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Effects of streambed
modification on stream
quality and carp

The invasion of carp in the Des Plaines River in
northeastern Illinois has made it difficult to rees-
tablish aquatic vegetation because the fish con-

tinue to disrupt the streambed, preventing plants from
successfully developing. At the Des Plaines River Wet-
lands Demonstration Project, mesh fencing material with
openings of 2.5 cm, 5 cm, and 7.5 cm were pinned to the
river bottom to prevent carp from disrupting the stream
bed. For nearly a year, the impact of the mesh treatment
was studied on the populations of fish, benthic macroin-
vertebrates, and mussels, as well as on the increase of
macrophytes (plant propogules).

The mesh did have a significant impact on the general
fish community with increased forage fish and invertebrate-
feeding fish in areas with mesh. Carp were only a dominant
part of the fish community in control plots without mesh, but
accounted for only 5% of the density. Fish populations
exhibited a significant increase in density in the areas with
2.5 cm mesh plots compared to the control plots, and in the
treated river reach compared to samples of similar size from
another river reach without any mesh.

While the macroinvertebrate density on mesh treat-
ments increased by January, heavy flooding during the
spring and early summer reduced densities during spring
and summer samplings. Though not yet statistically sig-
nificant, the presence of the mesh did seem to increase
macroinvertebrate density, particularly in the smaller mesh
size. Mussels present at the site were adversely affected by
the mesh. No macrophytes developed during the first year
of the study, possibly due to flooding. Due to initial
positive results, continuation of the project is recommend-
ed since more time will be required to develop stable
communities in the mesh sites.

Why Streambed Modification?

The common carp has become ubiquitous in most streams
of the Midwest. Its habits of “rooting” and benthic feeding
have linked it to high turbidity levels, increased concen-
tration of suspended solids, destruction of aquatic emer-
gent plants and excessive competition with native fish
species (Becker, 1983; Edwards and Twomey, 1982; Lee
et al., 1980; Smith, 1979; IDOC, 1983). Consequently, in
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many streams where carp are abundant they are consid-
ered a pest species seriously affecting water quality and
the native fishery of the stream or pond (IDOC, 1983).

As carp feed among aquatic macrophytes, they dis-
rupt the soft substrates on the stream bottom and dislodge
or physically damage the plants (Becker, 1983; IDOC,
1983). Additionally, the increased turbidity caused by
disturbing bottom substrates decreases light penetration,
reducing plant production and propagule success (Day et
al., 1988; den Hartog, 1982).

Unfortunately, carp densities are difficult to control
because individuals of the species rapidly grow to large
sizes (IDOC, 1983), thus avoiding most predators. Also,
because they are omnivorous, feeding on almost any
organic matter, they can utilize a wide variety of food
sources (Becker, 1983; Smith, 1979).

Efforts to control carp have primarily focused on
removal techniques—including selectively culling carp
from seine hauls or other capture techniques, hiring
commercial fishermen, and using poisons. However, be-
cause entire drainages cannot be treated, these methods
are largely ineffective in streams. Carp quickly reinvade
areas from which they have been removed, and many of
the piscicides are not specific or effective enough to
eliminate the carp yet retain native fish species.

If completely removing the carp from an aquatic
system is unlikely, the question facing researchers be-
comes clear: Can the habitat be modified to reduce the
damage to vegetation and water quality caused by carp
activity? Habitat modification has been used successfully
in other streams and lakes to stimulate sports fish produc-
tion by providing structure in the environment and by
increasing benthic invertebrate populations, thus increas-
ing the food base (Berry, 1980; House and Boehene, 1986;
Keown, 1983; Prince and Maughan, 1978; Wesche, 1985).

Using the concept of habitat modification, a study
was developed at the Des Plaines River Wetlands Demon-
stration Project (DPRWDP) where researchers anchored
various sizes of mesh netting to the river bottom to protect
it from the rooting activity of carp. The primary objective
of this study was to determine how effectively a covering
mesh could be in preventing carp from resuspending
sediment, while providing a refuge for both benthic organ-
isms and plant propagules. If successful, the stream reaches
treated with mesh would show an increase in benthic
organisms and a decrease in turbidity allowing rooted
macrophytes to be established. These changes in the
habitat would be reflected in a change in the resident fish
community with a shift toward higher proportions of
native fish species as their food supply and habitat begin
to approach a more natural condition.

Site Description

This carp control study was located in a 260 m (850 ft)
reach of the Des Plaines River within the DPRWDP in
Wadsworth, Illinois. At this point just upstream of its
confluence with Mill Creek, the river drains approxi-
mately 417 sq km (150 sq mi) from northeastern Illinois
and southeastern Wisconsin, including 12 experimental
wetlands established on the demonstration site.

Historically, the Des Plaines River was a low-gradi-
ent floodplain river with shallow channel borders contain-
ing abundant aquatic macrophyte. While the river is still
a low-gradient system, the aquatic macrophytes are no
longer present due to physical and chemical disruption of
the streambed. One of the most prominent disrupters in the
river is carp.

Preliminary fishery surveys at the DPRWDP noted
that 89.5% of the fish biomass in the Upper Des Plaines
River was carp (Heidinger, 1987). Furthermore, the study
found that this species appeared to be increasing turbidity
in the experimental portion of the Des Plaines River.
Heidinger (1986, 1987) reported that despite the fact that
16 of the 31 observed species were sport species, a viable
sport fishery would not develop due to habitat degradation
in the river.

Improving the fish habitat of the Des Plaines River is
an important goal of the DPRWDP. Stream habitat im-
provement involves providing instream habitat for feed-
ing refuges and spawning, and replacing riparian and
aquatic vegetation (Berry, 1980). Obviously the presence
of carp is likely to decrease success of any attempts to
reestablish aquatic macrophytes in areas where the plants
were once abundant.

At the turn of the century the Des Plaines River had
an abundant, diverse mussel fauna with approximately 24
species found in the river (Baker, 1898). Freshwater
mussels are an important component of the river ecosys-
tem, serving as biofilters for the river water and providing
a stable hard substrate for attachment of benthic inverte-
brates and fish eggs (Clark, 1973; Parmalee,1967; Starrett,
1971).

Methods and Materials

The 260 m river reach was divided into 17 sections, each
measuring 15.2 m (50 ft). Plastic netting was placed on the
bottom of the river in every other section and anchored in
place using hooked rebar stakes driven into the river
bottom. Three mesh sizes were used: 2.5 cm (1 in), 5 cm
(2 in), and 7.5 cm (3 in). The size of mesh in each treated
section was selected at random. Each mesh size was
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on the exterior of the shell with a dremal tool, and the
mussels were returned to the plot from which they were
removed. When returned, they were placed randomly
throughout the plot on top of the mesh. All plots, including
controls and treated plots where mussels had not been
removed, were sampled for mussels on September 14,
1990. Mussel sampling was done by systematic hand
searches of the bottom substrate. During this sampling,
mussel species, identifying number, if present, and whether
the mussel was alive or dead were recorded.

Results

Benthic Macroinvertebrates

At all sampling locations on all dates sampled, most of the
individual macroinvertebrates present in the bottom sub-
strates were from one of three groups: aquatic worms
(Oligochaetes), midge flies (Chironomidae), and crawl-
ing waterbeetles (Elmidae). All these organisms are typi-
cal of low gradient streams with soft substrates (Cummins
et al., 1964).

Comparing benthic invertebrate densities among the
treatments, except for the 2.5 cm mesh treatment, density
was highest in January in the control plots (Table 1).
Density in the control plots declined during the remainder

Figure 1.  Density of macroinvertebrates per
square meter.
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replicated three times. Between each mesh section, there
was a 15.2 m section with no mesh to serve as the control.

Procedures used for invertebrate sampling were modi-
fied from sampling and separation methods described in
Welch (1948). Benthic samples were collected three times
during the study period from October 15, 1989 to Septem-
ber 15, 1990. A modified Eckman dredge was used to
collect bottom substrate samples and samples from the
overlaying mesh. On each sampling date each mesh treat-
ment and at least three of the control areas were sampled.
Material collected in the dredge was washed in the field
using a 500 µm sieve bucket. Retained material was
preserved in phosphate buffered formalin and brought to
the laboratory for sorting and organism identification
using Pennak (1978).

Attempts to routinely sample fish at the site using a
traditional seine were unsuccessful due to the mesh
entangling the lead line of the seine or the seine poles.
Consequently, an electric seine (Larimore and Smith,
1963) was used to sample fish on September 15, 1990,
approximately one year after the mesh had been put in
place. To sample fish communities, block nets were
placed across the upstream and downstream end of each
treated plot and a 9 m (30 ft) electric seine powered by a
single phase 1400 W generator was used to collect fish in
each plot. All of the area within the plot was shocked at
least twice with a minimum total electrode time of 5
minutes. Three randomly chosen control plots were also
sampled in the same manner. All fish collected, including
those in the block nets, were identified, counted, weighed
and measured.

Using the same techniques, an additional 183 m (600
ft) nonexperimental area 100 m upstream of the experi-
mental site was sampled by Illinois Department of Con-
servation stream biologists on the following day, Septem-
ber 16, 1990. Thus, data from the experimental area (or
“treated reach”) could be compared to that from the
nonexperimental reach (or “untreated reach”) of the Des
Plaines River.

Diversity of benthic macroinvertebrate and fish com-
munities was calculated using Simpson’s Index or Shan-
non-Wiener Index of diversity as described in Brower and
Zar (1984). Significance testing was based on ANOVA
and Student-t (Zar 1974).

During the initial survey of the sample site, the
presence of substantial numbers of freshwater mussels
were noted. The effect of placing the mesh over the
mussels, and the effect of relocating the mussels on top of
the mesh was studied. Before the mesh was put in place,
all mussels were removed from six of the nine treated
plots. Mussels from each plot were individually numbered
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Table 1. Seasonal density and diversity of benthic macroinvertebrates

 2.5 cm Mesh 5 cm Mesh 7.5 cm Mesh No Mesh
Taxa Jan Jun Aug Jan Jun Aug Jan Jun Aug Jan Jun Aug

Mean Density 1

Bryozoa (Moss Animals) 4
Platyhelminthes (Flatworms) 4
Annelida

Oligochaeta (Aquatic worms) 170 222 212 200 322 26 304 159 55 204 85 7
Arthropoda

Crustacea
Amphipoda (Scuds) 4 7 4 19
Isopoda (Sow Bugs) 7 15 11 4 7

Insecta
Diptera

Chironomidae (Midges) 696 22 118 74 37 230 26 22 274 26 15
Heleidae (Biting Midges) 7
Tabanidae (Horseflies) 4 7

Hemiptera
Corixidae (Water Boatman) 522 7 4 11 18

Ephemeroptera (Mayflies)
Caenidae 28 4 11 4
Ephemeridae 4 28 19 4 15

Coleoptera
Elmidae (Crawl. Waterbeetles) 18 15 89 18 26 22 33 7 22 96 4 41

Odonata
Zygoptera (Damselflies)

Coenagrionidae 22 4
Trichoptera (Caddis Flies)

Limnephilidae 4 22 4 4 30 18 7 4
Mollusca

Gastropoda (Snails)
Limnophila 11 4

Physidae
Pelecypoda (Clams)

Sphaeridae 50 4 4 7 11

Total Mean Density 1435 290 440 358 460 123 604 200 135 626 127 96

Simpson’s Diversity .618 .404 .704 .568 .480 .778 .599 .351 .759 .678 .510 .753

1Data is reported as mean density (number per square meter) from samples taken in each of the replicated treatments,
including the controls, on January 23, June 11, and August 16, 1990.
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of the sampling period and was not greater than densities
in any of the treated plots following the January sampling.
In general, all densities declined following the January
sampling; proportionally, however, the declines were not
as great in the treated plots as in the control plots (Figure
1).

Although not statistically significant, there was a
trend for smaller mesh sizes to have higher densities
(Table 1). The highest density during the sampling period
occurred in the plot with 2.5 cm mesh in January when
1400 organisms per square meter were recorded (Figure
1). More than one-third of these, however, were a small
true bug, the water boatman (Corixidae). These can occur
in high numbers, but often have a patchy distribution. Even
if the water boatman were not included in the sample,
however, density in this treatment was still the highest: 913
organisms per square meter without corixids. This trend
persisted throughout the study period.

Besides the changes in density, seasonal trends in the
benthic invertebrate community were reflected in diver-
sity values. Diversity includes not only the number of
taxa, but also the distribution of individuals among the
taxa. In all treatments, including the control, diversity was
highest during the August sampling when distribution of
individuals was more even with fewer dominant taxa.
This is a situation which usually occurs during the sum-
mer, when predation pressure is high and a variety of
immature insects are present in the benthic community
(Resh and Rosenberg, 1984). In the winter sampling,
density was high, but there were one or two numerically
dominant taxa which substantially decreased diversity.
Some organisms are able to tolerate the harsher environ-
mental conditions during the winter, becoming dominant
and often developing high densities. The lowest diversity
occurred during the spring sampling. Again, this probably
reflects the scouring effects of flooding, which tend not
only to reduce density but also to remove some taxa and
decrease diversity.

Fishery

While the mesh affected the invertebrates within the treated
reach of the Des Plaines River, the ultimate effect was
reflected in the fish community. This should be due to both
a change in the trophic interactions of the community
through shifts in available food organisms and an increase
in structure in the habitat due to the mesh netting itself
(Berry, 1980).

The target fish species was the carp. It was found in all
treatments and the control (Table 2). Twenty-two carp
were collected during the study with the largest number

Figure 2. Fish diversity indices (Shannon’s and
Simpson’s) per plot.
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Table 2. Electrofishing results

Use Trophic 2.5 cm 5 cm 7.5 cm Control Treated Untreated
Fish Species Category1 Category1 Mesh Mesh Mesh No mesh Total Total

Bowfin rough I/P 0 0 0 1 1 1
Carp rough Omni 6 2 4 9 21 1
Goldfish rough Omni 0 0 0 1 1 0
Spotted Sucker rough BI 1 0 0 1 2 1
White Sucker rough BI 1 0 0 1 2 1
Channel Catfish sports Omni 0 0 0 1 1 0
Black Bullhead sports Omni 29 1 19 7 56 2
Brown Bullhead sports Omni 0 0 0 0 0 1
Yellow Bullhead sports Omni 8 0 2 0 10 0
Madtom sp. forage BI 1 0 4 0 5 0
Northern Pike sports I/P 0 0 1 0 1 2
Tiger Muskie sports I/P 0 0 0 0 0 1
Blacksided Darter forage BI 2 8 4 4 18 0
Johny Darter forage BI 4 5 7 1 17 0
Black Crappie sports I/P 1 0 5 1 7 0
White Crappie sports I/P 0 0 0 0 0 2
Largemouth Bass sports I/P 8 8 7 3 26 14
Yellow Bass sports I/P 0 1 4 3 8 5
Hybrid Sunfish sports I/P 0 0 0 0 0 1
Bluegill sports I/P 51 22 25 13 111 15
Green Sunfish sports I/P 27 27 13 11 78 31
Pumpkinseed sports I/P 9 6 3 5 23 17
Central Mudminnow forage BI 0 0 1 1 2 1
Bullhead Minnow forage Omni 0 0 1 0 1 0
Bluntnose Minnow forage Omni 0 4 2 8 14 1
Blackstripe Topminnow forage SWI 73 106 198 114 491 33
Brook Silverside forage GI 0 1 0 0 1 3
Spotfin Shiner forage GI 29 2 1 4 36 1
Golden Shiner forage Omni 0 1 3 1 5 0

       Total Individuals 250 194 306 192 942 133
       Total Species 15 14 20 20 25 19

Data is reported as the total  from all replicates of each treatment, including three control plots. Data summary includes
total of all fish collected in the183 m treated river reach (mesh and no-mesh treatments) and a 183 m untreated reach.
1Categories are based on Smith (1979) and personal communications with Illinois Department of Conservation streams
biologist. Trophic categories are: BI=Benthic Invertivore; GI=Grazer Invertivore; I/P=Invertivore/Piscivore;
Omni=Omnivore; SWI=Surface Water Invertivore.

of individuals among species as well as the number of
different species, some of the sample areas with lower
number of species—such as the 7.5 cm mesh plots—still
had high diversities. All of the plots in the treated area had
fish communities dominated by the Blackstripe Topmin-
now (Figure 3), which reduced diversity in these areas in
spite of higher densities and number of different species in

these plots. Of the other fish species, Bluegill and Green
Sunfish also were always among the top five most abun-
dant fish in the experimental plots (Figure 3). Though carp
were generally not abundant, they were the fourth most
abundant fish present in the control plots of the treated
area (Figure 3; “no mesh” graph).

Unlike diversity, fish density between the treated and
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benthic invertivore,
invertivore/piscivore, and
omnivore (Table 2). In the
treated river reach, few
grazers were collected at
any of the plots, with the
exception of the 7.5 cm
mesh. These plots with the
largest size mesh were the
only sites where the
Spotfin Shiner, a grazer
invertivore, was abundant.
Some benthic invertivores
were definitely affected by
the presence of the mesh.
The only area where dart-
ers were collected was the
mesh-treated river reach.
Almost 90% of the 45 dart-
ers collected were from one
of the mesh treatments.
The Blackstripe Topmin-
now, which feed on insect
larvae in surface waters—
particularly mosquitoes
(Smith, 1979), was an im-
portant category at all sites
because of its numerical

dominance. Invertivores (fish feeding on invertebrates)
and piscivores (fish feeding on other fish) accounted for
25 to 45% of the fish present on plots in the treated area.
However, the lowest number in this category were in plots
with no mesh. Since the mesh increased benthic produc-
tion, it appears this increase was reflected in the fish
community in a higher proportion of invertebrate and fish
feeding fish.

Based on a designation of the fish species’ value for
human activity, the fish species collected were divided
into three use categories: sports, forage, and rough (Table
2). Forage fish usually dominated the fish communities
with the largest proportion occurring in the 2.5 cm mesh,
followed closely by the control plots. However, the con-
trol plots also had the highest number of rough fish,
representing the presence of a higher proportion of carp in
this plot type.

A higher proportion of sports fish were found in
plots with mesh than in the control plots. The large
proportion of sports fish in the 7.5 cm and 5 cm mesh
plots was due to bullheads and sunfish, though all of
the treated plots had some largemouth bass. The pres-
ence of carp has been shown to reduce bluegill popu-

untreated river reaches was quite different. Within the
treated stream reach, the lowest fish density occurred in
the plots with no mesh and the highest density in plots with
2.5 cm mesh (Table 2). Fish density was significantly
higher (Student’s t, p > 0.05) in the plots with 2.5 cm mesh
than in either the control plots or plots with 5 cm mesh.
Based on number of fish collected, fish density in the
treated reach of the Des Plaines River was almost 10 times
greater than in the untreated reach. Even taking into
account a difference in sampling effort—a total of 86.5
minutes of electrode time in the treated reach compared to
20.2 minutes in the untreated reach—fish density per unit
of effort is still almost twice as high in the treated reach:
10.9 fish per minute in the treated area versus 6.6 fish per
minute in the untreated reach.

As a reflection of the environment, fish communities
also may be examined in terms of trophic and use catego-
ries. Frequency of occurrence of each category was deter-
mined based on the number of fish collected in each plot
and site.

Based on the primary food used by the species, the
fish species collected were divided into five trophic cat-
egories: grazer invertivore, surface water invertivore,

Figure 3. Community composition based on percent frequency of dominant
species.
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Table 3. Mussel population in treated reach

2.5 cm Mesh 5 cm Mesh 7.5 cm Mesh No Mesh
Mussel Species 1989 1990 1989 1990 1989 1990 1990

White Heel-splitter 34 21 50 24 33 16 27
Lasmigona Compressa

Fat Mucket 3 2 2 3 8 5 2
Lampsilis Siliquoidea

Floater 12 7 12 4 14 6 10
Anodonta Grandis

Stout Floater 7 7 5 7 19 8 11
Anodonta Corpulenta

Wabash Pigtoe 1 1 0 0 0 0 1
Fusconaia Flava

Total 57 38 69 38 74 35 51

Data is reported as the mean number of mussels collected in three replicates of each of the mesh treatments and eight
replicates of the control (no mesh). Mussels were collected on October 15, 1989 and September 15, 1990.

(species of fish host is unknown for this mussel) (Fuller,
1974; Parmalee, 1967; Starrett, 1971).

Other abundant mussels were the Floaters, Anodonta
complex composed of A. grandis and A. corpulenta, based
on classification by Parmalee (1967). These thin-shelled
species occur abundantly in shallow aquatic habitats with
soft bottom substrates (Fuller, 1974). Small, young, indi-
viduals of these species were collected at the site. These
mussel are more tolerant of lower water quality. A wide
variety of host fish are used by the glochidia, including
many of the species present in the Des Plaines River
(Parmalee, 1967; Terrell and Perfetti, 1989).

In 1990, mussel densities were significantly lower in
all plots, including the control, than before the mesh was
installed in the river in 1989 (Table 3). In addition, all
mesh treatments had significantly fewer mussels than the
control plots. Between the two sampling dates, mussel
populations in the control plots decreased by 27.2%.
Comparatively, there were significantly higher losses in
mesh treatments. In particular, mussel loss was highest
where the mesh had been placed over the mussel: 52.8%
in the 5 cm mesh, and 41.6% in the 2.5 cm mesh.

Discussion

Fish and Invertebrates

Although the mesh treatments were in place for only a
year, there were measurable effects on the biota of the Des
Plaines River in the reach treated with the mesh. The most

lations but not affect largemouth bass (Forester and
Lawrence, 1987). In fact, the loss of predators has been
implicated as the cause for increased species abun-
dance (Holcik, 1980). Bass were not particularly abun-
dant in the control plots without mesh (Figure 3),
where carp were the fourth most abundant fish.

A significant difference in fish community composi-
tion did occur between the 183 m (600 ft) reach treated
with mesh plots (including the “control plots”) and the
183 m untreated reach (Figure 10). Though the density of
fish in the untreated reach was low, diversity was high as
indicated by the relatively even distribution of the five
most abundant fish species in this reach compared to the
treated reach.

Freshwater Mussels

Five species of freshwater mussels were found at the study
site (Table 3). The dominant mussel present was the White
Heel-splitter (Lasmigona compressa) which occurs com-
monly in small streams with soft bottoms (Parmalee,
1967). At the control site, it usually occurred at densities
of one to two per 10 m2. This is equal to all other mussels
combined. Only relatively mature individuals of this
species were found, some with shell lengths approaching
20 cm (8 in). This indicates that something was affecting
the reproductive potential of the species in the Des Plaines
River. The lack of young individuals probably indicates
effects of water pollutants on eggs, glochidia or juveniles
or the extirpation of the host fish for the parasitic glochidia
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significant changes seen in the study area were in fish
populations. A significant difference existed between fish
densities in treated and untreated reaches of the Des
Plaines River, indicating a probable positive effect of the
mesh.

Even though the untreated river reach had fewer carp
than the treated reach with the mesh, the mesh still had a
positive benefit on the stream ecosystem. Carp may have
been attracted to the mesh treated area of the stream
because of an increase in available food. In spite of higher
carp abundance, benthic and fisheries communities still
improved. Other fish species were attracted to the area just
as the carp were. With enough time, native species,
particularly large predatory species, may increase and
feed on young carp or aggressively exclude larger carp
from the area.

In addition, it should be noted that the carp were more
abundant in the treated controls where there was no mesh.
The mesh was affecting habitat use by carp and, given
sufficient time, may show a positive relationship on aquatic
macrophyte development. Thus the ecosystem quality of
the river reach would improve in spite of the existence of
carp in the river.

Of the nine fish species present in the treated
reach, at least six of them were bottom-dwelling spe-
cies and the darters and minnow prefer areas with
lower suspended sediments. This indicated that condi-
tions of the stream bottom may have improved as a
result of the mesh in spite of the presence of carp in the
area. The mesh treatment may have effectively re-
stricted substrate disruption and consequent sediment
resuspension activity of the carp.

Concerning trophic categories, the general lack of
hard substrates on which periphyton grows probably ac-
counts for the low numbers of grazers (Welcomme, 1985).
Abundant periphyton had not yet established on the mesh
material. The dominance of the Blackstripe Topminnow
in all plots implies that neustonic insect larvae may have
been abundant as a food source. These invertebrates
would not be censused in the benthic samples.

The fish in the treated reach tended to be predomi-
nantly forage fish, thus providing a strong resource base
for the sport fishery in the area. By contrast, there were
significantly fewer forage fish in the untreated reach, and
the sports fish, though dominant, were represented prima-
rily by small sunfish. Since forage fish provide much of
the food source for many sports fish, their presence and
even dominance in a community is necessary to support a
good sports fishery (Welcomme, 1985).

The smaller mesh size seemed to increase fish den-
sity, particularly for those species which feed on inverte-

brates. This was consistent with increased invertebrate
density on the 2.5 cm mesh in the January sampling. The
reduction in benthic density in the June and August
samplings was likely partially due to scouring as a result
of floods during the spring and early summer. Flooding is
a major cause of catastrophic invertebrate drift (Anderson
and Lehmkahl, 1968, Dance and Hynes, 1979, O’Hop and
Wallace, 1983). The spring and early summer flooding
seemed to have a significant effect on the invertebrate
populations, but flooding usually does not impact as
severely on fish populations (Meffe and Minckley, 1987).
This flood scouring of macroinvertebrates makes conclu-
sive interpretations of these data difficult, however, it does
appear that the mesh increased density.

In addition, it appears all mesh sizes provided some
structural refuge which reduced the impact of scour on the
benthic community. Note the lower losses of invertebrates
in plots with 2.5 cm mesh during spring and early summer
flooding. The small size mesh may have provided both
protection from physical factors such as water velocity
and protection from predation, as well as a solid substrate
to which organisms can attach. Note, in particular, the
large numbers of mayflies (Caenidae and Ephemeridae),
caddis flies (Limnephilidae), and damsel flies
(Coenagrionidae) present in samples from the 2.5 cm
mesh plots. These are all organisms which require struc-
ture within the habitat for attachment and refuge.

Mussels

Freshwater mussels appeared to be adversely affected by
all mesh sizes, whether the mussels were on top of the
mesh or covered with the mesh. The reduction in mussel
density in all plots, including the control, was probably
due to high river flows during the spring and early summer
of 1990. This flooding could dislodge or scour mussels out
of or off of the stream bottom and carry them downstream
or bury them with sediments. Of the marked mussels, as
many were missing as were collected dead, indicating the
possibility of scouring during flooding.

In spite of the possible losses of mussel density due to
flooding, there was some loss in mussel populations due
to the mesh. Mussel loss was highest where the mesh had
been placed over the mussels. This loss probably repre-
sented mortality, since the mesh would prevent the mus-
sels from being scoured out of the bottom and moved
downstream by flooding. Mortality may be due to inabil-
ity of the mussels to move when under the mesh, thus
restricting them to areas which may become unsuitable in
terms of available food or oxygen. Increased organic
matter accumulating on the mesh netting could decrease
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dissolved oxygen concentrations at the substrate water
interface due to increased decomposition activity.

Increased loss of mussels placed on top of the mesh may
not be mortality. Rather, those losses may represent in-
creased susceptibility to scouring. Mussels would be unable
to burrow into the bottom substrate, thus preventing them
from anchoring in the stream bottom (Fuller, 1974). Not
surprisingly, the greatest proportional losses occurred among
the thin-shelled and consequently lighter species of mussels,
Anodonta complex or Floaters, which may have been trans-
ported downstream out of our study area.

Effects on mussel might be reduced if the patchy
design present in the study river reach is maintained when
the mesh is applied system wide, and mussels are moved
from plots where the mesh will be used and placed in
control or untreated sites.

Extensions

At least another year of invertebrate sampling will be
required to reliably evaluate the effects of the mesh on
benthic invertebrate populations. If the trend for increased
density persists, the mesh may be an effective means of
providing structure in a stream that will stimulate a healthy
food web. Continued monitoring of the fish population in
response to this changing trophic structure is important. If
a good forage fish community—dependent on the inver-
tebrates—can be established, this may attract and main-
tain a natural predator fish population that will reduce carp
as suggested by the literature.

The mesh may provide good protection to aquatic
macrophytes, but more time is required to evaluate this
aspect. Additional plantings must be made, and it may be
necessary to plant shoots following spring floods to pre-
vent the plants from being scoured out of bottom sub-
strates.

In dynamic lotic systems subject to varying dis-
charges due to changing weather patterns, more than one
year may be necessary to evaluate the success of a tech-
nique designed to reestablish a healthy aquatic ecosystem.
Consequently, this study, including all components
sampled, should be continued, particularly in view of the
promising results obtained thus far.
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