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Abstract
Feeding success is associated with increased growth and survival during early life stages for fish, and understanding

the factors that influence feeding success is a critical step toward predicting future recruitment to the fishery. The goal
of our study was to test whether various biotic and abiotic factors, including prey abundance, fish abundance, and
water temperature, affected the feeding success of early juvenile Lake Whitefish Coregonus clupeaformis from Lakes
Michigan and Huron. Higher feeding success, which was determined using residuals from average weights of con-
sumed prey for a given length fish, was associated with more rapid growth rates in length and depended on multiple
factors. Although the relationships were not overly strong, one factor that was most consistently associated with
increased feeding success was available zooplankton biomass in combination with some other factor(s) such as water
temperature and/or total fish or Lake Whitefish density. There was no difference in diet composition or the available
zooplankton community composition among four different levels of feeding success. Feeding success measures help
integrate complex environmental factors that can vary with fish ontogeny. In turn, feeding success has the potential to
be an important metric for Lake Whitefish fishery management strategies that critically need to account for the myr-
iad factors influencing survival and growth of prerecruits to the fishery.

Feeding success during early life is considered critical
for fish survival, growth, and, ultimately, recruitment to
older age-classes (Michaud et al. 1996; Pepin et al. 2015).
Metrics of feeding success integrate multiple environmen-
tal factors, including prey density, temperature, light, and
competition, making it a potentially useful predictor of
year-class strength (Fortier et al. 1995). Studies of feeding
success provide an understanding of the factors that limit
fish growth and survival during early life (Michaud et al.
1996; Pepin et al. 2015). In turn, feeding success has been
used to determine the influences of ecosystem changes on

early life stages (Schultz et al. 2019). Metrics of feeding
success could also be used to help prioritize the most suit-
able nursery habitats that contribute to early life survival
(Grecay and Targett 1996; Nunn et al. 2012; Wilson et al.
2013).

It has long been recognized that variation in population
abundance is closely linked to recruitment success during
early life stages (Houde 2008). Understanding the pro-
cesses that influence survival and growth during the early
life stages of a fish species is critical for understanding var-
iability in fish populations and managing the fishery and
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user expectations (Ludsin et al. 2014). Much of the
research on recruitment bottlenecks has historically been
focused on the egg and larval stages of fish that experience
high mortality (Hjort 1914; Houde 2008). However, there
are bottlenecks across multiple life stages (Houde 2008;
Eckmann 2013), and subtle differences in the factors that
limit the survival of late larval/early juvenile stages of fish
can be critical for understanding year-class formation
(Folkvord and Hunter 1986; Malloy and Targett 1991;
Stige et al. 2019).

Although no single mechanism controls recruitment
variability (Houde 2008; Ludsin et al. 2014; Pritt et al.
2014), survival during early life stages is clearly associated
directly and indirectly with feeding success (Robert et al.
2009; Nunn et al. 2012; Stige et al. 2019). In particular,
feeding success is generally linked to growth during early
life stages (Pepin et al. 2015), and understanding the fac-
tors that affect feeding success is critical for predicting
early life growth and survival (Folkvord and Hunter 1986;
Robert et al. 2009; Pepin et al. 2015).

Lake Whitefish Coregonus clupeaformis are the primary
target for commercial and subsistence fisheries in the Lau-
rentian Great Lakes. In the upper Great Lakes, Lake
Whitefish accounted for 67% of the commercial harvest in
2015, with a harvest of about 4.27 million kg (Baldwin et al.
2018). However, this level of harvest represents a decline
from 7.3 million kg in 2010 and there is concern about the
future of the fishery and whether harvest objectives are real-
istically obtainable (Gobin et al. 2015, 2016). Declines in
adult Lake Whitefish growth and condition in Lakes Michi-
gan and Huron have been associated with ecosystem
changes following the invasion of dreissenid mussels and
the loss of the benthic amphipod Diporeia (Pothoven et al.
2001; Brenden et al. 2010; Fera et al. 2015). Most recently,
fishery managers have expressed concern that Lake White-
fish recruitment during early life stages is declining and that
there has been a regime shift that threatens the yield capac-
ity and sustainability of the fishery (Gobin et al. 2016).

Lake Whitefish spawn in the fall and fertilized eggs over-
winter and hatch in early spring. Year-class strength in
Lake Whitefish is thought to be largely determined early in
their life history during the embryonic and larval stages
(Taylor et al. 1987; Freeberg et al. 1990). However, Lake
Whitefish undergo multiple ontogenetic diet shifts during
the late larval/early juvenile stage (Claramunt et al. 2010a;
Pothoven et al. 2014) as well as a morphological shift in
mouth position from terminal to subterminal when they
reach a length of about 40 mm (Claramunt et al. 2010a). A
recent diet study in Lake Huron indicated that early juve-
nile Lake Whitefish may have broad flexibility in their diets,
but this adaptability might not entirely buffer their feeding
success across varying environmental conditions (Pothoven
and Olds 2020). Another recent study at a single site in Lake
Michigan indicated that feeding success increased with

preferred prey abundance for larval Lake Whitefish, but the
relationship was less consistent for early juvenile fish, sug-
gesting that other biotic or abiotic factors may be important
(Pothoven 2020).

The goal of our study was to test whether various
biotic and abiotic factors affected the feeding success of
early juvenile Lake Whitefish, which was determined using
residuals from the average weight of consumed prey for a
given length fish. Specifically, we tested whether broad
ranges in prey abundance, fish abundance, and water tem-
perature interacted to affect feeding success for juvenile
Lake Whitefish from Lakes Michigan and Huron during
2014–2019. We also tested whether diet composition or
prey composition differed among different levels of feed-
ing success. Feeding success is important for the develop-
ment of models for predicting recruitment (Folkvord and
Hunter 1986) and to better understand which environmen-
tal factors are most influential during the early juvenile life
stage of Lake Whitefish.

METHODS
Field sampling.— Juvenile Lake Whitefish were collected

as part of a regional age-0 coregonine seine survey program
(Figure 1). In Lake Michigan, fish along with zooplankton
and water temperature data were collected at five sites in
eastern Lake Michigan by the National Oceanic and Atmo-
spheric Administration during 2014–2019. In Lake Huron,
collections were made by the U.S. Fish and Wildlife Service,
with data available from four sites in western Lake Huron
during 2018-2019. The sites were characterized by a sandy
bottom with little to no bottom obstructions.

Juvenile Lake Whitefish were collected with a beach
seine at each site. The seine was 45.7 m (length) × 1.8 m
(height) with a 1.8 × 1.8 × 1.8 m bag and 3.2-mm square
delta mesh. One end of the seine was pulled perpendicular
from shore until the seine was fully extended into the lake
(45.7 m), and then the offshore end was pulled back to shore
in a loop-like fashion. During each sampling event, three
seine hauls were conducted with a distance of at least 50 m
between tows. Fish from the three hauls were combined for
diet analysis. Seining was done one to four times at each site
during each year. The Lake Whitefish were preserved in
95% ethanol (Lake Michigan) or frozen (Lake Huron) upon
collection. Lake Whitefish and other species relative abun-
dance (CPE) was determined as number of fish/seine haul.

A single zooplankton tow was done at each site imme-
diately after fish sampling using a 0.3 m (diameter) × 0.9 m
(length), 64-µm mesh zooplankton net. The zooplankton
net was attached to a pole and towed by hand off to the
side of the individual wading in water about 0.5 m (depth)
for a distance of 15.2 m (Lake Michigan) or 50 m (Lake
Huron). The zooplankton were preserved using 10% buff-
ered sugar formaldehyde (Lake Michigan) or ethanol
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(Lake Huron). The zooplankton catches were standardized
based on the volume of water sampled, which was deter-
mined using the area of the net opening and distance
towed. Water temperature was determined using a YSI
Pro Plus probe or hand-held thermometer.

Analysis.— In the laboratory, total length (TL) of the
Lake Whitefish was measured, the entire digestive tract
removed, and the gut contents identified and enumerated.
Whole prey organisms and partial organisms with heads
attached were counted as individuals. The zooplankton
were identified to varying levels of taxonomic resolution,
specifically nauplii, calanoid copepod, cyclopoid copepod,
Daphnia, Bosminia, Chydoridae, harpacticoid copepod,
and other. Additional prey groups included chironomid
pupae, benthic invertebrates (mostly chironomid larvae, as
well as amphipods, ostracods, and mayflies), and terres-
trial and emergent insects. Lengths of whole prey organ-
isms were measured using Image Pro (v. 9.1). Weight–
length regressions or prey specific mean weights were used
to estimate the mean dry mass for each prey type from
the stomachs (Hawkins and Evans 1979; Nalepa and
Quigley 1980; Culver et al. 1985; Benke et al. 1999), which
was then multiplied by the total number of that respective
prey to determine its dry mass contribution to the diet for
each fish.

For the zooplankton analysis, the whole sample was
counted or a subsample was taken with a Hensen–Stemple

pipette so that at least 600 organisms (if available) were
counted and identified. To determine zooplankton bio-
mass, length measurements were obtained for a subsample
of 10–25 individuals from taxa that made up at least 8%
of the sample. Taxon–specific biomass was determined
with dry mass–length regressions (Culver et al. 1985;
Bowen et al. 2018). The mean calculated biomass for each
taxon was used for samples when a particular taxon was
not measured. For less common taxa that were not mea-
sured, a default mean mass was used (Hawkins and Evans
1979; Nalepa and Quigley 1980).

The amount of prey consumed per fish was used as a
measure of feeding success (Fortier et al. 1995; Michaud
et al. 1996; Robert et al. 2009). Diet mass increases with
fish length, so a length independent index of feeding suc-
cess was determined as the residuals of the regression of
natural log-transformed prey biomass as a function of fish
TL (see Figure 2). Positive residuals from the regression
line indicated higher feeding success than average, and
negative residuals indicated poorer feeding success than
average for an individual fish (Michaud et al. 1996). The
average residual across all fish from a given site and date
were used to characterize feeding success for each sam-
pling event. Only sampling events that had at least three
fish collected were included in analyses. The average sam-
ple size was 35 fish/sampling event, with only 7% of the
sample events having ≤5 fish.

FIGURE 1. Map showing locations of five sampling sites in Lake Michigan and four sampling sites in Lake Huron.
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We tested whether Lake Whitefish growth varied as a
function of feeding success. Sites that were sampled multi-
ple times within a year and where at least three fish were
collected during each sampling event were used for this
analysis. The mean lengths of fish during each sampling
event were used to determine instantaneous daily growth
in length between sampling events, following Freeberg
et al. (1990). If more than two sampling events occurred
at a site, all of the growth rates for that site and year were
averaged to provide a single growth estimate. Average
feeding success for each site and year was determined, and
we tested whether there was a linear relationship between
growth and average feeding success with simple linear
regression (α= 0.05).

To test whether diet composition or zooplankton com-
munity composition differed among levels of feeding suc-
cess, we used a nonparametric multivariate approach. To
analyze diet composition, the prey were grouped as calanoid
copepods, cyclopoid copepods, Bosmina, chironomid lar-
vae, chironomid pupae, and other. Diet mass was standard-
ized and square-root transformed to create a Bray–Curtis
similarity matrix for an analysis of similarities (ANOSIM).
Diet composition was compared across four levels of feed-
ing success, based on quartiles of residuals, with the lowest
quartile indicating the poorest feeding success and the high-
est quartile indicating the highest feeding success. R-values
were used as an indication of separation in diet assemblages
among feeding levels. R-values generally lie between 0,
where groups are indistinguishable, and +1, where all simi-
larities within groups are less than any similarity between
groups (Clarke and Gorley 2006). The R-values values pro-
vided a measure of how separated groups are, with R-values

<0.25 indicating almost no separation between groups, R-
values of 0.25–0.5 indicating different groups but with con-
siderable overlap, R-values of 0.5–0.75 indicating clearly
different group with some overlap, and R-values >0.75
indicating clear separation between groups. We used R-
values rather than P-values from the ANOSIM tests
because this is the most useful measure of separation among
groups (Clarke and Gorley 2006). A similar analysis was
conducted to compare zooplankton prey composition
among four levels of feeding success, with available zoo-
plankton classified as nauplii, calanoid copepods, cyclopoid
copepods, harpacticoid copepods, Daphnia, Bosmina, Chy-
doridae, veligers, and other cladocerans. The ANOSIM was
preformed using Primer 6.

The selectivity of various zooplankton groups was deter-
mined using the selectivity coefficient W′ (Vanderploeg and
Scavia 1979), using prey composition for diets and the envi-
ronment from each sampling event. Only zooplankton prey
were considered for selectivity because prey availability was
not known for other prey types. The selectivity coefficient
W′ varies between 0 for no ingestion of a prey type to 1, the
value for the most preferred prey type(s). We tested for a
linear relationship between feeding success and selectivity
for each zooplankton group with simple linear regression
(α = 0.05).

We tested for factors affecting feeding success using two
different approaches. First, various factors were examined
as predictors of feeding success with general linear model-
ling (GLM). Akaike information criteria for small samples
(AICc) was used to select the “best” models. The lowest
AICc value was subtracted from each AICc value to calcu-
late relative AICc (i.e., ΔAICc), producing a ranked index

FIGURE 2. Consumed prey biomass (dry) in stomachs (natural log transformed) as a function of Lake Whitefish total length. Residuals from the
regression line (lnPrey biomass µg = 1.79+ 0.118 ×TL mm) were used to determine feeding success.
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with the most parsimonious model having a ΔAICc value of
zero. We considered models with ΔAICc<2 to have sub-
stantial support (Burnham and Anderson 2004). Akaike
weights (wi) were also determined to normalize model likeli-
hoods following Burnham and Anderson (2004). The
Akaike weights were used to determine the probability that
a given model was the best model for the data. The factors
that were included in GLM were total available zooplank-
ton biomass, age-0 Lake Whitefish CPE (CPELWF), total
fish CPE (CPEtotal), ratio of zooplankton biomass to Lake
Whitefish CPE (ZP:CPELWF), the ratio of zooplankton bio-
mass to total fish CPE (ZP:CPEtotal), and water tempera-
ture. All of the factors except water temperature were
natural log transformed to help meet the assumptions of
GLM. The ZP:CPE ratios were not included in any models
with multiple factors other than water temperature because
this index is directly derived from the other factors.

We also performed a principal component analysis
(PCA) on the above factors, with all factors except water
temperature natural log transformed to meet PCA
assumptions, and all factors were normalized to account
for different units of measurement. The PCA was per-
formed using Primer 6. We tested for a linear relationship
between feeding success and each corresponding principal
component score for each site and date with simple linear
regression (α= 0.05).

RESULTS
There were 69 sampling events and a total of 2,357 fish

ranging in length from 17 to 56 mm used for analysis. Only
one fish had an empty stomach and was excluded from
analysis. Prey biomass in stomachs (natural log trans-
formed) increased significantly with fish length (F1, 2255=
1,627, R2= 0.41, P < 0.001; Figure 2), and the residuals
from this relationship were used to determine feeding suc-
cess. Average growth in length significantly increased as
feeding success increased (F1, 21= 9.6; R2= 0.31, P= 0.005;
Figure 3).

Across all sampling events, zooplankton on average
accounted for 85% of the diet biomass. Cyclopoid cope-
pods were the most important diet item, with calanoid
copepods, Bosmina, and chironomid pupae and larvae
providing smaller contributions (Table 1). There was how-
ever, a wide range of contributions for all prey types
across sampling events (Table 1). The ANOSIM indicated
that there was no difference in diet assemblages among
the four levels of feeding success (Global R= 0.054), with
all pairwise comparisons having an R value ≤0.17, indicat-
ing no separation in diet assemblages among four feeding
success levels.

Cyclopoid copepods were the most highly selected prey
group in 22 of 69 samples. Daphnia, calanoid copepods, Bos-
mina, and chydorids or other cladocerans were the most

highly selected prey in 19, 11, 9, and 8 samples, respectively.
Feeding success decreased with increased selectivity for
Daphnia (y=−0.38X+ 0.16; F1, 66= 5.7; R2 = 0.08, P= 0.02),
and was not related to selectivity for all other prey groups
(P> 0.12).

On average, cyclopoid copepods were the most abun-
dant zooplankton group available, accounting for 38% of
the zooplankton biomass. Nauplii, Bosmina, calanoid
copepods, and veligers each accounted for >10% of the
average zooplankton biomass across sampling events, but
there was a wide range of importance for most zooplank-
ton groups across sampling events (Table 1). The ANO-
SIM indicated that there was no difference in zooplankton
assemblages among the four levels of feeding success
(global R= 0.035), with all pairwise comparisons having
R<0.08, indicating no separation in zooplankton assem-
blages among four feeding success levels.

FIGURE 3. Relationship of instantaneous growth rate in length as a
function of feeding success (i.e., y= 0.012× + 0.0205) for age-0 Lake
Whitefish from Lakes Michigan and Huron.

TABLE 1. Average percentage of contribution across sampling events
and range (in parentheses) of prey items to the dry diet biomass of early
juvenile Lake Whitefish and to the available zooplankton community bio-
mass in Lakes Michigan and Huron.

Prey group Diet % Zooplankton %

Cyclopoid copepod 59 (0–99) 38 (0–94)
Calanoid copepod 11 (0–99) 12 (0–88)
Bosmina 8 (0–62) 14 (0–47)
Daphnia 3 (0–30) 3 (0–60)
Chydoridae 2 (0–7) 4 (0–37)
Harpacticoid copepod <1 (0–7) 2 (0–11)
Other cladoceran 1 (0–27) <1 (0–6)
Nauplii <1 (0–8) 16 (<1–51)
Veliger <1 (0–1) 11 (0–91)
Chironomid larvae 6 (0–66) −
Chironomid pupae 7 (0–99) −
Other 2 (0–29) −
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Five models from the GLM analysis had ΔAICc<2,
indicating substantial support for these models (Table 2).
Each of these models had a wi>0.1, indicating that there
was at least a 10% probability that the model was the best
model for the data. A model with available zooplankton
biomass and water temperature was the top overall model,
and all supported models included zooplankton biomass
as a factor. Temperature was a factor in three of the top
models, CPEtotal in two of the top models, and CPELWF

in one of the top models (Table 2). Feeding success
increased with each of the factors that were found in sup-
ported models (Table 2; Figure 4).

For the PCA analysis, the first three principal compo-
nents explained about 93% of the variation in the data,
with 47, 25, 21, and 6% of variation explained by PC1,
PC2, PC3, and PC4, respectively. Feeding success signifi-
cantly increased with increases in PC2 (F1, 67= 9.1, R2=
0.12, P = 0.004; Figure 5), but there was no linear relation-
ship between feeding success and PC1, PC3, or PC4 (P>
0.41). PC2 scores were most strongly positively related to
available zooplankton biomass and CPEtotal, with coeffi-
cients of 0.71 and 0.54, respectively. All other factors had
coefficients <0.34 for PC2.

DISCUSSION
The feeding ecology of young fish is influenced by a

complex suite of factors (Nunn et al. 2012). In our study,
we found that feeding success of early juvenile Lake
Whitefish depended on multiple factors, but available zoo-
plankton biomass was consistently an important factor to
explain feeding success. It is generally assumed that higher
prey availability leads to higher feeding success, but this
relationship is often weak, difficult to evaluate in the field,
and confounded by other factors (Robert et al. 2009).
Feeding success for age-0 Lake Whitefish at a site in

southeast Lake Michigan increased with the abundance of
the preferred prey, cyclopoid copepods, but the relation-
ship was strongest for larval fish, inconsistent among
length-groups of early juvenile fish, and factors other than
food availability were not examined (Pothoven 2020).

The highest ranked model to explain feeding success
included water temperature along with zooplankton bio-
mass, and water temperature was also a factor in other
supported models. Water temperature was found to be a
more important factor than food abundance for under-
standing early life growth and year-class strength of Euro-
pean Whitefish C. lavaretus (Eckmann and Pusch 1991;
Anneville et al. 2009). Temperature can affect feeding

TABLE 2. Factors from general linear models used to predict feeding
success for age-0 Lake Whitefish, with the direction of the relationship
with feeding success shown in parentheses. The Akaike information cri-
teria for small samples (AICc) was used to rank the models, with relative
AICc (i.e., ΔAICc) and Akaike weight (wi) reported. Only models with
ΔAICc <2 were considered supported and are presented. ZP = zooplank-
ton biomass; CPE = catch/seine for total fish or Lake Whitefish (LWF).

Factors R2
P-

value ΔAICc wi

lnZP (+), Temperature (+) 0.13 0.01 0.00 0.26
lnZP (+) 0.08 0.02 1.42 0.13
lnZP (+), lnCPEtotal (+) 0.11 0.02 1.42 0.13
lnZP (+), lnCPELWF (+),
Temperature (+)

0.14 0.02 1.51 0.12

lnZP (+), lnCPEtotal (+),
Temperature (+)

0.13 0.02 1.83 0.10 FIGURE 4. Relationship of feeding success for juvenile Lake Whitefish
as a function of available zooplankton biomass, water temperature, total
fish CPE, and Lake Whitefish CPE.
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success through a number of pathways. First, higher water
temperatures lead to increased swimming speed, which
leads to increased prey encounter rates and feeding success
(Dabrowski 1989). Increased temperatures also can lead to
decreased prey handling times that allow for higher feed-
ing success, especially for small juvenile coregonines (Dab-
rowski 1989). On the other hand, increased temperatures
lead to increased metabolic demands and digestion rates
(Kitchell et al. 1977). Water temperatures also influence
zooplankton phenology and, thus, can influence prey
availability (Eckmann and Pusch 1991; Anneville et al.
2009). A later hatch date can lead to new recruits
experiencing higher water temperatures and has been asso-
ciated with better recruitment for Lake Whitefish (Dab-
rowski 1980; Patrick et al. 2013), possibly because of
higher feeding success at higher water temperatures. How-
ever, early warming in the spring that leads to an early
hatch has been associated with year-class failure (Ryan
and Crawford 2014).

Fish density appeared to have some role in explaining
feeding success, with feeding success increasing with either
total or Lake Whitefish density, indicating that feeding suc-
cess was not negatively influenced by higher fish densities in
our study. Density-dependent effects vary with life stage
and are assumed to be most important in the earliest stages
(Stige et al. 2019), although there is evidence for density-
dependent compensatory growth in juvenile fish that can be
important for regulating recruitment (Houde 2008). If
resources are not limited, then high numbers of fish will not
affect feeding success, which could possibly improve if a
larger shoal of fish is better able to locate patchy food
(Nunn et al. 2012). On the other hand, fish density can
affect effective feeding time of fish even if prey abundance is
not reduced (Karjalainen 1992). Juvenile coregonine density

can be quite patchy even at a given site (Leonardsson et al.
2016). Although we were able to sample across a wide range
of average fish relative abundances, the importance of den-
sity dependence might be obscured somewhat by this patch-
iness. Patchiness could also affect estimates of zooplankton
abundance. Although the spatial variability makes it diffi-
cult to tease apart the importance of various factors on feed-
ing success, this same variability may be important to the
success of individual fish that experience superior feeding
conditions (Pepin et al. 2015).

There was no difference in diet composition or available
zooplankton community composition among different
levels of feeding success. Furthermore, feeding success was
generally not associated with the type of prey that was
selected. Juvenile fish generally have a more diverse diet
than larval fish (Nunn et al. 2012). Larval Lake Whitefish
appear largely dependent on copepods (Freeberg et al.
1990; Hoyle et al. 2011; Pothoven 2020; Pothoven and Olds
2020), whereas early juvenile fish had a more diverse diet in
Lakes Michigan and Huron, which may reflect not only
greater ability to use more prey types, but also increasing
availability of prey other than copepods (Claramunt et al.
2010a; Pothoven et al. 2014; Pothoven and Olds 2020).
Pothoven and Olds (2020) found that despite differences in
prey importance and selection across sites in Lake Huron,
feeding success generally did not differ among sites, suggest-
ing that juvenile Lake Whitefish can adapt to a variety of
prey conditions. Interestingly, there was also no increase in
feeding success for fish that had shifted to larger prey such
as chironomid larvae or pupae in our study. In fact, there
was no strong shift to benthic prey that has been noted for
Lake Whitefish (Claramunt et al. 2010a; Pothoven et al.
2014). This might reflect adequate availability of zooplank-
ton prey and low availability of benthic prey or that we

FIGURE 5. Relationship of feeding success as a function of principal component 2 (PC2). PC2 was the only PC with a significant relationship to
feeding success and was most strongly related to the factors of available zooplankton (ZP) biomass and CPEtotal.
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were sampling fish that had not yet shifted habitat from the
shoreline to deeper waters.

We found that higher feeding success was associated
with higher growth for juvenile Lake Whitefish. Although
the relationship between feeding success and growth was
relatively weak, it is fairly consistent among species and
highlights the importance of understanding the factors
that are affecting feeding success (Pepin et al. 2015).
Growth, in turn, is linked to survival and recruitment suc-
cess for most fish (Houde 2008), including Lake Whitefish
(Taylor and Freeberg 1984; Claramunt et al. 2010b). In
contrast to larval fish, starvation is likely not a major fac-
tor for juvenile Lake Whitefish (Dabrowski 1989), but
poor growth is often associated with heightened vulnera-
bility to predation for juvenile fish (Houde 2008) and even
small changes in coregonine growth during early life can
lead to large changes in recruitment to the reproductive
stages (Eckmann 2013). We used a coarse growth measure
based on mean length between sampling efforts (Freeberg
et al. 1990). More detailed information on individual
growth could be available from otolith analysis, but this
methodology is still in development for young coregonines
in the Great Lakes (Doerr 2019).

Feeding success, along with growth, can be important
metrics to evaluate year-class strength (Fortier et al. 1995;
Houde 2008). Despite the efforts required to determine feed-
ing success, it seems important to continue to evaluate.
Feeding success is considered a better measure of recruit-
ment success than the individual components that can affect
feeding success because it helps integrate multiple environ-
mental factors that can also vary with age (Fortier et al.
1995). Lake Whitefish do not recruit to the fishery until at
least age 5 or 6, so it is yet unclear how feeding success for
the fish examined in our study will ultimately relate to year-
class strength. Over time, the value of feeding success and
growth of juvenile fish can be evaluated as measures of
recruitment to the fishery. Considering the time that is
required for Lake Whitefish to recruit to the fishery, prere-
cruit indices such as feeding success could prove to be valu-
able to managers who are determining harvest strategies.
Furthermore, if information on the factors that affect feed-
ing success is also collected, fishery managers should have a
better understanding over time of whether various biotic
and abiotic factors are affecting prerecruits and whether
certain locations are more suitable nursery areas than
others. This will enable managers to better adapt manage-
ment strategies to environmental conditions that affect pre-
recruits to the Lake Whitefish fishery.
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