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Predators can be important top-down regulators of community structure and are known to have both positive and negative effects
on species diversity. However, little is known about the reciprocal effects of species diversity on predators. Across a set of 80
lakes in Connecticut, USA, we found a strong positive correlation between prey species diversity (using the Shannon-Weiner
Diversity Index) and growth rates of largemouth bass (Micropterus salmoides). This correlation was strongest for small predators
and decreased with body size. Although the underlying mechanisms are not known, the correlation is not driven by total fish
abundance, predator abundance, or productivity.
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1. INTRODUCTION

As demonstrated by classic studies of Pisaster in the rocky
intertidal zone [1] and peacock bass Cichla temensis in Lake
Gatun [2], predators can be important regulators of com-
munity structure. Through both direct predation and indi-
rect effects, such as the modification of the strength or sym-
metry of competitive interactions among prey species [3],
predators can increase or decrease species richness and diver-
sity [4]. However, little is known about the reciprocal effects
that species diversity can have on predators. Increasing diver-
sity could potentially have positive effects on predators due
to a higher overall abundance or reduced temporal variabil-
ity in abundance of prey [5]. Alternatively, species diversity
could negatively affect predators if the abundance of a pre-
ferred prey species is lower in high diversity systems. In ad-
dition, foraging strategies that involve prey recognition (e.g.,
search images) may be less effective in high-diversity systems
[6]. Because human activities threaten species diversity in
virtually all ecosystems [7], an improved understanding the
bottom-up effects of species diversity may prove valuable for
efforts to maintain ecosystem function or to conserve preda-
tor populations.

To investigate the effects of species diversity on predators,
we examined individual growth rates of largemouth bass Mi-
cropterus salmoides (henceforth bass) in 80 lakes in Connecti-
cut, USA. After their first year, largemouth bass are highly

piscivorous and can feed on a variety of fish species [8]. How-
ever, individual growth rates can vary widely among systems
as a function of the quantity and quality of available prey [9].
Therefore, we hypothesized that fish species diversity could
have potentially strong positive or negative effects on bass
growth.

2. MATERIAL AND METHODS

The lakes used in this study were sampled as part of
a statewide survey conducted between 1988–1995 by the
Connecticut Department of Environmental Protection [10].
Physical characteristics of study lakes are summarized in
Table 1. Each lake was electrofished by boat on 1–4 oc-
casions at night in spring (April–June) or fall (October-
November) for an average of 3.6 hours “on time” (i.e., time
when electrical current was running through water) per
lake (Range: 0.36–12.56 hrs). Total sampling time was pro-
portional to lake size. Fish were collected using a pulsed
DC mode (80 pulses/second, 60% pulse width) with 200–
400 volts and 3–9 amps, depending on conductivity. During
sampling, the boat traveled parallel to shore in water gener-
ally <1.5 m deep. All fish species were collected by two net-
ters for up to one hour, and largemouth bass and less com-
mon species were collected for any additional time. Boat elec-
trofishing is known to capture some fish species more effec-
tively than others, leading to potential errors in estimating
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Table 1: Physical characteristics of study lakes.

Characteristic Mean Minimum Maximum Coefficient of
variation

Surface area (ha) 132.9 6.1 2193.4 197.3

Maximum depth (m) 11.8 1.5 33.9 70

Conductivity
(μmhos/cm3)

88.3 19 300 70.4

Secchi depth (m) 3.0 0.7 9.0 54.9

abundance [11]. However, largemouth bass can be sampled
effectively by boat electrofishing [12]. In addition, boat elec-
trofishing is most effective for collecting fish in the littoral
zone [11], which is the primary habitat of bass and the loca-
tion of most encounters with their prey [13].

All fish collected were identified to species and counted
prior to release. We estimated abundance of each species
as the total number of individuals caught per hour of elec-
trofishing on time [12]. Data from different sampling dates
were combined to estimate abundance each species. For each
lake, we quantified species richness and species diversity us-
ing the Shannon-Weiner Diversity Index H′ [14]. Individual
fish that were identified as hybrids were not used in the calcu-
lation of diversity or richness, but were included in estimates
of total fish abundance.

For each bass collected, total length was measured to the
nearest 1 mm and a small number of scales were taken from
behind the depressed pectoral fin. These scales were used
to determine ages and to back-calculate lengths at each age
using the Fraser-Lee method [15]. After converting back-
calculated lengths to masses using a standardized length-
mass regression, we regressed ln-transformed annual change
in mass versus ln-transformed mass at the start of the year for
each lake. Sample sizes for regressions averaged 139.3 ± 8.1
(X±1 SE) estimates of annual growth. We only used fish aged
2–10 years to ensure similar domains for all regressions and
to avoid errors associated with aging older fish [16]. These
lake-specific regressions were used to predict growth rates of
bass that began the year at three different sizes (150, 250, and
350 mm total length). We used individual estimates of annual
growth as separate observations in our regressions. Although
an individual fish could be used to generate multiple esti-
mates of annual growth, our experimental units were lakes
and not fish. Therefore, we used all available observations to
generate the most accurate estimates of growth possible for
each lake.

We used correlation coefficients to explore relationships
between species richness and diversity, and bass growth
rates. We also calculated correlations between these variables
and bass abundance, total fish abundance, bluegill (Lep-
omis macrochirus) abundance (the primary prey of bass in
many systems [17]), lake surface area, and mean conductiv-
ity, an estimate of lake productivity [18], to explore mecha-
nisms and rule out alternative explanations. Finally, we used
multiple regression to simultaneously evaluate the effects of
species diversity, bass abundance, total fish abundance, sur-
face area, and conductivity on bass growth rates.

3. RESULTS

Species richness in our study lakes averaged 12.65 species
(range: 4–25) and mean species diversity (H′) was 0.68
(range: 0.22–1.01). Bluegill were the most abundant species
collected and were found in 79 of the 80 lakes (Table 2).
Other common species (in terms of frequency of occur-
rence and/or relative abundance) were pumpkinseed Lep-
omis gibbosus, yellow perch Perca flavescens, golden shiner
Notemigonus chrysoleucas, yellow bullhead Ameirus nebu-
losus, and black crappie Pomoxis nigromaculatus (Table 2).
Largemouth bass were the most abundant predator (X =
9.2% of total fish abundance). Chain pickerel Esox niger were
also found in most study lakes, and averaged 1.9% of total
fish abundance (Table 2).

Across the study lakes, ln-transformed growth rates of
150 mm bass were positively correlated with fish species di-
versity (see Figure 1, r = 0.38, P < .0005) but not species rich-
ness (r = 0.19, P > 0.05). If the lowest diversity lake was re-
moved from the dataset, the correlation was weaker but still
significant (r = 0.33, P < .005). The observed correlation
with species diversity does not appear to be driven by total
fish abundance or bluegill abundance, because both variables
were negatively correlated with species diversity (total abun-
dance: r = −0.27, P < .02, bluegill abundance: r = −0.35,
P < .002). Similarly, species diversity was not correlated
with bass abundance (r = −0.16, P > .15) or conductivity
(r = −0.16, P > .10). Species diversity was correlated with
surface area (r = 0.32, P < .005), but surface area itself was not
correlated with bass growth (r = 0.11, P > .30). Bass growth
was negatively correlated with bass abundance (r = −0.34,
P < .005), but not with potential interspecific competitors
chain pickerel (r = 0.06, P > 0.50) or smallmouth bass Mi-
cropterus dolomieu (r = 0.20, P > .05). Correlations between
growth rate and species diversity were highest for 150 mm
bass and decreased as a function of body size. The correla-
tion was still significant for the 250 mm size class (r = 0.33,
P < .005) but not for the 350 mm size class (r = 0.14,
P > 0.20).

The multiple regression on bass growth rates was also
highly significant and included significant coefficients for
species diversity and largemouth bass abundance (Table 3).
These two variables influenced growth rates in opposite di-
rections. Whereas species diversity had a positive effect on
bass growth, bass abundance had a negative effect. In abso-
lute terms, the magnitude of the species diversity coefficient
was also much larger than the coefficient for bass abundance.

4. DISCUSSION

Our results suggest that species diversity has a positive ef-
fect on growth rates of largemouth bass. This relationship
does not appear to be a spurious result of collinear associ-
ations between species diversity and other variables such as
total fish abundance, bluegill abundance, bass abundance, or
system productivity (as measured by conductivity). Species
diversity was positively correlated with lake area, but lake
area was not directly correlated with bass growth. Therefore,
lake area is more likely to influence bass growth indirectly
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Table 2: Fish species collected in study lakes. For each species, relative abundance was calculated only for lakes in which a species was present.
Therefore, the sum of relative abundances for all species exceeds 100%.

Species Frequency of occurrence
(% of lakes)

Relative abundance when present
(% of total abundance)

Maximum relative abundance
(% of total abundance)

Alosa pseudoharengus 31.25 6.7 22.6

Ambloplites rupestris 33.75 6.8 29.9

Ameiurus catus 11.25 0.6 3.5

Ameiurus natalis 11.25 0.8 3.1

Ameiurus nebulosus 83.75 2.2 42.2

Anguilla rostrata 65 2.1 11.2

Carassius auratus 6.25 0.4 0.9

Catostomus commersoni 55 5.5 43.7

Cyprinus carpio 16.25 0.8 1.7

Erimyzon oblongus 12.5 0.9 3.1

Esox americanus 2.5 0.2 0.3

Esox lucius 2.5 0.2 0.3

Esox niger 87.5 1.9 9.4

Etheostoma olmstedi 16.25 0.1 0.6

Fundulus diaphanous 36.25 0.5 3.9

Lepomis auritus 37.5 3.4 13.2

Lepomis cyanellis 3.75 0.6 1.2

Lepomis gibbosus 98.75 10 64.9

Lepomis macrochirus 98.75 37.5 89.5

Luxilus cornutus 2.5 0.2 0.4

Micropterus dolomieu 42.5 3.7 20

Micropterus salmoides∗ 100 9.2 28.1

Morone Americana 30 11.1 64.6

Notemigonus crysoleucas 86.25 2.2 14.7

Notropis hudsonius 12.5 13.2 45.5

Notropis bifrenatus 6.25 0.2 0.9

Onchorhynchus mykiss 28.75 2.1 11.4

Onchorhynchus nerka 3.75 0.1 0.2

Osmerus mordax 1.25 0.1 0.1

Perca flavescens 95 20 69.1

Petromyzon marinus 1.25 0.1 0.1

Pomoxis nigromaculatus 73.75 1.6 8.2

Salmo salar 1.25 0.1 0.1

Salmo trutta 40 1 8.5

Salvelinus fontinalis 10 0.4 2.1

Semotilus corporalis 6.25 0.2 0.4
∗Largemouth bass.

through species diversity. Of the two components of species
diversity, relative abundance appears to have a stronger ef-
fect on bass growth. Species richness alone was not correlated
with growth rates of any size class.

We have interpreted the correlation between species di-
versity and bass growth directionally as a bottom-up effect of
diversity on growth. Fish community composition in lakes is
strongly affected by physical characteristics such as area and
connectivity [19] as well as historical processes such as ac-

cidental introductions and deliberate stocking [20]. Within
a system, the relative abundance of species is influenced by
habitat heterogeneity, particularly the relative proportion of
littoral and pelagic habitat [21]. Nevertheless, largemouth
bass may play a top-down role in determining community
structure as the dominant predator in our study systems. Al-
though bass abundance was not related to species diversity
as would be expected if they were structuring prey commu-
nities, bass growth could influence species diversity through
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Figure 1: Annual growth rate of largemouth bass (g/year) as a func-
tion of prey species diversity H ′ (measured by the Shannon-Weiner
Diversity Index). Each point corresponds to one study lake. Annual
growth rate is calculated for 150 mm largemouth bass in each lake
using back-calculated lengths from scales.

Table 3: Multiple regression coefficients for annual growth rates
(g/year) of largemouth bass in 80 Connecticut lakes. The overall re-
gression was highly significant (F5,74 = 4.80, P < .001, r2 = 0.25). The
dependent variable was ln-transformed prior to analysis. Species di-
versity was calculated using the Shannon-Weiner Diversity Index.
Largemouth bass abundance and total fish abundance are calculated
from electrofishing catch rates.

Variable Coefficient (±SE) P-value

Species diversity (H ′)∗ 1.027± 0.33 .0022

Largemouth bass abundance (no./h)∗ −0.0038± 0.0017 .029

Total fish abundance (no./h) 0.00004± 0.00020 .85

Surface area (ha) −0.00003± 0.00002 .89

Conductivity (μmhos/cm3) −0.0011± 0.0008 .19
∗Significant coefficients.

its consequent effect on size structure. Because bass are gape-
limited predators, the range of prey sizes that can be con-
sumed increases as a function of body size [22]. Therefore,
a larger proportion of more species will be vulnerable to
predation in systems where bass grow well. In addition, in-
creased vulnerability to predation will likely have a stronger
influence on behaviors that can modify interactions among
prey species [23]. The relationship between species diversity
and predator growth may ultimately reflect a feedback loop
wherein each component influences the other.

Mechanisms underlying the relationship between bass
growth and species diversity are not currently known. In-
terannual variability in total fish abundance may be lower
in high diversity systems due to interspecific differences in
spawning requirements (e.g., temperature, habitat) or early
growth rates that could increase the probability of at least
some species reproducing successfully in a given year [24].
This increased likelihood of having small prey in high diver-
sity systems could in turn lead to consistently higher growth

rates of bass across years, particularly for smaller size classes
that rely most heavily on young-of-year prey [25]. Larger size
classes may be less dependent on a diverse prey community
because their large gape allows them to feed on multiple age
classes of a single prey species. Increased growth rates in high
diversity systems may also be due to the importance of rela-
tive body size in the interaction between predator and prey.
Because bass grow continuously, optimal and maximum prey
sizes change with body size [26]. Bass in high diversity sys-
tems may be able to shift among prey species to maintain
optimal size ratios with prey. In contrast, bass in low diver-
sity systems may be forced to feed on a single year class of
an abundant prey species for extended periods of time until
they are large enough switch to other year classes.

Elucidating the mechanisms underlying variation in bass
growth is an important next step in understanding the
bottom-up effects of species diversity on predators. Detailed
analyses of bass diets will help determine whether bass in
more diverse systems feed on a broader range of prey species
and sizes as they grow. Repeated sampling of study lakes will
yield insights into interannual variation in prey abundance,
particularly for small bass, as a function of species diversity.
These data could also help explain some of the residual varia-
tion in growth rates in Figure 1. Effects of prey species diver-
sity on predator performance should be tested experimen-
tally as well. Although an experimental manipulation involv-
ing largemouth bass may be difficult due the relatively slow
time scales of prey reproduction (i.e., annually), organisms
at lower trophic levels may provide a tractable study sys-
tem. For example, predatory mosquito larvae in pitcher plant
inquiline communities are known to have strong effects on
species diversity of lower trophic levels [27, 28]. These prey
communities could be experimentally manipulated to create
a range of diversities to test for potential effects on mosquito
growth and molting rates.

Conservation biologists have long recognized the impor-
tance of predators to ecosystem structure and function. In
particular, keystone predators are well known to exert strong
top-down effects on patterns of species diversity [29]. Our re-
sults suggest that species diversity may also influence preda-
tors from the bottom-up. As external forces reduce diversity
in ecosystems, predator performance (e.g., growth) may de-
crease, thereby lessening their role in structuring prey com-
munities. Therefore, efforts to conserve ecosystems should be
directed at all trophic levels.
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