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Further study of the
effects of streambed
modification on carp

Since its introduction into streams and ponds of
the Midwest in the late 1800s, the common
carp, Cyprinus carpio, has become a commer-

cially harvested fish species and recently a sports fish
(Moyle and Kuehn 1964, Kline and Golden 1979, Sullivan
1983). However, numerous studies have shown that in-
teractions between carp and other freshwater biota are
generally disadvantageous to the native species. Crowd-
ing (Pfuderer et al. 1974), competition by young carp for
invertebrate food items (Alikunhi 1958, McCrimmon
1968, Haines 1973), and dislodging macrophytes (Ricker
and Gottschalk 1941, Rose and Moen 1952, Hendricks
1955, and Robel 1961) have all been reported as impacts
of carp on other species in their environment. The carp
activity which may have the most severe effects on the
aquatic habitats, however, is increased turbidity. While
increased turbidity due to carp activity has been shown to
reduce feeding efficiency in centrarchid fish species
(Bennett 1944), it also has been shown to reduce overall
primary productivity, affecting the general health of the
aquatic ecosystem (Summerfelt et al. 1970, Forester and
Lawrence 1978, Hendricks 1955).

The Des Plaines River Wetland Demonstration Project
(DPRWDP) was designed to demonstrate the value of wet-
lands in providing wildlife habitat, flood mitigation and
enhanced water quality (Hey et al. 1989). Heidinger’s
(1986, 1987) preliminary surveys of the fish of the
DPRWDP indicated that the common carp was abundant
and appeared to be increasing turbidity at the site. In re-
sponse to concerns about damage carp may be causing at
the DPRWDP, Wetlands Research, Inc. designed an ex-
periment incorporating mesh covering of the river bot-
tom to prevent carp from disrupting the bottom and from
dislodging plant propagules. This study, conducted in 1989
and 1990 (Anderson 1996, Sliwinski 1991), used various
sizes of mesh to cover small reaches of the streambed.

The initial results of this study indicated the mesh pro-
vided a good habitat, increasing fish diversity and benthic
invertebrate density and diversity (Anderson, 1996). Re-
sults in terms of carp use of the area were inconclusive.
Carp continued to inhabit the site since they could move
into the site from upstream or downstream reaches of the
Des Plaines River. This second report evaluated the ex-
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panded use of mesh by increasing the
area of the Des Plaines River bottom
covered with a mesh designed to en-
hance the habitat and to prevent carp
from severely disrupting bottom sub-
strates.

Site Description

The study site was in the DPRWDP
area located in the Des Plaines River
floodplain west of Wadsworth, Illinois.
The DPRWDP; bordered on the west
by Illinois Route 41, north by
Wadsworth Boulevard, east by the
Chicago Milwaukee St. Paul and
Northwest Railroad track, and south by
private property, consists of approxi-
mately 180 ha (550 acres) of floodplain
with a 4.5 km (2.8 miles) reach of the
Des Plaines River meandering through
it (Figure 1). The specific site for this
study was a reach of the Des Plaines
River just downstream of its conflu-
ence with Mill Creek (Figure 1). Up-
stream of the study site the floodplain
has been reclaimed and contains ex-
perimental wetlands and sedge
meadow sites. Adjacent to the study
river reach there are newly established
shallow wetlands or sites proposed for
wetland reclamation.

The river in the study area has
eroded through the depositional sedi-
ments of the floodplain, creating a
channel with steeply-cut banks of 1 to
3 m (3.3 to 9.8 ft) and a shallow bowl-
shaped main channel. The stream
through the study area ranges from 4
to 8 m (13.1 to 26.2 ft) in width and 0.25 to 1.5 m (0.8 to
4.9 ft) in depth during late summer low flow. Stream ve-
locities average approximately 0.3 m/sec (1.2 ft/min), but
since much of the approximately 550 km2 (212 square
miles) of the upstream drainage basin is urban-residen-
tial, the river is subject to rapid fluctuations in velocity
and discharge.

Experimental Design

To determine if a large stream reach could be treated
with mesh, a 600 m (656 yds) stretch of the Des Plaines

River downstream of the mouth of Mill Creek was de-
signed as the study site. The area—typical of areas with
high carp activity—had a soft, easily-disturbed substrate
and no aquatic macrophyte development. It was structur-
ally similar to the initial preliminary study area used in
1990. Faunal sampling—including benthic macroinver-
tebrates, bivalve mussels, and fish—occurred prior to the
installation of the mesh covering and after the mesh had
been in place for just over one year.

The mesh used for the treatment was made up of thin
to heavy strands and had 1 to 3 mm (0.04 to .12 in) open-
ings (Figure 2). It was laid down in long panels from the

Figure 1.  Location of carp control study site on the Des Plaines
River, Wadsworth, Illinois.
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normal flow water line, shoreline with little or no vegeta-
tion, on each bank. To prevent the mesh from being dis-
lodged by high water flows or debris being carried down-
stream, the mesh was anchored in place. Thirty-five cm
(14 in) long hooked metal rebar stakes were driven through
the mesh and into the stream bottom at approximately 2
to 4 m (6.5 to 13 ft) intervals both across the width of the
stream and down the length of the treated stream reach.
Care was taken to overlap mesh panels and to anchor these
securely. Because previous studies (Anderson 1996,
Sliwinski 1991) had shown that benthic inhabiting mus-
sels may be damaged by the mesh unless they can move
out from under the mesh, small slits were cut in the mesh
covering at regular intervals. “S” shaped slits 10 cm (4
in) in length were cut at approximately 1 m (3.3 ft) inter-
vals to allow movement of mussel.

Methods

Benthic Macroinvertebrates

Two methods were used to collect macroin-
vertebrates: quantitative samples were collected with
an Eckman benthic dredge, and qualitative samples
were taken with aquatic kicknets. Ten 552 cm2 dredge
samples were taken prior to the placement of the net
in 1996 along the length of the stream reach to be cov-
ered with mesh. This served as an initial survey of the
invertebrates in this section of the river. In 1997 10
samples were taken over the treated area and 10 were
taken in an untreated area just upstream of the treated
site. In cases where mesh was between the dredge and
the substrate, a knife was used to cut the mesh around
the dredge. The mesh and substrate sample were then
collected as the dredge was closed and retrieved.
Dredged material was placed in a wash bucket with a
500 µm screen mesh bottom and fine silt and debris
was washed out of the samples. The remaining mate-
rial was placed in jars, labeled and preserved with 10%
phosphate buffered formalin.

In the lab, samples were again washed and emptied
into a white sorting tray. Organisms were separated from
debris and identified to family or genus using Brigham et
al. (1982) and Pennak (1978).

Mussels

Previous studies had shown a good population of fresh-
water mussels present in the Des Plaines River (Anderson
1996). A pretreatment sample was collected in the stream

reach where the mesh was to be placed by systematically
hand searching the stream bottom along a moving rope grid
150 m long. Mussels were identified (Cummins and Mayer
1992) and shell length, width and height determined. After
a distinct mark was etched on the shell, they were then re-
turned to the area of the river from which they were col-
lected. Mussels were again surveyed in the mesh treated
area about 13 months after the mesh had been in place us-
ing the same sampling technique. These mussels were again
measured, examined for marks and the location from which
they were collected noted. Biomass of mussels was deter-
mined from the shell length based on established shell length
- soft tissue dry weight relationships (Coon et al. 1977,
Anderson 1992a, b).

Figure 2. Type and size of mesh used to cover
stream bottom. Notice slit cut in mesh. (Carp
control mesh patented by Donald L. Hey, Wetlands
Research, Inc.)
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The formula used was:
 Soft Tissue Dry Weight = 0.0000086 Shell Length 3

Fish

Fish were collected from the study site prior to the
placement of the mesh and after the mesh had been in
place for approximately 13 months. Fish were collected
using a Coffelt backpack electroshocker, Model BP-4.
During each study period three 150 m stream sections
within the study site were isolated with upstream and down
stream blocking nets. The electrofishing then proceeded
upstream along one shoreline and then downstream along
the other shoreline between the blocking nets. Data from
the three stream sections was pooled for each sampling
period. The total amount of time electric current was de-
livered into the water was recorded as electrode seconds.
Fish greater than 15 cm (6 in) in length were identified,
counted, measured for total length and weight, and then
released. Smaller fish were placed in labeled sample jars
and preserved in 10% buffered formalin and returned to
the laboratory for identification and measurements. Fish
identification was based on Smith (1979).

Results and Discussion

Simpson’s diversity index (Brower et al. 1990) was cal-
culated to determine diversity of biotic components sampled.
This is a 0 to 1 index with 1 being the maximum possible
diversity. Diversities were compared using a t-test to show
significant differences between sampling dates. A two-way
ANOVA, randomized complete block design, using
SYSTAT (SYSTAT Intelligent Software, SYSTAT, Inc.
Evanston, IL) was run to find significant differences be-
tween densities on sites and or sampling dates.

Benthic Macroinvertebrates

Twenty-five taxa of benthic macroinvertebrates were
collected at the site over the study period (Table 1). Domi-
nant taxa in the benthic samples—whether from mesh-
treated or untreated—were oligochaetes (segmented
worms), chironomids (midge flies), and corixids (water
boatman). This is similar to the findings of Brigham (1987)
and Sliwinski (1991) for the Des Plaines River. Finger-
nail clams and hydropsychid caddisfly larvae, however,
also were dominant in the samples from mesh-treated sites.
In fact, fingernail clams were the most abundant benthic
invertebrates collected in the treated area. This is note-
worthy since this organism had been absent in the pre-
treatment and untreated samples.

Caddisfly larvae and fingernail clams have very differ-
ent habitat requirements, yet the mesh treatment apparently
provided the requisite conditions to support good popula-
tions of these organisms. Hydropsychid caddisfly larvae
build retreats on solid surfaces in flowing water (Ross 1944,
Wiggins 1977) while fingernail clams burrow into soft silt
substrate (Gale 1971, 1973a). The substrate in this section
of the Des Plaines River is silt with sand—a good habitat
for fingernail clams. These clams, however, would also be
subject to heavy predation by the abundance of bottom-feed-
ing fish in the river. Carp, catfish, and bullheads, as well as
other fish species and waterfowl, are known to feed heavily
on fingernail clams when they are present in the benthos
(Gale 1973b, Gale et al. 1969, Smith 1979). It is possible
that the fine mesh used in this study may have served as a
barrier preventing heavy predation on these clams and al-
lowing larger populations to develop. In the previous carp
control study, large populations of fingernail clams were
found in late summer in areas treated with the smallest size
mesh (Sliwinski 1991). Increases in the density of crusta-
ceans and mayfly nymphs in the treated samples (Table 1)
may also reflect the use of the mesh as a refuge by these
organisms.

The caddisfly larvae actually used the mesh as a sub-
strate on which to construct their retreats. Without a solid
substrate for retreat attachment, hydropsychid caddisfly
populations would be low in this section of the Des Plaines
River. Notice the absence of hydropsychid caddisflies in
the pretreatment and untreated samples. These benthic
insects are important food items for many invertivore and
game fish (Smith 1979), and, thus, an increase in caddisfly
larvae should increase overall trophic structure of the river.

Total density was significantly higher in benthic
samples from the treated site than from either the pre-
treatment or untreated sites (Table 1). In addition, the
samples from mesh-treated reaches had many more taxa
present: 19 versus 8 and 12 from the pretreated and un-
treated samples, respectively. Consequently, benthic di-
versity was significantly higher in the Eckman samples
from the treated site (Table 2). The mesh provided a ref-
uge under which organisms could escape predation and
avoid scour effects of high velocities. It also served as a
substrate to which organisms could attach and increase
habitat heterogeneity, generating multiple layers of mi-
crohabitats. This increase in habitat diversity resulted in
a more robust benthic community.

Crayfish were abundant in both the pre- and post-treat-
ment samples (Table 4). Again a good indication of the
increased habitat or structure the mesh provided was the
almost 4X increase in these crustaceans in the post-treat-
ment samples.
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Freshwater Mussels

Historically, the Des Plaines River had a rich mussel
community. Twenty-four mussels species were reported
in the river just before the turn of the century (Baker 1898).

However, increased sedimentation and channelization
have eliminated the mussels from most of the river, par-
ticularly from the lower river reaches. Only four fresh-
water mussels species were reported in the 1989-90 carp
control study (Sliwinski 1991, Anderson 1996). Most of
the mussels collected in that study were large, mature in-
dividuals, indicating that at that time there was little re-
cruitment in the mussel populations.

In this study, six mussels species were collected in
both 1996 and 1997 (Table 3). The dominant mussel col-
lected was the giant floater, although white heelsplitters
also occurred abundantly. Two species were collected
during this study that were not found in the 1989-90 study,
the plain pocketbook (Lampsilis cardium) and paper
pondshell (Utterbackia imbecillis). The plain pocketbook
had been collected in the Des Plaines River previously
(Baker 1898) and usually occurs in medium to large riv-
ers (Parmalee 1967). The paper pondshell, however, is
typically a species of lentic systems and is not usually
present in flowing water habitats (Parmalee 1967,
Cummins and Mayer 1992). It may have been washed
into the river from ponds or small lakes in the drainage
system. The soft substrate and adjacent deep wetland habi-
tats may have provided suitable habitat for the species
and allowed it to persist in this area of the river.

The mussel community in the mesh treated area after
a year was significantly changed (Table 3). While none
of the marked mussels collected in 1996 and returned to

the area were found in 1997, mussel
abundance was significantly higher with
87 mussels in 6 species collected.
Simpson’s diversity was lower in the
1997 sample (Table 2) but that is a result
of the high abundance of the giant floater
in the community. This species accounted
for over 65% of the individuals collected
and this dominance reduces the diversity
index value. However, mussel density
and biomass (Table 3) were over 10 times
greater in the post-treatment versus pre-
treatment samples.

Most of the mussels collected in 1997
were found in small scour pockets that
developed in the substrate under the slits
in the mesh that had been made to allow
mussels to exit. Mussels were found in
approximately 1 out of every 7 of the
scour pockets examined. These scour
holes appeared to provide a refuge for the
mussels from high current velocities
which may have occurred during floods.
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Since the mussels could not anchor themselves in the sub-
strate covered with mesh they would normally be washed
downstream during flood events. The pockets, however,
provided a microhabitat with reduced velocities, allow-
ing mussels moving from upstream sites to collect in these
refuges. The pocket also may have increased reproduc-
tive success since several mussels usually occurred in the
same pocket. Male mussels release sperm into the water,
which must be drawn into the females brood pouch through
her incurrent siphon to fertilize her eggs (Burky 1983).
Close proximity of the mussels increases the success of
this process. It is apparent that conditions for reproduc-
tion have improved since several small mussels—shell
lengths less than 75 mm (3 in)—were collected. This may
also indicate the generally improved quality of the Des
Plaines River.

Fishery

The fish community should reflect the overall condi-
tions of the habitat since this community is affected by
trophic relationships within the community and the avail-
ability, quality, and structure of habitats within the river
(Berry 1980). Forty-two species of fish have been reported
from the upper Des Plaines River watershed, although
many of these were not found in the mainstem (Heidinger
1986). Illinois Department of Natural Resources surveys
in 1976 and 1983 found 21 species in the river and
Heidinger (1986) reported 31 species from the river.
Twenty-nine species were reported from the Des Plaines
River in the 1990 carp control study (Anderson 1996). In
most of these studies bluegill, green sunfish, black bull-
heads, largemouth bass and spotfin shiners have been
dominant species. More recent surveys have reported
large numbers of blackstripe top minnows sometimes
amounting for over 50% of the total number of fish col-
lected. The common carp has been present in all of these
surveys and in some cases was an abundant species ac-
counting for a substantial proportion of the population or
fish biomass.

During this current study, 17 species of fish were col-
lected with 13 species found during the pretreatment sur-
vey and 15 in the post-treatment samples (Table 4). The
post-treatment sampling produced significantly higher fish
abundance. Even when the greater sampling effort was
factored into the values, there were over twice as many
fish collected in the post-treatment samples (Table 4). The
fish community composition was similar to that found by
previous researchers. Green sunfish, black bullheads,
largemouth bass, bluegill and blackstripe top minnow were
dominant components of the community. During the post-

treatment sampling, the fish community was swamped
by blackstripe top minnows which made up 63% of the
fish collected. This species is generally considered rela-
tively tolerant, preferring low gradient small rivers where
it feeds on insect larvae and algae (Smith 1979). Even if
this species is removed from consideration, the fish popu-
lation still increased three-fold over that in the pretreat-
ment sample.

An abundant species in the post-treatment sample not
present in the pretreatment sample was the golden shiner.
The species had been reported in previous surveys but
not in large numbers. This pool and small river species
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can tolerate warm water, polluted and turbid conditions
(Smith 1979) and should easily adapt to the Des Plaines
River. It also may be abundant in the small streams and
lakes of the drainage basin.

Though the number of carp collected increased be-
tween the pre- and post-treatment samples from 6 to 14
(Table 3), the density (number per electrode hour) and
proportion of carp in the fish population decreased. The
proportion of common carp in the population changed
from 4.2% in the pretreatment samples to only 1.4% in
the post-treatment samples. The biomass of carp did in-
crease between the pre- and post-treatment samples pri-
marily due to the large number of young of the year carp
collected during the pretreatment sampling (Table 5). This
may indicate that reproductive success of the carp was
reduced. Because so few carp were collected, this is not

conclusive. While the mesh does not eliminate carp from
the habitat it does appear to stabilize the substrate and
provide an increase in habitat structure which increases
density and species composition of the fish community.
Thus the effects of carp on the stream system and resi-
dent fish are minimized.

There was an indication of increased reproduction,
particularly for the black bullhead and largemouth bass,
since many small young of the year individuals of these
species were collected. The mesh probably provided a
refuge for these juvenile fish and should increase repro-
ductive success for many fish species. The post-treatment
fish community did have a significantly higher density
(Table 1), higher biomass (Table 5), and a larger number
of species (Table 2).
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renihSniftopS 57–56 57–07 69.3–26.2 10.4–98.2 4.17 0.37 24.3 26.3

rekcuSetihW 732–671 93.461–75.07 7.102 44.601

)bl36.13(g60.54341=7991;)bl88.7(g50.4753=6991:THGIEWHSIFLATOT

.cesedortcele0042,rekcohsortcelekcapkcaB,69/92/7–detaertnU:sdohtemdnasetadgnilpmaS
.cesedortcele4327,rekcohsortcelekcapkcaB,79/22/8–detaerT
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Conclusions

A significant change in the biotic community occurred
between the pre- and post-treatment sampling periods even
though the mesh treatment had only been in place for ap-
proximately one year. Density of all biotic components,
even mussels, increased in the mesh treated area. While
the extremely large number of blackstripe top minnows
collected in 1997 masks some of the changes which oc-
curred, in general, forage fish numbers increased. This
was probably due to the mesh creating refuges for these
small fish, thus allowing their populations to increase. Carp
numbers did decline, but not significantly. Sports fish sizes
increased slightly, possibly due to a better forage base cre-
ated by the improved benthic and forage fish communi-
ties.

Mussel density and number of species present in-
creased significantly. The mussels found were either ly-
ing on top of the mesh or in the exit slits in the mesh. The
pockets which developed below these slits appeared to
act as refuges for both forage fish and mussels. There was
a significant increase in benthic macroinvertebrate den-
sity and diversity as a result of mesh treatment. The mesh
appears to have provided a point of attachment as well as
a refuge from intense feeding activity by fish. Note in
particular the occurrence of fingernail clams, caddisflies
and mayflies in the study area after treatment.

The mesh significantly improved the biotic commu-
nity in this stream reach, increasing density and number
of species of the biotic components. There also was evi-
dence that some aquatic macrophytes had begun to de-
velop along the stream margins. This should help stabi-
lize the shoreline and provide food and refuge for inver-
tebrates and forage fish. In addition the increased habitat
diversity created by the slits led to an improved biotic
community.

Extensions

This study indicates that the mesh has had a benefi-
cial effect on the faunal community structure. To deter-
mine if this is a long-term effect which will persist, sub-
sequent sampling after a longer period of time will be
necessary. The effectiveness of the mesh as a refuge from
heavy predation pressure for some benthic organisms and
juvenile fish needs to be specifically tested. Longer term
monitoring of the area is required to evaluate the effec-
tiveness of the mesh in promoting the redevelopment of
an aquatic macrophyte community along the shallow chan-
nel border areas of the river. Early indications are that this
may be occurring and examination of the previous ex-

perimental site indicated the presence of macrophytes in
that area. However, specific sampling and analysis of the
plant community is necessary.
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