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ABSTRACT

The United States Environmental Protection Agency (USEPA) used rock basket
artificial substrates to sample benthic macroinvertebrates of the Ohio River from 1965
t01971. The objective of this study was to evaluate changes in the benthic assemblage
and to assess health of the community since passage of the 1972 Clean Water Act
(CWA). Rock baskets of the same configuration were placed in the vicinity of the
historic locations and were allowed to colonize for the same six-week period in summer
2002. Macroinvertebrates collected from 2002 baskets were compared to those of
historic samples by using non-metric multidimensional scaling, by employing
proportional indices of community similarity, and by comparing commonly used
macroinvertebrate metrics. Analyses were generally performed at the genus (insects) or
order (non-insect) level to minimize taxonomic discrepancies between time periods. A
total of 62 taxa groups was identified across all years, with midges and oligochaetes
generally dominating. Only 10-16 taxa groups accounted for >93% of all individuals in
each year, but taxa contributions varied greatly among years. The 2002 benthic
assemblage was distinct from earlier years, with increases in total taxa richness and
Ephemeroptera, Plecoptera, and Trichoptera taxa, and with a decline in the number of
oligochaetes. Differences in 2002 data are partially attributed to a replacement of the
amphipod Crangonyx sp. by Gammarus sp. and the invasion of the zebra mussel
(Dreissena polymorpha) during the late 1980s. Our findings indicate the Ohio River
benthic community today is markedly different from that of the 1960s and has shown
general improvement since passage of the 1972 CWA.

INTRODUCTION

Over the past 200 years human activities have dramatically altered large rivers of
the United States. Examples of impacts that have contributed to the widespread
degradation of large river systems include channelization, impoundment, surface runoff,
and point source discharges. As a result of these activities, large rivers are
disproportionately degraded when compared with smaller wadeable systems (Karr et al.
1985). Dam construction alone has resulted in fewer than 43 free-flowing rivers >200
km in length in the United States (Benke 1990). Impoundment of large rivers interrupts
the natural flow regime (Poff et al. 1997) and dramatically alters ecosystem integrity.
Large river biota may be susceptible to cumulative effects of multiple stressors because
of the wide variety of disturbance types that exist within their large drainage areas. Many
rivers have also suffered a general homogenization of habitats and biological
communities as a result of flow regulation and anthropogenic inputs (Thorp 1992, Ward
and Stanford 1995).

Bioassessment of large river ecosystems is often difficult because of inappropriate
reference conditions and the frequent absence of a well-defined disturbance gradient.
Non-wadeable rivers also present researchers with several other challenges dealing with
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sampling logistics, spatial scale issues, and lack of consensus on sampling
methodologies. Large rivers are often overlooked by biomonitoring agencies as a result
of these difficulties, and large river bioassessment in the United States currently lags far
behind that of wadeable streams. Most large river monitoring that is conducted tends to
rely on fish assemblages because fish generally become more abundant and diverse in the
downstream direction (Emery et al. 2003). Monitoring agencies rarely conduct
comprehensive assessments of large river macroinvertebrate communities due to the
aforementioned challenges. However, the difficulty in assessing large rivers may require
use of multiple indicator assemblages.

The Ohio River is exceptional for a large river in that some degree of biological
monitoring has taken place on the river continuously since the 1950s. Lockchamber
surveys of fish assemblages began in the 1950s, and electrofishing along the river began
in the early 1990s. Benthic macroinvertebrate sampling began on the Ohio River in the
early 1960s. From 1965 101971, the United States Environmental Protection Agency
(USEPA) sampled macroinvertebrate assemblages at various points along the length of
the river using rock-filled baskets as artificial substrates (Mason et al. 1971). Since 1972,
Hester-Dendy artificial substrates have been used by the USEPA and the Ohio River
Valley Water Sanitation Commission (ORSANCO). The objective of this study was to
document any chnges in the macroinvertebrate assemblage of the Ohio River since
passage of the 1972 Clean Water Act (CWA). To do so comparatively, we used the same
rock basket samplers in 2002 that had been employed in per-1972 surveys.

METHODS

The Ohio River drains 528,000 km?” and begins at the confluence of the Allegheny
River and Monongahela River at Pittsburgh, Pennsylvania. The river flows
southwesterly for 1578 km before entering the Mississippi River at Cairo, Illinois and
over its course, the river is regulated by 20 navigation dams. Along the length of the
river, there are 194 municipal wastewater treatment facilities, 383 industrial discharges,
114 contaminated process discharges, and 49 power generating facilities. The U.S. Army
Corps of Engineers also routinely dredges the channel for navigation.

Rock basket samplers used for macroinvertebrate collection in this study were
similar to those used for historic sampling described by Mason et al. (1971). Wire
baskets (17.8cm in dia. x 27.9cm length, 2.5cm mesh) were filled with ca. 25-30 stones
(limestone aggregrate, 5-8cm). Rock baskets were deployed in Sept. 2002 in the same
manner as historical samples and were retrieved following a six-week colonization
period. Baskets were suspended from steel cables from the upstream side of lockchamber
walls of the first 12 dams in the system, beginning near Pittsburgh, Pennsylvania with
Emsworth Lock and Dam at river kilometer 9.9, and ending with Meldahl Lock and Dam
at river kilometer 701.9, just upstream of Cincinnati, Ohio. At the end of the incubation
period, an 18.9 liter bucket was carefully placed underneath each sampler to minimize
loss of individuals as the baskets were retrieved. Baskets were opened in the bucket, and
rocks were individually scrubbed to remove all organisms. Bucket contents were then
sieved (600 pm mesh) and preserved with 10% formalin. All samples were identified to
the lowest practical taxonomic level, usually species. However, in order to be
conservative in our comparisons with historic data, we used the same level of taxonomic
identification, typically genus level for insects and order or family level for non-insect
taxa.

Between 1965 and 1971, the USEPA collected a total of 125 rock basket samples
from the Ohio River. However, because these samples covered a wide temporal range,
only those consistent with the 2002 sampling window were used for analysis. Only
baskets that were historically deployed in late summer were considered, leaving 41 total
baskets for the period 1965-1971. Historical sampling locations and number of baskets
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deployed varied among years. Therefore, in 2002, rock baskets were deployed at or near
each location where historic samples were collected (n = 11 locations). Efforts were
made to deploy baskets at the exact original locations, but some lock and dam sites have
since been removed or relocated. In these cases, baskets were deployed on the lock and
dam structure nearest the original location. Rock baskets from 2002 were paired with the
nearest historical location for purposes of statistical comparison. The distances from the
original locations were typically <8 river km, but ranged up to 42 river km. Baskets
collected from such distances were still combined to represent one river location because
Applegate (2002) found that river km generally has little effect on the Ohio River benthic
community.

Macroinvertebrate assemblages collected in 2002 were compared to those from
historic rock basket samples of USEPA (1965-1971) by three methods. Data were first
ordinated using nonmetric multi-dimensional scaling (NMDS, Kruskal and Wish 1978) to
visually evaluate differences among years based on separation or overlap in ordination
space. Taxa abundance values were square-root transformed prior to analyses. Taxa that
appeared in fewer than three rock baskets (approximately 4% of total used in analyses)
were also excluded to reduce the effects of rare taxa. Ordinations were based on a Bray-
Curtis dissimilarity matrix of square-root transformed abundance data. NMDS analyses
were run using the medium setting on autopilot mode in PC-ORD (PC-ORD, v.4.25,
MjM Software Design, Gleneded Beach, Oregon). Proportional indices of community
similarity (Whittaker 1975) were also calculated for each year combination to provide
simple quantification of any differences in benthic community composition.

ORSANCO has developed a preliminary macroinvertebrate index based on
Hester-Dendy sampling that was designed to monitor point sources on the Ohio River
(Applegate 2002). This preliminary index consists of 12 metrics that responded to low
quality effluents in a pilot study (ORSANCO, unpublished data). The metrics are: 1)
total number of taxa; 2) number of taxa within the orders Ephemeroptera, Plecoptera, and
Trichoptera (EPT); 3) number of Diptera taxa; 4) number of individuals, 5) %
Tanypodinae; 6) % Hydroptilidae; 7) number of Ephemeroptera and Trichoptera
individuals; 8) number of chironomid individuals; 9) ratio of Ephemeroptera and
Trichoptera to chironomid individuals, 10) % Amphipoda; 11) % EPT individuals; and
12) % Oligochaeta individuals. We applied these metrics to historic (1965-1971) and
2002 rock basket samples. Although this index was developed using data collected from
a different type of artificial substrate sampler (Hester-Dendy multiplates [Hester and
Dendy 1962]), the two methods provide results that compare favorably (Fullner 1971,
ORSANCO unpublished data). Additionally, we calculated four other common metrics
that have been used for large river benthic studies in the Midwest (Blocksom and
Flotemersch 2005). These metrics were: 1) number of taxa within orders Ephemeroptera,
Plecoptera, Odonata, and Trichoptera (EPOT); 2) % tolerant taxa; 3) % Chironomidae
individuals, and 4) % dominant taxon. Metric values were compared among years with a
one-way repeated measures analysis of variance (RM-ANOVA) followed by the Holm-
Sidak test, with 2002 as the control year. Metric values were transformed prior to
analysis to meet assumptions of normality and homogeneity of variance. If transformed
data failed to meet those assumptions, we used a Friedman test, which is equivalent to a
RM-ANOVA on ranks. Only two basket samples were collected in 1971, and these were
excluded from metric comparisons.

RESULTS
A total of 62 taxa groups was collected for all years combined, though this number
is conservative given the higher level of taxonomic identifications. The most taxa were
collected in 2002 (n = 40), whereas the number of taxa collected each year from 1965
t01970 ranged from 16 to 28. After omission of rare taxa (<1% of individuals within a
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year), only 9-16 taxa groups accounted for >93% of all individuals in each year (Table 1).
Dominance of taxa groups varied somewhat among years, but the years 1966-1971 were
generally dominated by midges (Chironomidae) and oligochaetes. These two groups
combined accounted for between 69% and 95% of all individuals collected during this
time period, whereas in 2002 they only accounted for ca. 43% of individuals. Only five
baskets were collected from 1965, and these were generally dominated by the net-
spinning caddisfly Cyrnellus sp. (57.9% of individuals). The 2002 baskets were
generally dominated by the invasive zebra mussel, Dreissena polymorpha (46.3% of total
individuals), and by the chironomid Dicroptendipes sp. which averaged >25% of
individuals per basket. Zebra mussels were absent from historic samples and their
abundance in 2002 varied greatly among the 11 baskets (mean = 396.7 £ 353.2 SE).
Other major taxa (>1% of individuals) found only in 2002 include Hydra sp., Gammarus
sp., Hydroptila sp., and Pseudochironomus sp., whereas minor taxa (<1% of individuals)
unique to 2002 included Enallagma sp., Ceraclea sp., and Oecetis sp.

Table 1. Major Ohio River macroinvertebrate taxa from rock baskets for the years 1965-1971 and
2002. Values are mean percentage of total individuals per basket; n = total number of indi-
viduals from all baskets. Only taxa that averaged > 1% of total within a year are included.

1965 1966 1967 1968 1969 1970 1971 2002

Taxon n=331 1n=1394 1n=15663 n=6353 n=2978 n=5650 n=73 n=9416
Hydra sp. 1.7
Turbellaria 2.4 184 5.6 8.9 17.4

Nemertea 5.1

Nematoda 1.4

Oligochaeta 12.5 29.8 323 16.8 26.2 17.0 54 2.8
Hirudinea 1.1 1.8

Cladocera 1.1 2.6 15.4
Gammarus sp. 2.2
Orconectes sp. 6.5 v

Stenacron sp. 7.2
Stenonema sp. 3.1 1.5

Tricorythodes sp. 2.7

Argia sp. 10.2 1.2 16.0 3.7 1.8

Neurocordulia sp. 1.9

Cyrnellus sp. 373 7.1 233 26.4 233 22.6 3.6 6.9
Polycentropus sp. 72

Hydroptila sp. 1.0
Chironomidae 3.7 2.0

Ablabesmyia sp. 8.4 4.7 4.1
Cricotopus sp. 4.5 2.1 26.7 1.1
Nanocladius sp. 2.4
Psectrocladius sp. 10.1 10.7 6.5 5.6 10.9 12.7 374
Chironomus sp. 34

Cryptochironomus sp. 2.2 1.2 3.7
Dicrotendipes sp. 6.0 15.8 7.0 18.1 1.4 4.5 10.5 27.1
Glyptotendipes sp. 1.6 1.9 3.4 4.5
Polypedilum sp. 1.9 1.3 13 5.6
Pseudochironomus sp. 2.9
Pentaneura sp. 5.8 8.7 6.8

Physa sp. 1.2

Ferrissia sp. 3.8

Corbicula sp. 3.7

Dreissena polymorpha 18.7
Sphaeriidae 24
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NMDS ordination of 45 taxa indicated that three axes (stress = 15.44, n = 52
baskets) represented 79% of the total variation in the data set with axes 1 (26%) and 2
(33%) representing the most variability. Rock baskets collected in 2002 formed a distinct
cluster at the negative end of axis 2 (Fig. 1) and were generally less variable than baskets
collected in previous years. Axis 1 generally defined a gradient of taxa sensitivity and
was positively correlated with oligochaetes (r = 0.65), Cricotopus sp. (r = 0.52), and
nematodes (r = 0.31), while negatively correlated with Cyrnellus sp. (r = -0.48)
Stenonema sp. (r = -0.30) and other insect taxa in the EPOT Orders. This Axis was also
correlated with several metrics that again reflected the sensitivity gradient. Axis 1 was
positively correlated with % oligochaete individuals (r = 0.72) and total number of
individuals (r = 0.53) and was negatively correlated with EPT individuals (r = -0.57) and
E and T / chironomid ratio (r = -0.43). Baskets samples collected in 2002 clustered at
the negative end of Axis 2, which was negatively correlated with several taxa that were
unique or more abundant that year, including Gammarus sp. (r = -0.63), Stenacron (r = -
0.63), Dicrotendipes sp. (r = -0.72), Hydroptila sp. (r = -0.55), and D. polymorpha (r = -
0.39). Axis 2 was negatively correlated with % tolerant individuals (r = -0.62) and with
several richness metrics, including total number of taxa (r = -0.68), number of Diptera
taxa (r = -0.66) and number of EPT taxa (r = -0.65).
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Figure 1. Non-metric multidimensional scaling ordination of historic and 2002
macroinvertebrate samples, including metric vectors (r2 >0.4).
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The proportional index of community similarity also showed that 2002 benthic
data were distinct from historic collections and supported NMDS results. Percent
similarity values for 2002 with all past years ranged from14.9 to 32.8% with an average
of 23.4% (Table 2). In contrast, all pairwise comparisons for the years 1965-1971 ranged
from 25.7 to 76.7% with and average of 50.4%. Similarity among all historic years
(1965-1971) was therefore more than double the similarity of 2002 with any other year,
further indicating the differences that existed in the 2002 Ohio River benthic community.

Table 2. Proportional index of community similarity for Ohio River rock basket samples
collected in 1965-1971 and 2002.

1971 1970 1969 1968 1967 1966 1965

2002 217 20.2 14.9 31.1 20.0 32.8 223
1971 352 259 28.0 29.0 32.1 257
1970 76.7 62.2 61.7 61.4 55.2
1969 60.0 67.4 58.1 54.3
1968 55.5 48.1 62.2
1967 60.1 54.2
1966 46.2

All rock baskets collected within a year were grouped, and average metric values
were compared across years. Eleven of the 16 benthic metrics tested indicated significant
differences between 2002 and at least one of the previous years (Table 3). The number of
taxa collected per basket for the period from 1965 to 1970 averaged 8.32, less than half
the 2002 average of 17.2. Similarly, metrics for EPT and EPOT taxa richness, %
Hydroptilidae, number of Diptera taxa, and % Amphipoda individuals were all
significantly higher in 2002 than in all previous years. Metrics for EPT and EPOT taxa
richness were significantly higher in 2002 because of generally higher proportions of the
mayflies Stenacron sp. and Caenis sp. and the caddisfly Cheumatopsyche sp. Several
members of these orders were also unique to 2002 samples, including the odonate
Enallagma sp. and the caddisflies Hydroptila sp., Ceraclea sp., and Oecetis sp. Though
the average % Hydroptilidae was low for 2002, hydroptilids had not been collected from
rock baskets historically. Cyrnellus sp. dominated the historical EPT assemblage and
comprised over half of all individuals from 1965 samples. Though still present in 2002,
Cyrnellus sp. proportions have declined since the 1960s.

Chironomids represented the vast majority of dipteran taxa collected from rock
baskets across all years. The average number of dipteran taxa collected per basket in
2002 was nearly double the average for 1965-1971. Many chironomid taxa were
common to both 2002 and historic samples, but several midge taxa were also unique to
2002 samples, including Nanocladius sp., Parakiefferiella sp., Thienemanniella sp.,
Cryptotendipes sp., Pseudochironomus sp., and Rheotanytarsus sp. The metric %
Tanypodinae was also higher in 2002 than in the years 1968-1971 when none were
collected. The average percent amphipod metric was low in 2002 (mean = 2.63) yet was
still significantly higher than in all previous years. All amphipods collected in 2002
samples were Gammarus sp., whereas all amphipods collected in earlier years were
Crangonyx sp. The % oligochaete individuals metric was significantly lower in 2002
than in 1966, 1967, and 1969, while the metric for % tolerant taxa was significantly
higher in 2002 than in the years 1965-1970.

In addition, 2002 metric values were plotted against values from all previous years
by river mile location (Fig. 2). Graphical interpretation of metric values further
demonstrates higher values in 2002 for total number of taxa, number of EPT taxa,
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number of Diptera taxa, % Hydroptilidae, number of chironomid individuals, %
Amphipoda, number of EPOT taxa, and % tolerant taxa. Metric values clearly higher in
historic rock basket samples include number of E and T individuals, E and T: chironomid
ratio, and % Oligochaeta.

Table 3. Comparison of commonly used macroinvertebrate metrics between historic (1965-1971) and
2002 rock basket samples. Values are means; n = number of baskets per year. * indicates
significant difference (p<0.05) from 2002 (one-way RM-ANOVA followed by Holm-Sidak test).

1965 1966 1967 1968 1969 1970 2002

Metric n=5 n=5 n=7 =6 n=8 n=8 n=11
Number of taxa 6.4% 9.6* 9.4% 6.3% 9.4% 10.1%* 17.2
Number of EPT taxa 1.0* 2.0% 2.0%* 1.2% 1.5% 1.25% 3.4
Number of Diptera taxa 2.8% 3.0% 3.6% 2.7% 3.9% 4.1* 6.6
Number of Individuals 62.2 278.8 2237.6 10588 3723 706.3 856.0
% Tanypodinae 8.4 4.7 0.8 0* 0* 0* 4.1
% Hydroptilidae 0* 0* 0* 0% 0* 0* 1
Number of E and T individuals 36.8 17 135.3 110.2 32.1 92.5 39.6
Number of Chironomid individuals 11.4 1324 85.1 1154 34.5 75.6 132.8
E and T per Chironomid ratio 3.4 0.8 1.8 0.8 1.2 1.2 0.4
% Amphipoda individuals 0* 0* 0.1%* 0.9% 0.2* 0* 2.6
% Oligochaeta individuals 12.5 29.8%  32.3% 16.8 26.2% 17.0 2.8
Number of EPOT taxa 1.6* 2.6% 2.4% 1.7* 2.3% 2.0% 4.4
% Chironomid individuals 254 333 25.0 36.0 27.1 34.1 403
% Tolerant taxa 6.3% 17.8% 16.8* 18.7% 5.6* 11.2* 37.5
% Dominant taxon 54.3 -56.8 56.9 66.8 53.8 54.6 52.0
DISCUSSION

Our results indicate the Ohio River macroinvertebrate assemblage is markedly
different and somewhat improved from historic conditions. Similarity analyses verified a
temporal change in community composition driven by changes in taxa proportions and by
several taxa unique to 2002 samples. The majority of calculated benthic metrics also
indicated significant differences between 2002 and historic samples. Most apparent were
the significant increases in total number of taxa, number of EPT and EPOT taxa, number
of dipteran taxa, and % Amphipoda, along with a decline in % oligochaetes. These
metric responses all indicate a general improvement in river condition. The average
number of taxa per basket in 2002 was nearly double that of historic samples, indicating a
more diverse and more evenly distributed benthic community. Taxa richness has often
been included in multi-metric indices based on the principle that increasing diversity
correlates with a healthier ecosystem capable of supporting survival and reproduction of
many species (e.g., Resh et al. 1995, Barbour et al. 1996). Reductions in taxa richness
have been observed in response to various types of disturbance, including acid mine
drainage (e.g., Dills and Rogers 1974), organic enrichment (e.g., Hilsenhoff 1987, Ortiz
et al. 2005), and insecticides (e.g., Wallace et al. 1996, Schulz and Liess 1999). In the
Ohio River, which is subject to numerous point and non-point source pollutants, Beckett
and Keyes (1983) demonstrated reductions in taxa richness in heavily polluted portions of
the Ohio River. Reduced taxa richness has been frequently observed in benthic samples
collected directly from the plume of a point source discharge (ORSANCO, unpublished
data).

Members of the EPT insect orders are widely considered to be sensitive indicators
and are often among the first groups to disappear in the presence of disturbance (e.g.,
Lenat 1988, Ohio EPA 1988). Though densities of taxa within these orders were
typically low in 2002 basket samples and some taxa collected are considered the more
tolerant members (e.g., Cheumatopsyche sp.), the increased richness within these orders
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does provide further evidence of improvement within the Ohio River benthic community.
Chironomids represent a highly diverse group that exhibits a wide range of tolerance to
disturbance and they may be considered a microcosm of the more inclusive
macroinvertebrate community. Research by Losos (1984) indicates diversity of
chironomid taxa decreased with increased pollution loads, which would be consistent
with our findings. However, chironomid taxa richness might also increase under
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moderate pollution, possibly responding to reduced competition with collector-gatherer
EPT taxa (Lenat 1983). Oligochactes are considered highly tolerant, and high densities
have long been considered indicative of pollution problems within waterbodies (Kerans
and Karr 1994, Barbour et al. 1996). Oligochaetes are particularly abundant in areas of
organic enrichment (Pennak 1989) and can dominate the macroinvertebrate fauna of
heavily polluted rivers (Eyers et al. 1978). The relative dominance of this group in the
historical samples and their reduction within the 2002 samples may result from reduced
organic loading from multiple point source discharges along the river.

Evaluation of metric values across years also indicated that the % tolerant taxa
metric was higher in 2002 than in previous years, contradicting our general finding of
improved river condition. The tolerant taxa metric was adopted from the Ohio EPA and
consists of eight taxa generally considered highly tolerant in OH streams and rivers:
Polypedilum illinoense, Menetus dilatatus, Physella sp., Dicrotendipes lucifer,
Cricotopus bicinctus, Chironomus sp., Tricladida sp., and Glyptotentipes sp. The metric
increase in 2002 is partly due to the collection of Physella sp. and Menetus sp. when
neither of these taxa had been collected in previous years. The proportion of
Dicrotendipes sp. collected in 2002 baskets was also more than double that collected in
most previous years. However, this metric was developed primarily for wadeable
streams of Ohio. The new appearance or increased proportion of some of these taxa may
not necessarily indicate a degraded condition on a river the size of the Ohio Riverwhere
the community is already generally tolerant and has a relatively depauperate fauna when
compared with wadeable streams.

The zebra mussel, D. polymorpha, is an invasive species that was not collected in
the historic rock basket samples. ORSANCO first collected D. polymorpha on Hester-
Dendy samplers in 1994. Its distribution in the Ohio River is very patchy and this was
evident in the 11 rock basket samples collected in 2002 where the number of individuals
ranged from 0 to 3920 (mean = 396.7). Its density also varies greatly on an annual basis
(M. Wooten, pers. obs.) and the factors controlling these spatial and temporal variations
in the Ohio River remain poorly understood. Interestingly, numerous studies have
demonstrated that D. polymorpha can facilitate other invertebrate taxa by increasing
habitat complexity and altering interspecific interactions (Wisenden and Bailey 1995,
Ricciardi et al. 1997, Stewart et al. 1998a, and 1998b, Gonzalez and Downing 1999,
Greenwood et al. 2001, Kolar et al. 2002, Beekey et al. 2004). Thus, when D,
polymorpha density is high, this species may be acting as an ecosystem engineer, and its
presence may have contributed to the observed changes in the benthic community.

Several other taxa collected in this study were unique to 2002. Though every
effort was made for a conservative taxonomic comparison among years, the presence of
these taxa only in 2002 may indicate either a natural increase in the populations or
differences with identification and sample processing criteria. Because identification of
larval midges in particular can be difficult and larval keys were not well-developed at the
time of historic sampling, we cannot discount taxonomic discrepancies. However, most
of the midge taxa unique to 2002 (e.g., Parakiefferiella sp., Thienemanniella sp.,
Cryptotendipes sp.) were present in very low numbers (<1% of total individuals) and thus
contributed little to observed differences among years in our similarity analyses.

Although many shifts within the macroinvertebrate community were observed
during this study, one of the more intriguing aspects was the complete shift within the
amphipod assemblage. All amphipod individuals from historic samples were Crangonyx
sp., though their abundances were typically low. However, samples collected from 2002
were composed entirely of Gammarus sp., with no occurrences of Crangonyx sp. This
shift has been previously documented for the Ohio River (Beckett et al. 1997).
Historical collections of the USEPA (some of which are the same utilized for this study)
indicated that Crangonyx pseudogracilis was last collected from the Ohio River in 1973,
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and Gammarus fasciatus appeared soon thereafter (Beckett et al. 1997). Beckett et al.
(1997) theorized that increased flow regulation was the primary reason for the species
replacement, though some evidence also suggests that Gammarus sp. can reduce
Crangonyx sp. densities through intraguild predation (MacNeil et al. 1999). Several
studies have also shown that zebra mussels can specifically facilitate Gammarus sp. by
increasing habitat complexity (e.g., Ricciardi et al. 1997, Gonzalez and Downing 1998,
Stewart et al. 1998a, Greenwood et al. 2001); so the shift in the amphipod assemblage
may also be partially due to zebra mussel invasion.

Another notable shift in the benthic community occurred within the EPT
assemblage. The caddisfly Cyrnellus fraternus (Polycentropodidae: Trichoptera) has
historically dominated rock basket collections. C. fraternus was not only the dominant
caddisfly historically, but also the dominant taxon within the entire EPT assemblage.
Even though trichopterans are generally considered pollution intolerant, C. fraternus has
been designated as fairly tolerant (Bode et al. 1996, Mandaville 2002). Though this
taxon still constituted a large portion of the EPT assemblage in 2002, there has been a
significant decline in proportion compared to historic samples. C. fraternus is commonly
found in large rivers and may inhabit still waters. Reasons for the general decline of this
species are unclear, but Ricciardi et al. (1997) documented a reduction in Cyrnellus sp.
following establishment of zebra mussel beds. They postulated that zebra mussels may
compete with Cyrnellus sp. for substrate position and filtration currents.

We identified several major differences in the Ohio River benthic community in
2002 versus the late 1960s and early 1970s. Though our analyses were somewhat limited
by the number of comparable samples that were collected historically, our results clearly
indicate the benthic assemblage from 2002 was generally more diverse and was
comprised of a greater number of relatively sensitive taxa. These changes in the benthic
community have resulted from one or a combination of factors that include species
introductions, altered competitive interactions, altered habitat due to increased flow
regulation, and improved water quality. Our findings suggest that zebra mussels may
indirectly affect other macroinvertebrate taxa in ways similarly to those documented for
the Laurentian Great Lakes. Yet, further studies are required to measure the degree of
zebra mussel facilitation in the Ohio River. The increased effluent regulations required
by the 1972 CWA may have had the greatest influence on riverine biota given the large
number of municipal and industrial wastewater dischargers located within the Ohio River
drainage. Understanding how the benthic community has changed with improved water
quality may also aid in development of a modern benthic multi-metric index for
assessment of river condition. Metrics that reflect past conditions of assumed impairment
(i.e., higher % oligochaetes) may indicate when disturbed conditions are present or
possibly reoccurring. Conversely, appearance in 2002 of more sensitive EPOT taxa
groups not found in historic samples are indicative of improved condition and may
provide valuable assessment metrics. Though our results show general improvement in
the benthic community since the late 1960s, it is difficult to establish biocriteria for a
large regulated river subject to heavy commercial traffic and multiple point and non-point
disturbances. Current assessment methods will likely utilize localized least-disturbed
reaches to set an attainable level of expectation with the realization that the ecosystem is
permanently altered by human activities
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