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rather than habitat change was the main 
in�uence on the benthic community (Crowder 
and Cooper 1982; Gilinsky 1984; Post and 
Cucin 1984; Hershey 1985). 

Several studies in freshwater lentic environments 
have investigated the e�ects of sight feeding 
�shes such as bluegill (Lepomis macrochirus) 
on the benthic community using predator 
exclosures or enclosures (Crowder and Cooper 
1982; Bohanan and Johnson 1983; Gilinsky 
1984; Morin 1984; Mittlebach 1988; Butler 
1989). Exclosure studies can complement 
more natural but less controlled �eld 
investigations. Although enclosure studies 
o�er valuable insights into �sh and benthic 
macroinvertebrate interactions, results may 
be di�cult to apply to larger scales due to the 
e�ects of unnatural con�nement of predator 
and prey (Virnstein 1978) and altered water 
movements (Butler 1989). Field studies o�en 
lack su�cient controls (Likens 1985), but the 
results they yield may be more applicable to 
wild populations. Comparing results from 
replicated small-scale exclosure experiments to 
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cm mesh) were placed near the mouths of two 
of the tributaries, Spring Creek and Alkali 
Creek, to prevent adult carp from re-entering 
the streams from the reservoir. Other barrier 
fences in Alkali Creek and at a low-head dam 
in Spring Creek, both located at the upper 
ends of the treated stream sections, prevented 
adult �sh from re-entering the treated sections 
from untreated areas upstream. �e barrier 
fences were washed out during late winter of 
Year 2, allowing �sh to migrate back into the 
tributaries from the reservoir. Rotenone was 
re-applied to two of the tributaries, Spring Creek 
and the Grand River, in early June of Year 2. A 
barrier fence was installed in Spring Creek and 
a nylon net was used to block �sh passage in the 
Grand River. All dead �sh were counted and a 
subset of �sh were measured and weighed.

Fish barriers: upstream and downstream. 
In Year 1, the benthic macroinvertebrate 
community in Spring Creek and Alkali Creek 
was sampled before carp eradications (May 25-
30) and a�erward (June 25 - July 10). Samples 
were collected with a 232.3 cm2 Ekman grab 
sampler, sieved through a 1mm sieve, and 
preserved in 90% ethanol. �e Ekman sampler 
was e�ective in collecting uniform samples 
in the so�, silt substrates present in the study 
area. �irty samples were randomly collected 
upstream (10 samples before eradication and 
20 samples a�erward) and downstream (10 
samples before eradication and 20 samples 
a�erward) of the barrier fences. All upstream 
and downstream samples were collected within 
0.5 km of the �sh barriers to insure sampling of 
similar habitats on each side of the barriers. �e 

Fig. 1. Map of study area. Roman numerals I and II mark barriers used in Year 1 (1994); III and IV 
mark barriers used in Year 2 (1995). Squares indicate locations of fish exclosures.
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area sampled was within the slack water created 
by the reservoir. Maximum depth in this area 
was less than 2 m and substrates consisted 
mainly of silt. All samples were collected in 
areas devoid of submerged vegetation to avoid 
fouling of the sampling device. 

Similarly, in Year 2, we sampled benthic 
invertebrates in Spring Creek and the Grand 
River before eradications (May 25-29) and 
a�erward (June 27- July 2). Fi�een samples 
were collected upstream (5 samples before 
eradication and 10 samples a�erward) and 
downstream (5 samples before eradication 
and 10 samples a�erward) of the �sh barriers. 
Although Alkali Creek was not treated with 
rotenone in Year 2, and thus contained �sh, 
samples of benthic macroinvertebrates were 
collected in the same area and manner as in 
Year 1 (Fig. 1).

Fish exclosures. In late June of Year 1, i.e., 2 
to 3 wk a�er carp eradications, three 8 m x 8 
m �sh exclosures (4.5 cm x 9 cm mesh) were 
installed, one near the mouth of each tributary 
below the �sh barriers. Water depth within 
each exclosure ranged from 0.5 m to 1.5 m. 
Twelve samples of benthic macroinvertebrates 
were collected for each exclosure (six inside and 
six outside) during each of three periods: June 
25-30 (referred to herea�er as June), July 15-20 
(herea�er July), and August 5-10 (herea�er 
August; Fig. 1).

Vegetated versus non-vegetated areas. In both 
study years, benthic macroinvertebrates were 
sampled in vegetated areas as well as non-
vegetated areas upstream of the �sh barrier in 
Spring Creek. Samples collected in vegetated 
areas were collected with identical procedures 
to samples collected in non-vegetated areas. 
Benthic invertebrate samples were also 
collected from the main body of the reservoir 
in non-vegetated areas. Ten samples were collected 
in deep water (> 2 m) and 10 samples were 
collected in shallow water (< 2 m) in both years. 

Benthic macroinvertebrates were classi�ed into 
the following groups: Chironomidae, other 
Diptera (non-chironomid), Ephemeroptera, 
Odonata, Coleoptera, Oligochaeta, 
Amphipoda, Gastropoda, and “other” (those 
rarely encountered). For samples collected in 
Year 1, we measured total body length (mm) 
of a random subsample of 30 chironomids 
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downstream of �sh barriers. Relatively high 
ratios indicate heterogeneous chironomid 
density distributions whereas lower ratios 
indicate more uniform density distributions.   

Results

Adult carp constituted 99.5% of the �sh killed by 
weight in Year 1 and 94.9% of the �sh killed by 
weight in Year 2 (Table 1). Carp densities within 
the tributaries exceeded 9,900 kg ha-1 in Year 1. 

Chironomids were the dominant benthic 
macroinvertebrate sampled in all areas of the 
tributaries and in the reservoir, representing 
up to 100% of the organisms in a sample. In 
most of the samples in non-vegetated areas, 
chironomids and oligochaetes were the only 
benthic macroinvertebrates present. 

Fish barriers: upstream and downstream. In 
Year 1, immediately prior to �sh eradications, 
chironomid densities averaged less than 160 
organisms-m-2 in both Spring Creek and 
Alkali Creek. Within 4 wk following �sh 
eradications, chironomid densities upstream 
of barriers increased 50-fold in Spring Creek 
(mean = 8,116 organisms-m-2) and 15-fold in 
Alkali Creek (mean = 2,476 organisms-m-2). 
Downstream of barriers, where �sh could re-
inhabit, chironomid densities remained below 
175 organisms-m-2 in both streams and were 
signi�cantly lower than densities upstream of 
the �sh barriers (P < 0.001).

Prior to �sh eradications in Year 2, chironomid 
densities averaged less than 350 organisms-m-2 
in both Spring Creek and the Grand River. 
Within 4 wk following the eradications, 
chironomid densities upstream of the �sh 
barriers increased over 12-fold in Spring Creek 
(mean = 4,185 m-2) and over 20-fold in the 
Grand River (mean = 7,268 m-2). Downstream 
of the barriers chironomid densities were 
signi�cantly lower than densities upstream of 
the barriers (P < 0.001; Fig. 2). Chironomid 
densities within the reservoir averaged less than 
183 organisms-m-2 in both years.

Chironomid length also di�ered signi�cantly 
above and below barriers. In the �rst year, 
chironomids were signi�cantly longer above 
the barriers (mean = 11.8mm; n = 60) than 
below the barriers (mean = 5.7mm; n = 60) 
in Spring Creek and Alkali Creek (P < 0.001). 
In Year 2, chironomids sampled upstream of 
the barrier in Spring Creek were signi�cantly 
longer (mean = 10.2mm; n = 26) than those 
sampled downstream of the barrier (mean = 
5.8mm; n = 26; P < 0.001) but no di�erence 
in chironomid length was found upstream 
(mean = 5.8mm; n = 25) and downstream 
(mean = 5.6mm; n = 25) of the barrier in the 
Grand River (P > 0.1). Lengths of chironomids 
collected in the main reservoir were not 
signi�cantly di�erent between Year 1 (mean = 
5.5mm; n = 51) and Year 2 (mean = 5.6mm; n = 
51; P > 0.1) nor were they signi�cantly di�erent 
from chironomid lengths downstream of the 
barriers (P > 0.1; Fig. 3).

Table 1. Total weight (kg) of fish killed following application of rotenone to tributaries of Bowman-
Haley Reservoir, North Dakota, Year 1 (1994) and Year 2 (1995).
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No change in the composition of chironomids 
at the genus level was detected. Over 90% of the 
chironomids in all locations and times were of 
the genus Einfeldia. 
 
Although �sh barriers were not maintained 
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Densities of other taxa also di�ered between 
vegetated and non-vegetated areas (Fig. 6). 
Benthic macroinvertebrate richness was higher 
in vegetated areas than in non-vegetated 
areas (Fig. 7); in the latter, chironomids 
and oligochaetes were o�en the only 
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1999). In our study, increases in submerged 
macrophyte abundance were associated with 
increased benthic macroinvertebrate richness. 
Whereas chironomids and oligochaetes were 
o�en the only organisms collected in areas 
without submerged macrophytes; many 
taxa, including Amphipoda, Ephemeroptera, 
and Gastropoda were collected in vegetated 
areas. Most taxa (but not Oligocheata and 
Chironomidae) were more abundant in 
vegetated than in non-vegetated areas. 
Higher benthic macroinvertebrate richness 
in vegetated than non-vegetated areas has 
been widely reported (Gerking 1962; Dvorac 
and Best 1982; Rabe and Gibson 1984) and 

is consistent with the idea that increased 
habitat complexity provides more niches and 
refuges from predators (Smith 1972; Murdoch 
and Oaten 1975). �e importance of habitat 
complexity in Bowman-Haley Reservoir was 
underscored by our observations that �sh 
trapnets set continuously during summer in the 
main reservoir were colonized by high densities 
of benthic macroinvertebrates even though 
chironomids and other taxa were rare or absent 
in the substrate.

Although studies of the e�ects of carp in 
particular on benthic macroinvertebrates are 
not common (Weber and Brown 2009, their 

Fig. 4. Average density of organisms upstream (exclosure) and downstream of fish barriers in Year 1 
and Year 2.
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Table 2), some studies support our �ndings. 
Parkos et al. (2003) found that in mesocosms, 
high carp biomass was negatively related 
to macroinvertebrate abundance. Schrage 
and Downing (2004) found that following 
�sh removal (including carp) from Ventura 
Marsh in Clear Lake, Iowa, density of benthic 



22                                                                                                                 Bonneau and Scarnecchia

Although carp in Bowman-Haley Reservoir fed 
primarily on zooplankton rather than benthic 
macroinvertebrates (Bonneau 1999), these food 
habits may have resulted from a depletion of 
benthic macroinvertebrates and the subsequent 
need to utilize alternative food sources. Other 
studies have found that carp will cease feeding 
on preferred foods such as chironomids and 
oligochaetes when they become scarce and 
switch to more abundant foods (Stein et al. 
1975; Sibbing et al. 1986). An ability of the carp 
to switch to zooplankton when benthic food 
sources become scarce would allow densities 
of carp to remain high and result in the severe, 
sustained depletion of the benthic fauna.

Further evidence of the carp’s predation on 
chironomids was provided by the exclosure 
experiments. Chironomid densities within 

�sh exclosures were higher than those outside 
exclosures during June through August in 
Spring Creek and Alkali Creek and June 
through July in the Grand River. Chironomid 
lengths in August were not, however, 
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was seen in the Grand River in Year 2 when 
chironomid lengths above the �sh barrier were 
not signi�cantly di�erent than those below the 
�sh barrier. In Year 2, age-0 carp were much 
more abundant in the Grand River than in the 
other two tributaries in either of the two years 
(Bonneau 1999) and could account for the 
smaller sizes of chironomids above the barrier.    

�e eradication of carp was also associated with 
altered spatial distributions of chironomids. 
Chironomids were distributed more uniformly 
in areas with carp than in areas without 
carp. �is result contradicts the �ndings of 
others that predation increased the spatial 
heterogeneity of prey (Henrickson and 
Oscarson 1978; Butler 1989; Wilcox and 
Hornbach 1991). Wilcox and Hornbach (1991) 
was the only study where carp were the main 
benthic predator, and carp densities within 
their exclosures (approximately 150 - 1,100 
kg ha-1) were much lower than carp densities 
observed in Bowman-Haley Reservoir (up 
to 10,000 kg ha-1). In our study, the greater 
uniformity in chironomid distribution in the 
presence of so many carp may have resulted 

from the constant, intense predation by carp, 
the lack of habitat heterogeneity, and the 
absence of prey refuges. 

Another result of carp eradication was 
the increase in nutrient inputs as carp 
decomposed. Increased nutrient supply has 
been known to result in a higher standing 
crop of benthic macroinvertebrates (Hall et al. 
1970). In our study, di�erences in the benthic 
macroinvertebrate communities between areas 
with and without carp were not attributable to 
nutrient inputs; numbers of decaying �sh were 
similar upstream and downstream of the barriers. 

Future Studies

In a review of the e�ects of carp on aquatic 
ecosystems, Weber and Brown (2009) depicted 
a schematic of how aquatic restoration might 
be conducted in relation to deliberate changes 
in carp populations (biomanipulation; their 
Figure 3). �at �gure builds on empirical food 
web considerations of how carp can be used 
in biomanipulation e�orts in waters such as 
Bowman-Haley Reservoir (Bonneau 1999). 

Fig. 7. Benthic macroinvertebrate richness per sample upstream (exclosure) and downstream of 
fish barriers (non-vegetated), Alkali Creek (Year 2), and vegetated areas in Spring Creek (Year 1 
and Year 2). Numbers refer to the number of samples having a particular species richness.
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Additional detailed �eld studies are needed 
of speci�c pathways by which carp may a�ect 
aquatic habitats and other aspects of the aquatic 
community.   
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