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EXECUTIVE SUMMARY 

Fish were collected, using electroshocking techniques, from three sites in the Great 

Miami River (GMR) (September 07 and 08,1995) as part of an annual survey for Fernald 

Environmental Restoration Management Corporation (FERMCO). The objective was to 

collect fish fillets for uranium analysis and examine the health of the fish community in 

comparison to data collected during the past eleven years. Samples were taken from upstream 

(river mile = RM; RM 38) and downstream (RM 19) of the Femald site as well as from near 

the Fernald eMuent line (RM 24). RM 38 is isolated from upstream fish migration by two 

dams located near Hamilton, Ohio and fish collected from this site should not be influenced 

by processes at the downstream sites. Samples of 549 fish from 29 species belonging to nine 

families provided seventy-two samples for uranium analysis by an independent laboratory. 

Chemical analysis of water samples collected at each site was used to determine the effect of 

chemical parameters on the fish community. This study focused on comparison of the 

density, biomass and diversity of the fish community between sites and between years. 

The fish community in 1995 was separated ecologically by physical habitat differences 

rather than by water quality differences between sites. The average biomass of fish caught 

was highest at RM 24 and lowest at RM 38. The fish community at RM 24 was dominated by 

large freshwater drum, typical of rapid flowing water in mid-sized streams. Small fish species 

were excluded from this channelized site by the rapid current. The ponded site at & 19 was 

dominated by young of the year (YOY) gizzard shad and YOY bluegill. Small species and 

YOY are usually common in ponded sites where they do not have to contend with a rapid 

vi 



cunent. The pooled site at RM 38 was diagnostically separated fiom the other sites by YOY 

8 

golden redhorse and gizzard shad in addition to a large number of bluntnose minnows. 

Diversity of the fish community was inversely related to biomass. Diversity was 

highest at RM 38, lowest at RM 19 and the intermediate site was RM 24. The high diversity 

at RM 38 resulted from the occurrence of several small species at this site: bluntnose 

minnows, YOY gizzard shad and YOY golden redhorse. The low diversity found at RM 19 

resulted from the dominance of this site by YOY gizzard shad and bluegill. The intermediate 

diversity at RM 24 was indicative of the fact that the rapid current excludes many small . 

species from this site. Since the downstream and upstream communities were not very similar 

in terms of biomass and diversity, it appears that the Hamilton dams were sufficient to prevent 

fish migration upstream. 

Improved species richness and density in 1995 was consistent with a fish community 

that has recovered fiom the conditions that caused low density and diversity in previous years. 

Species richness in 1995 was significantly different fiom 1987, 1990 and 1992. Species 

richness was lower during the years 1987,1990 and 1992 than during any other years of this 

study. In 1995 there were 20 species found at RM 38, 15 at RM 24 and 19 at RM 19. The 

number of fish caught per hour in 1995 was significantly different from 1987,1989,1990, 

1991 and 1993. The higher number of fish caught per hour in 1995 indicated that the density 

of fish per unit area in 1995 was higher than in previous years. 

Changes in water chemistry showed highest concentrations of phosphate and 

chlorophyll at RM 24 while sulfate and nitrate concentrations were highest at RM 19. The 
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downstream increase in phosphate from RM 38 to RM 24 was indicative of a point source of 

pollution, possibly sewage effluent from upstream of the Fernald site. Increased chlorophyll 

at RM 24 suggested that the excess phosphate was being incorporated into algal biomass. 

Nitrate and sulfate both increased downstream. S u l k  normally accumulates downstream 

because it is not used in the metabolic activities of stream organisms. The increased nitrate 

was probably from non-point sources such as run-off from fertilized areas. Oxygen 

concentration was lowest at RM 24. Temperature increased with time of day. 

The fish community in 1995 was healthy at all sites sampled. No diseased or 

otherwise unhealthy fish were found. Changes in the fish community reflected changes in the 

physical habitat rather than chemical parameters of the stream. No evidence was found to 

suggest that water quality, habitat or fish community were adversely affected by pollutants. 

Species diversity, density and biomass per site as well as adult and YOY fish found in this 

study indicated that the Great Miami River (between RM 38 and RM 19) was a clean system 

in 1995. The presence and sometimes abundance of YOY fish indicated that the fish 

community was reproducing. 
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INTRODUCTION 

During August or September of each year from 1984 to the present, the fish community of 

the Great Miami River has been examined at three or four sites as part of a survey of uranium 

content of fish fillets (1984-1990,1993 and 1994) and whole fish (1991 and 1992) for FERMCO 

'(Figures 1-4). Prior to 1980 when the Ohio Environmental Protection Agency (OEPA) began 

surveying the streams, rivers and lakes in Ohio to determinecompliance with clean water 

standards, the fish community in the river had been studied only sporadically. The surveying 

effort necessitated the development 6f a new set of indices and standardized sampling methods 

for fish and macroinvertebrates (OEPA, 1988). Since multiple sites have been monitored 

annually for an extended number of years using similar methods and sample sizes, comparison to 

OEPA's surveys (1980,1987, and 1990) over the length of the river is warranted (Rankin et al., 

1990). OEPA repeated their study in 1995 during'the same week that this survey was conducted. 

Moreover, the OEPA established a series of high quality reference streams in the state by 

ecoregion, province of similar soils, bedrock, morphometry, and driinage that allows comparison 

of biological health between equal-sized bodies of water courses. 

The fish communities of the GMR near the Fernald site are affected by the Ohio River as 

well as upstream processes. The Ohio River and the many tributary streams of the GMR serve as 

a source and a refugium for biotic diversity. Between 1957 and 1959, fish sampling in the 

middle Ohio River identified 83 species of fish in lock and dam rotenone studies conducted in 

the fall (Pearson and Krumholz, 1984; Krumholz, 1981). Additional studies on Ohio River 

tributaries have found more species; 108 species in 1962 (ORSANCO, 1980) and by 1970 the 
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cumulative species list of the fish for the Ohio River (983 miles) was 120. Between 1974 and 

1986, an average of 22 species of fish were found in single day samples from the GMR (n=2 100 

to 3700 individuals). Hence, approximately one quarter of the cumulative fish species can be 

found in a single day's sample. The remaining species are globally rare, restricted to unique 

micro-habitats, associated with tributary streams, accidentally washed-in fiom reservoirs, or only 

temporal residents of the river. The diversity in middle-sized rivers is determined in part by 

migration of fish species such as the white bass, sauger, mooneye, hybrid striped bass, gizzard 

shad and carp from big rivers. It is also determined in part by migration of smaller stream 

species into larger rivers: minnows, darters, northern hognose suckers, white sucker and other 

fish. Mid-sized rivers have a high diversity of lithophils belonging to true river fish species: 

suckers, buffalos, carpsuckers, and redhorses (Catostomidae) and catfishes (Ictaluridae). 

Washout from upstream reservoirs and ponds may contribute species of fish such as largemouth 

bass, sunfishes, and YOY gizzard shad. 

The diversity of fish in a given reach of stream is a function of the water quality (chemical 

variables), size of the stream (stream order, discharge), habitat structure (riparian zone), energy 

base (allochthonous or autochthonous), flow regime (riffle or pool), and biotic interactions 

(competition and predation risk) (Karr, 198 1). The OEPA has coded a system of assessing 

habitat quality: the Quality Habitat Environmental Index (QHEI). This index includes current 

velocity, bank stability, canopy, riparian vegetation, in-stream cover, gradient, channel 

morphology, channel width, and channel depth (OEPA, 1988). The standardization of 

electroshocking methods and the use of multicomponent indices, such as the Index of Biotic 
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Integrity (IBI) and the Index of Well-Being (Iwb) (Gammon, 1976b), has allowed the OEPA to 

characterize the water quality of the GMR and its tributary streams over the past decade (OEPA, 

1990). 

The GMR is a multi-stressed river receiving significant industrial and domestic sewage 

pollution from sites near Dayton, OH (Yoder et al., 1976; Beckett, 1978,1977; Moller, 1986). 

Rankin et al. (1990) summarized the factors that degrade Ohio's running waters; these factors 

include municipal and industrial point sources and agricultural and non-point sources. Municipal 

and industrial point sources affect the most river miles. Most point source dischargers have had 

sewage treatment facilities upgraded in past decades. Agricultural and non-point sources cause 

channelization and siltation which lead to habitat modification. These are the two most serious 

contributors to non-point habitat impairment. 

The GMR headwaters have exceptional water quality as assessed by the multicomponent 

indices for fish and for macroinvertebrates called the Index of Community Integrity (ICI). 

Headwater reference sites have 19-21 species and clean tributaries have 17 to 30 species of fish 

sampled in a single day (Table 1). 

Upstream of the Fernald site, major sources of pollutants exist that may affect the 

biological water quality down river. These include the cities of Dayton (RM 50) and Hamilton 

(RM 3 8). Toxins, excess nutrients, sewage, bacteria, and thermal enrichments are contaminants 

generated by urban and industrial centers. Sites below Dayton have shown IBI, Iwb, and IC1 

values in the poor to very poor range between 1985 and 1989 (Rankin et al., 1990). The 

concentrations of all pollutants appear to drop in the area of the river near the Fernald site. This 
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could be due to the enforcement of water pollution laws and the construction of sewage plants 

along the GMR. However, low-flow pollution loading and elevated temperatures have combined 

to cause large fish kills. During the 1988 drought, approximately 261,000 fish were enumerated 

in a major kill caused by high temperatures near Hamilton (Rankin et al., 1990). 

IBI results, used by the Ohio Department of Natural Resources (ODNR) for fish 

communities, range from 20 (poor or degraded) to 40 (good) for various sample sites from the 

Ohio River to Dayton. Between 1980 and 1989, no site between RM 19 and RM 38 reached an 

IBI of greater than 33 (fair to moderate impact) (Rankin et al., 1990). The Iwb is a composite 

index of numbers and weights calculated as Shannon Indices. The modified Iwb ranged from-7.7 

to 8.1 in the Fernald site reach in 1989 on a scale of 1 to 10, ten being the best (OEPA, 1990). 

The IC1 ranged from 40 to 50 in the area of the Fernald site; classified as good or enriched to 

exceptional (OEPA, 1988). Only at Hamilton and Dayton does the IC1 show degradation to the 

fair or impacted level. The habitat quality of the GMR is the most variable, QHEI of 50-80, 

between RM 19 and RM 38 (OEPA, 1988). The lowest quality of habitat was found in Hamilton 

(Fig. 2). Thus the extensive surveys of the OEPA and ODNR over the past decade show an 

upriver source of enrichment from Dayton and Hamilton sewage treatment plants and a degraded 

river downstream of the Fernald site from gravel dredging. OEPA and ODNR results indicate 

that the system has recently, been recovering from the upsbeam enrichment. 

OBJECTIVE 

The purpose of this study is to analyze the fish community of the GMR as part of an 

annual survey for FERMCO. This annual survey consists of collection, processing and shipping 
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of fish samples for uranium analysis. In the process, data collected concerning the biomass, 

density, diversity and health of the fish community, as well as measurement of chemical 

parameters of the water quality are used to determine the overall health of the GMR fishery 

between RM 38 and RM 19. In an effort to determine the impact of the Fernald effluent line 

located at RM 24 on the overall health of the GMR, this study focuses on areas upstream of the 

Fernald site effluent line, at the effluent line and downstream of the effluent line. The upstream 

site is used as a control site because of its isolation fiom the downstream sites by two dams that 
a 

prevent upstream fish migration. 

This report emphasizes the comparison of the fish community among the years (1984 to 

1995), sites and subsamples in terms of density, biomass, health, and species richness. With the 

twelve year database, changes or trends in the status of the river biota can be followed. If 

abnormal changes occurred at a given site or year, they may be apparent as deviations of species 

composition or evenness, changes in mean or modal length and weight, and/or changes in 

condition as obseived in length-weight distributions among sites. 

The survey of fish community status and fish radionuclide concentrations around the 

Fernald site attempts to analyze and document changes in water quality, fish community 

structure and habitat quality in response to effluent coming fiom the Fernald site. The sites used 

in this study may be affected by upriver sewage treatment plants: Dayton and Hamilton. Dams 

and channel modification by gravel dredging have limited the migration probabilities of fish. 

The limited migration upstream of the Fernald site provides a method of separating the affects of 

sewage treatment plants from the affects of Fernald site effluent. 
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METHODS 

Electrofishing: Fishing with electricity has become a commonly used method of 

collecting fish in a variety of habitats. Pulsed direct current (DC) electrofishing is often the 

chosen method because it has a wider range of use than unmodified DC (Reynolds, 1983) and is 

less likely to cause injury or death to fish than alternating current (AC) (Fisher and Brown, 

1993). Pulsed DC is effective for collecting unbiased samples of stream fishes with respect to 

species and size (Fisher and Brown, 1993; Gammon, 1976a). Fish located near the anode are 

temporarily stunned and can be captured with a net (Reynolds, 1983). The effect of electrical 

shock varies with size and species of fish. Larger fish are more susceptible to immobilization at 

lower frequencies because their muscle fibers are longer and are therefore less likely to relax 

between pulses (Reynolds, 1983; Sternin et al, 1976; Vibert, 1967). Fish species respond 

differently to the shock depending on their behavior, habitat preferences and swimming abilities 

(Reynolds, 1983; Sternin et al, 1976; Vibert, 1967). However, with a frequency of 60 cycles 

per second most stream dwelling fishes are adequately immobilized including bottom dwellers 

(Vibert, 1967) and the stronger swimmers (Reynolds, 1983). 

Sample collection: For this study, fish were electroshocked using a portable 

electrofisher (5.0 GPP) made by Smith-Root, Inc., Vancouver, WA. The anodes (one on each 

front comer) were extended 2.0 meters from the front of a 5.0 meter flat bottom aluminum boat 

by a movable boom constructed of PVC pipe. Each umbrella shaped anode consists of four 

small diameter stainless steel cables that extend 30 cm below the surface of the water. Small 
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flexible anode cables and movable boom allow greater maneuverability and sampling efficiency 

along shorelines and in shallow water. A pulsed DC current of 60 cycles per second was 

delivered to the anodes by a 240V transformer powered by a gasoline operated, 5,000 Watt, 

120V AC Briggs and Stratton generator. 

A four person crew operated the boat and electrofishing equipment. Two individuals 

with long handled (3m) dip nets were positioned at the front of the boat, behind a safety railing, 

to collect stunned fish. One of the netters controlled the electricity by use of a ''deadman'' 

switch. Electricity was delivered to the water only while the "deadman" switch was pressed. A 

time recorder on the transformer recorded the time in seconds the "deadman" switch was pressed, 

corresponding to total shocking time. A third crew member positioned at the center of the boat 

operated the generator and transformer and kept track of total shocking time for each subsample. 

A fourth person operated the outboard motor located at the back of the boat. Location of the 

anode at the front of the boat with the motor situated at the back greatly reduces fiight bias 

associated with noise of outboard motors (Sternin et al, 1976). 

Electrofishing was conducted during a period of two days: 07 September and 08 

September 1995. River Mile 38 was sampled on 07 September while RM 24 and RM 19 were 

sampled on 08 September. At two of the three sampling sites (RM 24 and RM 19) four 

subsamples were collected, each consisting of approximately 7 minutes (420 seconds) total 

shocking time. At the upstream site (RM 38) biomass yield appeared low after the fourth 

subsample was taken. Therefore, a fifth subsample was collected at RM 38 to ensure that we had 

enough biomass to fill at least 20 bags with 200-500 grams (wet weight) of fish fillets per bag for 
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this site. Subsamples were intended to analyze different microhabitats within each selected site 

(RM) and were not meant to be replicate samples. This type of sampling results in a more 

complete analysis of the site and more accurately assesses the fish biodiversity in a given site. 

Fish diversity and density varies with habitat complexity, including topography of the shore, the 

depth of the pool, nature of the current and the amount of vegetation in and over the water 

(Gammon et al., 1983; Yoder and Gammon, 1976; OEPA, 1988). 

The catch from each subsample was placed in large plastic bags, labeled with site and 

subsample information and stored on ice in padlocked coolers. The area sampled, for each 

subsample, was identified on a topographic map (Figs. 2-4) and documented in the field. Later, a 

Silva type 40 Map Measure was used to trace the distances on the maps and determine distance 

shocked for each site and subsample (Table 4). 

Sample Preparation: At the end of each sampling day fish were taken back to a 

radionuclide-free laboratory at the University of Cincinnati, removed from the padlocked coolers, 

one site at a time, and completely processed. Fish were identified to species and weight (g) and 

length (cm) measurements were recorded directly into a QUATTRO-PRO spreadsheet (Clay, 

1975; Pfleiger, 1975; Smith, 1979; Trautman, 198 1; Boschung et al., 1983; Page and Burr, 

1991). Abnormalities such as injuries, deformities or diseases were noted. Fish tails, dorsal fins, 

heads and guts were removed and fillets were taken from either side of the body. Fillets from 

small fish contained some bone, skin and scales while those from larger fish were mostly meat 

and scales. Collected fish fillets were placed in zip lock bags and labeled with species or 

feeding group, total bag weight (at least 200 g wet weight whenever possible) and bag 
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identification number. Bag numbers were sequential within each site. Smaller fish such as 

gizzard shad (Dorosoma cepedianum) were frequently decapitated, eviscerated and detailed only 

prior to placement in zip lock bags. All bags were frozen until 72 of the original 108 were 

shipped for uranium analysis according to the instructions of FERMCO personnel. The 

remaining 36 bags are being kept frozen (-20C) pending M e r  instruction. 

Water Chemistry: Water samples were all collected on 07 September 1995. Water 

samples were taken from each site in 1 Liter dark polypropylene bottles, placed on ice and 

brought back to the laboratory for analysis of pH, Chlorophyll, Phosphate, Nitrate and Sulfate. 

The pH was measured with a Beckman zeromatic ss-3 model pH meter after calibration with pH 
, 

4.0 and pH 10.0 buffer solution. For chlorophyll analysis, 250 ml of water was filtered through a 

47 mm type A/E glass fiber filter. The filter was placed in 10 ml of 90% Acetone for pigment 

extraction in the dark at 4oC for 24 hours (Wetzel and Likens, 1991). Absorbance of the extract 

was measured at 665 nm and 750 nm. Two such filters were processed per site. Absorbance 

readings were converted to ug ChlorophylVL using the formula: 11.3*(Abs665- 

Abs750)* 1 OmV250ml (Wetzel and Likens, 1991). Dissolved, soluble inorganic Phosphate, 

Nitrate and Sulfate were analyzed colorimetrically using duplicate 25 ml samples of the filtered 

water. Hach reagents were added to the sample and absorbance was measured at 890 nm, 500 

nm, and 450 nm for Phosphate, Nitrate, and Sulfate, respectively. Absorbance readings for 

phosphate, nitrate and sulfate were compared to readings of known HACH standard 

concentrations for these nutrients and converted to concentration values based on the standard 

curve. Phosphate and nitrate were measured in concentrations of ug/L while sulfate was 
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measured in concentrations of mfl. Absorbarice readings were all measured on a Hitachi 

Model 19 1 Digital Spectrophotometer. 

Temperature, Conductivity and dissolved Oxygen were measured in the field. For RM 38 

these were taken 07 September 1995 at roughly 1O:OO A.M., for RM 24 on 08 September 1995 

around 1O:OO A.M. and\at RM 19 around 2:OO P.M.. Temperature (CC) and Oxygen (ma) were 

measured using a YSI Model 57 meter (Yellow Springs Instrument CO., Yellow Springs, Oh.). 

Conductivity was measured with a HACH portable ConductivityKDS Meter. 

Statistics: The fish community at each site was analyzed using Shannon Diversity Index 

(H) and coeficient of community. Shannon (H’) is a useful index for determining the diversity 

at each site. The H’ of one site is compared to the H value of another and the site with the 

highest H is said to have greater diversity. The coefficient of community (CC) measures the 

percent similqity of two communities. A low CC may reflect differences in habitat due to 

geographical separation or a pollution gradient. 

Diversity of the fish community at each site was calculated using the Shannon-Weiner 

(H) index based on the information theory using log base 2 (Krebs, 1988,1989; Smith, 1991). 

This index of diversity measures the difficulty of predicting the species of the next individual 

selected, providing that the individual is selected at random. The value of H increases as the 

number of species in a sample increases, assuming equal distribution of individuals among all 

species. Samples with fewer species or one dominant species have low calculated diversity (H’). 

The maximum diversity (Hmax) is a measure of the maximum diversity a community can have 

given a defined number of species and equal numbers of individuals of all species. 
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Shannon Diversity Index: H'= - C (Pi log Pi) 
i - l  

where Pi = Ni / IN 
N=total number of individuals 
Pi is the proportion of individuals of species I. 

Differences in community structure can be seen by comparing the similarity of species 

composition from the three sites. The community coefficient (CC) is a measure of the proportion 

of species shared by any two sites. It is based on species presence and does not consider the 

relative abundance of any species. It is calculated as two times the number of shared species (c) 

divided by the sum of all the species found at the two sites (a and b). A CC of 1.0 indicates that 

the two sites have identical species composition, while a CC of 0.0 means there are no shared 

species (Krebs, 1989). For example, a value of 0.5 indicates that two communities are 50 % 

similar. 

Coefficient of community: cc = 2c / (a+b) 

where c = # of species in common between sites a and b 

a + b = # of species at site a + # of species at site b 

Statistical analysis was performed using one way Analysis of Variance (ANOVA) and 

Tukey Honestly Significant Difference (HSD) post F tests. One way ANOVAs were used to 

compare parameters of fish community (Hbar per individual, evenness, length, weight, number 

of species per site and number of fish per hour) between sites and years, assuming all sites and 

years are replicates. The hypotheses being tested were that there was no statistically significant 
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difference between the means of any groups or parameters being compared. Results of ANOVAs 

were evaluated using three parameters: F-statistic (F), degrees of freedom (df) and probability 

(p). The F-statistic was determined by dividing the between groups average square by the within 

groups average square. This value was then compared with a value in a table (Rosner, 1990; 

Siegel, 1988). If the calculated F was larger than the table value of F, for the appropriate degrees 

of freedom, then the results were considered significantly different. Degrees of freedom were 

calculated by taking the number of groups and subtracting one for both the between groups and 

the within groups comparisons. The p-value measured the probability of being wrong if we 

chose to reject the hypothesis that there was no difference between the groups being compared. 

The F-statistic (F), degrees of freedom (df) and probability (p) were reported as being highly 

significant (HS) or not significant (NS). Significance was determined at the 5% level: p < .05 

was considered HS and p > .05 was NS. If no significant difference between sites or years was 

found using one way ANOVA no further statistical tests were performed. Kirby (1 993) points 

out that unless significant differences are found using a one way ANOVA the data should not be 

explored further because increasing the number of statistical tests increases the likelihood of 

finding significant results due to chance. When significant results were found a Tukey HSD was 

used to determine which years or sites were different. 

Finally, the fish communities at the three sites were compared using detrended 

correspondence analysis (DCA). DCA is a multivariate, eigenvector matrix manipulative 

technique to evaluate the differences in standard deviation units between communities at 

particular sites or between species at those sites using an algorithm which reduces the data to two 
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unrelated ordinates (ter Braak, 1986). Using only the species abundance data, the algorithm 

iterates to a solution that describes the differences in communities using only the species 

composition data. The ordination for communities using species data is underlain by the 

ordination of the species in community-defined space. Using the DCA, the relative position of 

the species on each ordination is proportional to the effect of each commuiity on the ordinate. 

Two sites that are very dissimilar communities and share few species will be at extremes of the 

axis, The eigenvector method allows us to partition the variance to determine what proportion of 

the separation of communities or species is explained by species or communities, respectively. 

SITE DESCRIPTION 

In 1995, three sites on the GMR were chosen for fish community analysis (Fig. 1). Two 

of these sites have been sampled annually at the same time of year since 1984 (RM 24 and RM 

19) (Figs. 3 and 4). An upstream site (RM 38) was added in 1991 as an additional control (Fig. 

2). RM 38 has since taken the place of the previous upstream site RM 28 because Rh4 38 is 

isolated fiom the downstream sites by two dams that prevent migration of fish upstream fiom the 

RM 24 area except during high water flow. It is important to have an isolated upstream control 

site where the collected fish are not likely to have been influenced by downstream conditions. 

RM 38 is located at the confluence of Talawanda Creek and the GMR, in Hamilton (Fig. 

2). Riparian vegetation in this area is relatively undisturbed, and the habitat provided by fallen 

trees, rocky shoals and pools increases fish habitat heterogeneity. The site begins just upriver of 

the outlet of Seven Mile Creek and extends upstream to the bridge abutments of the US Route 
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127 bridge. A total of five subsamples were collected at this site each consisting of 7 minutes 

(approximately 420 seconds) total shocking time. Each subsample analyzed a different riverine 

habitat within the RM 38 reach. The first subsample sampled a 0.162 km distance along the 
I 

eastern shore across from the boat dock. The second subsample was taken along the western 

shore. It began about 500 meters above the dam and sampled a total distance of 0.083 km. 

Subsample number three began downstream of Talawanda Creek on the western side of the 

GMR, continued up into Talawanda Creek, across the creek and down the opposite shore and 

then continued upstream along the western shore of GMR for a total distance of 0.208 km. 

Subsample number 4 sampled the eastern shoreline beginning downstream of the Route 127 

bridge and continued upstream just past the bridge underpass ( a total distance of 0.083 km). The 

fifth subsample was collected along the western shoreline of the GMR around the Route 127 

bridge abutments. The subsampling approach encompassed the variety of habitats at this site. 

RM 24 is near Sticker's Grove Park and the Fernald site's effluent line (Fig. 3). The 

mixing zone is a deep, fast section of river with strong eddy currents just below the effluent line. 

The riverbank tends to be steep and the current at this site is stronger and faster than the current 

at the other two sites. Riparian vegetation and fallen trees along the eastern shore provide habitat 

cover and concealment for a variety of fish species. The average pool depth at this site is 1.8 

meters. Four subsamples were collected at this site each consisting of 7 minutes (approximately 

420 seconds) total shocking time. The first subsample was taken along the western shore near 

the area of the effluent pipe; 0.167 km of shoreline were sampled. Subsample number 2 (0.125 

km total shoreline distance) collected fish directly across the river from where subsample number 

14 

.. . 



1 was taken. The third subsample encompassed the middle of the river (0.250 km shocking 

distance) between subsamples 1 and 2. The fourth subsample began on the western shore below 

the effluent pipe and continued downstream over some rifles, across the river and back up the 

other side for a total sampling distance of 0.250 km. Thus, both shores of the river were 

sampled. Also, both pools and riffles at this site were sampled for habitat diversity. 

RM 19 is found at the outfall of Paddy’s Run, which is the historic drainage route of 

stormwater runoff from the Femald site (Fig. 4). Twenty-five years of dredging by a gravel 

company has created a deep pool at this site. The western shore contains many large boulders 

and submerged logs, and has good riparian vegetation which provides excellent cover for young 

fish and structure for adult fish. The eastern shore is steep gravel without vegetation and is 

unattractive to most fish. Vegetation provides habitat security. The average pool depth is about 

2 meters. This site has the slowest current of the three sites and is pond-like in many respects. 

Four different subsampleswere collected at RM 19. The first began about 100 meters 

downstream of Paddy’s Run on the eastern shore and continued downstream for 0.167 km. The 

second subsample began at the outfall of Paddy’s Run and continued downstream for 0.167 km 

along the western shore. Subsample number three analyzed the deep pools around the broken up 

concrete abutments located just upstream of Paddy’s Run. The total distance sampled around 

these abutments was 0.250 km. The fourth subsample began about 300 meters downstream of 

Paddy’s Run along the western shore and continued for 0.250 km. The four subsamples included 

all habitat types at this site: shoreline, slowly flowing water and deep pools. 
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RESULTS AND DISCUSSION 

Physical, Chemical Parameters 

Site Comparisons: Conductivity and pH varied slightly among the three sites. 

Conductivity was highest at RM 24 (798 uslcm), lowest at RM 38 (771 uSlcm) and measured 

793 uSlcm at the downstream site (Fig. 7). Conductivity changes as a result of changes in 

dissolved ion concentration and to some extent from temperature variation (Allan, 1995). 

Temperature was highest at RM 19 but was measured in the afternoon while temperature at the 

two upstream sites was measured in the morning. Most likely, temperature increased with time 

of day. Unlike conductivity, pH varied slightly between sites but there was no overall 

downstream change in pH (Table 2, Fig. 8). 

Oxygen concentration fluctuated down river. Oxygen concentration ( m a )  was 

' supersaturated at RM 38, lowest at RM 24 and slightly less than saturated at RM 19 (Table 2, 

Fig. 8). The lower concentration found at RM 24 was partly because of morning sampling before 

photosynthesis by algae could increase the oxygen content of the water. Morning concentrations 

of oxygen are often low because of overnight respiration by algae and seston. Oxygen 

concentration may decrease overnight by as much as 4 to 6 mg/L in some eutrophic waters 

(Wetzel, 1975). The exceptional warm water habitat criteria for oxygen is 6 r n a  above which 

fish should not be stressed (OEPA, 1995). 

Both Chlorophyll and Phosphate concentrations were highest at RM 24 but much lower at 

the upstream and downstream sites (Table 2). Phosphorus is commonly the limiting factor for 

primary productivity. The fact that chlorophyll concentration fluctuates with phosphorus 
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concentration indicates that the phosphorus is being incorporated into algal biomass. Nitrate 

continually increased downstream (Fig. 6 )  while Sulfate declined at RM 24 and increased again 

at RM 19 (Fig. 7). The nitrate to phosphate ratio (N:P) was lowest at RM 24 indicating that 

nitrogen was the limiting factor for primary productivity and phosphorus was in excess. At the 

downstream site the ratio changed (Fig. 9) and phosphorus became the limiting factor while 

nitrogen was in excess. 

Down River Trends: Down river variations in water chemistry were indicative of both 

point and non-point sources of pollution. The high phosphorus concentration at RM 24 was most 

likely a result of point and non-point source input between RM 38 and RM 24. It could have 

been from sewage treatment facilities in Hamilton, Ohio. The change in phosphorus and 

chlorophyll concentrations from RM 24 to RM 19 indicated that phosphorus was either 

incorporated into algal biomass or precipitated out of the water. Because oxygen is the by- 

product of photosynthesis, high oxygen levels would be expected where algal photosynthesis is 

increased. However, the recorded low oxygen levels at RM 24 were because of respiration, a 

process that uses oxygen. Respiration occurs in the dark and overnight oxygen consumption also 

increases with increasing algal biomass. The fact that oxygen was measured at RM 24 in the 

morning explains the low oxygen levels. Nitrogen increases found down river were typical of 

non-point source nitrogen input from fertilized areas. The increasing sulfate concentration was 

expected because, unlike nitrogen and phosphorus, sulfk is not utilized in productivity and tends 

to accumulate in down stream reaches. The drop in sulfate concentration at RM 24 was 
. 

17 



probably because of the current at this site. Sulfate accumulated at the two pooled sites where 

the current is much slower. 

Fish Parameters 

Species Richness: This year a total of 549 fish were captured as compared to 853 in 

1994,224 in 1993 and 491 in 1992. There were 29 species (vs. 27 in 1994,26 in 1993 and 23 in 

1992) belonging to 9 families (Table 3). However, two of the 29 species captured this year were 

unidentifiable species, one belonging to the family Centrarchidae and one belonging to the 

family Cyprinidae (Table 3). These u@dentifiable specimens were of small size with immature 

characteristics that made it impossible to accurately identify them to species. None of the fish 

captured were threatened or endangered species. The most diverse families were Catostomidae 

with 7 species, Centrarchidae with 6 species and Cyprinidae with 6 species. The most diverse 

site was RM 38 with a total of 20 species. RM 24 had the lowest diversity with 15 species while 

19 species were found at RM 19. 

For statistical analysis, a one way ANOVA was used to test the hypothesis that there was 

no difference in number of species found per site, between sites (RM 38, RM 28, RM 24 and RM 

19) and between years (1 984-1 995). The number of species per site was not significantly 

different between sites (F = 1.250; df 3,34; p =.307 NS) but was significantly different between 

years (F= 4.027; df 11 , 26; p =.002 HS). A Tukey HSD test showed that the number of species 

found per site in 1995 was different from 1987,1990 and 1992. Low numbers of species were 

found in 1990 and 1992 (Table 5) .  In 1987 the sites sampled were RM 28, RM 24 and RM 19 

and the number of species reported at each site was nearly equal: 10 Species at RM 28, l l  
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species at RM 24 and 10 species at RM 19 (Table 5). The high diversity in 1995 is consistent 

with a river that has significantly recovered fiom the conditions that caused low diversity in 1990 

and 1992. Additionally, efficient electroshocking with good, reliable equipment using 

subsampling techniques to survey the habitat diversity at each site allowed for a complete 

analysis of the diversity of the fish community. 

Density: Total electroshocking time (in seconds) was 2106,1682 and 1681 for RM 38, 

RM 24 and RM 19, respectively (Table 4). The number of fish shocked per hour was 426,220 

and 422 for RM 38,24 and 19, respectively (Fig. 12, Tables 4 and 5), compared to 422,300 and 

426 fish per hour in 1994,72.5,35 and 90.2 fish per hour in 1993 and 175,106 and 305 fish per 

hour in 1992 (Table 5) from the respective locations (RM 38, RM 24 and RM 19). RM 38 had 

the greatest number of fish caught per hour and the highest number of individuals collected. 

However, RM 19 had nearly as many fish per hour (422) as RM 38 (426) yet the total shocking 

time at RM 19 was only 1681 seconds while total shocking time at RM 38 was 2106 seconds. 

Also, one subsample (subsample 3) taken at RM 38 resulted in an exceedingly high number of 

fish (135) and this one subsample skewed the number of fish caught per hour at RM 38 (Table 

3). RM 24 had the fewest number of individuals collected and lowest number of fish per hour 

(Table 4). This year more fish were captured per unit effort at RM 38 > RM 19 > RM 24. In 

previous years the trend has been more fish per unit effort at RM 19 > RM 38 > RM 24. 

However, the difference between fish caught per hour at RM 38 and RM 19 this year was low: a 

difference of 4 fish per hour (Table 4). 
I 
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Statistical analysis by a one way ANOVA showed that there was no difference in the 

number of fish caught per hour between sites (F = 2.37 1 , df = 3,3 1 , p = .089 NS). However, 

there was a significant difference in the number of fish caught per hour between the years 1985 

to 1995 (F = 5.810, df = 10,24, p = .OOO HS). A post F comparison (Tukey HSD) showed that 

the number of fish caught per hour in 1995 was significantly different from 1987,1989,1990, 

199 I and 1993 indicating that the density of the fish community in 1995 was higher than in these 

years. The fact that there was no significant difference in the number of fish caught per hour 

between sites demonstrated that, in any year, the density of fish at each site was similar and that 

electrofishing was not more efficient at one site than at the other. 

. _  

Species Diversity Indices: This year RM 19 had the lowest diversity index because of a 

high abundance of Gizzard shad at RM 19 (Table 3). RM 38 had the highest diversity index and 

was dominated by two species: Golden redhorse and Bluntnose minnow. RM 24 was dominated 

by Freshwater Dnun and had an intermediate diversity index. The twelve year mean for H 

(Table 7) shows a trend of RM 24 > RM 38 > RM 19. Thus, the trend found in 1995 differed 

from the trend of the 12 year means. The change in diversity this year at RM 38 might at first 

appear to be a result of sampling procedure. A decision was made in the field to take a fifth 

subsample at RM 38 to ensure adequate weight for uranium analysis. Only four subsamples 

were conducted at each of the other two sites. However, this fifth subsample at RM 38 only 

increased the number of species found at this site by one (Fig. 23). It is more likely that the 

diversity of the fish community at RM 38 has improved over recent years as a result of improved 

habitat conditions. 
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Statistically, a one way ANOVA of the diversity index (H') showed that there was no 

significant difference between sites (F = 2.362, df = 3,34, p = .OS9 NS) or years (F = .749, df = 

11,26, p = .644 NS). On average, the index followed a decreasing trend from RM 24 > RM 38 > 

RM 28 > RM 19. A one way ANOVA showed a significant difference in mean evenness of 

species diversity between sites (F = 7.019, df = 3,34, p = .001 HS) but not between years (F = 

,839, df = 11 , 26, p = .605 NS). A post F comparison showed that mean evenness for RM 19 was 

significantly different from RM 24 and RM 28 but not significantly different fiom RM 38. RM 

19 and RM 3 8 had similar evenness in species distribution because they are both pooled sites and 

do not exclude small fish. The twelve year average of evenness is lowest at RM 19 (Table 7). 

During most years this site was dominated by Gizzard shad and dominance by one species may 

explain the difference between mean evenness at RM 19 and RM 24. 

Community Coefficients: The CC showed that all three sites (RM 38,24 and 19) are 

similar (CC = ca. 0.50) (Table 8). RM 24 and 19 were the most similar (CC = .65) but less so 

than in 1994 (CC = .74). RM 24 and 38 were the least similar (CC = S7). Another way to 

examine species data at several sites is to observe how many species are found at only one site, 

two sites, etc.. For 1995,s of the 29 species found were at all three sites, 8 of the 29 species 

were at two of the three sites and 12 species were found at only one site, compared with 10,9 

and 8, respectively, in 1994 (Table 3). 

Weighfiength Distributions: The weight and length frequency distributions of fish 

collected were calculated as percent per size and cumulative percent per size (Tables 9 and 10). 

The modal weight was around 25 grams for RM 38, ranged between 25 and 100 grams for RM 
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19 while 75 grams was the modal weight for RM 24 (Table 9). Cumulative distribution of 

proportion of fish by weight shows effect of size classes in composition of the fishery. If the 

cumulative weight distribution rises quickly, then small fish dominate. This is the form of the 

distribution for RM 38 and 19, the two most ponded sites. At both of these sites, more than 80% 

of the fish accumulated were less than 225 grams (Fig. 15). RM 38 had a large number of YOY 

Golden redhorse and Gizzard shad. In addition, RM 38 contained a large number of Bluntnose 

minnows. RM 19 was dominated by YOY Gizzard shad as well as some YOY Bluegill. On the 

other hand, if the cumulative weight distribution curve increases slowly then the fishery is 

dominated by larger fish. This type of weight distribution was found at RM 24 (Fig. 15). Less 

than 50% of the fish found at RM 24 weighed less than 225 grams (Fig. 15). These large 

differences stemmed from the large number of YOY and small species found at the two pooled 

sites (RM 38 and 19). Small species and YOY cannot tolerate the rough current at RM 24. 

Length frequency distributions for RM 38 show that the modal length of fish was 8 to 10 

cm (Table 10). Modal length for RM 24 ranged from 18 to 28 cm and was bimodal at 22 and 28 

cm (Table 10). RM 19 also showed a bimodal length distribution at 8 cm and 22 to 24 cm. The 

diagram of cumulative proportion of fish by length (Fig. 16) illustrates a gradual rise to the 

asymptote. In a uniform sized distribution, the curve rises linearly to the asymptote. The graph 

shows that there is a slightly even distribution of fish from different length classes. However, 

there is clearly a large number of small fish. RM 38 and RM 19 are dominated by smaller fish 

with 80% of fish found at these sites being less than 22 cm long (Fig. 16, Table 10). RM 24 had 

22 



the largest and most uniform size distribution with a more linear rise in the cumulative frequency 

curve. 

The curve of the cumulative frequency plot can help to describe a site. When skewed to 

the young of one species, the curves imply enrichment in food or habitat. When uniform and 

linear, the curves suggest an older population, which could mean a uniformly fast current of a 

condition that has lead to a loss of the more sensitive young fish. The young-biased curves at 

RM 38 and RM 19 probably reflect enrichment and pooling that favor Gizzard shad and 

immature fish. On the other hand, the absence of young fishes at RM 24 probably reflects 

habitat conditions and current that excludes the small, weak swimmers. 

The changes in growth rate and condition can be examined for common species using 

(length X wet weight) distributions. This curve reflects deviations in weight per unit length and 

shows changes in the condition of fish (amount of fat stored). Deviations fiom the allometric 

curve of length and weight may indicate poor growth conditions, such as food source quality, at 

particular sites or in the river as a whole. 

Gizzard shad was a common species at all three sites, especially RM 19. Most of the 

Gizzard shad collected at RM 19 were YOY (6 to 14 cm) and one year-old fish (1 6 to 27 cm) 

(Fig. 17). However, there were some larger individuals taken fiom RM 19. For RM 38, all 

Gizzard shad collected were YOY and one year-old fish because they were all less than 25 cm in 

body length (Fig. 17). RM 24 had some of the heavier Gizzard shad and appeared to have mostly 

one year-old fish (Fig. 17). 
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Smallmouth, Largemouth and White bass had similar weightllength relationships 

between sites (Fig. 18). For smaller fish the weightllength curve increased nearly linearly for all 

three sites. For fish greater than 30 cm total body length, however, the weight increased 

exponentially with increasing length for RM 38 and RM 19 (Fig. 18). There were no Bass longer 

than 30 cm found at RM 24. However, there is no reason to assume that the weightllength curve 

for large bass at RM 24 would be any different than that for RM 38 and RM 19. The observed 

relationship between weight and length among older bass may be because bass species from two 

different families were combined to produce the weightllength curve for bass or it could also be a 

characteristic of these species. 

The weighaength relationship for sunfish produced a smooth tight curve (Fig. 19). This 

year Sunfish were found almost exclusively at RM 38 and RM 19. Only one sunfish was found 

at RM 24 and this may explain why we found little variability in the weighaength relationship 

for sunfish. As was pointed out earlier, RM 24 has a swift current that may make it difficult for 

small fish to compete and survive. Small fish, like sunfish, that do persist at RM 24 are likely to 

have lower overall weight than their length counterpart located at another site along the river and 

may contribute to a loose correlation between weight and length at RM 24. 

Freshwater drum was found only at RM 24 and RM 19. There were no Drum found that 

were less than 12 cm in length. The majority of Drum were found at RM 24 and most of them 

ranged between 17 and 32 cm total body length (Fig. 20) contributing to the fact that RM 24 had 

the highest biomass per hour this year. 
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RM 24 had the highest total weight and biomass per-hour (Fig. 13). In general, the fish 

collected at RM 24 were larger and more mature than those collected at RM 38 and RM 19. The 

swift current found at RM 24 probably excludes smaller fish. Statistically, a one way ANOVA 

showed a significant difference in average weight (F = 6.233, df = 3,3 1, p = .002 HS) and 

average length (F = 13.660, df = 3,31, p = .OOO HS) between sites. However, there was no 

significant difference in average weight (F = .998, df= 10,24, p = ,472 NS) or average length (F 

= 1.263, df = 10,24, p = .305 NS) between the years. A post F comparison of average weight 

and length by site showed that RM 28 and RM 24 were significantly different (for both length 

and weight) from RM 38 and RM 19. Comparison of RM 38 to RM 19 and RM 28 to RM 24 

showed no statistically significant differences. Thus, RM 24 has consistently had larger fish 

throughout this twelve year survey. 

Sampling Adequacy: Collection of fish by a subsampling technique was an adequate 

method of assessing the diversity of the fish community of the GMR. In 1992, the total sample 

was subdivided into subsamples to examine variance by habitat within sites and adequacy of 

sampling effort to capture most of the species. In 1993, 1994 and 1995, attempts were not made 

to take replicates, but to maximize the habitat sample differences; hence the term subsample. At 

all RM locations sampled, the number of species per subsample was relatively constant (Fig. 11) 

with the exception of subsample 3 at RM 38. The cumulative species captured increased 

significantly with the second and third subsamples but, in general, leveled off with the fourth 

subsample (Fig. 23). These findings indicate that four subsamples, each assessing a different 
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habitat, are sufficient to capture the majority of all species at a given site. Further subsamples 

would not significantly increase the number of species captured. 

Ordination by Detrended Correspondence Analysis (DECORANA or DCA): The 

DCA for species and for sites were iterated to the same coordinates and were plotted on axes 

based on standard deviation units. Separation of RM 19 and RM 24 by two standard deviations 

on the second axis showed that the fish communities at these site were greater than 66 % 

different in composition and relative abundance. DCA by species abundances showed that RM 

38 was only 1 standard deviation apart from RM 19 and RM 24 on the first axis (25.8% variance 

explained), while RM 24 and RM 19 were separated by 2 standard deviations on the second axis 

(15.0% variance explained) (Fig. 24). Only 8 species were found in all three sites; hence the 

sites were drawn apart by species not in common. The subsamples fiom RM 19 and RM 24 

were tightly clustered together, indicating little variance in composition; however the subsamples 

for RM 38 was very wide on the first axis (2.5 standard deviations). Behind Hamilton Dam 1 

some subsamples were taken from ponded sites and some from shallow gravel bottom near the 

junction with Talawanda Creek. Hence small stream fish like the log perch, bluntnose minnow, 

emerald shiner, and hog sucker separated subsample 1-3 &om the others within that site. 

The DCA of species by sites related the species associations with site separation. The 

catfi'shes, golden redhorse, minnows and shiners. and hog sucker were grouped together at RM 

38 (Fig. 24). The larger fish (carp, smallmouth buffalo. and fresh water drum) separated from 

other species into RM 24 (Fig. 24). Pool fishes such as gizzard shad, sunfishes, white bass (from 

Ohio River) were grouped together at RM 19 (Fig. 24). The first ordinate (X axis) appears to 
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separate the sites based weakly on stream order from upstream to downstream, while the second 

ordinate (Y axis) appears to separate the sites based on current velocity from rapid at site 2 (RM 

24) to slow at site 3 (RM 19). The influence of current was more important to the fish 

community in 1995 than in 1994, when stream order was sufficient to separate the three sites in a 

downriver gradient. 

CONCLUSIONS 

The water quality and health of the fish community of the GMR was good in 1995. The 

fish community differences between stations were explained by changes in physical habitat, 

rather than changes in water quality. The diversity of fish species at each site was significantly 

higher than it was during some previous years which indicated the river had recovered from 

conditions causing low diversity during those years. Though water chemistry showed evidence 

of nutrient enrichment there was no evidence to suggest that the health of the fish community 

was affected by this observed enrichment (Table 2). In addition, the river was free of exogenous 

stress on the fish community as evidenced by the absence of deformed or diseased fish, lack of 

dominance by a single species (Table 3), and fish condition measured by lenght x weight 

relations (Figures 17-22). The measurements of biomass, density and diversity of fish 

communities in September 1995 were similar to those of previous years when the river was in 

good condition (Tables 5,6  and 7). Reproducing fish populations were evidenced by the 

presence of YOY gizzard shad and golden redhorse at the two pooled sites. 

Down river trends in chemical parameters indicated that some pollution was occurring 

between RM 38 and the Fernald site. High phosphate concentration at RM 24 suggested an 
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upstream source.of phosphorus loading, possibly sewage treatment facilities in Hamilton, Ohio. 

Phosphate and chlorophyll were both highest at RM 24 and decreased downstream (Fig. 6, Table 

2). Thus, phosphate was likely incorporated into algal biomass or removed abiotically form the 

water. Accumulation of nitrate at downstream sites was indicative of other sources of pollution 

such as run-off from fertilized areas or input from ground water seepage (Figures 6 and 9). The 

lower oxygen at RM 24 was a result of morning sampling and not indicative of an unhealthy 

stream. The high chlorophyll levels at this site indicate that oxygen levels would have increased 

later in the day. Overnight oxygen consumption by algal respiration is a common occurrence in 

streams. The effect of algal respiration must be considered when analyzing early morning 

oxygen concentrations. 

Changes seen in species richness and biomass were related meore to physical parameters 

of the stream than to chemical factors. Larger fish and species that are tolerant of and require 

rapid current (freshwater drum and carp) were found at RM 24, while YOY and smaller species 

(gizzard shad, golden redhorse, sunfishes and minnows) were typical of the pooled sites (RM 38 

and RM 19) (Table 3). Presence of YOY gizzard shad and golden redhorse indicated the fish 

communities were reproducing. Overall diversity in 1995 was higher than it was in some of the 

early years of this twelve year study but was similar to reported values in 1994 and 1993 (Table 

7). Stable diversity in recent years indicates a recovered, stable river. High diversity of the fish 

communities at the three sites sampled was what would be expected in a clean mid-sized river. 

Lack of diseased or otherwise unhealthy fish indicated there was no evidence of a pollution 

gradient sufficient to affect the status of the fishery. 
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Analysis of both water chemistry and fish communities indicated that the GMR between 

RM 38 and RM 19 was a eutrophic river in September 1995, as it has been since 1992. The fish 

community has clearly recovered from the low diversity community found in 1992 despite the 

eutrophication and growth of planktonic algae in the river. 
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Figure 1. Overview map of the sampling sites in the Great Miami River, 1995. 
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Figure 3. Map of River Mile 24. 
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Figure 4. Map of River Mile 19. 
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Figure 5. Index of Biotic Integrity, Index of Well Being, and Index of Habitat Quality 
in the Great Miami River from the Ohio River (RM 0) to Dayton (RM 50) 
from OEPA data, 1980,1987,1989. 
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Figure 6. Phosphate and nitrate concentrations found at each site in the Great 
Miami River, 1995. 

i 

14 

12 
c 
\ I O  m 
3 
U 8 

6 

4 

2 

I 25 

I 

I i ' 19 
RM 38 RM 24 RM 19 

River Mile 

I +- Phosphate + Nitrate i 

37 



Figure 7. Sulfate concentrations and conductivity levels found at each site in the Great 
Miami River, 1995. 
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Figure 8. 
I 

Levels of pH and Oxygen concentrations found in the Great Miami River, 
1995. 
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Figure 9. Inorganic nitrogen to phosphorus ratio, by weight for each site in the Great 
Miami River, 1995. 
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. Figure 10. The number of species and number of fish per site in the Great Miami River, 
1995. 1 
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Figure 11. The number of fish species in four subsamples at three river sites in the 
Great Miami River, 1995. 
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Figure 12. The number of fish caught per hour and the number of fish caught per kilo 
meter in the Great Miami River, 1995. 
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Figure 13. The total weight and the biomass per hour of fish captured at each site in the 
Great Miami River, 1995. 
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Figure 14. Shannon Diver& Index of fish captured in the Great Miami River, 1995. 
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Figure 15. The cumulative proportion of fish by weight captured in the Great Miami 
River, 1995. 
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Figure 16. The cumulative proportion of fish by length captured in the Great Miami 
River, 1995. 
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Figure 17. LengWweight relationship for gizzard shad in the Great Miami River, 1995. 
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Figure 18. 

6 0 0 .  

LengWweight relationship for white bass, smallmouth bass and largemouth 
bass in the Great Miami River, 1995. 
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Figure 19. LengWweight relationship for s d i s h  in the Great Miami River, 1995. 
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Figure 20. Lengwweight relationship for freshwater d m  in the Great Miami River, 
1995. 
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Figure 21. LengWweight relationship for carp in the Great Miami River, 1995. 
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Figure 22. Lengtldweight relationship for Catostomidae in the Great Miami River, 
1995. 
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Figure 23. The cumulative number of fish species per number of fish at each site in the 
Great Miami River, 1995. 
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Figure 24. 
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Detrended Corresponded Analysis of sites using fish species composition in 
the Great Miami River, 1995. ( 
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Table 1. Biotic and drainage data from OEPA for the Great Miami River for 
reference sites for comparison of other sites in the drainage area (data 1980 to 
1986). 

Data h m  OEPA Ecological Assessment Section, 1988 Biological Criteria for the 
Protection of Aquatic Life: Vol. II: Usen Manual for Biological Field Assessments of 

Ohio Surface Waters. Columbus, OH. 
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Table 2. Physical and chemical parameters for all sites sampled in the Great Miami 
River, 1995. 
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Table 3. Common name, family, and numbers of fish collected by site in the Great Miami 
Rvier, 07 and 08 September 1995. 
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Table 5. The number of fish captured per hour and the number of species captured by 
river mile and by year from the Great Miami River, 1984 to 1995. 
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Table 6. Mean weight and length of fish electroshocked by year and by river mile in the 
Great Miami River, 1984 to 1995. 1 

61 



Table 7. Species diversity and evenness using the Shannon Information Index (H' (log 
1 Lbase.2)) by year and by river mile in the Great Miami .River, 1984 to 1995. 
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Table 8. Community coefficients of species similiarity between sites in the Great Miami 
River, 1995. 

RM 38 

RM 24 

RM 19 

RM 38 RM24 RM 19 

1.000 0.571 0.615 

0.571 1.000 0.647 

0.615 0.647 1.000 
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Table 9. Weight frequency distribution of fish electroshocked in 
07 and 08 September 1995. 

the Great Miami River, 

I Wieght Frequency Distribution I 
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Length frequency distribution of fish electroshocked in the Great Miami 
River, 07 and 08 September 1995. 
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Appendix A. Listing of common names, species, and families of fish 
found in the Great Miami River, 1995. 

3 
4 
5 

# ICommon Name I Species I Family 
I I I 

Skipjack Herring Alosa chrysochloris Clupeidae 
Golden Redhorse Moxostorna erythmmm Catostomidae 
Highfin Carpsucker Carpiodes velifer Catostomidae 

I I I I 

I I I 
1 ILongnose Gar I Lepisosteus osseus I Lepisosteidae 
21Giuard Shad I Dorosoma cepedianurn I Clupeidae 

6 I Northern Hog Sucker I Hypentelium nigricans 
7 (Quillback Carpsucker 1 Carpiodes cyprinus 

I Catostomidae 
I Catostomidae 
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Appendix 6. Listing of the lengths and weights of fish captures at River Mile 38, 1995. 

P I Sub.1 Common Name 

1 
2 

# (cm) (g) (9) 
1 GOLDtN K t U H O K S t  CAl O ~ f v l l U A t  26.2 181.15 112 31 f 
1 HIGHFIN CATOSTOMI DAE 35.70 468.83 104 ' 269 

22 



Appendix 8. Listing of the lengths and weights of fish captures at River Mile 38, 1995. 



Appendix 6. Listing of the lengths and weights of fish captures at River Mile 38, 1995. 
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Appendix B. Listing of the lengths and weights of fish captures at River Mile 38, 1995. 

145 
146 3 
147 3 
148 3 
149 3 
150 3 
151 3 
152 3 
153 3 
154 3 
155 3 
156 3 
157 3 
158 3 
159 3 
160 3 
161 3 
162 3 
163 3 
164 3 
165 3 
166 3 
167 3 
168 3 
169 3 
170 3 
171 3 
172 4 
173 4 
174 4 
175 4 
176 4 
177 4 
178 4 
179 4 
180 4 
181 4 
182 4 
183 4 
184 4 
185 4 
186 4 
187 4 
188 4 
189 4 
190 4 
191 4 
192 4 

ornrnon arne 

BLUNTNOSE MINNO 
1 BLUNTNOSE MINNO 
1 BLUNTNOSE MINNO 
1 BLUNTNOSE MINNO 
I BLUNTNOSE MINNO 
1 BLUNTNOSE MINNO 
1 BLUNTNOSE MINNO 
I BLUNTNOSE MINNO 
BLUNTNOSE MINNO 
BLUNTNOSE MINNO 
BLUNTNOSE MINNO 
BLUNTNOSE MINNO 
BLUNTNOSE MINNO 
BLUNTNOSE MINNO 
STEELCOLOR SHINE 
STEELCOLOR SHINE 
STEELCOLOR SHIN E 
STEELCOLOR SHINE 
STEELCOLOR SHINE 
STEELCOLOR SHIN E 
STEELCOLOR SHINE 
STEELCOLOR SHINE 
EMERALD SHINER 
CHANNEL CATFISH 
OHIO LOGPERCH 
OHIO LOGPERCH 
GIZZARD SHAD 
GOLDEN REDHORSE 
GOLDEN REDHORSE 
GOLDEN REDHORSE 
GOLDEN REDHORSE 
GOLDEN REDHORSE 
GOLDEN REDHO-RSE 
QUILLBACK 
QUILLBACK 
LONGEAR SUNFISH 
LONGEAR SUNFISH 
LONGEAR SUNFISH 
SMALL MOUTH BASS 
UNKNOWN MINNOW 
UNKNOWN MINNOW 
STEELCOLOR SHINE 
STEELCOLOR SHINE 
STEELCOLOR SHINE 
STEELCOLOR SHINE 
STEELCOLOR SHIN E 
STEELCOLOR SHINE 

, -22 142 
1CYPRlNlDAE 6.2 
CYPRINIDAE 6.2 1.891 122 142 
CY PRl Nl DAE 6.2 1 R Q l  122 1 42 

22 142 

I tS 
I_ 

1 
'avg wt and length' 
avg wt and length 
avg wt and length 
avg wt and length 
avg wt and length 
avg wt and length 

avg wt and length 
Avg of 5 ind. 
Avg of 5 ind. 
Avg of 5 ind. 
Avg of 5 ind. 
Avg of 5 ind. 

discarded 

_____I 
discarded 
discarded 
Avg. wt of 6 ind. 
Avg. wt of 6 ind. 
Avg. wt of 6 ind. 
Avg. wt of 6 ind. 
Avg. wt of 6 ind. 
Avg. wt of 6 ind. 



239 
240 

5 STEELCOLOR SHINE CYPRINIDAE 7.40 3.92 122 142 
5 STEELCOLOR SHINE CYPRINIDAE 7.10 3.03 122 142 .. 



Appendix 6. Listing of the lengths and weights of fish captures at River Mile 38, 1995. 
< .  

I (/Total 3808.20 32823.15 1 



Appendix C. Listing of lengths and weights of fish captured at River Mile 24, 1995. 



Appendix C. Listing of lengths and weights of fish captured at River Mile 24, 1995. 



Appendix C. Listing of lengths and weights of fish captured at River Mile24, 1995. 



Appendix 0. Listing of the lengths and weights of fish captured at River Mile 19, 1995. 



92 
93 
94 
95 
96 

2lSAUGER PERCi DAE 27.00 I 136.80 31 8 308 
2 DRUM SCl AENl DAE 31.401 352.15 311,312 336,332 
2 DRUM SClAENlDAE 38.10 573.80 311,312 336,332 
2 DRUM SCl AEN I DAE 29.00 343.90 311,312 336,332 
2 DRUM SCIAENIDAE 35.00 539.35 311, 312 (336,332 



Appendix D. Listing of the lengths and weights of fish captured at River Mile 19, 1995. 

114 3 GIZZARD SHAD CLUPEIDAE 9.60 8.76 =g# NIA discarded 
115 3 GIZZARDSHAD CLU PEI DAE 21.6 92.04 328 260 
116 3 GIZZARDSHAD CLUPEIDAE 20.7 85.6 328 260 

1 I I I 

130 3 GOLDEN REDHORSE lCATOSTOMlDAE I 44.901 1841.301322,323 
131 3 QUILLBACK ICATOSTOMIDAE I 33.701 419.801 329 

260 I 

526,261 
267 

~- ~ 

NIA discarded 
NIA discarded 

463 

I I 

127 3 GIZZARDSHAD CLUPEIDAE 20.40 I 70.80 I 327 463 
128 3 GIZZARDSHAD CLU PEI DAE 21.80) 84.501 327 463 
129 1 31GOLDEN REDHORSE ICATOSTOMIDAE I 32.701 351.101 321 I 437 I 

329 
31 9 
336 
336 
336 
336 
336 
336 
336 

no bag # 
no bag # 
no bag # 
no baa # 

267 
862 
347 
347 
347 
347 
347 
347 
347 

NIA 
NIA 
NIA 
NIA 

discarded 
 discarded 

Awa wt 



Appendix D. Listing of the lengths and weights of fish captured at River Mile 19, 1995. 



Appendix D. Listing of the lengths and weights of fish captured at River Mile 19, 1995. 



Appendix E. Species occurrences in electroshocking samples taken fiom the Great Miami 
River, 1984 to 1995. 
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