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C. G. Wellington*, C. M. Mayer, J. M. Bossenbroek and N. A. Stroh

Department of Environmental Sciences and the Lake Erie Center, University of Toledo, 6200
Bayshore Road, Oregon, OH 43616, U.S.A.

(Received 4 January 2009, Accepted 3 February 2010)

Laboratory experiments were conducted to determine how larval and juvenile yellow perch Perca
flavescens respond to changes in prey density when exposed to different levels and types of turbid-
ity (phytoplanktonic or sedimentary). Across prey densities, consumption by P. flavescens tended
to be less in phytoplanktonic turbidity compared with sedimentary turbidity. For larvae, this effect
was dependent on turbidity level (consumption differed between turbidity types only at high turbid-
ity), while for juveniles the difference with turbidity type was equal across turbidity levels. These
results suggest that phytoplankton blooms are detrimental to the ability of late season age 0 year
P. flavescens to forage and support the need to control factors leading to excessive phytoplankton
growth in lakes. © 2010 The Authors
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INTRODUCTION

Yellow perch Perca flavescens (Mitchell) are ecologically and economically impor-
tant throughout their range. They merge nearshore and pelagic food webs (Clapp &
Dettmers, 2004), provide a key food source for larger sport fishes (Werner, 2004)
and support both sport and commercial fisheries. Perca flavescens are in the top
three species in the Great Lakes fishery (U.S. Census Bureau, 2001), and in some
locations comprise 85% of the sport fish catch (Clapp & Dettmers, 2004). Recruit-
ment of P. flavescens, like most freshwater fishes, often depends on visual foraging
success during the age 0 year period (i.e. larval and juvenile stages) (Hairston et al.,
1982; Guthrie, 1986). Environmental factors that affect visual foraging, including
turbidity level, turbidity type (i.e. sedimentary or phytoplanktonic) and prey density,
are likely to co-vary spatially and temporally in lakes. Therefore, an understanding
of the interactive effects of turbidity and prey density is crucial to predicting recruit-
ment. Both turbidity and prey density can be influenced by human land use practices
that affect sedimentation and overall productivity of phytoplankton and zooplankton,
thus linking land-use management with fisheries ecology.

*Author to whom correspondence should be addressed. Tel.: +1 419 609 4120; fax: +1 419 609 4158;
email: wellington.28@osu.edu

1729
© 2010 The Authors
Journal compilation © 2010 The Fisheries Society of the British Isles



1730 C . G . W E L L I N G T O N E T A L .

Turbidity tends to reduce light intensity and increase light scattering, which can
decrease the visual field, or reaction distance, of P. flavescens (Richmond et al.,
2004). Field and laboratory evidences, however, suggest the effect of turbidity on
foraging success may also depend on the turbidity type and life stage of the indi-
vidual. In Oneida Lake, NY, U.S.A., for example, age 0 year P. flavescens growth
rate increased with the introduction of zebra mussels Dreissena polymorpha with
subsequent decline in phytoplanktonic turbidity (Mayer et al., 2000). Also, in highly
eutrophic European lakes, the biomass and growth rates of perch Perca fluviatilis L.
declined along a productivity gradient, particularly in juveniles (Sandström & Karås,
2002; Radke, 2005). Conversely, in western Lake Erie, P. flavescens recruitment
is positively correlated with Maumee River discharge, which is often sediment-rich
(S. A. Ludsin, pers. comm.). In laboratory foraging studies, consumption is lower in
phytoplanktonic than sedimentary turbidity (Radke, 2005; B. S. Elkington & C. M.
Mayer, pers. comm.). Furthermore, consumption by larval and juvenile P. flavescens
declines with increasing phytoplanktonic turbidity, but it does not decline for larvae
in sedimentary turbidity (B. S. Elkington & C. M. Mayer, pers. comm.). These dif-
fering responses to turbidity type with life stage are important because events that
drive turbidity may vary seasonally in lakes, exposing fishes to different intensities of
sedimentary and phytoplanktonic turbidity at different life stages, thereby influencing
foraging and recruitment.

Prey consumption is influenced not only by the visibility of prey but also by
prey abundance. Consumption usually increases with prey density; for age 0 year
P. flavescens, growth and survival are positively correlated with zooplankton density
(Noble, 1975; Ludsin, 2000; Dettmers et al., 2003; Clapp & Dettmers, 2004). The
question follows: can high prey density compensate for factors such as turbidity type
and level that may hinder prey detection and consumption? The question is important
because of the tendency for turbidity and total phosphorus (implicitly prey density)
to co-vary in many ecosystems (Grayson et al., 1995). Because of the difficulty in
interpreting correlational field data, manipulative experiments are needed to provide
insight into the independent and interacting effects of factors affecting P. flavescens
foraging ability.

The differing responses to turbidity type for different life stages of fishes may
be due to physical attributes of both the turbidity type and age 0 year fishes. Phy-
toplankters often form large clumps and are pigmented, whereas sediment particles
are usually small and lack photosynthetic pigments (Wotton, 1994; Kurmayer et al.,
2002). Smaller particles scatter more light, necessitating fewer particles to achieve
the same turbidity level as formed with larger particles (Wotton, 1994). Smaller
sediment particles also provide greater contrast with the typically larger prey items
(Schael et al., 1991). Phytoplankton aggregates, on the other hand, can be simi-
larly sized to individual prey items (i.e. zooplankton). Additionally, the pigment
in phytoplankton provides a higher absorption capacity, resulting in reduced light
intensity, an unfavourable condition for visual foraging (Utne-Palm, 2002; Radke,
2005). Differences in response at different life stages could be due to changes in
cone and rod-cell function in the fishes. Larval fishes have UV-sensitive cones that
are believed to aid in detection of planktonic prey (Sandström, 1999). Also, a change
in rod cell function results in a shorter visual field for larvae (<20 mm total length,
LT) than juveniles (>20 mm LT) (Wahl et al., 1993). Over a shorter distance, fewer
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particles (phytoplankton or sediment) exist between a fish and its prey to interfere
with detection, possibly reducing the effects of turbidity on larvae (Utne-Palm, 2002).
Testing these explanations is important for understanding the mechanisms responsi-
ble for differing foraging responses in turbid conditions and the role of prey density
in compensating for the effects of turbidity.

The effects of turbidity level, turbidity type and prey density on larval and juvenile
P. flavescens foraging were tested experimentally. Also, two potential mechanisms
for the differing foraging responses to turbidity were examined: particle size and
light intensity. It was hypothesized that (1) consumption would increase with prey
density, but insufficiently to compensate for the effects of turbidity level and type.
The rate of increase in consumption with prey density was expected to be lower in
phytoplanktonic turbidity and high turbidity levels, with the exception of larvae for-
aging in sedimentary turbidity, for which no difference was anticipated with respect
to turbidity level. (2) Consumption was expected to be negatively related to par-
ticle size and (3) light levels were expected to be lower in phytoplanktonic than
sedimentary turbidity at the same turbidity level.

MATERIALS AND METHODS

A factorial experiment was conducted to quantify the effects of turbidity level, type and
prey density on consumption by larval and juvenile P. flavescens during the summer of 2007.
Treatments included: four levels of turbidity [<5, 20, 50 and 100 nepholometric turbidity units
(NTU)], two turbidity types (supplemented phytoplankters and lake sediment) and seven prey
densities (5, 10, 30, 70, 100, 150 and 300 zooplankton l−1). All treatment-level combinations
were applied to both larval (mean ± s.d. 19·1 ± 1·5 mm LT) and juvenile (44·9 ± 5·4 mm
LT) P. flavescens. Fish were provided by Ohio State South Centers Aquaculture facility at
Piketon, OH, U.S.A.

Turbidity levels were chosen to represent a naturally occurring range; levels >100 NTU
have been observed, but only transiently in some turbid areas (Brown & Krygier, 1971;
Bisson & Bilby, 1982). Four levels of turbidity were presumed sufficient to describe the
linear relationship with consumption, suggested by preliminary data (B. S. Elkington & C.
M. Mayer, pers. comm.). The sediment used to generate sedimentary turbidity was obtained
from western Lake Erie and sieved (75 μm mesh) to homogenize size and remove large
particles that would quickly fall out of suspension. Phytoplankton cultures (obtained from the
University of Toledo’s Lake Erie Center pond) could not be maintained at turbidity levels > c.
45 NTU. Therefore, to reach the desired levels of turbidity, phytoplankton was supplemented
with homogenized spinach slurry. Preliminary trials showed no difference in consumption
between trials with exclusively cultured phytoplankton and with supplemented phytoplankton
at 15 NTU (t-test, d.f. = 4, P > 0·05). Seven levels of prey densities were chosen to be able
to describe a curvilinear functional response.

Experiments with larvae were not replicated due to the high number of treatment levels
(4 × 2 × 7, n = 56) and the short duration of the larval period (Balon, 1975). For juveniles,
trials for some treatment combinations (20 and 100 NTU; supplemented phytoplankton and
sediment; 10, 100 and 300 zooplankton l−1) were conducted three times to gain data on
variance, resulting in 24 additional trials (2 × 2 × 3 × 2).

Experiments were conducted in microcosms (30 l aquaria) held on shelving racks under
constant light and temperature conditions. Overhanging florescent lights provided a surface
light level of 100 μmol quanta m−2 s−1. Trials were run at ambient water temperature,
which did not vary >3◦ C among trials for a given life stage (larval, 18–21·5◦ C; juvenile,
21–24◦ C). Turbidity level was measured at the beginning and end of each trial using a YSI
multi-variable probe (www.ysi.com) with a 6136 turbidity sensor attachment (range: 0–1000
NTU; resolution: 0·1 NTU; accuracy ±5% of reading or 2 NTU). Trials were discarded if
turbidity level dropped >10 NTU.
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All fish were starved 16–24 h before feeding trials to equalize hunger and allow gut
contents to pass. Fish were acclimated to treatment aquaria with the appropriate turbidity
conditions for 30 min before experimentation. Three fish were used in each aquarium to
simulate the natural group foraging behaviour of P. flavescens (Juanes et al., 2002). At the
end of the acclimation period, zooplankton were added at the desired concentration and fish
were allowed to forage for 1 h. Zooplankton came from a stock suspension obtained from
the Lake Erie Center pond and passed through a 250 μm sieve to exclude most rotifers
and nauplii, which P. flavescens >8 mm do not typically consume (Schael et al., 1991;
Ludsin, 2000).

At the end of each trial, the fish were euthanized under the University of Toledo Institutional
Animal Care and Use Committee guidelines and immediately preserved in 70% ethanol. The
LT (nearest 0·1 mm) was measured and all consumed prey were enumerated, identified and
measured according to body shape (Culver et al., 1985) using a dissecting microscope and
digitizing tablet viewed through a drawing tube.

M E C H A N I S T I C S T U D I E S

The experimental procedure described above was also used to determine whether particle
size is a plausible mechanism for the differing effects of phytoplanktonic and sedimen-
tary turbidity on zooplankton consumption. Treatments included two size classes within a
single particle type (sieved from a blended spinach slurry): small (63–500 μm) and large
(>500 μm). Turbidity level and prey density were held constant at 10 NTU and 100 zoo-
plankters l−1, respectively. Each size class was replicated five times for both larval and
juvenile P. flavescens.

To test whether light intensity explains the difference in foraging response with turbidity
type, a light meter (LI-COR Integrating quantum radiometer/photometer; model LI-1885;
www.biospherical.com) was used to gauge light levels 100 mm below the surface in turbid
microcosms. All turbidity conditions used in the main factorial experiment (sedimentary and
phytoplanktonic, <5, 20, 50 and 100 NTU) were compared. Treatments were replicated three
times.

DATA A NA LY S I S

All data were analysed using the general linear models (GLM) procedure of SAS 9.1
(SAS Institute Inc; www.sas.com) with an absolute or corrected (Kimball inequality) α
level of 0·05. Treatment effects of turbidity level, turbidity type and prey density were
described using average number of prey consumed per fish h−1 as the dependent variable
(Kutner et al., 2005). All factors were treated as fixed effects. Model specifics are provided
below.

Linear regression was used to test for consumption and turbidity level and consumption and
prey density relationships within each turbidity type and life stage. Additionally, consumption
and prey density relationships were tested for each turbidity type divided into high and low
turbidity levels for each life stage. ANCOVA for parallel slopes was used to determine the
presence of an interaction between the treatment (turbidity level and type) and the covariate
(turbidity level or prey density) within each life stage. If the slopes were parallel, ANCOVA
was used to determine whether the linear intercepts differed. If the slopes were not parallel,
an interaction could be inferred, and ANCOVA would not be appropriate for testing treatment
differences. In the case of juveniles, because there was replication of some levels of each
factor, a three-factor ANOVA was also employed to test for differences in the mean effects
of treatments.

Additional analyses were conducted for testing whether particle size and light level could
explain the differing foraging response to turbidity type. t-tests were used to determine
whether there was a difference between prey consumption in small and large particle turbidity
for each life stage. ANCOVA was used to determine whether increasing phytoplanktonic and
sedimentary turbidity similarly reduced light intensity. Two-factor ANOVA was used to test
for mean differences in light intensity between phytoplanktonic and sedimentary turbidity.
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RESULTS

L A RVA L P. F L AV E S C E N S

Consumption decreased with increasing phytoplanktonic turbidity level (linear re-
gression, d.f. = 27, P < 0·05, r2 = 0·12), but not with sedimentary turbidity level
(linear regression, d.f. = 27, P > 0·05, r2 = 0·04; Fig. 1). The slopes of the con-
sumption–turbidity level relationships were not equal (ANCOVA test for parallel
slopes, d.f. = 52, P < 0·05; Fig. 1), indicating that the effect of turbidity level on
prey consumption differs between turbidity types.

Consumption increased with increasing prey density for both phytoplanktonic (lin-
ear regression, d.f. = 27, P < 0·001, r2 = 0·35) and sedimentary turbidities [linear
regression, d.f. = 27, P < 0·001, r2 = 0·41; Fig. 2(a)]. The slopes of the consump-
tion–prey density relationships were parallel [ANCOVA test for parallel slopes,
d.f. = 52, P > 0·05; Fig. 2(a)], and the intercepts did not differ from each other
[ANCOVA, d.f. = 53, P > 0·05; Fig. 2(a)]. This suggests increasing prey density
affects prey consumption similarly in the presence of sedimentary and phytoplank-
tonic turbidity.

Because turbidity type interacted with turbidity level (Fig. 1), the effects of type
were further divided into low (5 and 20 NTU) and high (50 and 100 NTU) turbidity
levels. Consumption in all turbidity conditions tended to increase with increasing
prey density [linear regression: phytoplankton high, d.f. = 13, P < 0·01, r2 = 0·46;
phytoplankton low, d.f. = 13, P < 0·01, r2 = 0·47; sediment high, d.f. = 13, P <

0·001, r2 = 0·19; sediment low, d.f. = 13, P > 0·05, r2 = 0·67; Fig. 2(b)]. The
slopes of these four consumption–prey density relationships were parallel [ANCOVA
test for parallel slopes, d.f. = 49, P > 0·05; Fig. 2(b)], and the intercepts differed in
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Fig. 1. Mean ± s.d. zooplankton consumption by larval Perca flavescens compared with turbidity level and
type (sedimentary and phytoplanktonic ).
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Fig. 2. Larval Perca flavescens consumption and prey density relationships. Consumption by (a) turbidity type
(sedimentary and phytoplanktonic ) and (b) turbidity level and type (low sedimentary , high
sedimentary , low phytoplanktonic and high phytoplanktonic ). Values are means ± s.d.

terms of the interaction of turbidity type with turbidity level (ANCOVA, d.f. = 51,
P < 0·05), thus reinforcing the differing effects of turbidity level on consumption
for different turbidity types (i.e. that consumption is less in phytoplanktonic than
sedimentary turbidity only at high turbidity levels).

© 2010 The Authors
Journal compilation © 2010 The Fisheries Society of the British Isles, Journal of Fish Biology 2010, 76, 1729–1741



FAC T O R S A F F E C T I N G P E R C A F L AV E S C E N S F O R AG I N G 1735

0
0 20 40 60 80 100 120

50

100

150

200

250

Turbidity level (NTU)

Z
oo

pl
an

kt
on

 c
on

su
m

ed
 (

m
ae

n 
nu

m
be

r 
pe

r 
fi

sh
 h

−1
)

Fig. 3. Mean ± s.d. zooplankton consumption by juvenile Perca flavescens compared with turbidity level and
type (sedimentary and phytoplanktonic ).

J U V E N I L E P. F L AV E S C E N S

Juvenile consumption marginally decreased with increasing phytoplanktonic tur-
bidity level (linear regression, d.f. = 45, P > 0·05, r2 = 0·03) but was not affected
by increasing sedimentary turbidity level (linear regression, d.f. = 45, P > 0·05,
r2 = 0·08; Fig. 3). The slopes of the consumption–turbidity level relationships were
parallel (ANCOVA test for parallel slopes, d.f. = 88, P > 0·05; Fig. 3), and the
intercept for phytoplanktonic was less than for sedimentary (ANCOVA, d.f. = 89,
P < 0·001; Fig. 3), indicating reduced consumption in phytoplanktonic turbidity.

Consumption increased with increasing prey density for both phytoplanktonic (lin-
ear regression, d.f. = 45, P < 0·001, r2 = 0·41) and sedimentary turbidities [linear
regression, d.f. = 45, P < 0·05, r2 = 0·09; Fig. 4(a)]. The slopes of the consump-
tion–prey density relationships were not parallel [ANCOVA test for parallel slopes,
d.f. = 88, P < 0·001; Fig. 4(a)], which indicates that the effect of prey density
on prey consumption differs between turbidity types. Furthermore, the results of
a three-factor ANOVA using the replicated trials suggest mean consumption for sed-
imentary turbidity was higher than for phytoplanktonic turbidity (ANOVA, d.f. = 24,
P < 0·001).

When the effects of turbidity type were divided into low and high turbidity lev-
els, consumption always tended to increase with increasing prey density [linear
regression: phytoplankton high, d.f. = 22, P > 0·05, r2 = 0·07; phytoplankton low,
d.f. = 22, P < 0·05, r2 = 0·18; sedimentary high, d.f. = 22, P > 0·05, r2 = 0·15;
sedimentary low, d.f. = 22, P < 0·001, r2 = 0·74; Fig. 4(b)], and differed both in
terms of turbidity type (ANCOVA test for parallel slopes, d.f. = 86, P < 0·001)
and turbidity level (ANCOVA test for parallel slopes, d.f. = 86, P < 0·001). The
non-parallel slopes indicate that the effects of prey density on consumption dif-
fered depending on turbidity level and type. Prey density increased consumption
less in high (compared with low) turbidity and in phytoplanktonic (compared with
sedimentary) turbidity.
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Fig. 4. Juvenile Perca flavescens consumption–prey density relationships. Consumption by (a) turbidity type
(sedimentary and phytoplanktonic ) and (b) turbidity level and type (low sedimentary , high
sedimentary , low phytoplanktonic and high phytoplanktonic ). Values are means ± s.d.

M E C H A N I S T I C S S T U D I E S

Larval P. flavescens consumption was not affected by turbidity particle size
(t-test, d.f. = 8, P > 0·05). Juvenile consumption, however, tended to be greater in
large particle turbidity (phytoplankton size) than small particle turbidity (sediment
size) (t-test, d.f. = 8, P = 0·05; Fig. 5).

Light intensity decreased with increasing turbidity level in both phytoplanktonic
and sedimentary turbidities (linear regression: phytoplankton, d.f. = 4, P < 0·001,
r2 = 0·77; sedimentary, d.f. = 4, P < 0·001, r2 = 0·90). The slopes of the relation-
ships of light level with increasing turbidity for phytoplanktonic and sedimentary
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Fig. 5. Effects of turbidity particle size (small and large) on mean ± s.d. zooplankton consumption by larval
and juvenile Perca flavescens.

turbidities were different (ANCOVA test for parallel slopes, d.f. = 20, P < 0·05;
Fig. 6), indicating a differing effect of turbidity type on light level. Also, the mean
light intensity was lower in phytoplanktonic than sedimentary turbidity (ANOVA,
d.f. = 16, P < 0·001).

DISCUSSION

Consistent with previous research, zooplankton consumption by age 0 year
P. flavescens was reduced with increasing phytoplanktonic turbidity, but not with
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Fig. 6. Effects of turbidity level and type on sub-surface light levels. The change in light level differed between
turbidity types (sedimentary and phytoplanktonic ).

© 2010 The Authors
Journal compilation © 2010 The Fisheries Society of the British Isles, Journal of Fish Biology 2010, 76, 1729–1741



1738 C . G . W E L L I N G T O N E T A L .

sedimentary turbidity (Granqvist & Mattila, 2004; Radke, 2005). As hypothesized,
increased prey density was unable to compensate for the consumption-reducing
effects of increased phytoplanktonic turbidity. This suggests that under eutrophic
conditions, the visual interference of phytoplankton-generated turbidity outweighs
the benefits of prey abundance for visually foraging fish. Consequently, P. flavescens
foraging, growth and ultimately recruitment may be expected to decline with increas-
ing cultural eutrophication, a trend already encountered with P. flavescens in areas
of the Laurentian Great Lakes and P. fluviatilis in the Baltic Sea and lakes across
Europe (Sandström & Karås, 2002; Radke, 2005).

Zooplankton consumption by larval and juvenile P. flavescens tended to decline
with increasing phytoplanktonic turbidity, a trend consistent with previous foraging
experiments (B. S. Elkington & C. M. Mayer, pers. comm.). For larval fish, con-
sumption tended to be less in phytoplanktonic than sedimentary turbidity only at high
turbidity levels. At low turbidity, phytoplankton might have slightly aided foraging
through a mechanism such as increased colour contrast with prey. For juveniles,
consumption was significantly lower in phytoplanktonic than sedimentary turbidity
across all turbidity levels. The presence of turbidity type differences even at low
turbidity levels is notable because these levels are often comparable with field con-
ditions, where phytoplankton density is limited by self-shading and storm-driven
sedimentary events are not permanently sustained (Brown & Krygier, 1971; Agusti
et al., 1987). The negative effects of low-level phytoplanktonic turbidity on juvenile
P. flavescens are especially important in unstratified eutrophic areas where seasonal
timing exposes juveniles more to phytoplanktonic turbidity (Moorhead et al., 2008).

The absence of an effect of increasing sedimentary turbidity on consumption is
consistent with studies of P. fluviatilis and larval P. flavescens (Granqvist & Mat-
tila, 2004; Radke, 2005; B. S. Elkington & C. M. Mayer, pers. comm.). Juvenile
P. flavescens have exhibited reduced consumption in sedimentary turbidity, and
might have in this study had more replication been possible. The lack of consump-
tion response does not preclude the possibility of subsidiary effects on foraging and
recruitment. For example, equal consumption does not necessarily correlate with
equal activity; there may be increased behavioural costs associated with foraging
in turbid water due to more failed attacks (Granqvist & Mattila, 2004; Lunggren
& Sandström, 2007). Conversely, there may be lower costs associated with feeding
in turbidity due to reduced antipredator behaviour (Abrahams & Kattenfeld, 1997;
Snickars et al., 2004). Quantifying and separating these behavioural costs may be
important to a more complete understanding of the role of sedimentary turbidity on
P. flavescens recruitment.

Despite the tendency for consumption by age 0 year P. flavescens to increase with
prey density, elevated prey density was insufficient to compensate for the effects of
turbidity. Larval consumption was reduced in high phytoplanktonic turbidity, and
juvenile consumption was less across all phytoplanktonic turbidity levels compared
with sedimentary turbidity. Under such circumstances, a change in the type of func-
tional response might be expected, i.e. the rate of change in consumption with prey
density (Holling, 1959). Although rare for planktivorous fish larvae, switching from
a type II to type III response has been noted for older fishes in unfavourable foraging
conditions (Townsend & Risebrow, 1982). Functional response analysis reveals no
difference in the response type between phytoplanktonic and sedimentary turbidity
(Wellington, 2008). For juveniles, however, the absolute difference in consumption
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did become more pronounced with increasing prey density. For example, at the
lowest prey density (five zooplankters l−1), consumption was about equal in phy-
toplanktonic and sedimentary turbidity. At 300 zooplankters l−1, however, fish in
phytoplanktonic turbidity only consumed the same amount as fish in sedimentary
turbidity at 30 zooplankters l−1 [Fig. 4(a)]. These results reinforce the need to con-
trol land-use practices that affect high phytoplanktonic turbidity, even in areas where
turbidity is correlated with prey density. In many lakes, phytoplankton growth is lim-
ited by phosphorus (Kalff, 2002); although legislation has successfully reduced point
sources, non-point sources of soluble reactive phosphorus continue to rise in some
lakes with agricultural catchments (Richards, 2008). Managers, therefore, will need
to balance the demand for increasing agricultural production with environmental
consequences, such as possible loss to fisheries.

Particle size did not provide a mechanistic reason for the differing foraging
responses with turbidity type, as consumption was greater in large particle
(phytoplankton size) turbidity. Differences in light intensity may provide a partial
explanation. Light intensity was reduced more by phytoplanktonic than sedimen-
tary turbidity. Perca flavescens are nocturnally inactive, and their reaction distance
and consumption are reduced in low light (<10 lx) conditions (Granqvist & Mat-
tila, 2004; Lunggren & Sandström, 2007). Although light intensity in the trials did
not drop below c. 13 μmols quanta m−2 s−1 (c. 962 lx), the lower consumption in
phytoplanktonic turbidity could partially be explained by reduced light (Thimijan &
Heins, 1982). Bluegills Lepomis macrochirus Rafinesque, for example, experience
decreased consumption when turbidity is combined with light levels <450 lx (Miner
& Stein, 1993). Because lakes are not always exposed to full sunlight, understand-
ing the interaction of turbidity and light levels is important and may help predict
P. flavescens recruitment.

Overall, these results highlight the importance of turbidity level and type on the
foraging success of age 0 year P. flavescens foraging in the laboratory. Moreover,
it is shown that even increasing prey density cannot completely compensate for
the negative effects of phytoplankton, especially at high turbidities and particularly
for juveniles. Because recruitment is often dependent on strong visual foraging, the
results also suggest that year-class strength could be influenced by the timing and
extent of phytoplankton blooms. Thus, catchment management practices that reduce
nutrients may benefit P. flavescens fisheries more than those aimed at reducing sed-
imentation, particularly when phytoplankton growth is nutrient limited. Additional
research that could further inform these management decisions might examine the
effects of phytoplankton type (green v. blue-green) on foraging success and the
effects of turbidity that combines sediment and phytoplankton. Overall, this study
provides important considerations for managers making decision about land-use prac-
tices that contribute to eutrophication in lakes.
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