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Abstract
Silver carp (Hypophthalmichthys molitrix) are a potential threat to native filter feeders 
and larval fish due to dietary overlap. To test for dietary overlap and selectivity, we 
collected diet samples from invasive silver carp and two native filter feeders (gizzard 
shad Dorosoma cepedianum and bigmouth buffalo Ictiobus cyprinellus), and river plank-
ton samples at three sites on the Wabash River during the spring and summer of 2015. 
Contents of diet items were identified to major group and quantified. Diet proportions 
were compared among seasons, sites and species. Diet selectivity was calculated using 
the Manly–Chesson diet selectivity index. The results of our diet analysis showed that 
silver carp had significantly dissimilar diets among seasons and displayed dietary over-
lap with native fishes. We did not find a significant difference among sample sites. 
While silver carp diets overlapped with native fishes, the impact of this possible source 
of competition requires further study to confirm impacts on native fish abundances 
and body conditions.
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1  | INTRODUCTION

The introduction of non- native fish has been occurring in the United 
States for the past century, and the numbers of introductions continue 
to increase yearly (Nico & Fuller, 1999). These non- native species are 
correlated with an increased rate of extinction and extirpation of na-
tive species (Minckley & Deacon, 1991). One of the factors causing 
these effects is the competitive pressures exerted on native fish by 
invasive species (Mills, Rader, & Belk, 2004). Successful invasive spe-
cies tend to have high fecundity, high growth rates and lack preda-
tors that have adapted to their presence (Brown, 1989). Silver carp 
(Hypophthalmichthys molitrix) have gained a great deal of attention as 
a significant threat to biodiversity due to their invasive success and 
their impacts on invaded systems (Cudmore, Mandrak, Dettmers, 
Chapman, & Kolar, 2012). Silver carp are categorised as a destructive 
invasive species in the United States and are currently found in 15 
states (Conover, Simmonds, & Whalen, 2007; Nico, Fuller, & Li, 2016).

Introductions of silver carp resulted in reduced body condition of 
native filter feeder fishes (Irons, Sass, McClelland, & Stafford, 2007). 

High abundance of silver carp in reservoirs resulted in altered zoo-
plankton assemblage composition and structure (Domaizon & Devaux, 
1999). Silver carp reduced cladoceran abundances and allowed small 
size algae to increase due to the reduced grazing by herbivorous cla-
docerans (Domaizon & Devaux, 1999). In addition, silver carp also 
consume plankton that are used by native larval fish and filter feeders 
(Laird & Page, 1996). An additional complication is silver carp diet dif-
fers among systems, creating difficulty in predicting specific effects 
for every invaded system. Sampson, Chick, and Pegg (2009) compared 
dietary overlap of silver carp to native bigmouth buffalo (Ictiobus cypri-
nellus), gizzard shad (Dorosoma cepedianum) and paddlefish (Polyodon 
spathula) in the Mississippi River and Illinois River backwater lakes 
and found rotifers to be the main diet item in silver carp. Contrary to 
these results, Williamson and Garvey (2005) found that phytoplankton 
was the most abundant food item in their silver carp in the Middle 
Mississippi River.

There are conflicting results for silver carps ability to efficiently 
digest algae. If they are unable to digest phytoplankton, its presence in 
their diets can be attributed to a by- product of respiration or feeding. 
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Cremer and Smitherman (1980) found that silver carp were primarily 
phytoplanktivorous in captivity. Studies using gut contents and diges-
tive enzyme analysis (Bitterlich, 1985a, 1985b) provided results that 
contradict those found by radiolabelled isotopes techniques (Herodek, 
Tátrai, Oláh, & Vörös, 1989). Xie (1999) found that this contradiction 
can be attributed to the need for algal cells to be broken by mechanical 
grinding in the oesophagus for prior to assimilation.

Silver carp appeared in the Mississippi River in the 1980s and 
subsequently in the Wabash River (Coulter, Keller, Amberg, Bailey, 
& Goforth, 2013). In the Wabash River, Coulter, Bailey, Keller, and 
Goforth (2015) monitored fish movements and identified spawning 
areas and locations with high abundance. Silver carp actively spawned 
in the Wabash River and had high variation in maximum distance and 
daily movements. While some individuals travelled long distances, the 
majority (92.3%) of fish tagged were stationary (Coulter et al., 2015). 
The focus of Wabash River silver carp research has been on spawning 
behaviour and movements, with a lack of information on diets or diet 
overlap with native fishes.

We investigated the diet of silver carp and two common native 
filter feeders (bigmouth buffalo & gizzard shad) in the Wabash River. 
We collected fishes and river plankton samples at three Wabash River 
reaches, to quantify stomach contents and plankton communities. 
Our goals were to quantify diet selectivity and compare diets among 
native filter feeders and silver carp. Our field seasons were spring 
and summer 2015 and included testing for seasonal variation in river 
plankton and stomach contents of fishes. We expected some diet 
overlap among our three species and similar diet selectivity as seen in 
Sampson et al. (2009).

2  | MATERIALS AND METHODS

2.1 | Site description and fish collection

The Wabash River is a large river in the Midwestern United States with 
headwaters in north- west Ohio, flowing through northern Indiana to 
the Illinois border and confluence with the Ohio River. We selected 
three boat accessible sites that were broadly distributed across 303 
river km in the Indiana section of the Wabash River and part of a 
long- term fish sampling project (Broadway, Pyron, Gammon, & Murry, 
2015; Figure 1). Each site was sampled once in the spring and sum-
mer 2015 from March 30 to May 5 and August 27 to September 8. 
We focused our sampling efforts on slower moving (<2.8 m3/s) areas 
of the mainstem river where annual collections contained silver carp 
(Broadway et al., 2015). All fish collections were performed with boat 
electrofishing pulsed DC at 400 volts, 60 Hz (Infinity Box, Midwest 
Lake Electrofishing Systems, Polo, MO). Weight (g) and total length 
(mm) were measured for each fish; stomachs were removed and pre-
served in 5% formalin for diet item identification in the laboratory.

Stomach contents for all fish were collected from the foregut, ex-
pressed into a vial and preserved in 5% formalin. Foreguts (measured 
from the oesophagus to the first bend in the digestive tract) were used 
for diet analysis because algal species have different rates of digestion 
(Sutela & Huusko, 2000). This anterior section of the digestive tract 

provides representation of diets and avoids bias towards phytoplank-
ton that are difficult to digest (Sutela & Huusko, 2000). In the labo-
ratory, each sample was agitated to create a homogeneous solution, 
and a subsample was counted in a Palmer–Maloney counting chamber 
at 400× magnification until a minimum of 300 units were identified 
to major group: chlorophyta, cyanobacteria, diatoms, dinoflagellates, 
euglena (Charles, Candia, & Robin, 2002). We used units as a natural 
grouping of algae, instead of cells to avoid confusion with colonial or 
filamentous algae as single counts.

2.2 | Diet selectivity

We used a 153- μm plankton trawl deployed in each sampling area at 
the time of sampling to determine plankton densities (Allen, Johnson, 
& Ogburn- Matthews, 1995). River plankton samples were stored in 
vials with 5% formalin for later identification. Samples were agitated 
and counted in a Palmer–Maloney counting chamber at 400× mag-
nification until a minimum of 300 units were identified to the same 
taxonomic level as fish diet samples.

Dietary selectivity was calculated using the Manly–Chesson Index 
(Chesson, 1983): 

where ri = the proportion of food item i in the diet, pi = the proportion 
of food item i in the environment, m = the number of prey categories 

α=
ri∕pi

∑

(ri∕pi)
, i=1,2,… ,m,

F IGURE  1 Map of Indiana with three Wabash River sites. Sites 
were used in spring and summer 2015 for fish and river plankton 
collection
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in the environment. α can range from 0 (complete avoidance) to 1 
(complete preference). If α = 1/m, there is no preference and the food 
items are consumed in proportion with what is available in the en-
vironment. If α > 1/m, selection for the food item is present, and if 
α < 1/m, this shows avoidance of the food item.

2.3 | Analyses

Because the results of our diet analysis and river algae analysis were 
proportions, we transformed the data before analyses (Warton & Hui, 
2011). We used a logit- transformation, log ((y + e)/(1	−	y + e)), where 
y represents the proportional data value, and e is the smallest nonzero 
proportion. We added e to the logit- transformation to deal with zero 
proportions.

We tested for differences in diet contents among species, sam-
ple sites and sample seasons using analysis of similarity (ANOSIM). 
ANOSIM is similar to a univariate ANOVA and provides a test for sig-
nificance between two or more groups. These analyses result in an R 
statistic, where an R close to 0 indicates no differences among groups 
and an R close to 1 (the highest possible dissimilarity) indicates large 
differences among groups. The significance of the R value is assessed 
by permutations of a grouping vector to create an empirical distribu-
tion of R under the null model. Our ANOSIM analysis used the Vegan 
package in R 3.2.3 (Oksanen et al., 2007; R Core Team 2015).

3  | RESULTS

3.1 | Diet and river algae analysis

Diets of silver carp were similar to native filter- feeding species in the 
Wabash River. A total of 75 stomachs from three fish species were col-
lected at three sites during the spring and summer of 2015 (Table 1). 
Silver carp were larger and heavier on average in our spring samples, 
mostly due to the presence of large egg- bearing females present in the 
spring. Gizzard shad and bigmouth buffalo were not significantly dif-
ferent in size between seasons (Table 2). Diet analysis resulted in five 
major groups of algae (chlorophyta, cyanobacteria, dinoflagellates, 

diatoms and euglena). The genera of algae with the highest relative 
abundance in our samples were the cyanobacteria Oscillatoria and 
Aphanocapsa. Oscillatoria is a filamentous cyanobacterium with rela-
tive abundances that ranged from 3.9% to 45% of the units of algae 
in our silver carp diets and 6.6%–11.7% of the units in our river sam-
ples (Figure 2). Aphanocapsa is a colonial cyanobacterium with relative 
abundance ranging from 9% to 22.9% of the units in our silver carp 
diets and 31.3%–36.6% of the units in our river samples. Other identi-
fied genera of algae in our samples were in lower relative abundance 
and included diatoms (Epithemia, Cyclosterpanos, Stephanocyclus), 
chlorophyta (Actinastrum, Crucigenia, Lagerhemia) and cyanobacteria 
(Coleosphaerium, Merismopdeia, Chroococcus, Oscillatoria). We did not 
observe zooplankton in our river samples or our stomach samples.

Stomach contents were significantly dissimilar among seasons for 
silver carp (ANOSIM, R = .591, p < .001) but not among our three sites 
(R = .01, p = .311). As no spatial difference was found and the simi-
larity in river algae among sites, individuals from all sites were com-
bined by species in further analyses. Silver carp and gizzard shad diets 
were similar in both spring and summer (R = .078, p = .218; R = .026, 
p = .27). Bigmouth buffalo stomach contents were also similar to silver 
carp when we compared spring samples (R = .072, p = .188). We were 
unable to compare to summer bigmouth buffalo due to low sample 
size.

3.2 | Diet selectivity

Due to a lack of significant differences among sites, samples were 
grouped by season and species of fish. Silver carp in our spring collec-
tions positively selected cyanobacteria and chlorophyta and negative 
selectivity diatoms, dinoflagellates and euglena (Figure 3a). Silver carp 
in our summer collections positively selected chlorophyta and diatoms 
and negatively selected cyanobacteria and euglena. Dinoflagellates 
were absent in summer samples (Figure 3a).

Gizzard shad diet selectivity was also calculated for spring and 
summer 2015. Gizzard shad collected in the spring showed positive 
selection for cyanobacteria, neutral selection for diatoms and nega-
tive selection for chlorophyta, dinoflagellates and euglena (Figure 3b). 

TABLE  1 Number of fish caught at each site during our 2015 spring and summer sampling on the Wabash River in Indiana

Season

Vincennes Terre Haute Lafayette

Silver Carp
Gizzard 
Shad

Bigmouth 
Buffalo Silver Carp

Gizzard 
Shad

Bigmouth 
Buffalo Silver Carp

Gizzard 
Shad

Bigmouth 
Buffalo

Spring 10 1 1 10 0 1 10 5 4

Summer 10 4 0 7 4 0 3 3 2

TABLE  2 Average length and weight (±standard deviation) of fish caught in spring and summer 2015

Season

Length (cm) Weight (g)

Silver Carp Gizzard Shad Bigmouth Buffalo Silver Carp Gizzard Shad Bigmouth Buffalo

Spring 647 (±93) 278 (±34) 469 (±95) 3,981 (±1,536) 412 (±122) 1,856 (±1,007)

Summer 573 (±88) 212 (±37) 455 2,630 (±1,030) 198 (±78) 2,381
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Gizzard shad collected in the summer positively selected chlorophyta 
and diatoms and negatively selected cyanobacteria and euglena. 
Dinoflagellates were absent in summer samples (Figure 3b).

Due to low sample size for bigmouth buffalo in our summer col-
lections, we were only able to calculate selectivity for spring 2015. 
Bigmouth buffalo showed positive selectivity for cyanobacteria and 
chlorophyta and negatively selected dinoflagellates, euglena and 
 diatoms (Figure 3c).

4  | DISCUSSION

Because of their threat to invaded systems, silver carp have been the 
target of many studies (Cudmore et al., 2012). They alter body condi-
tions of native fishes and impact plankton assemblages in areas they 
have been introduced (Domaizon & Devaux, 1999; Irons et al., 2007). 
Results from our study showed diets of silver carp were similar to na-
tive filter- feeding species in the Wabash River (Figure 2), providing 
evidence for potential competitive interactions if diet items were lim-
ited. Due to a lack of bigmouth buffalo in our summer sampling, we 
were not able to include them in seasonal variation tests. However, 
gizzard shad and silver carp both shifted diets from spring to summer 
while maintaining dietary overlap with silver carp (Figure 2).

Historic and recent information on the Wabash River zooplankton 
community is minimal and inconsistent. River samples from 1962 re-
sulted in 79 zooplankton/L (Williams, 1966). Bates and Weber (1981) 

sampled the river in 1974 and found densities (0.3–4 zooplankton/L) 
which were much lower than densities in the Ohio River (50 organ-
isms/L) during the same time period. The historical densities of 
zooplankton in the Wabash River were low compared to recent den-
sities found by Sampson et al. (2009) who had ranges of 200–6,500 
 organisms/L for rotifers alone in his study.

The majority of the diet items in our fish stomach samples were 
cyanobacteria, diatoms and chlorophyta, supporting the results of 
Williamson and Garvey (2005) in the Middle Mississippi River. These 
diets differed from Sampson et al. (2009) in the Illinois and Mississippi 
rivers where predominant silver carp diet items were rotifers and other 
zooplankton. Surprisingly, we did not observe rotifers or other zoo-
plankton in our fish diets or river plankton samples. While the lack 
of zooplankton in our river samples may be influenced by the mesh 
size we used (Chick, Levchuk, Medley, & Havel, 2010), we expected to 
observe them in our fish stomachs if they were consumed and present 
in detectable densities. Rotifers were identified in the Wabash River 
in a 1962 collection and last measured at low densities in 1974 (Bates 
& Weber, 1981; Williams, 1966). While the contents of our fish stom-
achs differed, the dietary overlap among silver carp and gizzard shad 
were similar to the trends of Sampson et al. (2009). Low sample sizes 
for bigmouth buffalo in the summer resulted in us removing the spe-
cies from summer diet comparisons.

Based on our results, there is potential for competition among in-
vasive silver carp and the native filter feeders in the Wabash River. 
However, effects on feeding behaviour and status of the native 

F IGURE  2 Mean relative abundance 
(±SE) of algal groups in river samples and 
diets of silver carp (Hypophthalmichthys 
molitrix), gizzard shad (Dorosoma 
cepedianum) and bigmouth buffalo (Ictiobus 
cyprinellus) collected in spring (a) and 
summer (b) 2015 in the Wabash River 
Indiana. Due to low sample size, bigmouth 
buffalo are absent in our summer analysis
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populations are unclear. The Wabash River has excess nutrients from 
agricultural dominated land use in the watershed (Gammon, 1998). 
These inputs may result in phytoplankton that are not nutrient- limited, 
and a subsequent lack of competition among planktivore consumers. 
However, if algae are reduced in abundances either due to an increase 
in the abundance of filter feeders or a decrease in nutrient availabil-
ity, competition among filter- feeding fishes can occur. Further study 
of body condition, abundance and distribution of native fishes before 
and after the introduction of silver carp may provide additional infor-
mation for the presence of competition and its impacts.

Silver carp were found to be nonselective by Cremer and 
Smitherman (1980); however, Spataru and Gophen (1985) found that sil-
ver carp displayed dietary selectivity, consuming both zooplankton and 

phytoplankton at proportions different from environmental levels. We 
found silver carp in the Wabash River selectively consumed cyanobacte-
ria (Figure 3). Cyanobacteria are typically viewed as a poor food source 
because they are difficult to digest and produce endotoxins (Lampert, 
1987). Some cyanobacteria species also benefit from ingestion by silver 
carp (Willink, 2009). The mucous layer of cyanobacteria allows them to 
pass through the gut unharmed and absorb nutrients in the process. In 
contrast, diatoms and chlorophyta lack a protective mucous layer that 
inhibits digestion. We hypothesised that silver carp would select against 
poor- quality food sources (cyanobacteria) and select higher quality 
sources (chlorophyta and diatoms). Our summer results supported this 
hypothesis, but our spring samples showed higher proportions for cya-
nobacteria. Gizzard shad had similar dietary selectivity results.

F IGURE  3 Mean (±SE) Manly Chesson α 
for Silver Carp (Hypophthalmichthys molitrix) 
(a) Gizzard Shad (Dorosoma cepedianum) (b) 
and Bigmouth Buffalo (Ictiobus cyprinellus) 
collected in spring and summer 2015 
on the Wabash River in Indiana. α = .2 
represents neutral selectivity, α > .2 
represents positive selection, and α < .2 
represents negative selectivity (Located 
after Diet Selectivity section of the results)
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One possible explanation for the shift in diet selectivity among 
seasons is overlap with reproductive activities. Silver carp begin 
spawning in the Wabash River in spring (Coulter et al., 2013). 
Female silver carp captured in the spring tended to contain ripe 
eggs, whereas our summer females did not. The fact that positive 
selectivity for cyanobacteria overlapped with the spawning season 
for these fish leads us to wonder there is a link, or if it is simply a 
random correlation. Due to increased energy spent on reproduction, 
these fish may select abundant cyanobacteria and avoid investing 
energy to select lower abundance diatoms and chlorophyta. Silver 
carp had higher proportions of diatoms and chlorophyta in their gut 
following reproduction. Another possible explanation for these re-
sults may simply be spatial variation in river algae. Cyanobacteria re-
sist digestion while passing through the gut of silver carp—this may 
increase gut passage time and skew our selectivity results. While our 
sample sites did not have significantly different algae abundances, 
silver carp are capable of travelling long distances (Coulter et al., 
2013) and may forage in locations distant from our capture sites. 
This seems unlikely, however, with the constant feeding behaviour 
of silver carp and the large abundance of stationary fish observed by 
Coulter et al. (2013).

In summary, diets of silver carp overlapped with gizzard shad and 
bigmouth buffalo in the Wabash River. The highest overlap was be-
tween silver carp and gizzard shad. Both species experienced signif-
icant variation in their diets between spring and summer, but diets 
overlapped in both seasons. Silver carp and gizzard shad both dis-
played selectivity during spring and summer, both species ingested 
larger proportions of a poor food source (cyanobacteria) during the 
spring, which coincided with spawning for silver carp. During the 
summer, both species ingested higher amounts of diatoms and chlo-
rophyta. We recommend further research that (i) tests for a silver carp 
effect on body condition of native fishes before and after the invasion 
of silver carp, (ii) includes a comprehensive survey of algae and zoo-
plankton of the Wabash River, and (iii) testing for seasonal variation 
in algal communities as critical information to detect competition and 
impacts on native fishes.
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