

































































































































































49

The proximate composition (water, proteins and lipids in muscle; water and lipid
associated with the digestive tract) reflects the nutrient assimilation from food
(Rasmeyer and Garling 1998; Luo et al. 2005). Fish proximate composition can help
understanding growth variations and fluctuations in fish populations as it is an indicator
of the physiological performance (Proulx and Magnan 2002) and of the energy
allocation in tissue (Jonsson and Jonsson 1998) in wild population. The proximate
composition is practical for the monitoring of fish population as the relationship
between water content in muscle and the whole-body lipid is highly correlated compared

to the fish condition factor (Peters et al. 2007).

Yellow perch makes an important contribution to commercial fisheries in the
' St. Lawrence River (SLR), Canada. Even if the SLR appears as a highly connected
aquatic environment, this large river exhibits contrasting environmental conditions
(Vincent And Dodson 1999), as evidenced by genetic discontinuities in yellow perch
along the SLR (four genetically distinct populations; Leclerc et al. 2008). Environmental
gfadients are particularly prominent in the lake Saint-Pierre, a large and shallow fluvial
lake (see below; Frenette and Vincent 2003). This system thus provides a good
opportunity to investigate several aspects of YOY yellow perch growth. The specific
objectives of the present study were threefold. Firstly, we tested the spatial variations on
growth of YOY yellow perch, expecting to find significant differences in length and
weight of individuals among environmentally contrasted sampling sites in LSP.
- Secondly, we tested if thefe were relationships between growth and diet and between
growth and the proximate composition of individuals in order to better understand the
variations in fish length and weight among sites. Thirdly, we investigated temporal
changes in growth, diet and proximate composition during the growing season in order
to determine if differences in the timing of the shift from zooplankton to zoobenthos

could affect growth and proximate composition of individuals.
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Materials and methods
Study sites

The study was conducted in four shallow areas of lake St-Pierre (LSP), a large
fluvial lake (15 km width and 35 km long) of the St. Lawrence River (Québec, Canada):
Maskinongé bay (MASKI; 46°12'N, 72°58'W), Yamachiche bay (YAMA; 46°16'N,
.72°50'W), Anse du Fort (ADF; 46°08'N, 72°53'W) and Anse du Fer & Cheval (FAC;
46°11'N, 72°45'W) (Figure 3.1). LSP is shallow (average depth ~3 m at mean discharge)
for most part of its surface area (350 km®), with the exception of the deep (>11.3 m)
navigation channel that bisects the lake longitudinally. The SLR is composed of several
water masses with very limited lateral mixing, which are sidelong very extended in LSP
(Frenette et al. 2003; Morin and Bouchard 2000). The optical properties of these water
masses are strongly influenced by the physico-chemical characteristics of the source
waters (Frenette et al. 2003). These water masses originate from various tributaries
which vary in their flow rates and concentrations of dissolved and particulate organic
and inorganic suspended matter (Frenette and Vincent 2003). Waters originating from
- Lake Ontario are predominant in terms of flow (~80% of discharge), but are restricted to
the navigation channel flowing from west to east (Morin and Bouchard 2000). A large
water mass flowing from the Ottawa River on the northern part of the lake is mostly
turbid and characterized by brown-coloured water, rich in suspended particles, high total
phosphorus concentration and relatively high dissolved organic carbon (DOC)
concentrations (Frenette et al. 2003). Tributaries draining farmlands bring nutrient-rich
waters tokthe south shore of LSP (Vis et al. 2003) which has been described by several
authors as a high productivity area for organisms at different trophic levels including
| primary production (Vis et al. 2007), zooplankton (Basu et al. 20002) and invertebrates
(Huggins et al. 2004).

Fish sampling

YOY yellow perch were sampled during five periods of the growing season: 26
May to 3 June (hereafter May); 23 June to 1 July (hereafter June); 14 to 16 July
(hereafter July); 26 July to 3 August (hereafter August); and 5 to 8 October (hereafter
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October), 2004. During May, fish were collected using push nets (two meter long
plankton-fype net; 0.40 m diameter; 500 um mesh) (see Kelso and Rutherford 1996) at a
velocity of 1 ms™, in depths varying between 0.5 to 2.0 m. A total of 20-25 transecfs of
50-100 m length were sampled in each site depending on the surface area and the
abundance of YOY yellow perch. For other periods, littoral (12.5m x 4 m; 3.2mm
rhesh) and pelagic (12.5m x 6.5m; 3.2 mm mesh) seines were used. Sampling was
conducted on 6 isobaths (0.5 to 2.0 m). Fish were sacrificed in a solution of clove oil in
water (Wagner et al. 2003) at a lethal concentration to avoid regurgitation and
afterWards ﬁxed in a 10% formalin solution. A portion of the fish captured were kept .

frozen (-20°C) for subsequent biochemical analyses (Rosenlund et al. 2004).

Growth

We used variations in length and weight throughout the season as a measure of
growth. All fish preserved in formalin were measured (Total length; + 0.01 mm) and
weighed (+0.01 mg). Total length and weight were corrected for shrinkage due to |
formalin storage according to modified equations calibrated for yellow perch of LSP for
the range of length included between 11.1 to 56.3 mm (Paradis, Y., Université du
Québec a Trois-Riviéres, unpublished data) (Annex 1). The relationship is linear over
our range of lengths (~8-88 mm) as the shrinkage percentage used for corrections
(~10%) is similar to the one of taller fish (Paradis et al. 2007).

Diet

A maximum of 30 YOY perch preserved in a 10% formalin solution were used
from each site and each sampling period. Fish with empty stomach were not considered.
 When a sample contained more than 30 specimens, a sub-sample was done with fish
from all size. All specimens from the least abundant size classes (i.e. smaller and vlarger
fish) were used up to the third of the sub-sample which was completed with fish
randomly selected from other size classes (1 mm intervals in May and 5 mm for the
other periods). The entire digestive tract was examined for fish from May samples,

because the stomach is not completely differentiated at this ontogenetic stage
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(Spanovskaya and Grygorash 1977), whereas, only the stomach was used for samples
collected further. Prey were identified to the family level for crustaceans. The dry
weight of each given crustacean taxon was estimated by multiplying the number of
specimens of that taxon found in each stomach, by their mean individual dry weight
(Dettmers et ’al. 2003), which was estimated by linear regression from lengths (Bottrell
et al. 1976). Benthos was identified to order, and all specimens were dried at 60°C
during 24 hours and weighed. Up to 30 individual prey from each taxon were measured
to the nearest 0.01 mm. Prey were pooled into five categqries based on their habitat
(pelagic vs. benthic) and on their size (Thorp and Covich. 2001). The pelagic group
1included pelagic cladocerans (rotifera, which were mainly present in the water column,
bosminidae and daphnidae), pelagic copepods (calanoidae and cyclopoidae) and fish
(Perca sp. and unidentjﬁed). The benthic group included littoral cladocerans
(chydoridae and sididae) and zoobenthds (harpacticoi’é’ae, ostracoda, mollusca,
isopoda, arachnidae, bryozoa, diptera (larvae and pupae), lepidoptera, tricoptera,
hemiptera, ephemeroptera, odonata, coleoptera, amphipoda, unidentified insects).
Detritus were also weighed. We used the mean percent weight of each prey category

(Hyslop 1980) in the statistical analyses.

Proximate composition

Biochemical analyses were performed using lateral muscles and emptied
digestive tracts. The tissues were kept on ice and then frozen (-20°C). Thirty yellow
perch were anélysed at each site for June, August and October. Water content (%) was
evahiated in lateral muscles and digestive tracts by drying tissues at 60°C for 24 h. The
percent water content was estimated as:

| % water content = (WW —DW) WW ' 100 8))
where WW represents the wet weight (g) and DW the dry weight (g) of tissues. Lipids
were extracted from the lateral muscle and digestive tract by successive washes of
dehydrated samples with diethyl ether anhydrate (99%) (Reznick and Braun 1987).
Samples were immersed in ether for 24h and successively washed until residual ether
was completely free of lipids (no weight variations). The percent lipid was estimated as:

% lipids = (DW — DWE) DW '« 100 (2)
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where DW represents the dry weight of tissues (g) before lipid extraction and DWE the
dry weight of tissues (g) after lipid extraction. Total protein content (mg/g dry weight)
was determined in muscle samples. Dry tissue was crushed and homogenized in water,
and centrifuged at 10,000 x gravity (g) during 10 minutes. The surnatant, which contains
proteins, was used with the Bradford method (Bradford 1976) to estimate total protein in
lateral muscle (mg/g) as: | /
Protein content = PC MC™ » 1000 3)
where PC is the protein content (ug/ml) and MC represents the muscle concentration in
the sample (mg/ml).

- Statistical analyses

Linear mixed-models ANOVAs with repeated measures (Littell et al. 2002) were
used to test for differeﬂces in length, weight as well as the proximate composition of
muscle and digestive tract of YOY yellow perch among sampling sites. Data were
transformed (log;o, square root or arcsin square root) to meet the assumption of‘
statistical analyses. Variables of proximate composition were adjusted to fish length
~ when the regression between the variable and fish length was significant and strong
(R > 0.6). Thekmixed models included period and site as fixed effects. Choice of the
covariance structure depended on goodness-of-fit criteria such as the Akaike
information criterion (AIC). AIC takes into account both the fit of the data and the
number of parameters involved in the construction of the covariance matrix, and favours
models with a small number of parameters in the covariance structure (Littell et al.
2002). The selection of the best-fitted and most parsimonious model was carried out by
choosing the model with the smaller AIC value. If a significant Site, Period or
Site*Period effect was detected, we compared the dependant variable among sites
(pairwise comparisons of the adjusted dependant variable using least square means). A

sequential Bonferroni correction was applied to control for multiple comparisons.

Covariance analysis was performed on the YOY perch length-weight (L-W)
relationships to test for differences in fish condition among sites, at each sampling

- period. Pairwise comparisons of adjusted weights (i.e., least square means of log W)



54

were used to compare the fish condition among sites. When the slopes among sites were
| significantly different, we compared the adjusted weights for three different sizes
representing the range encountered in the populations (i.e., the 25th, 50th, and 75th
percentiles of log TL; Littell et al. 2002). Significantly different slopes among sites
indicate that fish condition varies with fish size among sites, making it necessary to
compare their elevation at different values (percentiles) of the independent variable. The
significance was assessed aftér a sequential Bonferroni corrected level because 18 post
hoc comparisons were made for the period of May, June and August as six comparisons

were made for July and October sampling periods.

To describe the prey composition in fish diet at each sampling period, we
conducted principal components analyses (PCA) on the covariance matrix of
‘ "transformed mean percent dry weight of prey (Pielou 1984). The Hellinger’s
 transformation was applied on data as it provides low weights to rare species, produces
little horseshoe effect in ordinations and it allows the representation of species and sites
in biplots (Légendre and Gallagher 2001). Species’ scores on axis were plotted to
graphically depict the taxa that tended to co-occur and presumably represented
identifiable prey assemblages. To assess prey—site relationships, sampling site centroids
were overlaid to species (ter Braack and Smilauer 1998). The weighted mean prey
length (mean length weighted by the number of specimen by taxon) was used for prey
length analyses.

We used multiple regressions to determine if (i) mean weight of prey category
and (ii) proximate composition could account for the variation in YOY yellow perch
growth. We used the residuals of the L-W relationships as dependant variable in
regressions (i.e. weight residuals). Correlation between independent variables was
verified at each period with correlation matrix and the tblerance level given in the
regression procedure. Variables that were highly correlated (e.g., » = 0.7-1.0) were not
considered simultaneously in regression analyses. The variable with the lowest tolerance

was excluded from the variables list and preliminary tests showed that it was not worthy
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to include interactions terms in model selection. The model selection was made using

the forward stepwise method.

Residual scatterplots, normal probability plots, and partial residual plets were
used to determine if the assumptions of models were satisfied (i.e., normality, linearity,
and homoscedasticity of residuals). These assumptions were met for all models
presented in this paper. Statistical analyses were performing with SAS™ 9.1 and
CANOCO for Windows 4.5 (ter Braak and Smilauer 1998). Results were considered
significant when P < 0.05.

Results
Growth

The mixed-model for growth (in length) of YOY yellow perch revealed a
significant effect of site (Figure 3.2; Table 3.1). The effect of period and the interaction
between site and period were also significant (Table 3.1). In May, June and July, the
total length was significantly different among all sites (P <0.05) and in August there
was a difference between all sites except between ADF and FAC (¢ =-1.35, P=0.178).
In October, there was no significant difference between FAC and YAMA (7= 1.12,
P =10.262). As for length, the mixed-model on weight of YOY yellow perch revealed
significant effect of site (Table 3.1). The effect of the period and the interaction between
site and period was also significant (Table 3.1). In May, there was no significant
difference in the weight of YOY yellow perch from MASKI and YAMA (#r=1.77,
P=0.077). In June, July and August there was significant differences among all sites
(P <0.0001) except between ADF and FAC (z=-1.51, P =0.130). In October, juveniles
from MASKI had a significantly lower weight than at other sites for which weight was
not significantly different (ADF - FAC: #=1.50, P=10.133; ADF - YAMA: t= 1.63,
P=0.104; FAC - YAMA: t=0.21, P=0.837). |
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Length-weight relationships

We found a significant effect of site in the L-W relationship for periods of May,
June and August (Table 3.2; site: P < 0.05; Figure 3.3). In contrast, the L-W relationship
did not differ among sites for July and October sampling periods. Furthermore, the
interaction between the site and the log;p TL was significant in May, June and August,
indicating that the slope of the L-W relationship differed among sites. In May, the
comparison of YOY adjusted weights at 11.5, 12.7 and 13.9 mm (the 25th, 50th and
75th percentile of logyoTL, respectively) showed that in all cases, perch from YAMA
differed signiﬁcantiy from ADF and MASKI, while FAC was not different from ADF,
MASKI and from YAMA (Table 3.3). In June, the comparison of YOY adjusted
weights at 22.0, 25.8 and 29.8 mm (the 25th, 50th and 75th percentile of log;oTL,
respectively) revealed that there is no difference among sites for the first percentile but
that for the last two, perch from MASKI differed significantly from ADF and FAC
(Table 3.3). For the period of July, the comparison of YOY adjusted mean weights at
- 39.8 mm (the mean of log;oTL) showed that perch from ADF and FAC differed
significantly from MASKI and YAMA (Table 3.4). In August, the comparison of YOY
adjusted weights at 45.3, 51.1 and 55.4 mm (the 25th, 50th and 75th percentile of
log1oTL, respectively) revealed that for the first percentile, YOY perch from FAC
differed significantly from ADF and that there is no difference among sites for the 50th
and the 75th percentile (Table 3.3). Finally, at ﬂle October sampling period, the
comparison of YOY adjusted mean weights at 70.8 mm (the mean of logi¢TL) showed
that perch from YAMA differed significantly from ADF, FAC and MASKI (Table 3.4).

Diet

In May YOY yellow pérch from ADF mainly fed on bosminidae (Figure 3.4,
axis 1) while YOY yellow perch from MASKI fed mostly on rotifera, and those of
YAMA on chydofidae as well as calanoidae (Figure 3.4, axis 2). YOY perch from FAC
were more generalists (Figure 3.4, Table 3.5). In June, YOY yellow perch from ADF
were generalists while fish from MASKI ate more calanoidae (Figure 3.4, axis 1). YOY
yellow perch from FAC fed mostly oﬁ sididae while YOY perch from MASKI ate
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amphipoda and those from YAMA ate calanoidae (axis 2) (Figure 3.4, Table 3.5). In
July, YOY yellow perch from MASKI fed mostly diptera larvae while those, from
YAMA used mainly sididae (Figure 3.4, axis 1). YOY yellow perch from ADF ate
mainly amphipoda and those of FAC on sididae (Figure 3.4, axis 2; Table 3.5). In
August YOY from ADF and YAMA ate more sic;’idae and daphnidae than YOY yellow
perch from FAC and MASKI which ate diptera larvae and pupae of (Figure 3.4, axis 1).
Furthermore, juveniles from YAMA consumed larger prey like ephemeroptera,
amphipoda and lepidoptera larvae (Figure 3.4, axis 2; Table 3.5). In October, YOY
from ADF and FAC ate mostly amphipoda (Figure 3.4, axis 1) while those from YAMA
ate mainly lepidoptera larvae (Figure 3.4, axis 1) and those from MASKI ate
lepidoptera (Figure 3.4, axis 1) but mainiy diptera larvae (Figure 3.4, axes 1 and 2;
Table 3.5). |

In May, the main prey eaten by YOY yellow perch were pelagic cladocerans,
pelagic copepod and to a lower extent, littoral cladocerans (Figure 3.5). YOY perch
froni FAC, MASKI and YAMA ate also some zoobenthos (Figure 3.5). Between May
and June, there was a shift in the diet from pelagic cladocerans to a greater proportion of
pelagic copepods and littoral cladocerans (Figure 3.5). From kJuly to August, the main
prey eéten were littoral cladocerans and zobbenthos (Figure 3.5). Finally, in October,
YOY yellow perch from all sites ate mainly zoobenthos and a small proportion of other
prey categories (Figure 3.5). Thus, YOY perch shifted their diet from pelagic

cladocerans to pelagic copepods and littoral cladocerans, and later to zoobenthos

throughout the growing season.

The prey length did not differ among sites (F3s70=0.50, P=0.685), but
increased throughout the growing season (Fys;o=230.62, P <0.0001) (Figure 3.6).
There Was also a significant interaction between sites and period (Fizs5:10=2.77,
P =0.001), indicating that the increasé in prey size over time was not the same for all

sites.
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Proximate composition

The water content decreased during summer (June to August) for all sites, while
the protein content remained the same. Lipids decreased between June and August to
stabilize in October for all sites (Table 3.6; Figure 3.7). The water content in the
digestive tract was not significantly different among sités and decreased during summer
(Tablé 3.6; Figure 3.8). There was no effect of period or site on the quantity of lipid
surrounding the digestive tract (Table 3.6; Figure 3.8). |

Regression analyses

Diet

In May, the site, pelagic éopepod and littoral cladocerans explained 13.3% of the
variation in adjusted weight of YOY yellow perch (Table 3.7). YOY weight was
poéitively related to the mean percent weight of littoral cladocerans and pelagic
copepods. In July, the site, as well as zoobenthos, explained 11.0% of this variation
(Table 3.7). The variation in weight of YOY was positively related to the mean percent
weight of zoobenthos (Table 3.7). In October, 14.1% of the variation in weight of YOY
yellow perch was explained by the site (Table 3.7). Finally none of the independent
variables were retained to explain the- variation in YOY yellow perch weight for the end

of June and August.

- Proximate composition

~ In June, 21.8% of the adjusted weight of YOY yellow perch was explained by
the site and the wafer content in muscle (Table 3.8). The weight is pbsitively related to
the proportion of water in their muscle (Table 3.8). In August and October the adjusted
weight was explained by the water content in -muscle (R?=0.24 and 0.42 respectively)
(Table 3.8). In both'cases, the adjusted weight is positively related to the proportion of

water in their muscle,
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Discussion

The present study revealed that growth, diet and proximate composition of YOY
yellow perch can largely vary over space and time in the same fluvial lake. This is
basically due to the very contrasting water masses, which flow in the St. Lawrence river
(SLR) with limited lateral mixing (Morin and Bouchard 2000; Frenette et al. 2003). This
situation induces discontinuities over short geographical distances, cascading from
abiotic conditions to various biological processes (Basu et al. 2000a; Huggins et al.
2004; Vis et al. 2007). Such abiotic gradients have significant effects on early life stages

of yellow perch and on the dynamics of local popuiations.

Growth

The significant differences in the mean length and (or) the mean weight of YOY
yellow perch found between the sampling sites during all periods globally corroborate
the influence of the strong environmental gradients in the SLR, particularly extended in
the LSP. Comparable differences on yellow perch growth were .found by Tardif et al.
(2005). We noticed that the absolute length and weight were systematically higher in
ADF and FAC, where the water masses are less turbid and highly productive (see
below). In average, the length of YOY reached in the fall are comparable to that of other
North American and European study areas (Horppila et al. 2000; Romare 2000;
O'gorman and Burnett 2001).

Length-weight relationships

Similarly, there were significant differences in the L-W relationship between
sampling locations, sometimes caused by relative high weights or short lengths. For
example, in May, MASKI and YAMA exhibited a high condition factor despite short
lengths. Conversely, the opposite situation was observed in June and July in ADF and
FAC. Surprisingly, we did not observe any differences in L-W in July and above all by
~ the end of the season. This last result underlines the high variability observed in early

growth of perch and can be interpreted in different ways. Firstly, differences in the L-W
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relationship can reflect some delay in the hatching dates. In fact, we have already
observed in the spring time a high thermal heterogeneity in the LSP, leading to
differences in yellow perch hatching dates and resulting in a wide spectrum of larvae
size within a site (personal observations). Since yellow perch can maximize growth in
Alength when the season starts, and later, growth in weight (Bagenal and Tesh 1978), it is
plausible to observe fewer differences in the overall L-W relationships by the end of the
growing season. Secondly, since we did not consider any passive drift or active larval
movement over the season, the larvae may have been intermixed between neighbouring
sampling sites (e.g. MASKI and YAMA or ADF and FAC). Thirdly, the larvae sampled
during each period have already survived different types of mortalities that can select,
for example, the largest sized larvae over time. In this context, the observed L-W
relationships might reflect the condition of larvae that survived at each sampling site.
Fourthly, ontogenetic niche shifts provide an obvious potential for compensatory
growth. Diet shifts are often associated with an improvement in feeding conditions like
prey availability (Chick and Van den Avyle 1999) and prey energetic content (Jobling
1994). The absence of differences in the L-W relationship in October could result from
this niche shift which reduced variance in size and causé a convergence in growth

trajectories (Ali et al. 2003).

Diet

The differences in the stomach contents among sampling sites reflect the
diversity of prey types available in our study system. In May, YOY (~15 mm length) fed
mainly on small pelagic cladocerans and copepods, which is usual soon after hatching
(Fisher and Willis 1997; Nunn et al. 2007) except in MASKI, where they consumed
large amounts of rotifera, more typical for 7-9 mm larvae (Fisher and Willis 1997). This
result likely reveals a low abundance of larger prey in the environment since YOY
yellow perch should select mid-sizes of available prey (Mills et al. 1984; Confer et al.
1990). On one hand, the large dominance of rotifers in the SLR zooplankton community
and the lower occurrence of (~30%) cladocerans and copepods (Basu et al. 2000b) can
result in less energy intake for the YOY perch. On the other hand, rotifera could

represent the best cost/benefit ratio for fish in sites where large prey are particularly
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scarse, since YOY yellow perch select prey with maximum ingestion rate at low prey
densities or the more digestible ones at higher densities (Confer and O'Bryan 1989). In
August and October almost all fish fed predominantly on zoobenthos such as occurs in
other systems (Fisher and Willis 1997; Graeb et al. 2006). In YAMA however, prey
were largely dominated by ephemeroptera and lepidoptera larvae which should provide
a high energy intake. Both length and condition of YOY were particularly high in
YAMA.

| There were marked differences in the diet composition throughout the season. In
May, the diet was mainly composed of pelagic cladocerans and pelagic copepods, and
shifted to pelagic copepods and littoral cladocerans in July and to zoobenthos in
October. This pattern confirms the general ontogenetic diet shift described in the
literature (Whiteside et al. 1985; Fisher and Willis 1997; Graeb et al. 2006), which is
usually associated to larval migration from littoral to pelagic zones and later back again.
The presence of littoral cladocerans in stomachs of YOY yellow perch over the whole
sampling period is however not common. In LSP, this result can be explained by the
high presence of vegetation along a very extended littoral zone (Basu et al. 2000b), to
which littoral cladocerans and macrozooplankton are associated (Thorp and Covich
2001). In such a shallow fluvial lake environment, the ontogenetic migration associated
to the diet shift is likely affected by the quasi absence of a deep pelagic zone, which is
reduced in surface area and located 5-7 km off shore. Fisher and Willis (1997) observed
an absence of migration in a comparable shallow lake. The diet shift from zooplankton
to zoobenthos occurred at the usual length >25 mm (Whiteside et al. 1985), by July for -
YOY yellow perch from MASKI and by August for other sites. Earlier shift found for
MASKI compared to other sites could be due to a low availability of their preferable
prey. The prey abundance can be affected by several factors like a high intra- or inter-
specific competition or by abiotic factors like turbidity (Rezsu and Specziar 2006).
Despite the increase in growth expected with the diet shift (Werner and Gilliam 1984;
Graeb et al. 2006), yellow perch from MASKI remained the smallest in length in the
overall system. This might be explained by the fact that even if this kind of prey brings a
higher energy'uptake, the foraging and prey handling requires a higher activity' rate



62

(Persson and Greenberg 1990; Rennie et al. 2005). Furthermore the energy uptake
increase more slkowly for benthic prey (~14% lipids for dry weight of mixed insect
‘larvae; Jobling 1994) than for zooplanktonic ones (~21%), since growth is positively
linked with the lipid content in food (Xu et al. 2001).

The mean prey length selected by YOY yellow perch did not vary significantly
among sites suggesting that this variable had little influence on growth. This result can
be related to the fact that the prey type better integrates the interaction between the
handling and searching components of foraging costs than does the mean prey length
(Confer and Lake 1987; Boisclair and Leggett 1989). However, we found that prey
length significantly increased through the growing season in all sites. The prey length
selected is partly dependent on the range available in the environment and on gape
limitations related to fish size. In this context, prey length increased through the growing
~ season, presumably to sustain energy demands. Mills et al. (1989) showed that the mean
prey 1éngth is an important factor in predicting age-0 yellow perch weight, increasing as

fish grew.

Proximate composition

The proximate composition of yellow perch larvae did not exhibit any significant
differences among sites over the whole season. This result suggests that the nutrient
assimilation was adequate for all fish and that the energy used was similar among sites.
In fact, the fqod composition influences the assimilation capacity of fish. Fish feeding
on prey with high lipid and low protein contents will exhibit higher growth rate than
those feeding on a diet with the reverse proportions (Xu et al. 2001). However, water
content in muscle and digestive tract decreased as the growing period progressed. This
decrease in water content might be associated to the ontogenetic development of yellow
perch as juveniles greater than 25 mm are forming their adult features (Mansueti 1964).

The same water decrease was found for juvenile artic charr and was also related to
increases in proteins and lipids (Rikardsen and Elliot 2000), such as for many other
species (Shearer 1994; Post and Parkinson 2001; Peters et al. 2007). In our system the

muscle lipid content decreased throughout summer while the muscle protein content and
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the lipid around digestive tract remained stable. These results cah be explained in
different ways, Firstly, the absence of lipid accumulation can be the result of a trade-off
between energy allocation in growth or m lipid deposition. The energy intake is perhaps
‘not stlfﬁcient to enable energy storage, as found by Bercherding et al. (2007). These
authors showed a decrease in muscle lipid content through summer for two populations
of YOY yellow perch feeding on a mix of zooplankton and macrozoobenthos. In
centrast, an other study population, where YOY yellow perch ate fish and Mysidacea,
stored lipids through summer and attained a higher length in October. Differences
among theses populations were clearly linked to the energy uptake associated with prey
types ingested. Secendly, the lipid accumulation in tissues can occur later in the season.
The decreasihg temperature in autumn stops the growth in length as the physiological
optimum temperature for yellow perch juveniles is 25°C and that the growth is stopped
above 14°C (Craig 2000). Since the metabolic costs decrease at low temperature and
that the activity of fish is slowing down (Johnson and Evans 1991), the remaining
energy is possibly allocated to lipid storage later in the autumn. Thirdly, the stability in
protein content among sites and through summer suggests an investment in muscle
protein content earlier in larval stages which may be linked to the optimization of
muscular growth. This tactic might be an important mechanism decreasing the risk of
predation (Jonsson and Jonsson 1998; Biro et al. 2005), since the swimming capacity of
yellow perch increases exponentialiy at length > 30 mm (Tischler et al. 2000). Fourthly,
the absence of significant variations for lipids around the digestive tract suggests that
fish allocate a part of their energy in the maintenance of a minimal quantity of lipids,
likely preventing starvation periods as found for rainbow trout (Onchorhynchus mykiss)
(Biro et al. 2005).

Regression analyses

The regression analysis with prey' categories showed that the Weight of YOY
yellow perch was partly explained by the proportion in pelagic copepods and littorals
cladocerans in the diet in May and to the proportion of zoobenthos in July. Theses
results showed that growth in weight was enhanced by the prey categories consumed. |

Regressions with proximate composition showed that the water content in muscle
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explained a larger proportion of the variations in weight as the season progressed. We
'did not find a significant relationship between water and lipid content in muscles, as is
usually reported in the literature (Shearer 1994, Peters et al. 2007). This could be
explained b}" the large variations associated to the estimation of lipid content compared
to those of water content: the coefficient of variations of the mean for lipid content in
muscle were 0.94, 0.59 and 0.88, those associated to the digestive tract 0.49, 0.54 and
0;43‘, compared to those for water content in muscle 0.04, 0.03 and 0.03, for June,
August and October respectively. Theses results suggest that variation on lipid
determinations were too high to be related with growth in the regression analyses,
presilmably because we were dealing with: very low quantities of YOY perch tissue.
However, the significant relationship established between growth and water content in
our sample and the usual relationship existing between water and lipid content (Shearer
1994, Peters et al. 2007) suggest that there should have been a relationship between
growth and lipid content in YOY yellow perch in our system.

Environmental effects

’ The environmental gradients in the LSP have often been roughly interpreted as a
North-South productivity gradient for different trophic levels (Vis et al. 2007; Basu et
al. 2000a; Huggins et al. 2004). In fact, .Tardif et al. (2005) showed that the growth rate
of YOY yellow perch between May and June was higher on a site along the south shore
than along the north shore. However, they also found a high variability along the north
shore, indicatirig that this dichotomy is likely not functional. We also found this
variability along the same shore, ysuggesting that samples collected in different water
masses should be considered separately for a better understanding of ecological
pfocesses. Many abiotic variables can have a potential influence on yellow perch. Optic
properties, such as turbidity, light intensity, water color, play a key role in the prey
detection abilities of juvenile yellow perch (as if light intensity decrease yellow perch
ate further less digestible prey) (Mills et al. 1986). Turbidity can change the rates of fish
activity and prey encounter as well as their anti-predator behavior (Granqvist and
© Mattila 2004), and thus, the overa‘ll bioenergetics budget of available energy for growth

or lipid deposition. The water color can also affect the preferential prey length
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availability for yellow perch. A brown color affects the food web structure through light,
temperature and oxygen profile, inducing changes in zooplankton assemblages and a
shift from small to larger less profitable prey (Wissel et al. 2003). Water optic properties
can also influence biological processes together with nutrient concentrations in terms of
primary and secondary production (Frenette et al. 2003; Vis et al. 2003) and affect prey
abundance, potential energy intake by fish and growth.

Conclusion

Despite the high variability in environmental conditions over space and time
encounter by YOY yellow perch through summer in LSP, no difference in the proximate
composition aﬁd the condition reached at fall were found among sites. This suggests that
yellow perch in LSP are adapted to such environmental variability through growth
compensation which permits to increase growth rate when favorable condition are
presents. A better understanding of growth trajectories during the first summer season
would need information about hatching time and passive transport of individuals as well
as on key biotic and abiotic variables like YOY densities (yellow perch and its potential

competitors), prey abundance, temperature and turbidity.
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TABLE 3.1 - Results of linear mixed models (repeated measures two-way ANOVA)
explaining variation in (2) length and (b) weight of YOY yellow perch from Lake St-
Pierre.

Type 3 test of fixed effect
Effect df F P
a) logqg length
Period 4,2105 6024.52 <0.0001
Site ' 3,2105 183.30 <0.0001
Site * Period 12,2105 - 26.30 <0.0001
b) logy weight . ,
Period 4,2105 6949.97 <0.0001
Site 3,2105 190.81 <0.0001

Site * Period 12, 2105 30.19 <0.0001
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~ TABLE 3.2. - Results of linear models testiﬁg for variation in the logyg Weight of YOY yellow among the four study sites
at the five sampling period. Total length (TL) was used as covariable in the models. Significant interaction between TL and
Site indicates difference among length-weight relationships at a given period.

Type 3 test of fixed effects

- May : June _ July August October
Effect df F P df F P df F P df F P df F P
Site 3688  9.22 <00001 3,643 502 0.0019 3,268 053 06588 3,375 424 00058 3,111 052 0.6676
TL 1,688 1007.74 <0.0001 1,643 998582 <0.0001 1,268 9191.60 <0.0001 1,375 7321.52 <0.0001 1,111 185230 <0.0001

TL x Site 4,688 7.90 <0.0001 4,643 5,61 0.0008 3,268 045 07175 3,375 422 00058 4,111 042 0.7425
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TABLE 3.3. - Adjusted log;p weight (= SE) estimates at the 25th, SOth and 75th percentiles df the log;o length of YOY
yellow perch (Perca flavescens) from the four study sites at the three sampling periods. This analysis was used when the
slope of the length-weight relationships among sites were significantly different (see text).

May June August
Percentile perc_entile percentile
Site - 25th° 50th 75th 25th 50th® 75th 25th° 50th 75th
ADF -1.835+0.0124 -1.737£ 0.007a -1.645£0.0052 -0.931£0.016a -0.729+0.010a  -0.540+ 0.005a  0.054+ 0.0054 0.234:|: 0.003a 0.355+0.003a
FAC -1.831+£0.029abc -1 .720i0.020al;c -1.616+0.011abc -0.968& 0.007a -0.740:!: 0.064:1 -0.528+0.003a¢  0.080+0.0070p 0.241+0.003a¢  0.350+ 0.003a
MASKI -i .787¥b 0.003b -1.702+ 0.002b -1.621+£0.0035  -0.973+£0.003a _-6.761:|: 0.004b  -0.563:£0.005b 0.065+0.008ab = 0.241x0.011c  0.360+0.014a
YAMA  .1.752+0.003¢ -1.673+0.003¢ -1.599+ 0.004c  -0.965+ 0.0054 -0.748:I:0.004ab -0.546+0.006ab 0.066+ 0.003ab  0.237+0.006a  0.353+ 0.0084

Note: The 25" 50™ and 75" percentiles of log TL correspond to 11.5, 12.7 and 13.9 mm respectiVely in May, 22.0, 25.8 and 29.8 mm respectively in
June and 45.3, 51.1 and 55.4 mm respectively in August. Difference among site percentile is identified by letters according to a sequential Bonferroni

correction. Post hoc test consisted of 18 comparisons by period.

* ADF versus YAMA: P <0.0001. MASKI versus YAMA P<0.0001
® ADF versus MASKI: P = 0.0091

® ADF versus FAC: P=0.0019
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TABLE 3.4. - Adjusted log;, weight (= SE) estimates at the mean of the log;o length
of YOY yellow perch (Perca flavescens) from four study sites at two sampling periods.
This analysis was used when the slope of the length-weight relationships among sites
was not significantly different (see text).

July® October®
Site mean mean
ADF -0.109 % 0.004a 0.623 +0.008a
FAC -0.115 + 0.003a 0.606 + 0.005a
MASKI -0.132 + 0.005b 0.611 % 0.006a
YAMA -0.134 £ 0.004b 0.648 = 0.005b

Note: The mean of log TL correspond to 39.8 mm in July and 70.8 mm in
October. Difference among sites percentile is identified by letters according
to.a sequential Bonferroni correction. Post hoc test consist of six pairwise

comparisons by period.
2 ADF versus YAMA: P <0.0001
® ADF versus YAMA: P =0.0078
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TABLE 3.5. - Axes eigenvalues and species scores on axes 1 and 2 for each sampling
period from principal components analysis on mean percent weight of prey categories
found in stomach contents of YOY yellow perch (Perca flavescens).

Eigenvalues Scores
Period Axis 1 Axis 2 Species Axis 1 Axis 2
May 0214 0.186
bosminidae 1.547 -0.273
calanoidae 0.206 1.227
chydoridae -0.508 0.466
copepods sp. -0.055 -0.194
cyclopoidae -0.265 -0.017
rotifera -0.427 -0.865
sididae 0.113 0.137
June 0.379 0.188 )
amphipoda 0.203 0.653
copepods sp. 0.244 0.370
cyclopoidae 0.492 0.278
calanoidae 1.163 -1.321
diptera (larva) 0.040 0.284
sididae -1.994 -0.584
July 0301 0.181
' amphipodae -0.145 1.203
cladocera sp. -0.215 -0.321
cyclopoidae -0.438 -0.266
diptera (larva) 2.193 -0.496
ephemeroptera -0.006 0.567
sididae -0.909 -1.165
August 0.305 0.138
amphipoda -0.128 0.511
daphniidae -0.460 -0.153
diptera (larva) 1.838 -0.783
diptera (pupa) 0.515 0.095
ephemeroptera -0.217 0.757
lepidoptera -0.086 . 0.235
sididae -1.453 -1.075
October 0.367 0.166
amphipoda -2.400 0.217
diptera (larva) 0.480 -0.854
lepidoptera 0.702 1.453

Note: Species with bold scores were used in interpretation.
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TABLE 3.6. - Results of repeated measures ANOVAs explaining variation in
proximate composition of yellow perch (Perca flavescens).

Type 3 fixed effect
. df F P
a) Water in muscle |
Period 2,354 123.08 <0.0001

b) Lipids in muscle

Period 2,354 70.96 <0.0001
¢) Protein in muscle

Period 2,354 0.61 0.5442
d) Water indigestive tract

Period 2,348 106.96 <0.0001

Site 3,348 1.21 0.2478

Site * Period 6,348 3.35 <0.0001
e) Lipid on digestive tract

Period 12,348 1.87 0.0540

Site | | 3,348 0.03 0.1691

Site * Period 6,348 4.61 <0.0001
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TABLE 3.7. - Multiple regression models explaining weight variations of YOY yellow perch (Perca flavescens) from the
diet at the four study sites. The weight data used in the .analyses were the residuals from the Logo length-Log;o weight
relationships of all sites at given period (see text). The standard error of the estimate (S.E.), the probability (P) and the partial
R’ associated with each independent variable, the R’ and the probability (P) of models are also listed.

Period n Variables Estimate  S.E. F P partial R’ R’ P
May 109 A ‘ 0.133 0.0108
Intercept -0.04  0.01 0.0085 o

Site ' 2.85 0.0411 -0.077
Pelagic Copepods 0.03 001 - 750 0.0073 0.065
Littoral Cladocerans 0.03 0.01 7.08 0.0090 0.064
June 120 - - ' - - -
- July 120 0.110 . - 0.0088
Intercept -0.003 0.006 0.5743 '
Site : 1.90 0.1333 0.047
Zoobenthos 0.013 0.005 6.03 0.0155 ~  0.043
August 120 - ‘ - - - -
October 82 0.141 0.0076
Intercept 0.01 0.005 0.0283 :

Site 4.27 0.0076
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TABLE 3.8. - Multiple regression models explaining weight variations of YOY yellow perch (Perca flavescens) from the
proximate composition (water, lipids and protein contents) at the four study sites. The weight data used in the analyses were
the residuals from the Log;o length- Log;o weight relat1onsh1ps of all sites at a given period (see text). The standard error of
the estimate (S.E.), the probability (P) and the partial R’ associated with each independent variable, the R’ and the probablhty

(P) of models are also listed.

Period n  Variables Estimate S.E. F P partial R’ R P
June 117 0.218 <0.0001
‘ ' Intercept - -0.58 0.18 0.0014 ‘
Site ‘ 8.45 <0.0001 0.184
Water in muscle 1.41 0.40 12.27 0.0007 0.098
August 115 0.235  <0.0001
Intercept -0.52 0.13 <0.0001
Water in muscle 1.25 0.30 34.34 <0.0001
October 116 0.417 <0.0001
Intercept -1.15 0.12 <0.0001
2.84 0.31 81.68 <0.0001

Water in muscle
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Figures captions

3.1

3.2.

3.3.

34.

3.5.

3.6.

3.7

3.8

Location of the sampling sites in Lake St. Pierre (Québec, Canada).

Total length (mean + SD) of YOY yellow perch (Perca flavescens) from sites
throughout the growing season. n = number of fish at each sampling period. For
each period, mean with different letters are significantly different as determined
by a mixed-model ANOVA followed by a pairwise comparison on adjusted
length (i.e., least square mean lengths) (P < 0.05). Significant differences among

_all sites are indicated with an asterix.

Length-weight (log;o) relationships of yellow perch (Perca flavescens) of at all

" sampling period.

First and second axis of principal components analysis on prey found in stomach
content YOY yellow perch (Perca flavescens) with the centroid of sites in May,

- June, July, August and October.

Mean percent weight (mean £SD) of each prey category found in the stomach
content of YOY yellow perch (Perca flavescens) at each sampling period.

Weighted mean length (£SD) of prey selected by YOY yellow perch (Perca
flavescens) from ADF (®), FAC (V), MASKI (O) and YAMA (0) at each
sampling period.

Water, lipid and protein contents (mean = SD) of YOY yellow perch (Perca
Sflavescens) muscle from ADF (gray bar), FAC (grey hatched bar), MASKI
(white bar) and YAMA (hatched bar) in June, August and October.
n=30/site/period. For each period, mean with different letters are significantly
different as determined by a mixed-model ANOVA followed by pairwise
comparisons on proximate compositions adjusted variables (i.e., least square
mean) (P <0.05).

Water and lipid contents (mean + SD) of digestive tract of YOY yellow perch
(Perca flavescens) from ADF (gray bar), FAC (grey hatched bar), MASKI
(white bar) and YAMA (hatched bar) in June, August and October.
n=30/site/period. For each period, mean with different letters are significantly
different as determined by a mixed-model ANOVA followed by a pairwise
comparisons on proximate compositions adjusted variables (i.e., least square
mean) (P < 0.05).
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ANNEXE

Equations for shrinkage correction

Fresh total length = 0.972 (preserved length) +1.967
RF=0.99, P<00001 range: 11.13 to 56.34 mm

Fresh weight = 1.013 (preserved weight) + 0.01

R?=0.99, P < 0.0001, range: 0.009 to 1.192 g.
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