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INTRODUCTION: Impoundments are one of the major sources of anthropogenic disturbances on 
streams. Dam effects include converting lotic habitats to lentic habitats, changing flow regimes, altering 
physicochemical parameters, increasing siltation upstream and scouring substrates downstream from 
the dam, and altering fish assemblages and/or blocking movement of fishes. The resultant dam effects 
can alter aquatic assemblages (e.g., fishes, freshwater mussels, and aquatic insects), including reduced 
native species richness and abundance, as well as restricted distributions and isolated populations.   

The 11-foot high Danville Dam, constructed in 1914, serves as the downstream-most impoundment 
between the Wabash River and the Vermilion River basin. The dam is an effective barrier between the 
lower 22 miles of the Vermilion River mainstem and the 1,290 mi2 drainage area upstream, hindering 
distribution of several aquatic organisms, including 96 species of fish and 46 species of mussels. The dam 
is also a safety hazard with three drownings in the past ten years. 

Ellsworth Park Dam is a low-head dam constructed in 1920, near the confluence of the North Fork 
Vermilion River with the Vermilion River. This outdated dam serves as a barrier to approximately four 
river miles of excellent habitat downstream of Lake Vermilion. This dam is the site of one drowning in 
recent years. 

Danville Dam on the Vermilion River and Ellsworth Park Dam on the North Fork Vermilion River are 
slated for removal in 2018. This dam removal project will remove a barrier to 1,115 stream miles 
upstream of these dams in the Vermilion River basin, benefitting an extraordinarily high number of 
Species in Greatest Need of Conservation (83) of the Illinois Wildlife Action Plan (33 mollusks, 28 fish, 15 
amphibians, 5 reptiles, and 2 crustaceans,). Dam removal also has been identified as a priority in the 
Vermilion River Conservation Opportunity Area Plan (Goal 2, Objective 4, Strategy 1). The project also 
addresses four of the Ohio River Basin Fish Habitat Partnership Strategic Actions: protecting healthy 
waters, restoring natural variability in river and stream flows, reconnecting fragmented stream habitat, 
and reducing altered temperature and oxygen levels. 

Benefitting species include two federally listed mussel species (Northern Riffleshell and Clubshell), 26 
state-listed species, and many game species, including Smallmouth Bass. The project will also open 
downstream access to the Middle Fork Vermilion River, Illinois’ only National Scenic River. 

The benefits of removing these barriers within the Vermilion River basin are potentially monumental in 
scope. Progress toward these goals warrants monitoring and documentation in order to affirm success 
and advise adaptive management and additional needs. 
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PURPOSE: State Wildlife Grant funding was utilized to assess baseline biotic and abiotic conditions in the 
Vermilion River and North Fork Vermilion River to determine current conditions upstream and 
downstream of Danville Dam on the Vermilion River and Ellsworth Park Dam on the North Fork 
Vermilion River. Results from these monitoring efforts will help guide plans for the dam removal and 
potential channel modifications, and will allow us to monitor and evaluate changes in the biological 
communities and various abiotic metrics following dam removal. Few dam removal studies that fully 
address biologic responses among multiple organism groups (fish, mussels, and macroinvertebrates) 
have been published. This study will contribute significantly to the growing body of literature. 

OBJECTIVES:  

 

1. Conduct fish population surveys at 12 stations, twice per year in spring and fall of 2014 and 
2015 and once in spring of 2016 (5 replicates).  

 

2. Conduct mussel surveys at 12 stations, once in summer of 2014 and once in summer of 2016 
(2 replicates). 

 

3.  Conduct macroinvertebrate surveys at 12 stations, twice per year in spring and fall of 2014 
and 2015 and once in spring of 2016 (5 replicates). 

 

4.  Conduct habitat quality assessments at 12 stations, twice per year in spring and fall of 2014 
and 2015 and once in spring of 2016 (5 replicates). 

 

5.  Collect seasonal water quality samples at 6 stations, at least four times per year in 2014 and 
2015 and once in 2016, at three sites per dam, testing for suspended solids, hardness, alkalinity, 
chlorophyll, phosphates and nitrates. 

 

6.  Collect tissue samples from up to 25 Black Redhorse from 12 stations for genetic analyses. 

 
EXPECTED BENEFITS AND RESULTS:  This dam removal project will remove a barrier to 1,115 stream 
miles (190 mi2 of watershed) upstream of Danville Dam in the Vermilion River basin, benefitting an 
extraordinarily high number of Species in Greatest Need of Conservation (83) of the Illinois Wildlife 
Action Plan (33 mollusks, 2 crustaceans, 28 fish, 15 amphibians, 5 reptiles). With the Vermilion River 
basin being one of the most biologically significant basins in the state, identified as a Conservation 
Opportunity Area for the state of Illinois, biological monitoring of this critical act of dam removal is 
imperative. 
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Intensive collection of biotic and abiotic baseline conditions will allow us to determine current 
influences of these dams. We will further use these data to guide the decision-making process for the 
dam removals and potential channel modifications and habitat improvements following dam removal. 
Collection of these data will also allow us to compare and track changes that develop, following the dam 
removals. This will allow us to gauge the results of the project and advise any necessary adaptive 
management actions. Finally, comprehensive data from this project will be used to manage future 
proposed dam removal projects.   

APPROACH:  To assess the impacts of removing the Ellsworth Park and Danville dams on the aquatic 
biota and stream habitat quality, a three phase project on this system was initiated. Beginning October 
2012, assessment of the fish and macroinvertebrate assemblages in twelve, 100 meter long sections of 
river began. Six of the 12 sites surveyed were located in the North Fork Vermilion River, referred to as 
Ellsworth Dam sites and six sites in the Vermilion River, referred to as Danville Dam sites. Each dam 
assessment consists of two sites below the dam and four sites above the dam. The above dam sites 
consist of locations directly above the dam, the last 100 meters of the pool, the first 100 meters of the 
river and an upstream site (a further upstream location). This sampling captures the community 
composition both above and below the dam (immediate impacts) and characteristics of sites above the 
dam’s influence.  

COMPLIANCE:  The IDNR used its CERP (Comprehensive Environmental Review Process) as a tool to aid 
the Department in meeting NEPA compliance for the projects outlined under this grant proposal. It is 
the Department=s policy to require CERP applications for all land disturbing activities unless those 
activities are covered by CERP exemptions. 

All activities were in compliance with the Endangered Species Act. All determinations and 
documentation are in accordance with the current established U.S. Fish and Wildlife Service protocols 
for Section 7.  

All activities were in compliance with the National Historic Preservation Act and the Council on Historic 
Preservation Act. All determinations and documentation were in accordance with the terms of the 
Programmatic Agreement, as amended. 

Planned activities which involve a floodplain and/or jurisdiction of wetlands will be done in accordance 
with Presidential Executive Orders 11988 and 11990. 

GEOGRAPHIC LOCATION:  The Vermilion River basin (Wabash River drainage) is located in east central 
Illinois (parts of Livingston, Ford, Iroquois, Champaign, and Vermilion counties) and western Indiana 
(parts of Warren and Vermillion counties). It drains 1,434 mi2, and its basin includes the Salt Fork sub-
basin (506 mi2), the Middle Fork sub-basin (438 mi2) and the North Fork sub-basin (294 mi2). It flows 
through two natural divisions: Wabash Border and Grand Prairie. 

The Danville Dam [Latitude: 40.12225N & Longitude: 87.63156W] is located about 22 miles upstream 
from the confluence with the Wabash River, and is located downstream of the Highway 150/1 bridge in 
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Danville, Vermilion County, Illinois. The dam is located in Congressional District 15. The 8-digit HUC 
number is 05120109. 

The Ellsworth Park Dam is less than one mile upstream on the North Fork Vermilion River, southwest of 
the aforementioned highway intersection [Latitude: 40.12547N & Longitude: 87.63922W]. 

 

Figure 1 – Location of the Danville Dam and Ellsworth Park Dam. The dams are located in Danville, 
Vermilion County, Illinois. 
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Figure 2 – Location of the Danville Dam and Ellsworth Park Dam within the Vermilion River basin 
(Wabash River drainage).  
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Figure 3 – Plan overview of the Danville Dam and Ellsworth Park Dam, illustrating the approximate pool 
impacts of each dam. 
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Figure 4 – Map showing the locations of the 12 sampling stations. 
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Figure 5 – Danville Dam on the Vermilion River. Photo taken on January 2, 2014 showing continued 
structure failure. 

 

Figure 6 – Danville Dam during above normal flow conditions, fish ladder in foreground. 
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Figure 7 – Danville Dam photo from October 14, 2015 showing seepage along the face of the dam during 
low flow conditions. 
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Figure 8 – Ellsworth Park Dam on the North Fork Vermilion River. Photo was taken on June 18, 2015 
during above normal flow conditions. 

METHODOLOGY 

Job 1. Conduct fish population surveys at 12 stations (5 replicates).  

Eastern Illinois University researchers utilized a multiple gear approach for fish sampling, needed to 
maintain consistency before and after dam removals. Ellsworth Park Dam fish shocking used DC barge 
shocking with a 2,500 watt generator with a five person crew, three probe/netters and two extra 
netters. Each site was electrofished for a total of 30 minutes beginning downstream and moving 
upstream. Danville Dam sites were sampled using DC boat shocking with a 4,000 watt generator with 
two spider array droppers and a single netter for a total of 30 minutes across the entire area. This 
reflects the larger nature of this channel. Two seine hauls were conducted for all Danville Dam sites at 
the nearest sandbar. The seine samples were needed to ensure collection of smaller fish the DC boat 
shocking was not likely to capture. All fish over 100 mm were measured to the nearest millimeter in 
total length and weighed to the nearest gram. Cyprinids and fish fewer than 100 mm were euthanized 
and preserved in 10% formalin solution for identification in the laboratory.  
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Surveys of the 12 sites described above were conducted in the spring and fall by Eastern Illinois 
University researchers, with target dates in May and September depending on flow conditions. The sites 
were sampled twice per year in 2014 and 2015, and culminated with a spring sample in 2016. 

Species richness and diversity were calculated for fish for each site using methods from Lande 1996. An 
index of biotic integrity for fish at each site was calculated using methods from Angermeier and Karr 
1986. A multiple analysis of variance (MANOVA) was conducted to test the significance of abiotic factors 
(see Job 4) and community structure. An ANOVA was used to test for significance of habitat quality (see 
Job 4) of individual sites pre- and post-removal of the dams.  

Job 2. Conduct mussel surveys at 12 stations (2 replicates). 

Live freshwater mussels and valves of dead specimens were collected by hand grubbing for four person-
hours at each of the 12 sites described above by an Illinois Natural History Survey (INHS) mussel crew. 
Mussels were identified, measured (shell length), aged, and if possible, live individuals were sexed 
before returning them to the site. Voucher specimens (dead shell) of all species were taken at each site 
to be deposited in the INHS Mollusk Collection. An effort to sample all available habitats was made, but 
particular emphasis was placed on areas that appeared likely to support freshwater mussels (e.g., gravel 
riffles, runs, and pools). The INHS Mollusk Collection was consulted to determine historical records (eg., 
presence/absence). Regarding nomenclature, the list of common and scientific names of mollusks 
prepared by the Council of Systematic Malacologists and the Committee on Scientific and Common 
Names of the American Malacological Union was followed, except subspecies were not recognized. 
Freshwater mussel abundance and richness (number of species) were calculated. Analysis of variance 
(ANOVA) was conducted to test the significance of community structure. 
 
Mussel surveys were conducted pre-dam removal during the summer of 2014 (July to August). Post-dam 
removal surveys were not conducted, due to delays in the dam removal schedule. This information is 
being used to assess the baseline condition of the freshwater mussel population pre-dam removal and 
will be used to assess immediate response of the mussel populations post-dam removal. These 
collection data will be further used to compare to periodic post-dam removal collections for years to 
come, as mussel populations are likely to take several years to colonize the previously impounded 
reaches. 
 
Job 3. Conduct macroinvertebrate surveys at 12 stations (5 replicates). 
 
Macroinvertebrate surveys were conducted at the 12 stations described above by Eastern Illinois 
University researchers. The macroinvertebrate sampling for the four upper Danville Dam sites, which are 
non-wadeable, include a random set of 20 jabs. In order to ensure consistency, seven random jabs (D-
frame net, based on habitat percentages from QHEI assessments) were conducted on each bank side 
and six ponar grabs in the main channel.  

Macroinvertebrate communities were assessed at all wadeable sites using a multi-habitat set of 20 jabs, 
based on habitat percentages from QHEI assessments. All macroinvertebrate samples were preserved in 
95% ethanol for identification in the laboratory. A subset of 300 macroinvertebrates was sampled using 
sample splitter and identified to the lowest taxonomic group possible. Macroinvertebrate surveys were 
conducted at the same frequency and timeframe as the fish surveys. 



FY 2012 State Wildlife Grant (SWG)  Final Report – March 2018 
Biological Assessment for the Danville Dam and Ellsworth Park Dam Removal Projects 
 
Job 4. Conduct habitat quality assessments at 12 stations (5 replicates). 

Habitat quality assessments were conducted by Eastern Illinois University researchers. Habitat for the 
non-wadeable upper Danville Dam sites were assessed through the stream habitat assessment protocol 
(non-wadeable sites, n =4). Habitat quality was assessed at all wadeable sites using the Ohio Qualitative 
Habitat Evaluation Index (wadeable sites, n =8). Habitat data will be used to identify physical changes 
following dam removal, and as abiotic factors in the analyses of the biotic data. Habitat surveys were 
conducted at the same frequency and timeframe as the fish surveys. 

Job 5. Collect seasonal water quality samples at 6 stations, testing for suspended solids, hardness, 
alkalinity, chlorophyll, phosphates and nitrates. 

Water samples were collected seasonally by Eastern Illinois University researchers, at least four times 
per year, at three sites per dam. Water was collected below the dam, in the pool above the dam, and in 
the first 100 meters of the river above the pool. A YSI multi meter was used to determine PH, 
temperature, conductivity and dissolved oxygen on site. Samples brought back to Eastern Illinois 
University were analyzed for suspended solids, hardness, alkalinity, chlorophyll, phosphates and nitrates 
using standard methods. Samples will be used to identify changes in water quality following dam 
removal, and as abiotic factors in the biotic analyses. 

Job 6. Conduct genetic analyses of Black Redhorse 

 All tissue samples were collected during monitoring activities, as described under Job 1 above. Genetic 
analyses: 1. Determine the impact dam construction has had on the genetic diversity and differentiation 
of Black Redhorse populations in the Vermillion River. 2. Determine how Black Redhorse initially 
respond to dam removal and alteration. 3. Create baseline data for future analyses investigating the 
long-term genetic effects dam construction has on fish populations after dam removal. 

Genetic sampling required removal of an approximately 5mm2 portion of dorsal fin tissue before live fish 
were released and after identification of preserved fish. Tissue samples were stored in 95% ethanol for 
DNA extraction. Up to 25 fish were sampled for genetic analyses at each site.  

Genetic work was done in the lab of Dr. Devon Keeney at Le Moyne College in Syracuse, New York. DNA 
was isolated from up to 25 Black Redhorse from each site using a standard chelex-proteinase K 
extraction protocol. A set of 10-12 microsatellite markers was used to analyze the genetic variation and 
differentiation within and among populations. Microsatellites consist of tandem repeats of DNA, such as 
CACACACA, and are highly variable within populations, facilitating the accumulation of genetic 
differences among isolated populations. A combination of preexisting and novel microsatellites 
developed in Dr. Keeney’s lab was utilized. Microsatellite amplifications used fluorescent-labeled DNA 
primers in multiplex polymerase chain reactions (PCRs). Raw multiplex genotype data was generated 
using the 3730xl 96-Capillary Genetic Analyzer at Yale University’s Core DNA Analysis Facility and 
analyzed at Le Moyne College. 
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RESULTS 

The studies conducted under this State Wildlife Grant culminated in a series of published, and yet to be 
published, reports. Those reports are included here to present the results of the funded studies. 

Job 1-5. Results from Jobs 1-5 are presented in four publications listed below and included in the 
following pages. 

“Contrasting Impacts of Dams on the Metacommunity Structure of Fish and Macroinvertebrate 
Assemblages” by Hastings et al. was published in the North American Journal of Fisheries Management 
in 2016. Results from Job 1, 3, and 4 are presented. 

“When to sample: flow variation mediates low-head dam effects on fish assemblages” by Hastings et al. 
was published in the Journal of Freshwater Ecology in 2016. Results from Job 1 are presented. 
 
“Effects of Lowhead Dams on Freshwater Mussels in the Vermilion River Basin, Illinois, 
with Comments on a Natural Dam Removal” by Tiemann et al. was published in the Transactions of the 
Illinois State Academy of Science in 2016. Results from Job 2 are presented. 

“Low-head Dam Impacts on Habitat and the Functional Composition of Fish Communities” by Smith et 
al. was accepted by River Research and Applications in 2016. Results from Job 1 and 4 are presented. 
 

Job 6. Conduct genetic analyses of Black Redhorse 

Job 6 was a late amendment to this grant, and initiation of the contracted work was delayed by the state 
budget impasse. As a result, the genetic analyses are incomplete and ongoing. The preliminary results 
completed to this point are included here. 

The goals for this job are to: 1) develop and optimize 10-12 microsatellite loci for investigating the 
impact the Danville and Ellsworth Park Dams have had on the genetic diversity and genetic structure of 
black redhorse (Moxostoma duquesnei) populations within the Vermilion River system. During the 
quarter spanning October 1 – December 31 2017, twelve microsatellite loci previously optimized in our 
lab (Table 1) were utilized on 116 “black” redhorse DNAs. Preliminary analyses revealed the presence of 
two distinct genetic groups and several microsatellite loci consistently failed to amplify in one of these 
groups. These results suggested the presence of two distinct species. To test this, the COI DNA barcode 
region was sequenced and analyzed from ten redhorse from each genetic group. Sequencing revealed 
that the two groups were black redhorse (Moxostoma duquesnei) and golden redhorse (Moxostoma 
erythrurum). Due to the presence of golden redhorse identified as black redhorse, DNA was extracted 
from a larger number of redhorse to increase the sample size of the target species. DNA has been 
extracted from 382 redhorse: 260 fish identified as black redhorse in the field and 122 fish identified as 
golden redhorse in the field. Due to the need to extract DNA and genotype additional fish, genotyping 
continued through December and is now complete. Current analyses focus on identifying fish species. 
The COI Barcode region has been sequenced from 96 fish, and results are consistent with the presence 
of two species. DNA results to date suggest that approximately 50% of fish identified as black redhorse 
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are golden redhorse (Fig. 1). We will therefore have comparative data on the impact of the dams on the 
genetic diversity and genetic structure of both species and investigate if there is evidence of 
hybridization between these species. Given the need to identify genetic species, analyses of genetic 
diversity and structure are just beginning with both species. This work is ongoing due to the need to 
include a larger sample of fish, including an additional species. 

 

Table 1. Microsatellite loci optimized for black redhorse analyses. 

Microsatellite Locus DNA Motif 
BLR 2022 (ACTC)9 
BLR 447 (AAAC)9 

BLR 1343 (ACTC)12 
BLR 1571 (AGAT)14 

BLR 69 (AATC)12 
BLR 609 (ACAG)12 
BLR 720 (ACAT)11 
BLR 761 (ACTC)16 
DLU 45 (GATA)29 

DLU 405 (GATA)21 
BLR 1027 (ATCC)12 
BLR 2268 (ACAG)13 
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Fig. 1. Neighbor-joining phylogenetic tree of redhorse COI DNA sequences. Two major clades indicate 
golden and black redhorse COI DNA. Field species identifications of fish within each clade are indicated 
by “GLR” for golden redhorse and “BLR” for black redhorse. 
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