Robert Pattridge b, Maureen Walsh c, Jacques Rinchard b

a Lake Michigan Biological Station, Illinois Natural History Survey, University of Illinois, Zion, IL 60099, United States
b Department of Environmental Science and Biology, The College at Brockport, Brockport, NY 14420, United States
c USGS Great Lakes Science Center, Lake Ontario Biological Station, Oswego, NY 13126, United States

a b s t r a c ta r t i c l e i n f o

Article history:
Received 7 September 2016
21 November 2016
Accepted 14 December 2016
Available online xxxx

Fatty acid profiles are used in food web studies to assess trophic interactions between predator and prey. The
present study provides the first comprehensive fatty acid dataset for important prey and predator species in
Lake Ontario. Three major prey fish (alewife, rainbow smelt, and round goby) were collected at three sites
along the southern shore of Lake Ontario during the spring and fall of 2013, and predator species were collected
in similar locations during the summer of 2013. Fatty acid compositions were compared among all prey species,
all predator species, and information from both predator and prey was used to infer foraging differences among
predators. Seasonal differences in fatty acids were found within each prey species studied. Differences among
prey species were greater than any spatio-temporal differences detected within species. Fatty acids of predators
revealed species-specific differences that matched known foraging habits. Chinook and Coho salmon, which are
known to select alewife as their dominant prey item, had relatively little variation in fatty acid profiles. Converse-
ly, brown trout, lake trout, yellow perch and esocids had highly variable fatty acid profiles and likely highly var-
iable diet compositions. In general, our data suggested three dominant foraging patterns: 1) diet composed of
nearly exclusively alewife for Chinook and Coho Salmon; 2) a mixed diet of alewife and round goby for brown
and lake trout, and both rock and smallmouth bass; 3) a diet that is likely comprised of forage fishes other
than those included in our study for northern pike and chain pickerel.
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Introduction

Lake Ontario is currently home to amixture of native and non-native
species that are part of an ecosystem that has remained generally resil-
ient over thepast 25 years to invasions by spinywaterflea (Bythotrephes
longimanus), quaggamussel (Dreissena rostriformis bugensis), and round
goby (Neogobius melanostomus) (Koops et al., 2015). The fish species
which currently compose the majority of the available forage base for
predators in Lake Ontario are all established non-native species: alewife
(Alosa pseudoharengus), rainbow smelt (Osmerus mordax), and round
goby. Alewife is a non-native planktivore which occupies a pivotal role
in Lake Ontario's food web. Through predation, alewife impacts zoo-
plankton community composition and recruitment of fisheswith pelag-
ic larvae (Wells, 1970; Crowder, 1980). Alewife is also the preferred
food item of stocked Pacific salmonids (Rand and Stewart, 1998;
Madenjian et al., 2002;Walsh et al., 2008; Barbiero et al., 2014). Another
long-established non-native species, rainbow smelt, is of lesser impor-
tance in predator diets in Lake Ontario (Brandt, 1986), but is still a sig-
nificant pelagic prey fish. Alewife and rainbow smelt have somewhat

similar diets consisting ofMysis and both native and invasive zooplank-
ton (Walsh et al., 2008; USGS unpublished data), and both species are
susceptible to population fluctuations based on changes in the environ-
ment, predation, food availability or a combination of these factors
(Feiner et al., 2015; Stewart et al., 2016). Round goby are amore recent-
ly introduced forage fish (2000s versus 1860s for alewife and 1920s for
rainbow smelt) and are of particular interest to researchers as this ben-
thic species has the potential to create new nearshore-offshore energy
pathways within food webs across the Great Lakes by consuming non-
native dreissenid mussels (Kornis et al., 2012). Offshore, predators in
Lake Ontario are stocked to support recreational fisheries for Pacific
salmon, and for fishing and restoration purposes for the native apex
predator lake trout (Salvelinus namaycush). Common nearshore, native
warm water predators of economic interest include basses, walleye
(Sander vitreus), and yellow perch (Perca flavescens) (Hoyle, 2015),
whereas northern pike (Esox lucius) and chain pickerel (E. niger) are
less common in the main part of the lake but still sought after
recreationally. Although smallmouth bass (Micropterus dolomieu)
growth rates have increased since the expansion of round goby popula-
tions (Crane et al., 2015), if and how major prey species are utilized by
these recreationally important species remains relatively unknown.
Furthermore, understanding the dynamics of predator-prey

Journal of Great Lakes Research xxx (2016) xxx–xxx

⁎ Corresponding author.
E-mail address: Happel2@illinois.edu (A. Happel).

JGLR-01168; No. of pages: 8; 4C:

http://dx.doi.org/10.1016/j.jglr.2016.12.008
0380-1330/© 2016 International Association for Great Lakes Research. Published by Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Journal of Great Lakes Research

j ourna l homepage: www.e lsev ie r .com/ locate / jg l r

Please cite this article as: Happel, A., et al., Assessing diet compositions of Lake Ontario predators using fatty acid profiles of prey fishes, J. Great
Lakes Res. (2016), http://dx.doi.org/10.1016/j.jglr.2016.12.008

http://dx.doi.org/10.1016/j.jglr.2016.12.008
mailto:Happel2@illinois.edu
Journal logo
http://dx.doi.org/10.1016/j.jglr.2016.12.008
http://www.sciencedirect.com/science/journal/03801330
www.elsevier.com/locate/jglr
http://dx.doi.org/10.1016/j.jglr.2016.12.008


interactions in the Lake Ontario food web is imperative to inform man-
agement decisions and the direction of further research.

Fatty acids can be used as biochemical tracers in food web studies
based on their transfer from the prey item to the consumer (Budge et
al., 2006; Iverson, 2009). Dietary fatty acids are incorporated into tissues
in patterns that reflectwhat was consumed overmultiple meals (Kirsch
et al., 1998; Budge et al., 2011; Happel et al., 2016b). Particularly useful
are tissues rich in triacylglycerides (TAG), such as adipose regions as
they relate to diet compositions more than other lipid deposits (Budge
et al., 2006, 2011; Lazzarotto et al., 2015). In salmonids, the belly flap re-
gion has been shown to be rich in TAG and the fatty acid profile of this
region reflected diet compositions better than muscle tissues (Nanton
et al., 2007; Budge et al., 2011). Thus, the belly flap region provides an
sampling area where fatty acid profiles can offer dietary information
and be related among predators and prey in order to provide insights
into the structure of the Lake Ontario food web.

In order to better understand relationships amongprey andpredator
species, we completed a comprehensive study of Lake Ontario's primary
predator and prey fishes. Our objectives were to: 1) identify key charac-
teristics of alewife, rainbow smelt, and round goby fatty acid profiles in-
cluding size-related and spatio-temporal variability within species; 2)
describe fatty acid profiles of major predator species brown trout
(Salmo trutta), Chinook salmon (Oncorhynchus tshawytscha), Coho
salmon (O. kisutch), lake trout, northern pike, chain pickerel,
smallmouth bass, steelhead trout (O. mykiss), rock bass (Ambloplites
rupestris), walleye, and yellow perch; and 3) combine data on both
prey and predators to evaluate trophic interactions.

Methods

Fish collections

During spring and fall 2013, three prey fish (alewife, rainbow smelt,
and roundgoby)were sampled during annual surveys conducted by the
United States Geological Survey – Lake Ontario Biological Station
(USGS-LOBS) aboard the R/V Kaho. Three transects were targeted for
sampling along the southern shore of Lake Ontario: Olcott, NY (Thirty
Mile Point), Rochester, NY, and Oswego, NY (Nine Mile Point) (Fig. 1).
Fish were collected using a 3N1 bottom trawl with an 18-m headrope
and slotted, cambered V-doors. Bottom trawls were conducted at vary-
ing depths along each transect ranging from 15 to 185 m. Prey species
were taken whole, bagged, flash frozen, and transferred to −80 °C for
longer term storage. Whole individuals of prey fish were analyzed to
provide fatty acid profiles that reflect what predators would have
been consuming.

Predator species were targeted at several areas along the southern
shore of Lake Ontario based on their availability through the coopera-
tion of anglers at fishing derbies (Fig. 1). Some predator fish were also
collected by use of vertical gillnets set perpendicular the shore of

Hamlin Beach, and had a soak time of approximately 24 h. They were
45.7 m multifilament of mesh sizes ranging from 25 to 102 mm with
12.5 mm increments. Fish were also collected aboard the R/V Kaho
using gillnets during the 2013 lake trout survey by the USGS-LOBS.
These gillnets were made up of nine, 15.2 × 2.4 m panels of mesh
sizes ranging from 51 to 151mmwith 12.5mm increments. Additional-
ly, some predator fish were collected as bycatch during bottom trawls
(USGS-LOBS). Total length (mm) and mass (g) measurements were
taken, and a square section of the belly flap, approximately 4 × 4 cm,
was removed for lipid and fatty acid analyses. To provide comparable
data, belly flaps were also taken from non-salmonid predators. Belly
flap samples were immediately stored at −80 °C for biochemical
analyses.

Laboratory methods

Fish samples were partially thawed and total length (mm TL) and
mass (g) were recorded. Total lipids were extracted from whole fish
(prey, to reflect predator diets) and belly flap sections (predator) with
chloroform/methanol (2:1, v/v) containing 0.01% butylated hydroxytol-
uene as an antioxidant (Folch et al., 1957), a method that performswell
on wet fish tissues (Iverson et al., 2001). The organic solvent was evap-
orated under nitrogen gas and total lipid contentwas determined gravi-
metrically. Fatty acid methyl esters (FAMEs) were prepared following
the methods of Metcalfe and Schmitz (1961). Fatty acids profiles were
determined using an Agilent Technologies 7890A GC system with
Agilent Technologies 7693 Autosampler and Agilent Technologies
5975C inert XL EI/CI MSD with Triple-Axis detector (Agilent Technolo-
gies, Inc., Santa Clara, CA). The capillary column is an Omegawax 250
Fused Silica Capillary Column with 30 m × 0.25 mm × 0.25 μm film
thickness (Supelco, Bellefonte, PA). Helium was used as a carrier gas.
The oven temperature was programmed from 175 °C for 26 min to
205 °C at 2 °C per min, and then held at 205 °C for 24 min. The rate of
helium carrier gas flow was 1.8 ml per min. The source and analyzer
temperature of the MS was set at 230 °C.

Prior to transmethylation, a known amount of nonadecanoate acid
(19:0, Nu-Check Prep Inc., Elysian, MN), proportional to the amount of
total lipids detected (8mg per 50mg of lipids)was added as an internal
standard. The individual FAMEs were identified by comparing the re-
tention times of authentic standard mixtures (FAME mix 37 compo-
nents, Supelco) and with known spectrographic patterns of FAMEs.
The FAMEs quantification was made by comparing their peak areas
with that of the internal standard. The fatty acids are designated in In-
ternational Union of Pure andApplied Chemistry (IUPAC) nomenclature
by carbon chain length:number of double bonds and the position
(n−x) of the first double bond with respect to the terminal methyl
group. Fatty acids are expressed as relative percentages of fatty acids
detected.

Fig. 1. Stars indicate sampling locations in Lake Ontario for prey species and predator species. Primary locations for prey sampling were Olcott, Rochester, and Oswego.
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