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Abstract 

 
Water quality in ponds, wetlands, and rivers in Ohio may be negatively impacted by contaminants from agriculture, 

industry, transportation, and other sources. Fish community data are increasingly being included in water quality 

assessments since they can serve as bio-indicators of ecosystem health. Sunfish species including bluegill (Lepomis 

macrochirus) are typically classified as tolerant, while other species such as darters and trout are intolerant to low 

water quality. The bioassessment surveys employed in this research were conducted at Capital University’s Primmer 

Outdoor Learning Center, a 74-acre field research property in Hocking County, Ohio. The monitoring program was 

conducted during May-August in 2017 and 2018 and May-June in 2019 in three aquatic ecosystems: a beaver pond, a 

wetland, and approximately 30 m of the Hocking River. A total of 157 fish were caught and identified using live-

trapping and angling methods. Preliminary results showed that longear sunfish (L. megalotis) and bluegill x green 

sunfish hybrids (L. macrochirus x cyanellus) were the most common species live-trapped in the wetland, suggesting 

good quality since longear sunfish are classified as an intolerant to moderately tolerant species. Bluegill x green 

sunfish hybrids were the most common species sampled in the beaver pond, which are indicative of poor quality. One 

hybrid and one bluegill were found in the river. Future work includes additional bioassessments and testing, 

particularly in the river, in order to provide conservation and management recommendations along with future 

research, education, and outreach opportunities focused on fish communities and their habitats at the outdoor learning 

center.  
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1. Introduction 

 
Freshwater ecosystems serve as habitats to plants and animals, and also provide numerous services to humans 

including recreation, habitat, flood control, and water purification1. Unfortunately, freshwater ecosystems in the 

Midwest USA are often subject to anthropogenic influences and pollutants from sources such as agriculture, industry, 

and transportation2. Research has shown that freshwater ecosystems are being altered or destroyed at a substantial 

rate3. In St. Marys, Ohio, algae blooms have become more frequent and this raises concerns for human health and 

safety. The algae present can produce toxins, such as microcystin, which are potentially carcinogenic to humans4. If 

the concentration becomes too high the water is deemed unsafe to drink and unsafe for recreation. Fishing is popular 

but limits are enforced in multiple states, including Ohio, because many fish populations have started to decline.  

   Fortunately, there are still several different species of fish that are found in rivers, streams, ponds, and wetlands 

throughout Ohio including bass, darters, trout, and various sunfish5. Fish are often categorized by their tolerance and 

ability to thrive in different levels of water quality and degradation. For example, darters and trout are often classified 

as intolerant to low water quality, while some sunfish species, including bluegill (Lepomis macrochirus), are typically 
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classified as tolerant6. Bluegill have 5-9 dark bars on their side and when caught in muddy water they appear more 

silver in coloration. Green sunfish (L. cyanellus) are capable of thriving in muddy water, which is outside of the range 

of other sunfish species, such as the pumpkinseed sunfish (L. gibbosus)5. Green sunfish differ in appearance from 

other sunfish species with their dark olive-green colored body and iridescent blue lines on the cheek5. Longear sunfish 

(L. megalotis) are classified as intolerant to moderately tolerant and can be identified by the long opercle (i.e., ear 

flap) and the emerald blue wavy lines running from the mouth to the gill cover6. If particular sensitive species are 

missing from communities in which they would expect to be found, then conservation and management plans can be 

designed and implemented to improve fish biodiversity at these sites. The presence of sensitive fish species can lead 

to useful information about the quality of the water body and the overall health of the ecosystem. 

   Studies have shown that water quality may be indirectly assessed through biodiversity surveys of the species found 

there as opposed to physiochemical monitoring7. Macroinvertebrate monitoring has been widely used but other 

research shows that fish have advantages as indicator organisms7. The classification system is based on a series of fish 

community attributes including number of species, presence of intolerant species, species richness and composition 

of darters, suckers, and sunfish (except green sunfish), proportion of green sunfish, and proportion of hybrid 

individuals, along with ecological factors. A fish-based index of biotic integrity (IBI) was developed in West Virginia 

streams and they found that this type of assessment was an informative way to identify biologically impaired water 

bodies6. Another study was conducted in the Great Lakes coastal wetlands using data about the fish community and 

they concluded that IBI’s provide useful information to guide future environment restoration and protection projects8. 

Therefore, fish are useful in biological assessments since life history information is generally well-known, the general 

public can relate to information about fish communities, and fish are typically present in all but the most polluted 

water sources6,7.  

   The goal of this study was to conduct biological monitoring focused on the fish community in a wetland, beaver 

pond, and river at Capital University’s Primmer Outdoor Learning Center, a 74-acre field research property in Hocking 

Hills, Ohio9. The beaver pond is relatively new on site (i.e., likely less than five years old), and the river is used by 

visitors to the area for canoeing and kayaking with a livery nearby. Data were collected on fish communities attributes 

in each habitat using live-trapping and angling methods. Then, a preliminary assessment of biotic integrity about the 

status of fish communities and the quality of the habitat in which they were found was made. Based on the history and 

current land use on site, it was hypothesized that the quality of the wetland would be highest, followed by the river, 

and then finally the beaver pond. This work will inform recommendations about conservation and management of 

these habitats. In addition, it provides preliminary results for future research, education, and outreach opportunities 

focused on fish communities and their habitats at an outdoor learning center for future students, faculty, and visitors 

of the property.  

 

 

2. Methodology 

 

2.1 Field Site 
 
The surveys were conducted in three aquatic ecosystems during May-August of 2017 and 2018 and May-June 2019 

at the Primmer Outdoor Learning Center in Logan, Ohio (Figure 1). The 74-acre property has seven ecosystems, 

including approximately 15 acres of a high-quality wetland and an area of groundwater seeps, which feed into three 

small streams. The wetland features a heron rookery with over 30 nests, and a bald eagle nest. Other ecological factors 

contribute to the educational value of the property, including footage along the Hocking River and a riparian forest, a 

secondary-growth deciduous forest, old field and pasture habitats (some of which are slowly being converted to Ohio 

Prairie), and a pine/spruce plantation. The three sites sampled in this study were the Willow Pond Wetland (Figure 

2a), a Beaver Pond (Figure 2b), and the Hocking River (Figure 2c). 
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Figure 1. Map of the 74-acre Primmer Outdoor Learning Center in Logan, Ohio. The three aquatic ecosystems 

surveyed in this project are labeled: Willow Pond Wetland, Beaver Pond, and Hocking River. 
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Figure 2. The (a) Willow Pond Wetland, (b) Beaver Pond, and (c) Hocking River at Capital University’s Primmer 

Outdoor Learning Center. 

 

 

2.2 Field Methods 
 

The wetland and beaver pond were surveyed using small (45 x 25 cm) and large (90 x 30 cm) Promar minnow live-

traps (Figure 3). In 2017, a total of 20 live-traps were set in wetland and a total of 30 live-traps were set in the beaver 

pond on multiple trapping dates. In 2018, 59 traps were set in the wetland and 10 traps were set the beaver pond. 

Lastly, in 2019, 15 traps were set in the wetland and 10 traps set in the beaver pond. Different numbers of live-traps 

were set in the different habitats since they were also be used to survey for amphibians in another project, and to 

provide more overall sampling in the wetland in this project since it was substantially larger than the beaver pond. 

 

A B 
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Figure 3. A large Promar minnow live-trap checked in the wetland containing approximately 45 individual sunfish. 
 

 
Due to depth of > 1 meter, and a relatively rapid current, angling was the only method employed in the Hocking river. 

The Hocking River was fished in 2018 four times for a total of 150 minutes. Canadian night crawlers were used as 

live bait5.  

 

2.3 Data Collection 

 
Photographs were taken of all fish at release from the live-traps. The Stream Fishes of Ohio and Sport Fish of Ohio 

wildlife publications from the ODNR Division of Wildlife were used to make identifications. Difficult or questionable 

identifications were confirmed by the Associate Curator of the Fish Division of the Museum of Biological Diversity 

at the Ohio State University.  

 

 

3. Results 

A total of 157 different individual sunfish and hybrids were identified in this preliminary fish community monitoring 

program at Capital University’s Primmer Outdoor Learning Center in the Hocking Hills region of southeast Ohio 

(Figure 4). Longear (L. megalotis) sunfish (n=56), bluegill x green sunfish (L. macrochirus x cyanellus) hybrids 

(n=47), and bluegill (L. macrochirus; n=2), were found in the Willow Pond Wetland, longear sunfish (n=2) and 

bluegill x green sunfish hybrids (n=48) were live-trapped in the Beaver Pond, and a bluegill (n=1) and a green sunfish 

x longear (L. cyanellus x megalotis) hybrid (n=1) were caught in the Hocking River (Figure 5). 
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Figure 4. One of the most common species detected at the field site included (a) Longear sunfish (Lepomis 

megalotis). One of the two species caught in the Hocking river was a (b) hybrid green x longear sunfish (L. 

cyanellus x megalotis). 

 

 

 
 

Figure 5. The number of each fish species found in three habitats at the Primmer Outdoor Learning Center during 

this study. 

 

 

4. Discussion 

To date, 157 individual fish representing 2 species and 2 hybrids were found in three freshwater habitats at the Primmer 

Outdoor Learning Center. Specifically, longear sunfish (L. megalotis), bluegill (L. macrochirus), bluegill x green 

sunfish (L. macrochirus x cyanellus), and green x longear sunfish (L. cyanellus x megalotis) were identified with live-

trapping and angling field methods in 2017-2019. Overall, the most common species found at Primmer were bluegill 

x green sunfish hybrids (n=95) in this study. 

A B 
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   Bluegill are common in Ohio and are present in nearly every body of water in the state5. They are an important sport 

fish in the United States and larger fish are usually caught while spawning in large groups in late spring or early 

summer5. Green sunfish (L. cyanellus) are native to Ohio and found throughout the state5. They are often the only 

sunfish found in very muddy waters5. They do have a strong preference to hide around structures such as rocks, logs, 

or brush piles. Bluegill and green sunfish readily hybridize with each other as well as other species of sunfish. Both 

bluegill and green sunfish are classified as some of the most tolerant fish species found in degraded habitats in the 

Midwest6,7. 

   Longear sunfish are native to Ohio and two subspecies are found in the state. They are typically found in clear 

streams with slow to moderate flow and spend most of their time in pools near beds of aquatic vegetation where they 

feed on terrestrial and aquatic insects and other small invertebrates5. They spawn multiple times between mid-May 

and mid-August and males aggressively guard the nest built on gravel substrate5. It is classified as moderately tolerant 

in one source6 focused on classifying fish communities in West Virginia and intolerant in another study7 conducted in 

Illinois. 

   Preliminary assessment results in the current study showed that longear sunfish were the most common species live-

trapped in the wetland, followed by bluegill x green sunfish hybrids and bluegill. This suggests good habitat quality 

since longear sunfish are classified as an intolerant to moderately tolerant species6,7. Longear sunfish are typically 

found near aquatic vegetation5, and the wetland at Primmer contains buttonbush (Cephalanthus occidentalis) and other 

grasses, forbs, and sedges that can become quite dense during the summer months. The wetland is also not used 

currently for recreation of any kind on site. Karr’s assessment system defines ‘good’ biotic community quality based 

on species richness being somewhat below expectation, especially due to loss of most intolerant forms; some species 

with less than optimal abundances or size distribution; and if the trophic structure shows some signs of stress7. It is 

therefore recommended that the wetland be regularly monitored in the future to see if hybrids start to become more 

common. If so, then removal of hybrids or stocking of other species may be needed. 

   Bluegill x green sunfish hybrids were the most common species sampled in the beaver pond which are indicative of 

poor water quality. The Karr’s assessment system defines poor quality as being dominated by omnivores, pollution-

tolerant forms, and habitat generalists; few top carnivores; growth rates and condition factors commonly depressed; 

hybrids and diseased fish often present7. Sunfish hybrids are relatively common when closely related species overlap 

in distribution and habitat and feeding preferences7. The presence of hybrid species often suggests that they are better 

suited for survival in an environment than the parent species1. Most of the sunfish species identified in this assessment 

were hybrids of species that are typically considered tolerant species and can thrive under a variety of ecological 

conditions and habitats5,6. Their presence suggests that water quality is low in the beaver pond at Primmer. This was 

expected since the beaver pond is less than five years old, and the water is often muddy. The water flows into the 

beaver pond from the groundwater streams to the west, and the water mixes with the wetland (likely the source of the 

fish in the pond) only when the water levels in the wetland are high. While hybridization occurs frequently, the 

similarities among hybrids and parent species may hamper precise identification of species7. Visual identifications of 

fish are frequently used in biological monitoring studies and other research on fishes, but DNA barcoding could be 

used in future work to confirm identifications of species and their hybrids at Primmer. In DNA barcoding, one or two 

mitochondrial genes are sequenced from extracted tissue samples and then compared to databases of published 

sequences from other researchers. This is commonly done in studies based on amphibians to determine species of 

tadpoles10. 

   One hybrid and one bluegill were found in the river. Unfortunately, angling was not particularly successful as a 

sampling method there. Additional research is needed in order to put together a comprehensive management plan with 

recommendations, particularly for the Hocking River. The wetland was also sampled more intensively in this study, 

followed by the beaver pond, and then the river. More live-traps were utilized in the wetland since it was substantially 

larger than the beaver pond, but this introduces other variables into the study. Angling in kayaks or canoes along with 

electroshock fishing should be employed for a more comprehensive monitoring survey. In addition, water samples 

from the three sites have not been recently tested for nitrate, ammonia, temperature, or pH. In 2018, the three streams 

that feed into the beaver pond (and then the nearby wetland when water levels are high) were tested as part of a 

different research project and all results were within normal limits11. Another potential research project can compare 

assessments based on the fish community with the macroinvertebrate community at all three sites.  

   Future work can also utilize polymerase chain reaction (PCR) testing of water samples for the presence of specific 

species that have not yet been detected to date using angling and live-trapping methods. Environmental DNA (eDNA) 

methods involve collecting and filtering water samples, extracting DNA, and using species-specific primers in PCR 

to detect presence or absence of particular species12,13. Kits have already been developed to test for the presence of 

species of shiner, dace, pike, carp, and trout, and you can also develop your own test with published species-specific 

primers. 
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   Biological surveys are helpful and frequently used by researchers because they provide an array of information. For 

example, a study by Kovalenko and other researchers also utilized fish as environmental indicators for their study in 

the Great Lakes region14. In their study, the researchers identified key physical habitat factors that would potentially 

impact coastal fish biodiversity and distribution. The goal of their study was to increase understanding of areas that 

could be biological hotspots for fish and prioritize these areas for protection programs. Other research has been 

conducted in the open waters of the five Great Lakes15. This project was related to coastal wetlands and the results 

suggested that most of the wetlands were degraded or altered as they contained species of fish that are tolerant to silt 

and turbidity15. In other work, a fish-based Index of Biotic Integrity was developed to inform state and federal 

regulatory agencies of the impairment status of warm wadeable streams and rivers in West Virginia6.  Their work on 

fish communities as indicators of ecological health in West Virginia rivers showed that using a fish and 

macroinvertebrate measure together will enhance current biomonitoring and will provide an avenue for evaluating 

current and future land use practices6. Future research is needed at the Primmer Outdoor Learning Center in order to 

fully evaluate the three aquatics habitats on site. 

   In conclusion, 157 individual fish were included in this preliminary assessment of three freshwater habitats at the 

Primmer Outdoor Learning Center in Logan, OH. Based on the intolerant, moderately tolerant, and tolerant species 

found there, it was concluded that the wetland was good in quality while the beaver pond was poor. But, additional 

sampling is needed, particularly in river. In addition, eDNA and DNA barcoding methods can be used to detect and 

confirm species identifications made in the field. Macroinvertebrate sampling and water quality testing can also be 

used to confirm conclusions based on fish community assessments. This research lays the groundwork in designing 

new activities about fishes and freshwater ecosystems in order to host new groups of college students and children on 

site for environmental education. Hands-on ecology and environmental science laboratories focused on fish diversity 

and aquatic habitats can also be conducted on site. Additional research, education, and outreach are key ways to inform 

conservation of freshwater habitats and work towards correcting human-caused environmental degradation at a 

university field research site1,6. 
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