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ABSTRACT This study focuses on the ecological health of High Bank Creek, three years post-dam 

removal and pre-stream bank restoration, in comparison to Cedar Creek, a stream that has undergone 

minor human alteration. Our objectives were to see if the dam removal was successful in improving the 

health of the stream with the use of macroinvertebrates and fish as bioassessments. We found promising 

results in our fish surveys and bioassessments, along with a healthy macroinvertebrate community and a 

diverse substrate. The overall taxa richness was lower in High Bank Creek, but this was not statistically 

significant. FBI was significantly greater for High Bank Creek, likely do to the high abundance of 

Simuliidae in Cedar Creek, and %EPT was nearly double in Cedar Creek, likely due to the disturbance in 

High Bank Creek. Fish species that have been missing from High Bank Creek in the most recent surveys 

appear to be recovered after removal of possible fish passage barriers. Further biomonitoring will show if 

the stream bank restoration further improves the stream health.  
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INTRODUCTION 

Due to mostly human activities, river systems have been degraded and are in need of restoration, and dam 

removal is an example of restoration in aquatic systems that has been increasing in frequency (Bushaw-

Newton et al. 2002; Bernhardt et al. 2007; Orr et al. 2008). Dams have been an integral part of our society 

and used for various actions such as grinding grains, managing water, and producing hydropower, all of 

which have significant effects on the structure and function of the natural river. In fact, the World 

Commission on Dams stated that these costs, economic, social, and biological, exceeded the benefits 

(World Commission on Dams 2000). Since dams block the water flow, they raise the water levels, 

flooding the area behind the dam and changing the ecosystem. They also slow the flow of the water and 

cause sedimentation of both coarse and fine particulate organic matter (CPOM & FPOM), which 

otherwise would remain suspended in the water and available for collection and consumption by filtering 

organisms such as some aquatic insects (Stanley and Doyle 2003). Dams also act as a barrier for wildlife, 

creating a connectivity issue for fresh water fish. Fish are often unable to properly feed, reproduce, and 

colonize a preferred habitat in areas where a dam is present, possibly resulting in a reduced community 

and smaller gene pool, which can be catastrophic for an already endangered species (Branco et al. 2014). 

Finally, dams often alter the natural flow and thermal regimes (Ward and Stanford 1995; Poff et al. 1997), 

sometimes with catastrophic consequences, such as the virtual extirpation of salmon from the Columbia 

River (Williams 2006). 

 After removal of a dam from a lotic system, it may take months to years to return to a more 

natural state, if it ever does at all. The length of time that a specific system takes to restore is 

unpredictable, mostly due to the sometimes-random nature of deposited sediment. The most noticeable 

effect of dam removal can be channel formation in a former reservoir, which often involves significant 

erosion and channel avulsion (Stanley and Doyle 2003). The consequences of this channel formation 

occasionally requires human intervention in the form of a stream bank restoration and stabilization 

(Shields et al. 2003). 



There are many ways to assess the ecological integrity of stream (lotic) ecosystems that include, 

but are not limited to, measurements of physical structure, such as streambed composition, water 

chemistry, including assessment of bulk dissolved ion concentration, dissolved oxygen and temperature; 

and biology, such as quantification of presence/absence and density of aquatic macroinvertebrates or fish.   

Physical and Chemical Assessments 

Some of the standard physical and chemical assessments of the ecological integrity of lotic ecosystems 

include temperature, dissolved oxygen, canopy cover, and sediment/substrate type (Barbour et al. 1999). 

The thermal regime within a lotic system can be significantly impacted by the reservoirs created when a 

stream is dammed. Deep, oligotrophic reservoirs tend to be winter-warm and summer cool, while shallow 

eutrophic reservoirs are the opposite (Ward and Stanford 1995). Successful dam removal can return the 

thermal regime to nearly pre-development conditions over a few years’ time (Bednarek 2001; Petry 

2013). With the presence of a dam, sediment often builds up and covers the pebbles and rocks behind the 

dam, making it undesirable for many organisms. Even after the dam removal, it often takes some time 

before the sediment completely washes out from behind where the dam once was (Bednarek 2001). Also, 

this sediment erosion can result in fine particle deposition downstream of the former dam (Doyle et al. 

2005). 

Bioassessments 

The physical and chemical assessments described above represent synoptic data, meaning they represent 

conditions at a specific point in time. Living organisms, on the other hand, integrate conditions over time 

(at minimum over the life-span of the indicator organism in question), and thus, the presence or absence 

of specific taxa can be an indicator of environmental conditions in the stream or river over a longer period 

of time (Barbour et al. 1999).   

Fish are used for bioassessment because they are fairly easy to collect and identify down to the 

species level, have a large variety of eating habits causing them to reflect the environmental health as a 

whole, instead of just one trophic level, and are widely distributed and fairly long-lived. The information 

collected when using the fish community as a bioassessment tool is applicable to other issues such as 



fisheries and conservation, considering that fishing sparks a lot of interest among fishermen and fish also 

account for nearly one half of all endangered vertebrates in the United States (Barbour et al. 1999). 

 Macroinvertebrates are not as long-lived as fish, living usually one year, so their community can 

change drastically from year-to-year with the environment, whereas the fish community may take many 

years to respond to a change. Macroinvertebrates also have a large range of pollution tolerances and are 

also more largely documented than fish as a bioassessment tool (Barbour et al. 1999). 

Objectives 

Our first objective was to collect baseline data before a streambank stabilization at High Bank Creek. Our 

second objective was to compare the data collected at High Bank Creek, a highly disturbed lotic 

ecosystem post-dam removal and pre-streambank stabilization, to the historical data collected at that site 

and to Cedar Creek, a natural stream with little disturbance. Our third objective was to assess the 

effectiveness of removal of the Morgan Dam from High Bank Creek in restoring the fish community and 

improving the overall integrity of the system. This was done with the use of macroinvertebrate and fish 

community assessments and bioassessments, and physical/chemical assessments. 

 

METHODS AND MATERIALS 

Study Sites 

High Bank Creek drains an area of 88 square kilometers consisting of 31% cultivated crops, 23% hay and 

pasture land, 21% deciduous forest, 12% woody wetlands, and 13% other uses (Table 1).  The Morgan 

Dam, located in High Bank Creek, was partially knocked down in the 1960s due to safety issues and the 

millpond was drained, but the creek was never able to return to its natural state. After the partial removal, 

erosion became an issue, wearing away the banks and changing the original shape of the stream, covering 

the streambed with sand and silt, and resulting in a large sand bar where the Thornapple River opens into 

Thornapple Lake. The dam was fully removed from High Bank Creek in 2012 as a part of a project to 

remove structures that were preventing fish passage along a 30.4-mile stretch of the Thornapple River in 

Barry County, Michigan (Barry Conservation District, unpublished report). Our study site on High Bank 



Creek was located at 42°37'13.2"N 85°10'33.8"W on the Thornapple River near the mouth that opens into 

Thornapple Lake. This study looked at three reaches defined as upstream, restoration, and downstream 

with reference to the Morgan Dam removal site (Figure 1).  

Since Cedar Creek is a relatively undisturbed area that has never been dramatically altered, it was 

used as a reference site to compare with what High Bank. The stretch of Cedar Creek used was located at 

42°31'32.2"N 85°18'03.3"W, just off the furthest point on the White Trail on Pierce Cedar Creek Institute 

property in Barry County, Michigan (Figure 1). Cedar Creek drains an area of 119 square kilometers 

consisting of 31% deciduous forest, 22% hay and pasture land, 17% cultivated crops, 14% woody 

wetlands, and 16% other uses (Table 1). 

Past site surveys. Species diversity, abundance, and recruitment of fish are dependent on whether 

or not there is successful passage within the stream, and High Bank Creek showed a decline in species 

diversity between two studies done in 1991 and 1998. The number of species found declined from 25 to 

14 within that seven-year span, and it is unknown what the fish community is now (Barry Conservation 

District, unpublished report). Two species of greatest conservation need, brown bullhead (Ameiurus 

nebulosus) and grass pickerel (Esox americanus), were both found in 1973 and 1991 electroshocking 

surveys, but were missing in 1998 (Dexter 1993; Michigan Department of Natural Resources, 

unpublished report) (Table 2). The Michigan Department of Natural Resources has stocked the creek with 

approximately 10,000 brown trout (Salmo trutta) yearly, although they only account for less than 4% of 

the fish biomass within the creek, while creek chubs (Semotilus atromaculatus) and white suckers 

(Catostomus commersonii) account for 71% (Dexter 1993).  

Unlike High Bank Creek, there has not been extensive fish studies completed at Cedar Creek. 

One study was conducted four years ago that indicated that the bluntnose minnow (Pimephales notatus) 

was the most dominant species, representing 49% of the sample (VanDongen et al. 2011). Pierce Cedar 

Creek Institute keeps a log of all the fish caught on the property and lists 28 species in its inventory, all of 

which have the IUCN Red List status of “least concern” (IUCN 2015) (Table 3). 



Macroinvertebrates are crucial indicators of water quality due to the fact that many of them are 

sensitive to organic pollution (Hilsenhoff 1988), along with most of them being sensitive to inadequate 

substrate such as sand and silt (Lenat et al. 1981). From 2006 to 2009, aquatic assessments conducted 2 

miles upstream from the Morgan Dam at Scotts Road found healthy communities of mayflies 

(Ephemeroptera), stoneflies (Plecoptera), scuds (Amphipoda), caddisflies (Trichoptera), midges 

(Ceratopogonidae/Chironomidae), and crane flies (Tipulidae), while assessments further upstream at 

Lacey Road found much smaller communities of these macroinvertebrates along with excessive silt 

(Barry Conservation District, unpublished report). A study in 2009 conducted on Cedar Creek found large 

numbers of small squaregill mayflies (Caenidae), nonbiting midges, and net-spinning caddisflies 

(Hydropsychidae) (Caldwell and Snyder 2009). 

Macroinvertebrate Sampling 

Macroinvertebrates were sampled from all four reaches using both dip nets (mesh size 250µm) and Surber 

nets (area of 31 cm2 and mesh size 250µm). Three Surber samples were taken in each reach along with a 

single dip net sample for each reach. Samples were collected between early May and late June of 2015 

and preserved in ethanol for identification down to the family level (using Merritt and Cummins 1996 and 

Voshell 2002) in the lab. Community assessments such as Shannon Diversity Index (Beals et al. 2000), 

taxa richness, density, and dominant and rare taxa were calculated using the data from the Surber nets and 

kick nets combined. Metrics such as Family Biotic Index (Mandaville 2002), taxa richness, percent EPT 

(Ephemeroptera, Plecoptera, and Trichoptera; orders known to be sensitive to disturbances), percent 

clingerrs, percent Chironomidae, percent intolerant taxa, and percent Diptera were used to assess the data 

collected from Surber nets (Barbour et al. 1999).  

 Family Biotic Index (FBI). The family biotic index is often used to determine the ecological 

health of an aquatic ecosystem because some macroinvertebrates can be very sensitive to organic 

pollution or not sensitive at all. Every family is assigned a value between zero and ten, zero meaning 

pollution intolerant, and ten meaning pollution tolerant. Family Biotic Index is calculated using this 



formula: 𝐹𝐵𝐼 = ∑
𝑥𝑖𝑡𝑖

𝑛
, where xi is the number of individuals in the ith taxa, ti is the specific tolerance 

value (between one and ten) for that taxa, and n is the total number of individuals in the sample. The 

value that is returned from this calculation is between one and ten, and follows the same trend as the 

tolerance values per taxa (Mandaville 2002). 

 Shannon-Wiener Diversity Index (H’). The Shannon-Wiener Diversity Index is one of the 

more commonly used index to quantify the biodiversity within a system. It is calculated using the 

following formula: 𝐻′ = −∑ (𝑝𝑖)(log2 𝑝𝑖)
𝑠
𝑖=1 , where pi is the proportion of individuals in the ith 

taxa and s is the total number of taxa in the sample. As the diversity increases, the value returned 

does as well (Mandaville 2002). 

Fish Sampling 

Electrofishing was conducted using the guidelines for use of fishes in field research (Nickum 1988) as 

well as approval from the Animal Care and Use Committee. We sampled a 180-meter stretch of Cedar 

Creek on July 22, 2015 and a 550-meter stretch of High Bank Creek, divided into 3 sections in respect to 

possible fish passage barriers (Figure 2), on August 13, 2015. Cedar Creek was fished using two 

electroshocking backpacks, and High Bank Creek was fished using an electroshocking barge. After 

capture, the fish were identified to the species level and measured to the nearest inch before being 

returned to their respective streams. 

Other Measures 

A YSI 6600 multi-parameter water quality sonde was used to collect dissolved oxygen and temperature 

data in each stretch used. A tape measure was used to measure the width of the stream every 20 meters, 

along with the length of each stretch. At each 20 meter interval, the depth and velocity was measured in 

three places (center channel, right channel, left channel) using a Marsh-McBirney velocity meter, and the 

canopy cover was calculated in 4 directions (upstream, right bank, downstream, left bank) using a 

Spherical Densitometer. The substrate was quantified using the Wolman Pebble Count (Wolman 1954). 

 



Statistics 

Before running statistics, we transformed our data using log 10 and arcsine (for values between zero and 

one) transformations. Independent-samples t-tests were conducted to compare Surber net data between 

High Bank Creek and Cedar Creek that fit normality assumptions, and the Mann-Whitney U test was used 

for those that did not. The Mann-Whitney U test was also used to compare pebble size, canopy cover, 

velocity, depth, temperature, and dissolved oxygen between both streams. One-way ANOVAs were run 

on the data collected from Surber nets within High Bank Creek to compare upstream, the restoration site, 

and downstream on the data that met normality assumptions, and the Kruskal-Wallis H test was used on 

those that did not. All statistics were run using IBM SPSS Statistics 20.  

 

RESULTS 

Fish 

Twenty-six species of fish were found in the 550-meter reach of High Bank Creek, and nine species were 

found in the 180-meter stretch of Cedar Creek. Blackside darter (Percina maculata), bluegill (Lepomis 

macrochirus), bluntnose minnow, creek chub, Johnny darter (Etheostoma nigrum), lamprey 

(Petromyzontiformes), Northern hogsucker (Hypentelium nigricans), and rock bass (Ambloplites 

rupestris) were found at both locations (Table 4). Largemouth bass (Micropterus salmoides) was the only 

species found in Cedar Creek, but not in High Bank Creek, even though they were present in the 1973, 

1991, and 1998 surveys. There were 18 other species found present at High Bank Creek including brown 

bullhead, redhorse (Moxostoma spp.), and grass pickerel which are species of great conservation need in 

Michigan (Michigan Department of Natural Resources 2015) and were all missing from the 1998 survey 

(Tables 2 and 3). The most abundant species at Cedar Creek was creek chub, making up 46% of all fish 

found. The most abundant at High Bank Creek was rock bass at 15%, and even though the creek is 

stocked with brown trout, they account for <2%.  

 

 



Macroinvertebrates 

 Community Assessments. In High Bank Creek, a total of 25 macroinvertebrate taxa were found in 

the Surber nets and dip nets combined, with 21 upstream, 17 at the restoration site, and 21 downstream, in 

comparison to Cedar Creek, where total taxa richness was 31 (Table 5). There was not a significant 

difference in taxa richness for High Bank Creek and Cedar Creek (Tables 6 and 7). There was not a 

significant effect of stream reach at High Bank Creek on FBI (Tables 6 and 8). The density of individuals 

per square meter at Cedar Creek was 2990, which is only 80 individuals greater than the average density 

found within High Bank Creek, and proved to be insignificant (Tables 5, 6, and 9). The diversity within 

High Bank Creek was greatest within the restoration area and smallest within the downstream reach, but 

the highest and lowest values only differ by 0.21. There was not a significant difference in diversity for 

High Bank Creek and Cedar Creek (Tables 5-7). 

In High Bank Creek, all three reaches had the same three most dominant taxa: Ceratopogonidae 

(dipteran), Amphipoda (crustacean), and Chironomidae (dipteran). Cedar Creek also had Chironomidae as 

a dominant species, along with Simuliidae (dipteran; blackflies) and Hydropsychidae (trichopteran; 

caddisflies). The three reaches at High Bank Creek had three or four rare taxa each, most of which were 

of the Trichoptera order, while Cedar Creek had seven rare taxa, only one of which was Trichoptera 

(Table 10).  

 Bioassessments. Within High Bank Creek, FBI was highest within the restoration site, followed 

by downstream, then upstream, and Cedar Creek’s value is higher than all of High Bank Creek. Recall 

that for FBI, higher values indicate greater tolerance to pollution; e.g. worse ecological condition. There 

was a significant difference in FBI comparing High Bank Creek and Cedar Creek, and also between the 

three reaches of High Bank Creek (Tables 6-8 and 11). For the three reaches within High Bank Creek, 

there was no significant difference in percent of EPT, intolerant taxa, percent Diptera, percent Simuliidae, 

and percent Chironomidae (Tables 6, 8, 11, and 12). Cedar Creek had a higher percent of EPT, Diptera, 

clingers, and Simuliidae than all the reaches of High Bank Creek (Table 11). There was a significant 

difference in percent EPT, percent Chironomidae, and percent clingers for High Bank Creek and Cedar 



Creek (Tables 6 and 7). A Mann-Whitney U-test indicated that the percent Simuliidae was significantly 

greater for Cedar Creek than for High Bank Creek (Tables 6 and 9). There was not a statistically 

significant difference between High Bank Creek and Cedar Creek for any other bioassessment (Tables 6, 

7, and 9). 

Other measures 

Canopy cover dominated High Bank Creek with 59% of the sky being covered by trees, while the study 

reach on Cedar Creek was largely open (14% canopy cover). Canopy cover was significantly greater for 

High Bank Creek than for Cedar Creek (Tables 6, 9, and 13). Chemical measurements for temperature 

and dissolved oxygen were comparable between streams and normal for south central cool water streams 

(Table 14). The substrate for both locations was dominated by sand, with High Bank Creek consisting of 

more gravel; vs. Cedar Creek, which had more organic matter debris such as leaf packs. Unlike High 

Bank Creek, Cedar Creek had a significant presence of clams/mussels, limpets, and snails. The average 

pebble size for High Bank Creek was 24.17 mm, and Cedar Creek was 16.14 mm, but this difference was 

not considered significant (Tables 6, 9, and 13). 

The velocity averages in High Bank Creek and Cedar Creek were 0.39 m/s and 0.27 m/s, 

respectively. High Bank Creek was on average 0.06 m. deeper. Velocity was significantly greater for 

High Bank Creek than for Cedar Creek (Tables 6, 9, and 15). 

 

DISCUSSION 

Fish 

The fish community post dam removal has improved since the 1998 survey of High Bank Creek, nearly 

doubling the number of species present and showing reestablished communities of species that are of 

greatest conservation need in Michigan (Michigan Department of Natural Resources, unpublished report) 

(Table 3). We believe that this could be a result of the complete removal of the Morgan Dam and the 

construction of a graded riffle. Previous research has documented that fish communities can return to 

nearly pre-dam levels very quickly after dam removal if the dam in question was causing a passage 



problem (Doyle et al. 2005; Catalano et al. 2007). This recovery time is usually between a few days to 

one month after dam removal (Peterson and Bayley 1993; Sheldon and Meffe 1995) and our study was 

conducted 3 years post dam removal. 

 Cedar Creek and High Bank Creek had similar fish species present, although High Bank Creek 

had a much higher species richness. This is likely due to normal differences in the habitat, but could also 

simply be a consequence of gear bias in that we used backpack electroshockers in Cedar Creek and a tote 

barge in High Bank Creek. Two different gear types may have selected for different fish sizes and types 

(Catalano et al. 2007). 

Macroinvertebrates 

The macroinvertebrate community within High Bank Creek appears to be healthy, but could be improved. 

Two important factors that contribute to how fast the community recovers are the flow regime and 

sediment mobilization and transport. The biological communities living in these streams are adapted 

evolutionarily to the natural flow regime, this includes seasonality in terms of temperature, and the 

consistent occurrence of spring flooding due to snow melting (Tiemann et al. 2004; Orr et al. 2008). 

However, this summer, the discharge was well above the median daily statistic for more than half of the 

days and did not have a consistent rate during our sampling period, which may have led to samples that 

are unrepresentative of the usual communities (Figure 3). Having a high discharge does not necessarily 

always lead to an unhealthy macroinvertebrate community. In a study conducted on six streams within the 

Muskegon River watershed in Michigan, Brooks Creek was the only one that experience a high discharge, 

but it had an FBI score that was nearly equal to four of the other stream. The only stream that varied was 

Mosquito Creek, which had a score that was about two points lower than all the other creeks. Brooks 

Creek also had a percent EPT that was higher than all of the other streams, except Mosquito Creek 

(Taylor 2012). The presence of aquatic vascular plants contributes to high macroinvertebrate community 

richness and diversity, but the recovery of this plant community can take much longer than the initial 

recovery of macroinvertebrates and fish (Doyle et al. 2005), which appears to be the case within High 

Bank Creek. Cedar Creek, which has not had many human alterations, was filled with eelgrass and lily 



pads, while High Bank Creek only had one small patch of eelgrass and no lily pads throughout our entire 

study reach (Table 13). This makes us believe that the communities could be even further improved with 

the restoration of aquatic vegetation. As far as the mussel communities, it is not surprising that they 

would be missing in the 3 years post-dam removal, because it is known that it can take mussels decades to 

recover after a disturbance (Doyle et al. 2005). However, we do not know if freshwater mussels were ever 

present in High Bank Creek. 

 The FBIs of 3.91 upstream, 4.41 in the restoration site, and 4.22 downstream shows a good to 

very good water quality within High Bank Creek (Table 11) (Mandaville 2002). Based on our community 

assessments and bioassessments, there is no significant difference between the three reaches in High Bank 

Creek, except for FBI (Table 6). It appears, if you only look at FBI that Cedar Creek is in a poorer state 

than High Bank Creek because they have a significant difference of 0.40 in their average scores, with 

Cedar Creek being higher. We think that the large number of Simuliidae in Cedar Creek is the main cause 

of this difference because Simuliidae have an FBI rating of six. Simuliidae are clingers, which means they 

need to attach to vegetation, large woody debris, or rocky substrate in order to survive, and Cedar Creek 

has a high density of eelgrass. Every piece of eelgrass that we had collected for our macroinvertebrate 

samples were covered in Simuliidae pupae and larvae. We believe that if High Bank Creek’s vegetation 

were recovered, it would show a similar increase in its Simuliidae population (Tables 11 and 13) (Barbour 

et al. 1999; Mandaville 2002; Voshell 2002). It is also unlikely that Cedar Creek has a larger amount of 

organic pollution because the amount of agricultural land use in the watershed is about half of what is in 

High Bank Creek’s watershed (Table 1). It is known that an increased amount of agriculture within the 

watershed will lead to a lower amount of pollution intolerant individuals (Allan 2004), thus increasing 

FBI.  

The percent EPT is significantly lower in High Bank Creek vs. Cedar Creek (24% vs. 45% 

respectively), likely because the agricultural land use is relatively high in High Bank Creek’s watershed 

(32% vs. 24%) (Tables 1, 6, and 11). In comparison to other creeks in Michigan, Mosquito Creek had the 

agricultural land use of 11% and 49% EPT, while Brooks Creek had an agricultural land use of 52% and 



25% EPT (Taylor 2012). It could also be because there is still a sedimentation issue in High Bank Creek 

post-dam removal (Barry Conservation District, unpublished report). The movement of sediment 

downstream can bury or scour macroinvertebrates and mussels, usually with Trichopterans and 

Ephemeropterans experiencing the greatest casualties (Orr et al. 2008). Certainly, the presence of an 

extensive sand bar at the mouth of High Bank Creek as it flows into Thornapple Lake indicates significant 

fine sediment erosion and movement.   

 

Other Measures 

The dissolved oxygen in High Bank Creek was on average about 1.89 mg/L greater than Cedar Creek, 

although it should be noted that these differences are likely due to differences in sample days and times, 

and therefore have little ecological significance. Six years ago, another section on the Thornapple River 

was sampled and compared against Cedar Creek, and they found that Cedar Creek had an average of 

about one mg/L greater than the Thornapple River and it is unlikely that we would find much different 

this year (Caldwell and Snyder 2009).  

Conclusion and Management Implications 

With a nearly recovered fish community, a healthy macroinvertebrate community, varied substrate, and 

positive bioassessment results, we believe that the dam removal within High Bank Creek was a success. 

Further success could be achieve through a stream bank stabilization (planned for September 2015, Barry 

Conservation District, unpublished report), the monitoring and documentation of fish spawning 

(Schmetterling 2003), active planting of aquatic plants and grasses (Doyle et al. 2005), cleaning up the 

litter within the stream (planned for September 2015, Sarah Nelson, Barry Conservation District, personal 

communication), reducing the potential runoff from road-stream crossings and agriculture, and 

conserving intact riparian zones within the watershed (Taylor 2012). This study represents a useful 

contribution given that the majority of dam removal projects do not employ biological monitoring to 

assess relative success or failure. Without the monitoring, it is hard to know whether or not a method for 

restoration is successful, and our specific study suggests that dam removal can improve ecological 



condition within a stream. Further monitoring should be conducted within the years following the stream 

bank restoration and aquatic planting to assess the success of that method as well, and we strongly 

recommend that future studies include quantification of sand bed load and sediment transport.   
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Figure 1: GIS maps for Cedar Creek (pictured top) and High Bank Creek (pictured bottom). 



 

Figure 2: Map of High Bank Creek showing electrofishing reaches, provided by Barry Conservation 

District. 

  



 
 

Figure 3: Discharge for 04 May 2015- 25 July 2015 in High Bank Creek in comparison to the median 

daily statistic. Figure obtained from the USGS database.   



Table 1: Watershed percent land use for High Bank Creek and Cedar Creek collected using GIS data. 

Cedar Creek drains 119 km2 and High Bank Creek drains 88 km2.  

Land use High Bank Creek Cedar Creek 

Barren land 0.07 % 0.22 % 

Cultivated crops 31.90 % 17.05 % 

Deciduous forest 21.13 % 31.04 % 

Developed 6.25 % 6.18 % 

Emergent herbaceous wetlands 0.22 % 0.23 % 

Evergreen forest 0.22 % 1.60 % 

Hay and pasture 23.07 % 22.90 % 

Herbaceous 0.69 % 0.73 % 

Mixed forest 0.43 % 0.74 % 

Open water 3.56 % 3.95 % 

Shrubs 0.31 % 0.47 % 

Woody wetlands 12.17 % 14.89 % 

 

  



Table 2: Common name, scientific name, and status of fish species caught during DNR surveys at High 

Bank Creek during 1973, 1991, 1998, and 2015. Fish were captured using electrofishing barges. 

Common name Scientific name 

Status (IUCN 

& DNR) i 1973 1991 1998 2015 

Blacknose dace Rhinichthys atratulus LC  x x x 

Blackside darter Percina maculata LC x  x x 

Bluegill Lepomis macrochirus LC    x 

Bluntnose minnow Pimephales notatus LC x x  x 

Brook trout Salvelinus fontinalis NE  x   

Brown bullhead Ameiurus nebulosus GCN x x  x 

Brown trout Salmo trutta LC x x x x 

Cental mudminnow Umbra limi NE  x x x 

Common shiner Luxilus cornutus LC x x x x 

Common stoneroller Campostoma anomalum NE x   x 

Creek chub Semotilus atromaculatus LC x x x x 

Finescale dace Phoxinus neogaeus GCN  x   

Golden shiner Notemigonus crysoleucas LC  x   

Grass pickerel Esox americanus  GCN x x  x 

Green sunfish Lepomis cyanellus LC x x x x 

Hornyhead chub Nocomis biguttatus LC x x x x 

Hybrid sunfish N/A N/A  x   

Johnny darter Etheostoma nigrum LC x x x x 

Lake chubsucker Erimyzon sucetta LC x    

Lamprey Petromyzontiformes N/A    x 

Largemouth bass Micropterus salmoides LC x x x  

Logperch Percina caprodes LC x x x x 

Northern hogsucker Hypentelium nigricans NE x x x x 

Pumpkinseed Lepomis gibbosus LC  x   

Rainbow darter Etheostoma caeruleum LC x x x x 

Redhorse Moxostoma spp. GCN x x  x 

River darter Percina shumardi LC     

Rock bass Ambloplites rupestris LC x x  x 

Shiner Cyprinidae spp. N/A     

Smallmouth bass Micropterus dolomieu LC x x  x 

Spottail shiner Notropis hudsonius LC    x 

White sucker Catastomus commersonii LC x x x x 

Yellow bullhead Ameiurus natalis LC    x 

Yellow perch Perca flavescens LC  x  x 

River chub Nocomis micropogon GCN    x 

i. GCN = greatest conservation need in Michigan     NE = not evaluated     LC = least concern    VU = vulnerable 

 

  



Table 3: Common name, scientific name, and status of fish species featured on the Pierce Cedar Creek 

Institute inventory list and caught at Cedar Creek during 2011 and 2015 surveys. Fish were captured in 

the surveys using electrofishing backpacks. 

Common name Scientific name 

Status (IUCN 

& DNR) i Inventory list ii 2011 iii 2015 

Black crappie Pomoxis nigromaculatus LC x   

Blacknose dace Rhinichthys atratulus LC x   

Blackside darter Percina maculata LC   x 

Bluegill Lepomis macrochirus LC x x x 

Bluntnose minnow Pimephales notatus LC x x x 

Brook trout Salvelinus fontinalis NE x   

Bullhead Ameiurus sp. N/A x x  

Cental mudminnow Umbra limi NE x x  

Common carp Cyprinus carpio VU x   

Common shiner Luxilus cornutus LC x   

Creek chub Semotilus atromaculatus LC x x x 

Green sunfish Lepomis cyanellus LC x   

Hornyhead chub Nocomis biguttatus LC x x  

Johnny darter Etheostoma nigrum LC x x x 

Lamprey Petromyzontiformes N/A   x 

Largemouth bass Micropterus salmoides LC x x x 

Mottled sculpin Cottus bairdii LC x   

Northern hogsucker Hypentelium nigricans NE x x x 

Northern pike Esox lucins LC x   

Orange-spotted sunfish Lepomis humilis LC x x  

Pumpkinseed Lepomis gibbosus LC x x  

Redhorse Moxostoma spp. GCN x x  

River darter Percina shumardi LC  x  

Rock bass Ambloplites rupestris LC x x x 

Shiner Cyprinidae spp. N/A  x  

Smallmouth bass Micropterus dolomieu LC x   

Spottail shiner Notropis hudsonius LC x   

Stonecat Noturus flavus GCN x   

Tadpole madtom Noturus gyrinus LC  x  

Warmouth Lepomis gulosus LC x   

White sucker Catastomus commersonii LC x x  

Yellow bullhead Ameiurus natalis LC x x  
i. GCN = greatest conservation need in Michigan     NE = not evaluated     LC = least concern    VU = vulnerable 

ii. Received via communication with S. Syswerda, Biological Field Station and Education Director at Pierce Cedar Creek Inst. 

iii. From 2011 study conducted by J. VanDongen, K. Poczekaj, and E. Snyder.  
 

  



Table 4: Common and scientific names of fish species found present at High Bank Creek and Cedar 

Creek during backpack electrofishing surveys conducted during the summer of 2015. 

Common name Scientific name High Bank Creek Cedar Creek 

Blacknose dace Rhinichthys atratulus x  

Blackside darter Percina maculata x x 

Bluegill Lepomis macrochirus x x 

Bluntnose minnow Pimephales notatus x x 

Brown bullhead Ameiurus nebulosus x  

Brown trout Salmo trutta x  

Cental mudminnow Umbra limi x  

Common shiner Luxilus cornutus x  

Common stoneroller Campostoma anomalum x  

Creek chub Semotilus atromaculatus x x 

Grass pickerel Esox americanus  x  

Green sunfish Lepomis cyanellus x  

Hornyhead chub Nocomis biguttatus x  

Johnny darter Etheostoma nigrum x x 

Lamprey Petromyzontiformes x x 

Largemouth bass Micropterus salmoides x 

Logperch Percina caprodes x  

Northern hogsucker Hypentelium nigricans x x 

Rainbow darter Etheostoma caeruleum x  

Redhorse Moxostoma spp. x  

Rock bass Ambloplites rupestris x x 

Smallmouth bass Micropterus dolomieu x  

Spottail shiner Notropis hudsonius x  

White sucker Catastomus commersonii x  

Yellow bullhead Ameiurus natalis x  

Yellow perch Perca flavescens x  

River chub Nocomis micropogon x  

 

  



Table 5: Macroinvertebrate community assessment (average diversity, average taxa richness, and average 

individual density) for the three surber net samples collected from each reach at High Bank Creek and 

Cedar Creek May-June 2015. 

 Diversity i Taxa richness ii Density (individuals/m2) 

High Bank Creek 

Upstream 1.55 21 3076 

Restoration 1.66 17 3184 

Downstream 1.45 21 2470 

Cedar Creek 

Control 1.88 31 2990 
i. Using Shannon Diversity Index 

ii. Includes those found in dip net samples as well 
 

  



Table 6: Summary of statistical results for all measures using four different tests in IBM SPSS Statistics 

20. 

Measure 

Between streams or 

Within High Bank Creek Significant i Statistical test used 

Diversity (H') Between No Independent samples t test  

Diversity (H') Within No Kruskal-Wallis H test  

Taxa Richness Between No Independent samples t test  

Taxa Richness Within No One-way ANOVA 

Density (Individual/m2) Between No Mann-Whitney U test  

Density (Individual/m2) Within No One-way ANOVA 

Family Biotic Index Between Yes Independent samples t test  

Family Biotic Index Within Yes Kruskal-Wallis H test  

% EPT Between Yes Independent samples t test  

% EPT Within No Kruskal-Wallis H test  

% Diptera Between No Independent samples t test  

% Diptera Within No One-way ANOVA 

% Chironomidae Between Yes Independent samples t test  

% Chironomidae Within No One-way ANOVA 

% Intolerant taxa Between No Independent samples t test  

% Intolerant taxa Within No One-way ANOVA 

% Clingers Between Yes Independent samples t test  

% Clingers Within No One-way ANOVA 

% Simuliidae Between Yes Mann-Whitney U test  

% Simuliidae Within No Kruskal-Wallis H test  

Pebble size Between No Mann-Whitney U test  

Canopy cover Between Yes Mann-Whitney U test  

Velocity Between Yes Mann-Whitney U test  

Depth Between No Mann-Whitney U test  

Temperature Between No Mann-Whitney U test  

Dissolved oxygen Between No Mann-Whitney U test  

i. Specific values in Tables 7, 8, 9, and 12. 

 

  



Table 7: Statistical results from independent samples t-tests run between High Bank Creek and Cedar 

Creek using IBM SPSS Statistics 20. Degrees of freedom equal 10. Means can be found in Tables 5 and 

11. 

Measure t Significance 

Family Biotic Index -2.603 0.026 

Diversity -1.349 0.207 

Taxa richness -1.221 0.250 

% EPT -3.122 0.011 

% Diptera -2.046 0.068 

% Chironomidae -2.871 0.017 

% Intolerant taxa 1.774 0.106 

% Clingers -5.190 0.000 

 

  



Table 8: Statistical results for Kruskal-Wallis H tests run between the upstream, restoration, and 

downstream sites at High Bank Creek using IBM SPSS Statistics 20. Degrees of freedom equals two. 

Measure Medians i Chi-squared Significance 

Diversity 1.70, 1.67, 1.25 0.089 0.957 

Family Biotic Index 4.93, 4.46, 4.33 6.489 0.039 

% EPT 17.87, 17.39, 12.50 0.089 0.957 

% Simuliidae 0.00, 0.31, 0.00 0.747 0.688 

i. In order: upstream, restoration, downstream 

 

  



Table 9: Statistical results for Mann-Whitney U tests run between High Bank Creek and Cedar Creek 

using IBM SPSS Statistics 20. 

Measure Medians i Z Asymptotic significance 

Density 2445, 2706 -0.277 0.782 

% Simuliidae 0.00, 14.62 -2.588 0.010 

Pebble size 15.00, 15.00 -0.331 0.740 

Canopy cover 55.50, 5.50 -4.666 0.000 

Velocity 0.425, 0.270 -2.865 0.004 

Depth 0.565, 0.565 -0.684 0.494 

i. In order: High Bank Creek, Cedar Creek 

 

  



Table 10: Macroinvertebrate community assessment (dominant taxa and rare taxa) for the three surber net 

samples collected from each reach at High Bank Creek and Cedar Creek May-June 2015. 

 Dominant taxa i Rare taxa ii 

High Bank Creek 

Upstream 

D. Ceratopogonidae  

Amphipoda 

D. Chironomidae 

T. Leptoceridae 

T. Helicopsychidae  

E. Leptohyphidae 

D. Empididae 

Restoration 

Amphipoda 

D. Ceratopogonidae  

D. Chironomidae 

T. Polycentropodidae  

T. Leptoceridae 

T. Uenoidae 

D. Empididae 

Downstream 

Amphipoda 

D. Chironomidae 

D. Ceratopogonidae 

T. Polycentropodidae 

T. Uenoidae 

P. Perlodidae 

Cedar Creek 

Control 

D. Chironomidae 

D. Simuliidae 

T. Hydropsychidae 

T. Leptoceridae  

D. Ptychopteridae  

D. Tabanidae 

C. Dryopidae  

P. Perlodidae  

H. Belostomatidae  

O. Calopterygidae 
i. In order: most abundant, second, third 

ii. Only one individual found in the surber nets for that specific site 
 

  



Table 11: Macroinvertebrate bioassessment using the data collected using surber nets and dips nets at 

High Bank Creek and Cedar Creek May-June 2015. 

 FBI %EPT i %Diptera %Chironomidae 

%Intolerant 

taxa ii %Clingers %Simuliidae 

High Bank Creek 

Upstream 3.91 33.26 27.73 8.20 16.72 25.43 0.20 

Restoration 4.41 16.04 33.05 13.97 6.47 20.57 2.28 

Downstream 4.22 23.35 26.82 16.58 8.41 15.76 0.71 

Cedar Creek 

Control 4.58 44.99 49.71 16.34 13.67 63.10 21.92 
i. Ephemeroptera, Plecoptera, Trichoptera 

ii. Defined by having an FBI rating ≤ 2 

 

 

  



Table 12: Statistical results from one-way ANOVAs run between the upstream, restoration, and 

downstream sites at High Bank Creek using IBM SPSS Statistics 20. Degrees of freedom equal two 

between groups, and six within groups. Means can be found in Tables 5 and 11. 

Measure F Significance 

Taxa richness 0.412 0.680 

Density 0.237 0.796 

% Diptera 2.810 0.138 

% Chironomidae 0.444 0.661 

% Intolerant taxa 2.036 0.211 

% Clingers 0.577 0.590 

 

  



Table 13: Substrate and canopy cover data for High Bank Creek, collected on 20 July 2015, and Cedar 

Creek, collected on 24 July 2015, using the Wolman Pebble Count and Spherical Densitometer.  

 High Bank Creek Cedar Creek 

Average canopy cover (%) 59 14 

Average pebble size (mm) 24.17 16.14 

% Clay 1.64 6.56 

% Silt 5.74 12.6 

% Sand 38.52 35.35 

% Gravel 27.87 16.16 

% Cobble 13.11 2.02 

% Debris 13.11 27.27 

Notes 

One small patch 

of eel grass, tires, 

lots of large 

woody debris 

Lily pads along 

banks, eel grass, 

one downed tree, 

snails and clams 

 

  



Table 14: Average temperatures and dissolved oxygen for High Bank Creek and Cedar Creek collected 

using a YSI 6600 multi-parameter water quality sonde. 

  Temperature (°C) Dissolved Oxygen (mg/L) 

High Bank Creek 

Upstream 20.64 8.68 

Restoration 19.73 8.63 

Downstream 19.75 8.30 

Cedar Creek 

Control 20.50 6.65 

 

  



Table 15: Average velocity and depth at right channel, center channel, and left channel in High Bank 

Creek, collected on 20 July 2015, and Cedar Creek, collected on 24 July 2015, using a Marsh-McBirney 

velocity meter. 

Position in channel Velocity (m/s) Depth (m) 

High Bank Creek 

Right 0.40 0.54 

Center 0.41 0.58 

Left 0.37 0.55 

Cedar Creek 

Right 0.28 0.58 

Center 0.28 0.69 

Left 0.27 0.58 

 

  



APPENDICES 

Appendix 1: Metadata from macroinvertebrate sampling in the upstream reach of High Bank Creek, 

collected May-June 2015. 

Family Surber 1 Surber 2 Surber 3 Dipnet 

Ameletidae 13 4 1 276 

Amphipoda 106 99 32 568 

Baetidae 23 16 3 180 

Belostomatidae - - - - 

Brachycentridae - - - - 

Caenidae - - - - 

Calopterygidae - - - - 

Ceratopogonidae 202 52 92 32 

Chironomidae 71 31 17 56 

Corydalidae - - - - 

Dryopidae - - - - 

Elmidae 11 11 2 4 

Empididae 1 - - - 

Glossosomatidae 6 1 - - 

Helicopsychidae - - 1 - 

Heptageniidae 3 2 - 20 

Hirudinea - - - - 

Hydrophilidae - - - - 

Hydropsychidae 41 13 - 28 

Hydroptilidae 1 - 1 - 

Leptoceridae 1 - - - 

Leptohyphidae - 1 - - 

Lestidae - - - - 

Libellulidae - - - - 

Limnephilidae 3 2 - - 

Perlidae 4 - - 32 

Perlodidae - - - 20 

Philopotamidae - - - - 

Polycentropodidae 5 - - 4 

Ptychopteridae - - - - 

Rhyacophilidae - - - - 

Sialidae - - - - 

Simuliidae 3 - - 24 

Siphlonuridae - - - - 

Stratiomyidae - - - - 

Tabanidae - - - - 

Tipulidae 7 - - 4 

Uenoidae 2 3 - - 



Appendix 2: Metadata from macroinvertebrate sampling in the restoration reach of High Bank Creek, 

collected May-June 2015. 

Family Surber 1 Surber 2 Surber 3 Dipnet 

Ameletidae 23 11 8 40 

Amphipoda 239 150 38 332 

Baetidae 16 19 4 14 

Belostomatidae - - - - 

Brachycentridae - - - - 

Caenidae - - - - 

Calopterygidae - - - - 

Ceratopogonidae 123 35 9 32 

Chironomidae 45 71 20 80 

Corydalidae - - - - 

Dryopidae - - - - 

Elmidae 6 11 3 8 

Empididae 1 - - - 

Glossosomatidae - - - - 

Helicopsychidae - 1 1 4 

Heptageniidae 5 3 - 6 

Hirudinea - - - - 

Hydrophilidae - - - - 

Hydropsychidae 23 11 3 12 

Hydroptilidae 1 9 - - 

Leptoceridae 1 - - - 

Leptohyphidae - - - - 

Lestidae - - - - 

Libellulidae - - - - 

Limnephilidae 10 1 - 2 

Perlidae 6 2 - 10 

Perlodidae - - - - 

Philopotamidae - - - - 

Polycentropodidae 1 - - - 

Ptychopteridae - - - - 

Rhyacophilidae - - - - 

Sialidae - - - - 

Simuliidae - 1 6 88 

Siphlonuridae - - - - 

Stratiomyidae - - - - 

Tabanidae - - - - 

Tipulidae - - - - 

Uenoidae 1 - - - 



Appendix 3: Metadata from macroinvertebrate sampling in the downstream reach of High Bank Creek, 

collected May-June 2015. 

Family Surber 1 Surber 2 Surber 3 Dipnet 

Ameletidae 59 2 2 17 

Amphipoda 121 61 63 339 

Baetidae 54 6 5 67 

Belostomatidae - - - - 

Brachycentridae - - - - 

Caenidae - - - - 

Calopterygidae - - - - 

Ceratopogonidae 82 4 12 2 

Chironomidae 145 17 9 30 

Corydalidae - - - 1 

Dryopidae - - - - 

Elmidae 3 4 - 11 

Empididae - - - - 

Glossosomatidae - - - - 

Helicopsychidae - - 2 - 

Heptageniidae 6 - - 4 

Hirudinea - - - - 

Hydrophilidae - - - 1 

Hydropsychidae 21 1 - 6 

Hydroptilidae 5 - - - 

Leptoceridae - - - - 

Leptohyphidae - - - - 

Lestidae - - - - 

Libellulidae - - - - 

Limnephilidae 1 1 - - 

Perlidae 5 - 3 8 

Perlodidae - 1 - 2 

Philopotamidae - - - - 

Polycentropodidae 1 - - - 

Ptychopteridae - - - - 

Rhyacophilidae 2 - - - 

Sialidae - - - - 

Simuliidae 11 - - 11 

Siphlonuridae - - - 1 

Stratiomyidae - - - - 

Tabanidae - - - - 

Tipulidae 2 - - - 

Uenoidae 1 - - - 



Appendix 4: Metadata from macroinvertebrate sampling in Cedar Creek, collected May-June 2015. 

Family Surber 1 Surber 2 Surber 3 Dipnet 

Ameletidae - - - 225 

Amphipoda 1 4 13 9 

Baetidae 36 21 12 126 

Belostomatidae 1 - - - 

Brachycentridae 3 2 - - 

Caenidae 1 1 6 30 

Calopterygidae - - 1 - 

Ceratopogonidae 11 16 15 27 

Chironomidae 98 130 51 8 

Corydalidae - - - - 

Dryopidae - - 1 - 

Elmidae 1 - 22 12 

Empididae - - 3 - 

Glossosomatidae - - - - 

Helicopsychidae 5 2 16 - 

Heptageniidae 2 - 4 9 

Hirudinea - - - 3 

Hydrophilidae - - - - 

Hydropsychidae 62 48 15 111 

Hydroptilidae - - - - 

Leptoceridae 1 - - - 

Leptohyphidae - - - 3 

Lestidae - - - 18 

Libellulidae - - - 1 

Limnephilidae - 3 12 3 

Perlidae 4 1 - - 

Perlodidae 1 - - - 

Philopotamidae 9 - 1 - 

Polycentropodidae - - 2 9 

Ptychopteridae - - 1 - 

Rhyacophilidae - - 4 - 

Sialidae - - - 6 

Simuliidae 153 31 31 291 

Siphlonuridae - - - - 

Stratiomyidae - 1 2 - 

Tabanidae 1 - - 3 

Tipulidae - - - - 

Uenoidae - - - - 

 


