WRC Research Report No. 212

MANAGEMENT AND DEVELOPMENT OF AQUATIC HABITAT
IN AGRICULTURAL DRAINAGE SYSTEMS

by

Monte J. TerHaar
and
Edwin E. Herricks

Department of Civil Engineering
University of Illinois at Urbana-Champaign

Project No. G1560-05
ISSN 0073-5442

University of Illinois Water Resources Center
205 N. Mathews Avenue
Urbana, Illinois 61801

October 1989

The work on which this report is based was supported in part by funds provided by the
United States Department of the Interior as authorized under the Water Resources Act of
1984. The contents of this report do not necessarily reflect the views and policies of the
U. S. Department of the Interior, nor does mention of trade names or commercial
products constitute their endorsement by the United States Government.



CONTENTS

LIST OF TABLES
LIST OF FIGURES
ACKNOWLEDGMENTS
ABSTRACT
LINTRODUCTION/STUDY OBJECTEIVES «.iv0ssssnavsws s sntasianasiimsiis cons annomes 1
2. STUDY SITE SELECTION AND DESCRIPTION .......ccuuiiiniienneeeneeeneennnnnn 3
2.1 Middlefork River Drainage Basin .............ccueeveieniiniinrensineeneeneannnns 3
MiddIEfork RIVET ......uuivuiiiiiiiiiiireiieiereeeeieesneeneeeneenenneennnns 3
FAIMICXCEK . ... comesusmonsmsmnns cnbmmnsumesnssscerasansmarsmesitimesmame 6
2.2 Embarras River Drainage Basin ............ccouiiuniienieeneinnsinnenanennnennnnss 7
3. METHODS AND PROCEDURES.........ccuuiiiiiiiiiinieeienieeesenniieessssnnnnennss 11
Jill. Pkl SamplnE . oo s R T S TS G 11
Fish:Sampling TechMQUes: - uwmussis sipsssmssiass b siigaisasizaiies, 11
3.2 DRl ATRITNS: ..o covinsivsvnsiansais i inss s eSS it it as s 14
Fish Conmmmity SHCHIS v, o v s s i aaiaaaiinss es ssomoomsnssneasen 14
Fish Community Condition and Quality ...............ccuviuniinieneennannen. 15
Management Option Development and AnalysiS.................ceeuv....... 15
4. RESULTS AND DISCUSSION .....cccuuiiiiuiirunnirrnerennsenneonenseennsesssnssssssenes 17
4.1 Historical Fishery of the Middlefork and Embarras Rivers .................... 17
4.1.1 Comparison of Fisheries in the Middlefork and Embarras
Rivers in Champaign County ..........c..ceueiriuniuieniineeieseenesnennannnn. 17
Middlefork River, Champaign County...................cceuvnn.n.. 17
Embarras River, Champaign County............cccoevvvveueennnnn.n. 21
4.1.2 Comparison of Fisheries Collected at Study Sites to Basin
PISheries LASIS. . .occnmesnsssmssiasvomosns s s ssavigsmusis s amisan s, 24
WHIEPOR . o o ousans snunsnssmoisams s s AR50 it m 24
EIDBIIIS L ovrssiansinisnamasssies s 65 SUTEER45555 s memmamanseonmny 25
4.2 Analysis of Fish Collections from the Middlefork and Embarras Rivers.....27
4.2.]1 Basin FiSheHes ... covmvatnsmasioiissemmme smmmsnsstamesnsestenses 27
Middlefork Basin ........c.ovuiiuernreniiiieiirieieeeeneeeneenannnn 27
Embarras River Basin ...........ccouiuuiiuiiiiiiniieeieneeeneennannnns 30
Middlefork and Embarras Comparisons ................c..evvnen... 30
4.2.2 Reach Specific FISheries .......o.uvvuiuniinieiieeniineieeiesininnns 33
Farm Creek .......ivuiuiiiiiiiieieici e 33
NIRHBEOHRIED oo s s R o) 33
Farm Creek/Middlefork Comparisons ...................cccvvunnn... 36
East Branch BEmbBattas... cisicissiness s s60e65065 55540 mamonnen s ramnd 36
West Branch Embarmas. c......cc.coiiiiviniiinceenssesronnsessrsssss 36
East and West Branch Comparisons .................cc.eeuneuniinsn. 41
4.3 Seasonal Analysis Of FIShETES .....cuuunreenirineeeneeeseeeseeesi e 43
4.3.1 INTOQUCHON ..eveerrnnreeernnnnnsrenensseseereensnnessansnsnsesssmnnnnnsss 43
4.3.2 Results and Discussion Farm Creek..............oovueeeenneeevnnn... 43

iii



4.4 Random SKewers ANALYSIS .........evuiuirniuiieniiieeerneeeeeneneneenenensenens 49

4.4.1 DESCTIPHOM ...tuuvuiiiiiieunerernererseenaenesraneseesesnenernerneensens 49

4.4.2 ReSUIS ...uiuiiiitiiiieniiieine e eeaeesee e eaneaeseeneasns e seenas 49

I R s v e il e R s emact oo D e e s 52

BIOLATTRR IRIBE .. o o sy g s R A SR SRS R 52

Seasonal Analysis of Farm Creek and Embarras River ............ 52

Presence-Absence Information and Random Skewers............. 62

[ N R T R S U ——— 62

4.5 Indexof Biotc Intsgrity ANBIVEIS. iv.vosmsvnimsivamsssssesaessiiessiasieassss 63

4.5.1 Jodex Destripton o cenvianisinsicas s nnaie 63

452 RESUMB cosvusmnmnss et e G e T it s ngme s mm s 63

Embarras River Drainage ........cc.uevuevernenesieneenianenennennens 63

Middlefork River Drainage ..........ccuevueineeeriesenieneencnennsn. 67

4.5.3 CONCIUSIONS.......ovcreemsnsrnssnssasessesssasanonsosensssassssssassnssses 70

4.6 Hydraulic Design Requirements and Management/Maintenance History.....71

0.1 Eagmeenng Desten GO . cooveisves sovssamssnsssn srie it s 5siss 71

4.7 Determination of Habitat ReqUirements ...........c.cccceuuveencrunecenennnnnnnns 75

.1 TOOABCHON ., ucseransimes viss s G s 75

4.7.2 General Descriptions of Models and Sensitivity Analysis .......... 76

4.7.3 HSI Modelling ObJECHIVES .....cuvvirnirninnineineeeeneeneneneenennns 76

4.7.4 Data Requirements and Sources (Application of Models to the

EMDEITAS RIVEL) rioictiiisinsnnasasisnsenessnss sonsmomasmssmssssssssssssmsmsam 77

4.7.5 HSI and Sensitivity Analysis ReSults ............c.cevvunereneennnnn. 77

S ania T IS RO ——— 77

Green SURNEH . oo cisassmmsrsssmss ssa s ST SRR S S 78

Largemiotth Bt ... vuum sioscsssonms sae it ssuasdihavsvivesvassans 88

Smallmonth BofFalo . .cicsmmussessnsmmiianis it 88

CharnBlCaIsh'...ou s st teaiiittiras s amonsanmesmyamt 89

WATHIOHH oo tiiinmniasssrnibnsssnnsassnasssnsmsontossusensasysl 90

Black Bullhead ..........ccuiuiiuiiiiiiiiiiciciiieeee e eeeeenen e, 90

4.8 Evaluation of Management AIEIMAtiVES ...........ccuuevuneeneernnrsnseenesnnnnn. 93

4.8.1 INTOAUCHON ...uuiirenieineeenneeriieriieera e eeeeieeeeaeeeeanannns 93

4.8.2 Management Option I (Riparian Vegetation) ......................... 93

4.8.3 Management Option II (Instream COVEr) .........c.oevevnennenennnnsd 98

4.8.4 Management Option III (Increase Number/Depth of Pools) ....... 99
LSl LT T e T BT T T ———————————————— 100
3. GENERAL CONCLUSTONS «oousssossesinssissnsssssmssissaiassiss it smmmm s, 103
AFEENDICES . v csovsssqnsvevaniinasasssss s s s st s s S s e e S meer s ssome e 105
APPENDIX I (Historical Data) ..................... L Lt T 105
APPENDIX II (Fisheries Data Collected During 1978 and 1988) ................. 112
APPENDIX III (Fisheries Data by Site and S€ason) .............c..oevvvnvenvnnnnns 116
APPENDIX IV (Index of Biotic Integrity Data) ............cuueeveeruneennennnnnnnnn. 126
APPENDIX V (Water Chemistry Data) .............ccceuueeeunneeesnneesnnensnnnnin, 137
REFBRENUEBS <5005 06 8505055505553 vs manensmaneasans seasesssesass cosesss sansss ann s vscamas 141

iv



TABLES

Table 2.1 Formal description of location of collection sites in Champm gn County
and the abbreviations used in fisheries data sheets... N— |

Table 2.2 Drainage area of Embarras and Middlefork Basin within Champaign

COHIALY. cvumacamnimsnsimssnn o i ie s T SR s s S A NS a5 AP A Rl s R R AR e AT 6
Table 2.3a Pool measurements taken along a one-mile stretch of the Embarras

River on '8/27/88 between EC-07 and EC-08....cccisuiisinnsseaiivisssiosssnisasissiossss 9
Table 2.3b Pool measurements taken along a one-mile stretch of the Embarras

River on 9/26/88 between EC-07 and EC-06......c.ccccevurierieriniiueecnineeesnnneesnnens 9
Table 4.1.1 Species not collected from the Middlefork watershed (Middlefork

River and Farm Creek) in this study but reported in 1959. (17 species).................... 19
Table 4.1.2 Species collected from the Middlefork watershed (Middlefork River

and Farm Creek) in this study but not reported in 1959 (6 species). ..........c.ccceuenen.n. 19
Table 4.1.3 Species collected in Middlefork drainage (Middlefork River and Farm

Creek) but not the Embarras based on historic information. (6 species).................... 20
Table 4.1.4 Average number of species collected per Station.............c.ceuvvevininnnenn. 20

Table 4.1.5 List of species collected in summer of 1962 by Lopinot (1962) in
Middlefork of the Vermilion River at one station near Penfield, IL by rotenone
sample and ‘seine haul: (224 SPECIES).iiiciiiivsiiissistsasssssorsassssosssnrsnssassressasassasas 21

Table 4.1.6 Additional species collected from the Embarras River during this study
which were not reported in 1959 in Champaign County. (14 SPecies)............cuvuen... 23

Table 4.1.7 Species not collected from the Embarras River during this study but
reported in 1959 in Champaign County. (3 SPECIES) ..e.vvririiiiiruerniniinnirninreannnss 23

Table 4.1.8 Average number of fish species collected per station on the Embarras
L T 23

Table 4.2.1 Species collected in Middlefork River Basin (listed in order of percent
occurrence at five sites on Farm Creek and one site on the Middlefork, six sites

TOMAL): i du v mesmr rosemas s mnmmmummnansmssinnenr s ows s AN a3 R SRS S S S R 28
Table 4.2.2 Ratios of game, commercial, and forage fish collected in this study......... 29
Table 4.2.3 Species collected in Embarras River Basin (listed in order of percent

occurrence at seven sites on the East and West Embarras Rivers). .........c...evvivnnsn.. 31
Table 4.2.4 List of species found only in the Embarras Basin. ..............cc.ccueunenn... 32
Table 4.2.5 List of species found only in the Middlefork Basin. ...............c.evvnnen.. 32



Table 4.2.6 Fish species collected in Farm Creek (listed in order of % occurrence

AL FIVE SIES).eueeureresnerniessrisncrerosnssannenssnssnsrssssaonssaanesnsssassnsnssassssssssssonssss 34
Table 4.2.7 Fish species identified in two samples from Middlefork River (listed in

OICr O ADUNOBNEE), o o unsausnissoncunaninsin son s ame oawaraa e s s v SRS W3 HTS 35
Table 4.2.8 Fish species found in both Farm Creek and Middlefork River................ 37
Table 4.2.9 Fish species found only in Farm Creek (not in Middlefork) .................. 38
Table 4.2.10 Fish species found only in Middlefork River (not in Farm Creek).......... 38
Table 4.2.11 Fish species collected from East Branch of Embarras River (in order

of percent occurrence at four COLIECHON SILES). ..vuvverrrurenrrnruernreernernrensneneenennenns 39
Table 4.2.12 Fish species collected from West Branch of Embarras River (in order

of percent occurrence at three COIIECHION SItES)........ccceorvereeeieeeseeerreeeeesessneeseenne 40
Table 4.2.13 Fish Species found in both East and West Branches of Embarras. ......... 4]
Table 4.2.14 Fish species found only in East Branch of Embarras (not West

L b L] o) sy LT 42
Table 4.2.15 Fish species found only in West Branch of Embarras (not East

BIBICR).. .vcvumunsssammonyunmssmsesssisuanss sssns s s o swis s e s s v s s s e 42
Table 4.3.1 Farm Creek fisheries by S€aSOM..........ccccceevievienivesesseessvesseessesnens 44
Table 4.3.2 Species collected in Farm Creek during represented season................... 45
Table 4.3.3 Embarras River fisheries by SEaSOM. .......ccuiunerniunenneeneenesesneenesennns 47
Table 4.3.4 Species collected in Embarras River during represented season. ............. 48
Table 4.4.1 Data taken from Matthews (1986). Numbers of individuals collected

per species at seven stations in the Kiamichi River, Oklahoma, 11-12 July 1981. ........ 50
Table 4.4.2 Fisheries data from six sites on Farm Creek used for random skewers
R P 53
Table 4.4.3 Fisheries data from four sites on East Branch of Embarras River used

for random SKEWETS ANAlYSIS. .. ..uiuuiruireieirneiteee s ereeee e eeneene s e e e e e e 55
Table 4.4.4 Fish collected at three sites on the East Branch of the Embarras during
SUMMET, 19870 . en ittt et e e e e e e e e e e s e e e ee e 57
Table 4.4.5 Fish collected at three sites on Farm Creek during the spring, 1988. ........ 59
Table 4.4.6 Fish collected at four sites on Farm Creek during the summer, 1987........ 60
Table 4.4.7 Fish collected at four sites on Farm Creek during the fall, 1988.............. 61

vi



Table 4.5.1 Index of Biotic Integrity for the Embarras RiVer ..........ccovvvevvervnennnn. 64

Table 4.5.2 Metric and average metric scores for collection sites on the Embarras

1 e B o e i o e 66
Table 4.5.3 Index of Biotic Integrity for Farm Creek. ...........coceovvvvvuieesereeennnnnn, 68
Table 4.5.4 Metric and average metric scores for collection sites on the Middlefork

104 - SHRRR———— e s 69
Table 4.7.1 Baseline HSI Model for Common Carp in the Embarras River. .............. 79
Table 4.7.2 First iteration HSI Model for Common Carp in the Embarras depicting

an improvement in Maximum SUMMET tEMPETATUTES ...........uueersnnneeesnnnssensn e 82
Table 4.7.3 Second iteration HSI Model for common carp in the Embarras

depicting an improvement in percent vegetative cover in shallows. ......................... 84
Table 4.7.4 Effect of habitat improvements on baseline HSI for Embarras River. ....... 87
Table 4.8.1 Comparison of Management Option I (riparian vegetation) for seven

$18h SPROIEE. s wmunsmmoniesoner i 8 R TR 48 s mrms wam sseni et n s sttt 94
Table 4.8.2 Comparison of Management Option II (instream cover) for seven fish

L eSS A - 95
Table 4.8.3 Comparison of Management Option III (increase no./depth of pools)

for seven fish SPECIES ......eeiiiiiiiiiiiiiiiiee e 96
Table 4.8.4 Improvement of HSI for three management OPHONS. ..evvviririrerinnannnnn 102

vii



FIGURES

Figure 2.1 Study sites on FArm Creek ........c.oeiuiiiuirneeriernirnneneenneinennerneaeennnes J
Figure 2.2 Study sites on EMbarras RIVET ..........euueuuieineeneeieiieeeineineneseenesneans 8
Figure 3.1 Cross section profile of fixed electrodes on Farm Creek .............ccvueen... 13
Figure 3.2 Overhead view of fixed electrodes on Farm Creek. .........ccvvvvennevnennnnn.. 13
Figures 4.4.1a-b Frequency distribution of 1500 random skewers for fisheries data
(Matthews 1986) with a known longitudinal gradient...............eevueeernerreninnennannss 51
Figure 4.4.2a-b Frequency distribution of 500 random skewers for Farm Creek

BShery Al vuoisovimiisms o s G S T i S vt eaae s amre s mmraand 54
Figure 4.4.3a-b Frequency distribution of 500 random skewers for East Branch of
Embarris Fsherfdlitn. oo v v uiiasts s s somenssnssnms s smtmmmmessrxsrsmmel 56
Figure 4.4.4a-b Frequency distribution of 500 skewers for three sites on East

Branch of Embarras River during the summer, 1987. .........cccovvuiiuniineeneenneenannnnn. 58
Figure 4.7.1 Suitability curves for Common Carp HSI Models. ............covevvneennnnn. 80
BT, L IRt wantl. v cucv s s R B e N S s 81
Figure 4.7.2 Sensitivity analysis for Common Carp in Embarras River. .................. 83
Figure 4.7.3 Sensitivity analysis for Common Carp in Embarras River. .................. 85
Figure 4.7.3 CONtNUEA. .....c.uuiiiiiiiiieeineeeie e e e e e e e eeseeeseee s e e eans 86

ix



ACKNOWLEDGMENTS

This research benefited from the advice and counsel of professionals involved in
drainage district activities in central Illinois and the enthusiasm of students who assisted in
field data collection and analysis activities. Particular thanks are extended to Mary
Perlstein, Esq., Donald Wauthier, and the State and District offices of the U. S. Soil
Conservation Service for assistance at the initiation of this project. Steven Garbaciak
completed an analysis of drainage district history which is incorporated in this report.

Mr. Robert Larson assisted in field data collection and aspects of analysis and modelling
incorporated in this report. Field assistance was provided by Christopher Beatty, Jean
Bruney, Damen Garner, Peggy Gronemeyer, Laura Hellmer, and John Vogl.

xi



ABSTRACT

Drainage improvements in agricultural watersheds have extensively modified
midwestern streams and rivers and the flora and fauna associated with these water
resources. The alteration of low order streams in Central Illinois has been particularly
severe. This study is designed to support better management of these agricultural drainage
systems through an improved understanding of the type and quantity of habitat required for
maintenance of high quality fisheries and aquatic resources.

Fisheries resources in two watersheds, the Middlefork of the Vermilion River in
northeastern Champaign County, and the Embarras River in south central Champaign
County were evaluated. The potential for a high quality fisheries was demonstrated.
Additional analyses involved the assessment of habitat conditions in these basins with the
objective of identifying modifications of existing drainage district maintenance procedures
which would enhance environmental quality and fishery potential while meeting
engineering requirements for channel hydraulic capacity, and flood stage elevation and
duration. Three management options were evaluated: 1) maintenance of riparian
vegetation, 2) development of instream cover as a habitat enhancement, and 3) increasing
the number and depth of pools. The preferred option, considering both fish species habitat
needs and impact on existing drainage district maintenance practices, was increasing the
number and depth of pools. Although an increase in instream cover would be expected to
improve fisheries habitat, the expected hydraulic consequences may limit the application of
this option. Maintenance of riparian vegetation would be expected to provide positive
benefits to fisheries, but the improvement in overall habitat quality is more strongly related
to instream habitat modifications.

by Monte J. TerHaar and Edwin E. Herricks
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AGRICULTURAL DRAINAGE SYSTEMS, UNIVERSITY OF ILLINOIS WATER
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Urbana, Illinois, 145pp.
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1. INTRODUCTION/STUDY OBJECTIVES

Drainage improvements in agricultural watersheds have extensively modified
midwestern streams and rivers and the flora and fauna associated with these water
resources. The alteration of low order streams in Central Illinois has been particularly
severe. Because existing management practices only consider hydraulic capacity and flood
stage duration, the provision of suitable habitat for fisheries and other aquatic resources is
typically ignored. Designs and management practices which integrate habitat requirements
of aquatic organisms with drainage district maintenance procedures would lead to improved
environmental quality in the watershed.

This study is designed to support better management of agricultural drainage systems
through an improved understanding of the type and quantity of habitat required for
maintenance of high quality fisheries and aquatic resources. The primary study objective is
to identify modifications of existing drainage district maintenance procedures in order to
enhance the environmental quality and fishery potential of modified low order midwestern
stream systems. This research identifies aquatic habitat which may be developed while still
meeting engineering requirements for channel hydraulic capacity, and flood stage elevation
and duration. The study is divided into four sections: 1) identifying current maintenance
and management approaches as well as the history of past maintenance activities, 2)
conducting a biological analysis of the state and condition of the fishery and biotic
communities within the proposed study sites, 3) determining the habitat components
required to support a diverse and sustainable fish community, and 4) evaluating drainage
system management alternatives.



2. STUDY SITE SELECTION AND DESCRIPTION

Study sites were selected to provide settings which would allow evaluation of fisheries
condition in relation to distance from high quality colonization sources or the influence of
streambank vegetation. The location of study sites is given in Table 2.1. The selection of
sampling locations within each study site was based on the following criteria:

1) stream order/watershed location - low order, headwater locations, or locations at
defined distances from potential colonization sources,

2) existing morphology - including channel and substrate stability,

3) general habitat quality - including riparian vegetation and channel cover, depth,
and water quality,

4) drainage district management and maintenance approaches and history,

5) availability of background data - both engineering design information and aquatic
resource information.

2.1 Middlefork River Drainage Basin

The first site (Site I) is located on the Middlefork River Drainage Basin in northeast
Champaign County, Illinois (Figure 2.1). The drainage area for the Middlefork River in
Champaign County is presented in Table 2.2. Site I was primarily chosen to determine
what type of fishery could exist in a first order drainage system which is a tributary to a
high order receiving system with a high quality fishery. Two locations were chosen for
sampling fish. The first location is an extended reach on the main stem of the Middlefork
just northeast of Penfield. The second location is a first order drainage ditch which empties
directly into the Middlefork of the Vermilion River 4.8 km north of Penfield. As is typical
of many drainage ditches, no name could be identified for this small intermittent stream.
For purposes of this study it is called Farm Creek.

i iv

The Middlefork was sampled in a reach approximately one kilometer upstream and
downstream from its confluence with Farm Creek. In this reach riparian vegetation was
well developed. Substrate materials varied from sand/silt areas to well developed riffles
with medium cobble. Average width varied between 30 and 50 m. Depth varied between
pools and riffles with an average depth of 0.75 m. Collection records on the Middlefork
indicate that a diverse fishery is found there with some potential for a sport fishery,
including catfish and Smallmouth bass fishing. The Bluebreast darter, an endangered
species, has only been found in Illinois in the upper reaches of the Middlefork. The
Middlefork River Forest Preserve, a local natural and recreation area, is located just north
and upstream of this study site.



Table 2.1 Formal description of location of collection sites in Champaign County and the
abbreviations used in fisheries data sheets.

Ilinois Natural This
History Survey Study
Site No. Site No.

Embarras River (EC-01 to 04, East Branch & EC-05 to 08, Main Branch)

1031 EC-01 (T17N, ROE, 15NE)
EC-02 (T17N, ROE, 23NW) (one mile south of 1031)
EC-03 (T17N, R9E, 27NE) (two miles south of 1031)
1034 EC-04 (T17N, R9E, 28SE)
1035 EC-05 (T17N, R9E, 33NE)
EC-06 (T17N, R9E, 21S) (one mile north of 1035)
EC-07 (T17N, R9E, 21NW) (two miles north of 1035)
EC-07-LILII (T17N, R9E, 16SW) (upstream of bridge)
EC-07-IV,V (T17N, R9E, 21NW) (downstream of bridge)

1030 EC-08 (T17N, R9E, 4SW) (new bridge 1987)
Middlefork River
1156 (T22N, R14W, 28SE) Both samples north of bridge

Farm Creek (Tributary of Middlefork)

1147 Our sampling sites (FC-01 to FC-03) are about 1.5 miles
downstream of 1147 at T22N, R14W, 20NE. Note that plunge
pool at 1147 has been modified by the drainage district and no
longer provides the deep pool habitat once unique to this site.

Abbreviations used on fisheries data sheets describing site or collection methods.

FE-fixed electrodes SH-seine haul
ES-electro-seine AS-artificial shade site
ASC-artificial shade control BEF-backpack electrofisher



Champaign Co.
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Farm Creek & Middlefork River

Middlefork River
Forest Preserve

Figure 2.1. Study sites on Farm Creek



Table 2.2 Drainage area of Embarras and Middlefork Basin within Champaign County.

Embarras Drainage
Larimore and Smith, 1963. 138 sq miles
This study, 1988. 160 sq miles
Middlefork Drainage
Larimore and Smith, 1963. 69 sq miles
This study, 1988. 80 sq miles
Farm Creek

Farm Creek offers a combination of undisturbed areas of natural vegetation, a
natural stream channel, and channelized areas typical of current drainage system design.
As a tributary to the Middlefork, Farm Creek has the potential to support a fishery which
includes migrants from the Middlefork. In 1987 the flow in Farm Creek originated in a
plunge pool downstream from a concrete structure which contained several tile field
drainage outlets. This plunge pool provided habitat with a 1.5 to 2 m depth. Surface
drainage at this location was affected by runoff from the town of Gifford just southwest of
this sampling location. In 1988, this area was modified and the plunge pool was eliminated
as was deep water fish habitat associated with it. Farm Creek is shown on USGS
topographic maps as an intermittent stream although continuous flow was observed in
1987. Discharge varied with rainfall. During periods of extended rainfall, saturated soils
and associated field tile drainage maintained high flow levels. The response to rain was
rapid with sharp hydrograph peaks which returned rapidly to "base flow" conditions. Due
to drought conditions, Farm Creek was reduced to a series of shallow isolated pools in the
summer of 1988.

Three areas were selected for intensive study within the Farm Creek drainage ditch
(FCO1-FCO03). All areas were located in the lower 1.5 km of the stream. Area 1 was
furthest upstream. The channel in Area 1 (1.5 km upstream from the confluence with the
Middlefork) was modified and straightened, had steep, 1 m banks, no defined pool/riffle
conditions and a depth of 0.2 to 0.4 m. Area 2 (approximately 150 m downstream from
Area 1) was located in a relatively undisturbed, natural, and highly vegetated channel.
Farm Creek in Area 2 was meandering and included a deep pool/riffle sequence and
undercut banks. Area 3, a modified and straightened reach, was located approximately
0.75 km upstream from the confluence with the Middlefork. The channel in Area 3
included a shallow pool/riffle sequence. The channel in areas 1 and 2 remained unchanged
over the two-year study period. Steep grassy banks along Area 3 had begun to slough into
the channel in 1988, initiating the development of a meandering stream channel and more
distinct pool/riffle sequence.



2.2 Embarras River Drainage Basin

The second site (Site IT) is located in the Embarras River Basin in south-central
Champaign County, Illinois (Figure 2.2). The drainage area for the Embarras River in
Champaign County is presented in Table 2.2. Study areas were located on the East Branch
of the Embarras and the Embarras River. The East Branch of the Embarras River has been
modified for agricultural drainage although the reach near the study area had a relatively
natural channel flowing through a well developed riparian vegetation. In contrast, the main
branch of the Embarras consists of highly modified stream channel with minimal riparian
vegetation. The origin of the East Branch of the Embarras is found in largely agricultural
drainage near St. Joseph, Illinois. The East Branch flows southwest to the confluence with
the Embarras upstream from Villa Grove, Illinois. The Embarras originates from a series
of ditches which drain southern sections of Champaign and Urbana, Illinois. The
Embarras flows south to its confluence with the East Branch. The Embarras River is
known to support an excellent fisheries. USGS topographic maps indicate continuous
flow for both the East Branch and the Embarras river in the sampling areas. Flow is
variable, the Embarras is affected by stormwater runoff from the urbanized area in its
headwaters. During the drought of 1988 no flow was observed in both the Embarras and
the East Branch (Appendix VI, Table 1). Habitat consisted of a series of pools isolated by
dry or shallow riffles. Pool measurements for two one-mile sections of the East Branch of
the Embarras River are presented in Tables 2.3a and 2.3b.

Eight areas were selected for sampling. A range of habitat conditions are provided in
these sampling areas. Four areas were sampled on the East Branch (ECO1-ECO04) and the
Embarras (EC05-ECO08). Area EC07 was extensively studied. This area was located in a
meandering reach with a series of deep pools separated by riffles. A portion of Area EC07
was used for artificial shade experiments.

The Embarras study areas were selected in 1987 because patches of riparian vegetation
existed along this reach. Drainage district maintenance activity in 1988 removed vegetation
in Areas ECO5 through EC08. Channel maintenance, including dredging and vegetation
removal, occurred near ECOS in late 1988 and early 1989.



East & West Branch
Champa]gn Co. Embarras Hiver

Champaign Co.

Figure 2.2. Study sites on Embarras River



Table 2.3a. Pool measurements taken along a one-mile stretch of the Embarras River on
8/27/88 between EC-07 and EC-08.*

Pool Max

No. Depth Width Length Substrate

(in)

Voo~ kD=
(]
NN

10
24
15

bt ek
=0

(fr)

12
8

10
16
16
6

10
11
14
10
20
20

Avg 15.00 12.75

(fr)

12 mud

30 mud

20 clay/gravel
90 clay

50 clay

70 silt/gravel
50 silt

20 silt

50 silt

80 silt

100 silt

50 silt

51.83

%
Cover

none
none
none
none
none
none
none
none
60%

none
none
none

Bank

2 steep

1 steep

2 steep
moderate
moderate
steep
steep
moderate
gentle
gentle

1 steep
2 steep

Comments
upstream
fish
dredged

large fish

downstream

* no deep pools were observed in extensive sections of riparian vegetation

Table 2.3b. Pool measurements taken along a one-mile stretch of the Embarras River on
9/26/88 between EC-07 and EC-06.

Max

Pool Depth

No. (in)

18
36
24
12
18
12
12
24
18
12
12
12

Voo b Wk —

[ea—
—_—0

—
~J

t

17.5

>
<
oa

Width Length Substrate

(fr)

20
25
15

(ft)

silt/clay
silt/clay
silt/clay
silt/clay
silt/clay
silt/clay
silt/clay
silt/clay
silt/clay
silt/clay
silt/clay
silt/clay

Bank

none
none
none
none
none
none
none
none

20% trees

none
none
none

Comments

upstream
artificial shade site
shade control

downstream



3. METHODS AND PROCEDURES

The following discussion of methods and procedures is divided into sections dealing
with field sampling and data collection, and data analysis and interpretation.

3.1 Field Sampling

Initial study site selections were made following an aerial reconnaissance.
Photographs and topographic map locations were compared and potential sites were
examined and sampled. After final selection of sampling locations, detailed study sites in
each site were selected based on criteria reviewed in site selection discussions. Thus, each
area was subject to different sampling intensity depending on experimental design.

Fish sampling ranged from annual samples on the Middlefork to weekly sampling in
intensive study areas. The objective of sampling was to identify resident species and
periods of fish movement. Intensive sampling in some areas augmented the regular
sampling schedule. The overall sampling program included seasonal sampling with an
emphasis on spawning periods in spring and summer.

Larger fish and important game species were processed in the field and released.
Smaller specimens were preserved in formalin and identified in the laboratory. Lengths
were measured for all fish and weights determined for all larger specimens. Although
scales were collected from large specimens the low number of large fish collected did not
allow use of this data in an age-growth analysis.

Fish were marked with finclips and later with numbered floy tags. In 1988, 317 fish
were finclipped and six fish were tagged with numbered floy tags. Additional fish were
tagged in the spring of 1989. Low returns of marked fish prevented direct assessment of
movement or dispersal.

Fish Sampling Techniques

Sampling procedures were selected to provide methods and gear most appropriate for
each study site. Four techniques were used; a conventional minnow seine, a backpack
electroshocker, an electro-seine, and fixed electrodes. Visual observations of fish and
habitat use were also made when water conditions were suitable.

Conventional Minnow Seine - Seining was used to supplement electrofishing and
provide a basis for evaluation of electrofishing effectiveness and selectivity. Pools and
channels isolated by blocknets were seined using a 50 foot 1/4 inch mesh bag seine.

Backpack Electrofishing - A Smith-Root Type VII direct-current backpack
electrofisher was used during periods of low flow for focal habitat sampling. Blocknets
were placed upstream and downstream in the sampling reach and several passes through
the reach were made. Because of difficulties carrying the backpack unit in soft substrates,
the positive and negative electrodes were extended 15 m from the unit which was placed on
shore. Focal habitat sampling included aquatic plants, woody debris, rocks, riparian
vegetation, and small isolated pools.
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Electro-seine - An electro-seine, designed by R. W. Larimore and INHS personnel,
was constructed for use in larger streams and during periods of higher flow than could be
accommodated by the backpack unit. Electro-seining, which proved to be the most flexible
method for diverse water conditions, was the primary method used for collecting fish in
this study. The sampling procedure and its absolute efficiency in Central Illinois streams
has been previously discussed in detail by Larimore (1961) and Schlosser (1982).
Following Larimore (1961), two seine passes were made through a stream segment
isolated by upstream and downstream blocknets.

Fixed Electrodes - Fixed-electrodes were installed in two areas on the Embarras (EC-
07-1 and EC-07-1V) and in the three study areas on Farm Creek (FC-01, FC-02, and FC-
03). Fixed electrodes were placed in selected habitats (selected based on depth, cover, or
observed fish use). Fixed electrodes allowed sampling of limited areas under a variety of
flow conditions and allowed sampling without disturbing fish. Fixed electrodes were
installed in early spring and remained in place until late fall.

Several designs for fixed electrodes were used. Two types of fixed electrodes and
their efficiency in obtaining microhabitat data for various warmwater stream fish were
described by Larimore and Garrels (1985). Larimore's general electrode design has been
adopted for this study, with modifications. Fixed electrodes consisted of two 50 foot
lengths of 12-gage bare copper wire which were connected to a two-conductor insulated
cable and locking twist-plug. Initially 12-gauge insulated cables capable of withstanding
low temperatures of 20 degrees F were installed, however, cold weather and icy water
conditions in the early spring cracked the insulating material. These cables were replaced
by 16-gage, all-weather, insulated cable which retained flexibility at low temperatures of 0
degrees F.

The power cable was suspended from bank to bank and above the high water level to
reduce debris accumulation (Fig. 3.1). A positive and negative electrode suspended from
the power cable to the water surface could be adjusted to accommodate different flows and
depths. Both electrodes were extended parallel to the shoreline approximately one-third the
water column depth from the stream bottom (Fig. 3.2). Each was suspended from height-
adjustable, plastic, electric fence insulators attached to metal stakes. The electrode cable
was connected to a 115-V, 1500-W, alternating current, Honda generator which was
placed on shore at a distant location to avoid disturbing fish.

Immediately after switching on the generator from shore, two individuals would enter
the water and extend a minnow seine across the stream. The stream current would wash
stunned fish into the net while others were gathered by dipnet. Many of the small minnows
remained stunned for several minutes after the current was switched off. In early spring,
when water temperatures were near zero C, some larger specimens such as Hognosed
suckers and White suckers never revived.

The area of the active electric field depends on electrical power available, water
conductance, and habitat type. This arrangement of electrodes provided an active field
limited to the area between the electrodes. Field characteristics were verified visually by
observation of stunned fish occurring only between electrodes. Larimore and Garrels
(1985) rated efficiencies as good for eleven groups of fish species, poor for catfish species,
good for large and small fish, good for shallow, clear, cold water conditions, and poor for
deep, turbid, fast water conditions. Observations during this study support these efficiency
ratings.
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Weekly sampling by fixed electrode in the spring when high, fast water conditions
predominated yielded mixed results. Generally few fish were collected. Debris
accumulating on the submerged sections of the initial fixed electrode design tended to
interfere with sampling efficiency and alter the nature of the habitat being sampled. The
:nitial fixed-electrode design was modified to improve efficiency in hi gh, flowing water.
The final and most effective design is illustrated in Figures 3.1 and 3.2. Efficiency during
clear, low water conditions was much greater as stunned fish were more easily observed.

Figure 3.1. Cross section profile of fixed electrodes on Farm Creek.

Pos
<4— Flow

Neg

L.

Figure 3.2. Overhead view of fixed electrodes on Farm Creek.
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3.2 Data Analysis

Fisheries data were analyzed using a number of techniques designed to both identify
the general structure of the fish community in study sites and determine quality and
condition of the observed fishery. Field data analysis was supplemented by a review of
historical fisheries sampling data. Fisheries data was integrated into management analysis
through the use of Habitat Suitability Index (HSI) methods available from the U. S. Fish
and Wildlife Service (1981).

Fish ity S

Seasonal changes in the fish population were assessed for Farm Creek and the
Embarras River. Species composition was determined during three seasonal periods,
spring, summer, and fall. Seasonal periods were chosen based on a knowledge of
migration characteristics and spawning activity for key species. April through May
samples comprised the spring season, June through August the summer season, and
September through October the fall season.

Several analytical methods were used to identify seasonal patterns in species
composition. A qualitative analysis uses species lists to assess seasonal changes in the
fishery. Several species are considered separately, and seasonal observations for key
species are described in detail.

A quantitative analysis includes both species presence and relative abundance of each
species. Because sample size differed between collections, a rarefraction analysis (James
and Rathbun 1981) was used to produce analysis units of equal size. With samples of
equal size it is possible to make a direct comparison of richness values. Total numbers of
fish were used to calculate diversity indices (Shannon and Weaver 1963). Trends in this
index are identified.

Similarity indices were also used to compare fisheries communities. Binary data
(presence/absence) were used to calculate a Jaccard Coefficient of similarity (Hubalek 1982
and Janson and Vegelius 1981). The use of presence/absence data is effective where
sample sizes are different, but general sampling effort is equal. The Chord Distance Index
of Dissimilarity, described in Ludwig and Reynolds (1988), was also calculated. This
distance measure uses abundance data to determine dissimilarity between data sets. Cluster
analysis was also used to group seasonal data. In the cluster analysis the results of the
Chord Distance test were linked using the unweighted centroid method Pielou (1984a). All
statistics were calculated using software provided by Ludwig and Reynolds (1988).

Further comparisons of community composition was made through the use of Random
Skewers Analysis (RSA) (Pielou 1984b). RSA is an analysis method which can be used to
determine if a trend in species distribution follows an environmental gradient. The analysis
identifies trends in either species composition or abundance. The test is distribution free
(non-parametric) thus, for ecological applications, it has an advantage over parametric tests
which assume a normal distribution for the data. The environmental gradient must be of
known direction, such as a pollution gradient. In cases where two or more independent
environmental factors vary along the gradient, the test itself can not discriminate among
them. Random Skewers Analysis (RSA) does not require data transformation, thus species
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specific information is retained. Pielou recommends the test as a useful preliminary to
direct gradient analysis or ordination techniques. RSA was applied to data for the East
Branch Embarras, the Embarras, and Farm Creek. The utility of RSA applied to fishery
data is supported by analyzing data sets with known fishery gradients.

ni ition

The condition or quality of a fish community can be assessed using a number of
techniques. A condition index or factor is often calculated using length and weight
information to assess individual organism and population health. Unless long term
comparative data is available, condition factors do little more than validate subjective
observations. Subjective observations were made about health, parasitism, etc. in field
notes and used in general qualitative analysis of community condition and quality.

A quantitative technique for condition or quality assessment was also applied to
fisheries data. The Index of Biotic Integrity (IBI) (Karr et. al. 1986) was calculated for the
Middlefork Basin, the Embarras River Basin, and for individual sites on the Embarras and
Middlefork Rivers. Where information was available, scores were compared to published
basin results. Sample IBI refers to IBI scores for one-time samples collected on a specific
date and location. Station IBI refers to scores for individual sample sites. Basin IBI refers
to the arithmetic mean of IBI estimates from all sample stations on the river. The IBI was
calculated in a procedure as recommended by Karr et. al. (1986) using a Macintosh
personal computer and Excel Spreadsheet software. No major modifications of the general
structure of the published procedure was required since Karr's version was developed for
the zoogeographic region characteristic of this study area.

Determination of an IBI is dependent on the quality of data used in determining
metrics. Karr et. al. (1986) recommends using a single collection where the relative
abundance of each species is accurate. He also recommends that samples should not be
combined for an IBI analysis. Sampling design issues have been discussed in depth by
Angermeier and Karr (1986), Karr et. al. (1987), and Fausch et. al. (1984). More recent
studies, however, indicate that the IBI appears to be relatively robust with regard to
sampling requirements (Steedman 1988). In this study, the analysis was performed on
both single collections and combined site data.

men ion Developmen

Management options were developed from an analysis of field data and the use of
Habitat Suitability Index (HSI) models. Models for fish species common to the Middlefork
or Embarras watersheds, or species which have characteristics which provided useful
management comparisons were selected from the HSI model library. HSI models were
converted for spreadsheet use.

The use of spreadsheet models allowed rapid evaluation of the importance of specific
parameters in final index determination. A sensitivity analysis was performed to determine
how a change in a single habitat variable affected the final HSI. From field observations it
was possible to relate fish presence and abundance with habitat conditions and evaluate the
importance of those habitat conditions with HSI models. Using this procedure a set of
management options were identified and the expected change in habitat conditions, and
expected fishery, were evaluated.
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4. RESULTS AND DISCUSSION

4.1 Historical Fishery of the Middlefork and Embarras Rivers

An analysis was made of historical fisheries collections to establish "reference" fish
communities for the Vermilion (Middlefork) River and Embarras River Drainage systems.
This information was also reviewed to identify changes species composition over the past
30 years. The data reviewed include: 1) basin fisheries lists compiled by Herricks and
Himelick (1981a & b), 2) Illinois Natural History Survey and Illinois Department of
Conservation collection records, and 3) Champaign County records from 1889, 1929, and
1959 as reported by Larimore and Smith (1963). These records provided a reasonably
comprehensive listing for comparative purposes.

Historical data records were analyzed to identify fish species expected in low order
streams (Section 4.1.1 and Appendix I, Tables 1 and 2) and basin specific fisheries
(Section 4.1.2 and Appendix I, Tables 3 and 4). Appendices I-1 and I-2 list species
expected in highly modified low order streams. Tables I-3 and I-4 lists species in larger
streams and rivers which can serve as a source for organisms in headwaters or low order
streams. These lists do not include miscellaneous minnows and hybrid species from the
published data. Since fish populations may vary widely from year to year and sampling
method may differ, comparisons between historical records and collections made in this
study are used to identify trends in species composition and abundance, not to make direct
comparisons of relative fisheries quality.

4.1.1 Comparison of Fisheries in the Middlefork and Embarras Rivers in Champaign
County

The headwaters of four river systems originate in Champaign County (Salt Fork,
Embarras, Kaskaskia, and Little Vermilion). These headwaters provide habitat for a
diverse fish fauna. Collection records from as early as the late 1800's are available for
Champaign County. Forbes and Richardson (1908) sampled 48 locations in the county in
1899 and identified 65 species. Thompson and Hunt (1930) sampled 132 sites in 1928 and
1929 and identified 75 species. As of 1959 Larimore and Smith (1963) recorded a
cumulative total of 90 species of fish which have occurred in Champaign County streams.
A total of 74 species were represented countywide in 1959.

The Middlefork River. C} o C

In the Middlefork River (Appendix I, Table 1) a total of 54 species were reported up to
1959 (Larimore and Smith 1963) with 48 species reported in 1959 collections. Our
collections in 1987-88 produced 39 species in the Middlefork drainage. The following
changes have been observed in fish distributions since 1959, based on information
published by Larimore and Smith (1963).
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1. River redhorse, Silver redhorse, and Shorthead redhorse carpsuckers have been
commonly collected in the Middlefork River prior to 1959, but not in the upper
Champaign County reaches. Silver and Shorthead redhorse were commonly
captured in the Champaign County reach of the Middlefork in this study and one
River redhorse was captured in Farm Creek. Thus, it appears that ranges for these
fish have been extended further upstream than previously recorded.

2. The Red shiner was not reported in the Embarras or Middlefork in 1959, but was
reported in the westward neighboring Kaskaskia and Sangamon drainages. It
appears the range of this fish has extended eastward as it was collected, although in
low abundance, in the Embarras and Middlefork Rivers in this study.

3. In 1959 bluegill were relatively abundant throughout the state, however they
were not recorded in Champaign County collections. In this study bluegill were
commonly collected in the Embarras and Middlefork, but not in as high numbers as
other centrarchids.

4. Gizzard shad have become increasingly abundant in all Illinois streams. Gizzard
shad were represented prior to 1959 in downstream reaches of the Middlefork and
are currently well represented in Champaign County in both the Embarras and
Middlefork Rivers. It appears ranges have been extended further upstream than
previously recorded.

5. Seventeen species collected from the Middlefork watershed in 1959 were not
collected in this study (Table 4.1.1). Several factors contribute to the absence of
noted species. Our sampling effort was concentrated on a first order tributary
(Farm Creek) which reduces the probability of collecting Middlefork or large river
specimens. Drought conditions in 1988 encouraged larger or deep water species to
migrate downstream thereby reducing the probably of collecting typical large river
specimens as found in the Middlefork. Also, many of the species listed in Table
4.1.1 were not highly represented in past collections, suggesting a relatively
uncommon status.
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Table 4.1.1 Species not collected from the Middlefork watershed (Middlefork River and
Farm Creek) in this study but reported in 1959. (17 species)

Longnose gar
Homyhead chub
Emerald shiner
Bigmouth shiner
Rosyface shiner
Mimic shiner
Steelcolor shiner
Flathead catfish
Brindled madtom
10 Spotted bass

11 Orangespotted sunfish
12 White crappie

13 Logperch

14 Slenderhead darter
15 Eastern sand darter
16 Fantail darter

17 Orangethroat darter

Voo bWk —

6. Six species were collected in this study which were not reported in 1959 (Table
4.1.2). All species have been regularly collected in the drainage basin during recent
studies. This may indicate a decided increase in occurrence since 1959. Changes
in the status of these fish are most likely associated with recent changes in aquatic
habitat.

Table 4.1.2 Species collected from the Middlefork watershed (Middlefork River and Farm
Creek) in this study but not reported in 1959 (6 species).

Gizzard shad (2)

Grass pickerel (19)

Red shiner (31)

Silver redhorse (5)
Shorthead redhorse (18)
Bluegill (2)

A BN -

7. Table 4.1.3 lists six species collected only in the Middlefork Drainage but not
collected in the Embarras Drainage. In Illinois, many species are considered basin-
specific due to unique habitat conditions. This list aids in identifying distinctive
habitat types through an analysis of the habitat requirements of each basin specific
species. Extensions of these species outside known ranges often indicates changes
in habitat conditions in adjoining basins.
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Table 4.1.3 Species collected in Middlefork drainage (Middlefork River and Farm Creek)
but not the Embarras based on historic information. (6 species)

1 Silver redhorse

2 Channel catfish
3 Flathead catfish
4 Stonecat

S5 Smallmouth bass
6 Rock bass

8. In 1928, 20.6 species per station were reported in the Middlefork River (Table
4.1.4). In 1959 the number of reported species increased to 31.4 per station and
during this study 26 species per station were collected. The number of species per
station is highly dependent on season, sampling technique, and efficiency thus few
valid comparisons between this data can be made. It is evident, however, that
species richness has not changed significantly on the Middlefork since 1959.

Table 4.1.4 Average number of species collected per station.

Site Year
Middlefork 1928
Middlefork 1959
Middlefork 1988
Farm Creek 1988

No. species per station

20.6
31.4
26

18.6

In 1962 Lopinot (1962) sampled a site on the Middlefork of the Vermilion River in
Champaign County which corresponds to a collection site for this study. A total of twenty-
two groups of fish were reported (Table 4.1.5). Because several groups of fish were not
reported to the species level (eg. minnows, darters, carpsuckers, and madtoms) it is likely
that more than twenty-two species were collected. Without species identification, no direct
comparison of the number of species collected at this station could be made. It should be
noted that all except one species has been previously reported in either 1959 or this study.
The additional species identified in 1962, the Yellow bass, is not common in Champaign
County. The Yellow bass is typically associated with reservoirs and small lakes and its
occasional presence in streams primarily results from individuals dispersing from nearby

lakes.
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Table 4.1.5 List of species collected in summer of 1962 by Lopinot (1962) in Middlefork
of the Vermilion River at one station near Penfield, IL by rotenone sample and seine haul.
(22+ species)

1 Misc. minnows

2 Darters

3 Yellow bullhead

4 Longear sunfish

5 White sucker

6 Green sunfish

7 Madtoms

8 Hognose sucker

9 Golden redhorse
10 Carpsuckers

11 Blackstripe topminnow
12 Grass pickerel

13 Rock bass

14 Smallmouth bass
15 Spotted bass

16 White crappie

17 Channel catfish

18 Orangespotted sunfish
19 Spotfin shiner

20 Steel color shiner
21 Bluntnose minnow
22 Yellow bass

Conclusions - With a cumulative total of 61 species of fish reported in Champaign
County up to 1988, this stream is rich in species and has supported a diverse fish fauna.
Thirty-nine of these 61 species have been collected in this study. The species composition
is probably not greatly different now than in the past with the exception that the ranges of

several species have apparently been extended to the headwater region in Champaign
County.

m Riv h

In the Embarras River (Appendix I, Table 2) a total of 35 species were reported up to
1959 (Larimore and Smith 1963) with 32 species reported in 1959 collections. Our
collections in 1987-88 produced 42 species in the Embarras drainage. From this
information it appears that species richness is greater today than in the past. The following
changes have been observed in fish distributions since 1959, based on information
published by Larimore and Smith (1963).
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1. The River, Quillback, and Highfin carpsuckers have extended their ranges to the
headwaters of the Embarras. These species were not collected in Champaign
County in 1959. They have been previously collected in the lower reaches of the
Embarras. These three species are now relatively common in the upper reaches,
often contributing a large portion of the total collection in both numbers and
biomass at several sites during this study.

2. In 1959, the Bigmouth shiner was reported to occur only in the western basins
of the county. This fish has extended its range eastward. It was not reported in the
Embarras in 1959 but commonly occurs there now.

3. The Red shiner was not reported in the Embarras or Middlefork in 1959, but
was reported in the Kaskaskia and Sangamon drainages. It appears the range of
this fish has also extended eastward as it was collected, although in low
abundance, in the Embarras and Middlefork Rivers in this study.

4. The Slender madtom was not reported in 1959. Four specimens were collected
at one site on the Embarras during this study. Although present, they are not very
abundant.

5. In 1959, Bluegill were relatively abundant throughout the state, however, they
were not present in Champaign County collections. In this study, Bluegill were
commonly collected in the Embarras and Middlefork, although numbers were less
than other centrarchids.

6. The Dusky darter, previously reported in downstream locations on the
Embarras, was not collected in Champaign County in 1959. Its presence in high
numbers at three out of seven Embarras collection sites during this study suggests
an upstream extension of its range.

7. The Hornyhead chub has never been common in the Embarras drainage, but
was often collected from other headwaters in close proximity. Only two specimens
were collected in this study from an intensively sampled collection site on the
Embarras. Although present, they appear to be relatively uncommon in this
drainage area.

8. Orangespotted sunfish were not collected in 1959. Only two Orangespotted
sunfish were collected from one site on the Embarras. Although this species is
present it is not common within the upper reaches of this drainage system.

9. Gizzard shad have become increasingly abundant in all Illinois streams. Gizzard
shad were represented prior to 1959 in downstream reaches of the Middlefork and
is currently well represented in Champaign County in both the Embarras and
Middlefork Rivers. The evidence suggests that ranges have been extended further
upstream than previously recorded.

10. Fourteen species collected in this study were not reported in 1959 (Table
4.1.6). Many of these species have been recorded in downstream sections of the
drainage basin, thus ranges have evidently been extended to the upstream reaches of
the Embarras for many of these species.
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Table 4.1.6. Additional species collected from the Embarras River during this study which
were not reported in 1959 in Champaign County. (14 species)

Ooo~JhWUh K Wb —

Hornyhead chub (2)
Bigmouth shiner (10)
Red shiner (2)

River carpsucker (6)
Quillback carpsucker (157)
Highfin carpsucker (6)
Shorthead redhorse (1)
Spotted sucker (62)
Slender madtom (4)
Largemouth bass (13)
Orangespotted sunfish (3)
Bluegill (263)

White crappie (2)

Dusky darter (5)

11. Three species reported in 1959 were not collected in this study (Table 4.1.7).
Recent fish surveys indicate that these species are sporadic and increasingly
uncommon in occurrence throughout the State.

Table 4.1.7. Species not collected from the Embarras River during this study but reported
in 1959 in Champaign County. (3 species)

1
2
3

Steelcolor shiner
Log perch
Orangethroat darter

In 1928, 6.8 species per station were recorded in the Embarras River (Table 4.1.8).
In 1959 the number of reported species increased to 14.3 per station and in this study 18.5
species per station were collected. Few valid comparisons between this data can be made
since the number of species per station is highly dependent on season, collection technique,
and efficiency. The evidence does support, however, an increase in species richness in the
Champaign County section of the Embarras.

Table 4.1.8. Average number of fish species collected per station on the Embarras River.

Site Year Avg. No. species per station
Embarras 1928 6.8

Embarras 1959 14.3

Embarras 1988 18.5
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Conclusions - With a cumulative total of 48 species of fish collected, the Embarras
River supports a diverse fish fauna. An overall increase in species richness has been noted
in Champaign County with three species being lost and fourteen new species introduced.
Introductions are primarily the result of the ranges of several species being extended from
the lower reaches to the headwater region in Champaign County. It is expected that this
shift reflects drainage modifications as well as possible improvement in water quality in the
Embarras. Species which are both tolerant and intolerant of poor water quality are more
widely distributed than reported in the past.

4.1.2 Comparison of Fisheries Collected at Study Sites to Basin Fisheries Lists

Further analysis of historical data was conducted to provide an assessment of the
contribution of low order systems to the integrity of the basinwide fishery. Two sources of
information were utilized in compiling sub-basin fishery lists. Herricks and Himelick
(1981 a & b) provided a comprehensive listing of basin fisheries as part of the biological
component of the Water Quality Management Information System (WQMIS). The data
used to develop the WQMIS fish listing was obtained from three sources: 1) Illinois
Department of Conservation, 2) Illinois Natural History Survey, and 3) Department of
Civil Engineering, University of Illinois. WQMIS listings were available for a range of
drainage area sizes for both pre-1965 and post-1965 collections. For this study only post-
1965 data was used in preparing the sub-basin listings. The second source of information
was a recent basin fisheries survey performed by the Illinois Department of Conservation
(DOC) for the Embarras River basin (Price 1975), and the Middlefork River Basin
(Lopinot 1964).

Middlefork

Using DOC basin report data, 65% (34 of 52) of the species known to occur in the
Vermilion watershed in 1962 were collected in the headwater reaches of Champaign
County. According to WQMIS data, 56 species have been reported in the Vermilion River
basin since 1965. Seventy percent (39 of 56) of the species reported basinwide by
WQMIS have been collected from study sites during this study. Combining WQMIS and
DOC data identifies 70 species represented in the Vermilion River basin. Fifty-six percent
(39 of 70) of all species reported by the DOC and WQMIS occur in headwaters. In stream
basins of less than 200 square miles a total of 41 species have been reported since 1965.
Since the Middlefork River watershed in Champaign County is less than 200 square miles,
(69 square miles as reported by Larimore and Smith 1963) samples collected in this study
can most closely be compared with stream basin listings for less than 200 square miles. In
Champaign County 81% (33 of 41) of species reported in streams of less than 200 square
miles by WQMIS have been collected during this study.

Many species identified in previous studies are identified as rare or atypical species.
From the combined DOC and WQMIS data, a list of commonly occurring (typical) species
in the Vermilion basin was prepared (Appendix I, Table 3). A species was considered
common if it was represented at more than one site for 1962 DOC data, occurred in two or
more categories for WQMIS data, and/or was relatively abundant in any given sample. A
total of 58 of 70 species (79%) were identified as commonly occurring within the basin.
When considering only the most commonly collected species in the watershed, 60% (39 of
58) of the common species present in the watershed were collected from the headwaters of
Champaign County. All 41 species expected in drainage areas of less than 200 square
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miles were identified as common. When considering data collected from waterways of less
than 200 square miles, 71% (41 of 58) of the common species are represented in the
Champaign County headwaters. Depending on the data set used, a range of 56% to 81%
of basin species utilize low order drainage ditches.

Embarras

The DOC collected 76 species in the Embarras watershed between 1962 and 1974.
Fifty-five species (72%) were collected in 1962, 63 species (83%) were collected in 1967,
and 67 species (88%) were collected in 1974. Increases in the total number of species
collected during successive years was a result of different collection techniques and an
increase in the number of stations sampled in progressive years.

This historical data can be used to estimate the relative contribution of low order systems to
the basin fishery. Using DOC data a total of 51% (39 of 76) of the species known to occur
in the Embarras watershed since 1962 currently were collected in headwater reaches of
Champaign County. Using WQMIS data, 80 species were represented throughout the
Embarras River basin. Forty-nine percent (39 of 80 species) were collected in this study.
In small watersheds of less than 200 square miles, 63 species are expected. In Champaign
County 67% (42 of 63) species basin-wide have been collected. Forty-nine species
commonly occur in the basin (Appendix I, Table 4). When considering only the most
commonly collected species in the watershed as many as 80% (39 of 49) of the common
species present in the watershed inhabit the headwaters of Champaign County. When
comparing this study with WQMIS expectations, 85% (39 of 46) of the common species
are represented in the Champaign County headwaters. Depending on the data set used a
range of 49% to 85% of basin species utilize low order tributaries on the Embarras.
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4.2 Analysis of Fish Collections from the Middlefork and Embarras Rivers
4.2.1 Basin Fisheries
Middlefork Basin

The results of collections from Farm Creek and the Middlefork River are contained in
Appendix II, Table 1 and Table 4.2.1. Thirty-seven species were collected in 26 samples
from six sampling areas between June 24, 1987 and October 6, 1988. Common species
are identified from the percent occurrence tabulations for the six collection sites (Table
4.2.1). Seven species were collected at all six sites, six species at five of six sites (83%),
six species at four of six sites (67%), and two species at three of six sites (50%). Twenty-
one species occurred at 50% or more sites while eighteen species occurred at less than 50%
of sites sampled. In general, the most commonly collected species were also collected in
greatest abundance. The Shannon-Weaver diversity index for these collections was 1.07.

Fish were grouped in one of three categories (game, commercial, or forage)
according to guidelines as presented by Lopinot (1964), (Table 4.2.2 and Appendix II,
Table 3). Although ratios between these categories are often used to implement
management plans, this information is used here to identify differences between fish
communities at different sites. Ratios have been calculated using both the number of
species and the number of individuals captured.

For the Middlefork watershed the percent of game, commercial, forage species was
27%, 22%, 51%, respectively (Table 4.2.2). The ratio for numbers of fish collected was
7%, 8%, 86%. Game and commercial species are well represented and a good forage base
exists.
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Table 4.2.1. Species collected in Middlefork River Basin (listed in order of percent
occurrence at five sites on Farm Creek and one site on the Middlefork, six sites total).

Species % Occurrence Total No Collected
1  Grass pickerel 100% 19
2 Striped shiner 100% 181
3  Spotfin shiner 100% 63
4  Redfin shiner 100% 181
5  Silverjaw minnow 100% 162
6 Bluntnose minnow 100% 873
7  Longear sunfish 100% 133
8 Creek chub 83% 280
9 Red shiner 83% 31
10 Common stoneroller 83% 290
11 Quillback carpsucker 83% 49
12 White sucker 83% 44
13 Creek chubsucker 83% 11
14  Sand shiner 67% 79
15 Northern hog sucker 67% 33
16 Yellow bullhead 67% 9
17 Rainbow darter 67% 22
18 Johnny darter 67% 40
19 Carp 50% 3
20  Suckermouth minnow 50% 30
21  Green sunfish 50% 8
22  Highfin carpsucker 33% 6
23 Golden redhorse 33% 46
24 Black bullhead 33% 3
25 Largemouth bass 33% 3
26 Gizzard shad 17% 2
27 Golden shiner 17% 1
28 Silver redhorse 17% 5
29 Shorthead redhorse 17% 18
30 Channel catfish 17% 1
31 Stonecat 17% 6
32  Blackstripe topminnow 17% 25
33 Smallmouth bass 17% )
34 Bluegill 17% 2
35 Rock bass 17% 1
36 Blackside darter 17% 9
37 Greensided darter 17% 5
38 Hornyhead chub 0% 0
39 Emerald shiner 0% 0
40 Bigmouth shiner 0% 0
41 River carpsucker 0% 0
42 Spotted sucker 0% 0
43 Slender madtom 0% 0
44  Brindled madtom 0% 0
45 Orangespotted sunfish 0% 0
46  White crappie 0% 0
47  Dusky darter 0% 0
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Table 4.2.2. Ratios of game, commercial, and forage fish collected in this study.

Farm Cr.

All sites

24

samples

No. Species 28
% of all species 76%
No. Fish 2029
% of all numbers 76%
Number Forage Species 15
% forage species 54%
Number Forage Fish 1874
% numbers forage 92%
No. Commercial Species 6
% commercial species 21%
Number Commercial Fish 57
% numbers commercial 3%
Number Game Species 7
% game species 25%
Number Game Fish 98
% numbers game 5%

Midfk.
All dates
2
samples

32
86%

24%
16
50%

415
64%

25%
147
23%

25%
13%

29

37
100%
2675
100%

19
51%
2289
86%

22%
204
8%

10
27%
182
1%

East
Branch
Emb.
10
samples

31
74%
986
9%

14
45%
675
68%

29%
160
16%

26%
151
15%

West
Branch
Emb.
25
samples

39
93%
5352
91%

24
62%
4429
83%

{
18%
124
2%

8
21%
799
15%

Total for
East and
West
Branches
samples

42
100%
6338
100%

24
57%
5104
81%

21%
284
4%

21%
950
15%



Emt River Basi

Fish collections from the East and West branches of the Embarras River are used to
identify fish communities representative of this area of the Embarras River Basin . The
results of collections from the East and West Branches are contained in Appendix II, Table
2 and Table 4.2.3. Forty-two species were collected in thirty-five samples from seven sites
on twenty dates between June 24, 1987 and October 22, 1988. Two species occurred at all
seven sites, five species at six of seven sites, three species at five of seven sites, and seven
species at four of seven sites. A total of twenty-three species occurred at four or more sites
while nineteen species occurred at less than four sites. The most commonly collected
species were also represented in greatest abundance. The Shannon-Weaver Diversity Index
for these collections was 0.84.

For the Embarras watershed the percent of game, commercial, forage species was
21%,21%, 57% (Table 4.2.2). Of the 6,338 fish collected the ratio for numbers of fish
was 15%, 4%, 81%. This indicates that game and commercial species are well
represented, accounting for nearly half the species present, and a good forage base exists.
The numbers of game fish may be biased by large numbers of young-of-the-year sunfish
collected in samples.

Typical fish communities in the Embarras include small minnows, shiners, and small
sunfish. Larger species may be found in areas where habitat (mainly depth conditions) are
suitable. At several sampling sites adult carp, carpsuckers, and suckers dominated the
community.

Middlefork and Embarras Comparisons

The fisheries of the Middlefork and Embarras basins are comparable. The ratios of
game/commercial/forage fish were similar. Differences in species composition were
observed, but species diversity and richness is high in both areas. Tables 4.2.4 and 4.2.5
lists the fish species collected in each basin. While no Spotted suckers or Brindled
madtoms were collected in the Middlefork, both species were collected in the Embarras
(Table 4.2.4). Historical data indicates that these species have occurred in the Middlefork
Basin in the past (Appendix I, Tables 1 & 3). The occurrence in the Embarras may be due
to an actual preference for habitat conditions or be an artifact of sampling design/effort in
the Middlefork.

Although the sample size limits interpretation, it is possible, using historical data for
the remaining species in Tables 4.2.4 and 4.2.5, to use differences in distribution to infer
habitat preference. For example, historical data has not identified the Bigmouth shiner or
Slender madtom as a common Middlefork species. Similarly, historical data has not
identified the Silver redhorse, Stonecat, and Smallmouth bass as common in the Embarras.
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Table 4.2.3. Species collected in Embarras River Basin (listed in order of percent
occurrence at seven sites on the East and West Embarras Rivers).

Species % Occurrence Total number fish collected
1 Redfin shiner 100% 3519
2 Blackstripe topminnow  100% 3880
3 Striped shiner 86% 235
4  Spotfin shiner 86% 261
5  Bluntnose minnow 86% 388
6 Creek chubsucker 86% 138
7  Longear sunfish 86% 1132
8  Grass pickerel 71% 40
9 Sand shiner 71% 68
10 Bluegill 71% 263
11 Gizzard shad 57% 98
12 Quillback carpsucker 57% 157
13  Golden redhorse 57% 60
14  Yellow bullhead 57% 43
15 Brindled madtom 57% 34
16 Green sunfish 57% 168
17  Johnny darter 57% 60
18 Carp 43% 72
19 Creek chub 43% 88
20 Common stoneroller 43% 51
21  Spotted sucker 43% 62
22 Blackside darter 43% 11
23  Dusky darter 43% 5
24 Emerald shiner 29% 14
25 Highfin carpsucker 29% 6
26  Northern hog sucker 29% 29
27  White sucker 29% 17
28 Black bullhead 29% 6
29 Largemouth bass 29% 13
30 Golden shiner 14% 2
31 Hornyhead chub 14% 2
32 Suckermouth minnow 14% 10
33 Bigmouth shiner 14% 10
34 Red shiner 14% 2
35 Silverjaw minnow 14% 2
36 River carpsucker 14% 6
37 Shorthead redhorse 14% 1
38 Slender madtom 14% 4
39  Orangespotted sunfish 14% 3
40 White crappie 14% 2
41 Greensided darter 14% 2
42 Rainbow darter 14% 2
43  Silver redhorse 0% 0
44  Channel catfish 0% 0
45 Stonecat 0% 0
46 Smallmouth bass 0% 0
47 Rock bass 0% 0
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Table 4.2.4. List of species found only in the Embarras Basin.

1  Hornyhead chub 2
2 Emerald shiner 11
3 Bigmouth shiner 10
4  River carpsucker 6
5  Spotted sucker 62
6  Slender madtom 4
7  Brindled madtom 34
8  Orangespotted sunfish 3
9  White crappie 2
10  Dusky darter D
11 Greensided darter 2

Table 4.2.5. List of species found only in the Middlefork Basin.

1 Silver redhorse 5
2 Channel catfish 1
3 Stonecat 6
4 Smallmouth bass 3
5 Rock bass 1
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4.2.2 Reach Specific Fisheries
Farm Creek

At Farm Creek 24 collections were made from five sites on eight dates between
June 1, 1987 and September 14, 1988. A total of 28 species were identified (Appendix II,
Table 1). Shannon-Weaver Diversity indices calculated for combined data for each
collection site ranged from 0.80 to 0.95 with a composite of 1.01 for all sites. Total
numbers of fish captured at each sampling site are presented in Appendix I, Table 1. The
number of species collected at five sites ranged from 12 to 25 with the largest number of
species captured at FC-03 which received the greatest collection effort.

The most common species in Farm Creek are listed in Table 4.2.6. Seven species
occurred at all five sites, seven species at four of five sites, and five species at three of five
sites. A total of nineteen species occurred at three or more sites while eleven species
occurred at less than three sites (Table 4.2.6). In general, the most common species were
also the most abundant. The fish community in Farm Creek is dominated by minnows and
shiners throughout the year. Extended periods of no flow restrict use of this stream by
larger species. Farm Creek's intermittent character further limit adults of large species.
Young-of-the-year and juveniles of species attaining larger sizes do utilize the creek to
some extent. Adults of larger species, such as the White sucker, Hognose sucker, and
Quillback were collected during the spring, high flow periods.

Of the twenty-eight species collected the percent of game, commercial, and forage fish
was 25%, 21%, and 54% (Table 4.2.2). Of the 2029 fish collected this percent by
numbers was 5%, 3%, and 92%. Game and commercial species were well represented,
but the community is dominated by forage species.

Middlefork River

The Middlefork River was sampled in August of 1987 and June of 1988 to provide an
estimate of the potential colonization pool for a small tributary such as Farm Creek. A total
of 32 species were present in the two collections. Twenty-nine species were collected in
August of 1987 and 23 species were collected in June of 1988 (Appendix II, Table 1).
Drought conditions may have contributed to the lower number of species in July 1988.
Because samples were collected late in the summer, these results are biased to low flow
conditions and should not be considered truly representative of Middlefork fisheries. The
Shannon-Weaver diversity index was 1.15 in August, 1.12 in June, and 1.23 for the
composite collections from both dates. Total numbers of fish and species collected in the
Middlefork are presented in Appendix I, Table 1.

Common Middlefork fish species are listed in Table 4.2.7. Of the 32 species
collected from the Middlefork the percent of game, commercial, and forage species were
25%, 25%, and 50% respectively (Table 4.2.2). Of the 646 fish collected this percent by
numbers was 13%, 23%, and 64%. Game and commercial species comprise half the
species collected and a good forage base exists.

33



Table 4.2.6. Fish species collected in Farm Creek (listed in order of % occurrence at five
sites).

Species % Occurrence No. collected
1  Grass pickerel 100% 14
2 Striped shiner 100% 169
3 Spotfin shiner 100% 23
4 Redfin shiner 100% 169
5  Silverjaw minnow 100% 134
6  Bluntnose minnow 100% 748
7  Longear sunfish 100% 68
8 Creek chub 80% 274
9 Red shiner 80% 15
10 Common stoneroller 80% 224
11 Quillback carpsucker 80% 9
12 White sucker 80% 34
13  Creek chubsucker 80% 8
14 Rainbow darter 80% 22
15 Sand shiner 60% 30
16 Northern hog sucker 60% 8
17  Yellow bullhead 60% 7k
18 Johnny darter 60% 26
19 Carp 40% 2
20 Suckermouth minnow 40% 6
21 Black bullhead 40% 3
22  Green sunfish 40% 3
23  Golden shiner 20% 1
24  Highfin carpsucker 20% 3
25 Golden redhorse 20% 1
26  Blackstripe topminnow 20% 25
27 Largemouth bass 20% 1
28 Bluegill 20% 2
29 Gizzard shad 0% 0
30 Hornyhead chub 0% 0
31 Emerald shiner 0% 0
32 Bigmouth shiner 0% 0
33 River carpsucker 0% 0
34 Silver redhorse 0% 0
35 Shorthead redhorse 0% 0
36 Spotted sucker 0% 0
37 Channel catfish 0% 0
38 Slender madtom 0% 0
39 Stonecat 0% 0
40 Brindled madtom 0% 0
41  Smallmouth bass 0% 0
42  Orangespotted sunfish 0% 0
43 Rock bass 0% 0
44  White crappie 0% 0
45 Blackside darter 0% 0
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Table 4.2.7. Fish species identified in two samples from Middlefork River (listed in order
of abundance).

Species No. Collected
1 Bluntnose minnow 125
2 Common stoneroller 66
3  Longear sunfish 65
4 Sand shine 49
5 Golden redhorse 45
6  Spotfin shiner 40
7  Quillback carpsucker 40
8  Silverjaw minnow 28
9  Northern hog sucker 25
10  Suckermouth minnow 24
11  Shorthead redhorse 18
12 Red shiner 16
13 Johnny darter 14
14  Striped shiner 12
15 Redfin shiner 12
16  White sucker 10
17 Blackside darter
18 Creek chub
19  Stonecat
20 Grass pickerel
21  Silver redhorse
22 Green sunfish
23  Highfin carpsucker
24  Creek chubsucker
25 Smallmouth bass
26 Greensided darter
27 Gizzard shad
28 Yellow bullhead
29 Largemouth bass
30 Carp
31 Channel catfish

32 Rock bass

33 Golden shiner

34 Hornyhead chub

35 Emerald shiner

36 Bigmouth shiner

37 River carpsucker

38 Spotted sucker

39  Black bullhead

40 Slender madtom

41 Brindled madtom

42  Blackstripe topminnow
43  Orangespotted sunfish
44 Bluegill

45 White crappie
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Farm Creek/Middlefork Comparisons

When comparing Farm Creek and Middlefork collections, 23 of 37 species are
common to both sites (Table 4.2.8 and Appendix II, Table 1). The relative abundance
differences between collections produces a difference in diversity indices (0.94 versus
1.23). The percentage of game, commercial, forage species is similar for both collections,
however, the average size of game and commercial fish was greater in the Middlefork.

Five species have been found only in Farm Creek (Table 4.2.9). These species are
expected to occur in the Middlefork but may not have been present in collections for a
variety of reasons. For example, the blackstripe topminnow, although common throughout
North and Central Illinois, was only collected in Farm Creek. Although similar habitat
conditions may exist in Farm Creek and the Middlefork, the low numbers in the Middlefork
may be due to the presence of large predators which are absent in Farm Creek. Of the nine
species noted to occur only in the Middlefork (Table 4.2.10), all are species typically
occurring in larger rivers. Collection of these species in Farm Creek is not expected.

East Branch Embarras

Thirty-one species were identified in ten samples from four sites on the East Branch of
the Embarras (Appendix II, Table 2). The Shannon-Weaver diversity index ranged from
0.19 t0 0.99 with a composite of 0.89. Common species are listed Table 4.2.11. The
percent of game, commercial, forage species was 26%, 29%, 45%, respectively (Table
4.2.2). Of the 986 fish collected this percent by number was 15%, 16%, 68%.

West Branch Embarras

Thirty-nine species were identified in twenty-five samples from three sites on the
West Branch of the Embarras River (Appendix 1I, Table 2). The Shannon-Weaver
diversity index ranged from 0.52 to 0.86 with a composit of 0.81. Common species are
identified in Table 4.2.12. The percent of game, commercial, forage species was 21%,
18%, 62%, respectively (Table 4.2.2). Of the 5352 fish collected this percent by numbers
was 15%, 2%, 83%.

36



Table 4.2.8. Fish species found in both Farm Creek and Middlefork River.

Species FC-All Sites  Middlefork Farm Creek

24 Dates/Sites 2Dates & Middlefork

26 dates/sites

1 Grass pickerel 14 5 19
2 Carp 2 1 3
3 Creek chub 274 6 280
4  Suckermouth minnow 6 24 30
5 Striped shiner 169 12 181
6  Red shiner 15 16 31
7  Spotfin shiner 23 40 63
8 Sand shiner 30 49 79
9 Redfin shiner 169 12 181
10  Silverjaw minnow 134 28 162
11 Bluntnose minnow 748 125 873
12 Common stoneroller 224 66 290

40 49
3 6

13 Quillback carpsucker 9

14  Highfin carpsucker 3

15 Golden redhorse 1 45 46

16 Northern hog sucker 8 25 33

17  White sucker 34 10 44

18 Creek chubsucker 8 3 11

19 Yellow bullhead 7 2 9

20 Largemouth bass 1 2 3
3

21 Green sunfish 5 8
22 Longear sunfish 68 65 133
23  Johnny darter 26 14 40

No. Species 1976 598 2574
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Table 4.2.9. Fish species found only in Farm Creek (not in Middlefork)

1 Golden shiner 1
2 Black bullhead 3
3 Blackstripe topminnow 25
4  Bluegill 2
5 Rainbow darter 22

Table 4.2.10. Fish species found only in Middlefork River (not in Farm Creek)

Gizzard shad

Silver redhorse

Shorthead redhorse 1
Channel catfish

Stonecat

Smallmouth bass

Rock bass

Blackside darter

Greensided darter
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Table 4.2.11. Fish species collected from East Branch of Embarras River (in order of
percent occurrence at four collection sites).

% Qccurrence No. collected

1 Redfin shiner 100% 478
2  Blackstripe topminnow 100% 15
3  Longear sunfish 100% 110
4 Striped shiner 75% 5
5  Spotfin shiner 75% 43
6 Sand shiner 75% 8
7  Bluntnose minnow 75% 49
8 Golden redhorse 75% 42
9 Creek chubsucker 75% 6
10 Gizzard shad 50% 57
11  Grass pickerel 50% 9
12 Carp 50% 27
13 Quillback carpsucker 50% 43
14  Yellow bullhead 50% 3
15 Brindled madtom 50% 2
16 Green sunfish 50% 4
17 Bluegill 50% 17
18 Blackside darter 50% 4
19 Creek chub 25% 3
20 Common stoneroller 25% 3
21  River carpsucker 25% 6
22 Highfin carpsucker 25% 4
23 Shorthead redhorse 25% 1
24  Northern hog sucker 25% 1
25 White sucker 25% 3
26  Spotted sucker 25% 33
27 Black bullhead 25% 2
28 Largemouth bass 25% 3
29  Orangespotted sunfish 25% 3
30 Dusky darter 25% 1
31 Johnny darter 25% )
32  Golden shiner 0% 0
33 Hornyhead chub 0% 0
34  Suckermouth minnow 0% 0
35 Emerald shiner 0% 0
36 Bigmouth shiner 0% 0
37 Red shiner 0% 0
38 Silverjaw minnow 0% 0
39 Silver redhorse 0% 0
40 Channel catfish 0% 0
41 Slender madtom 0% 0
42  Stonecat 0% 0
43  Smallmouth bass 0% 0
44 Rock bass 0% 0
45 White crappie 0% 0

39



Table 4.2.12 Fish species collected from West Branch of Embarras River (in order of
percent occurrence at three collection sites).

% Occurrence No. collected

1 Grass pickerel 100% 31
2 Striped shiner 100% 230
3 Spotfin shiner 100% 218
4 Redfin shiner 100% 3041
5 Bluntnose minnow 100% 339
6 Creek chubsucker 100% 132
7 Blackstripe topminnow 100% 3865
8 Bluegill 100% 246
9 Johnny darter 100% 59
10  Gizzard shad 67% 41
11  Creek chub 67% 85
12 Emerald shiner 67% 11
13  Sand shiner 67% 60
14  Common stoneroller 67% 48
15 Quillback carpsucker 67% 114
16  Spotted sucker 67% 29
17  Yellow bullhead 67% 40
18  Brindled madtom 67% 32
19  Green sunfish "67% 164
20 Longear sunfish 67% 1022
21  Dusky darter 67% 4
22 Carp 33% 45
23  Golden shiner 33% 2
24  Hornyhead chub 33% 2
25  Suckermouth minnow 33% 10
26  Bigmouth shiner 33% 10
27  Red shiner 33% 2
28  Silverjaw minnow 33% 2
29  Highfin carpsucker 33% 2
30 Golden redhorse 33% 18
31  Northern hog sucker 33% 28
32  White sucker 33% 14
33  Black bullhead 33% 4
34  Slender madtom 33% 4
35 Largemouth bass 33% 10
36  White crappie 33% 2
37  Blackside darter 33% 7
38  Greensided darter 33% 2
39  Rainbow darter 33% 2
40  River carpsucker 0% 0
41  Silverredhorse 0% 0
42  Shorthead redhorse 0% 0
43  Channel catfish 0% 0
44  Stonecat 0% 0
45  Smallmouth bass 0% 0
46  Orangespotted sunfish 0% 0
47  Rock bass 0% 0
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East and West Branch Comparisons

Although detailed comparisons between fish communities in the East and West Branch
of the Embarras are not possible because of sampling differences, general comparisons can
be made. Fish communities in the East and West Branches are similar. Diversity, 0.81
versus 0.89, was comparable. Both branches have high species richness.

When comparing East and West Branch collections, 28 species are common to both
collections (Table 4.2.13). Three species were found only in the East Branch (Table
4.2.14) and eleven species only in the West branch (Table 4.2.15). Since species not in
common were present in low numbers, differences may be due to sampling intensity.

Table 4.2.13. Fish Species found in both East and West Branches of Embarras.

East Branch  West Branch Total for

Species All sites All sites East and West

10 samples 25 samples Branches

35 samples

1  Gizzard shad 57 41 98
2 Grass pickerel 9 31 40
3 Carp 27 45 72
4  Creek chub 3 85 88
5 Striped shiner 5 230 235
6  Spotfin shiner 43 218 261
7  Sand shiner 8 60 68
8  Redfin shiner 478 3041 3519
9  Bluntnose minnow 49 339 388
10 Common stoneroller 3 48 51
11 Quillback carpsucker 43 114 157
12  Highfin carpsucker 4 2 6
13  Golden redhorse 42 18 60
14 Northern hog sucker 1 28 29
15 White sucker 3 14 17
16 Spotted sucker 33 29 62
17  Creek chubsucker 6 132 138
18 Black bullhead 2 4 6
19 Yellow bullhead 3 40 43
20 Brindled madtom 2 32 34
21 Blackstripe topminnow 15 3865 3880
22 Largemouth bass 3 10 13
23  Green sunfish 4 164 168
24  Bluegill 17 246 263
25 Longear sunfish 110 1022 1132
26 Blackside darter 4 3 11
27 Dusky darter 1 4 3
28 Johnny darter 1 59 60
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Table 4.2.14. Fish species found only in East Branch of Embarras (not West Branch)

1 River carpsucker 6
2 Shorthead redhorse 10
3 Orangespotted sunfish 3

Table 4.2.15. Fish species found only in West Branch of Embarras (not East Branch)

1 Golden shiner 2
2  Hornyhead chub 2
3 Suckermouth minnow 10
4 Emerald shiner 11
5  Bigmouth shiner 10
6 Red shiner 2
7 Silverjaw minnow 2
8 Slender madiom 4
9  White crappie 2
10  Greensided darter 2
11 Rainbow darter 2
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4.3 Seasonal Analysis of Fisheries

4.3.1 Introduction

The fisheries data was analyzed to assess the nature and extent of the movements made
by fish in low order drainage systems. Fish movement in large stream systems has been
well documented in the literature, however few studies have been directed to highly
modified low order streams. In low order streams flow regime and associated changes in
habitat have proven to be key components in determining fish community structure and
movement patterns (Schlosser 1985; Paloumpis 1958). Funk (1957) provides an analysis
of the movement patterns of fourteen species of warm-water stream fishes in Missouri
using mark-recapture studies and angler returns. Gerking (1950, 1953) and Larimore
(1952) identify movement patterns of several native species in Illinois.

Two types of movement have been identified. The first consists of directed travel
through extensive lengths of stream. Such "runs" are often associated with spawning
activity which occurs in early spring or summer. The second consists of random
movements made within a limited area. The random movement patterns are associated with
daily or short-term cycles, feeding patterns, or changes in local habitat conditions resulting
from fluctuating flows. Mobile and sedentary individuals and groups of fish have also
been identified.

4.3.2 Results and Discussion Farm Creek

The total number of species collected in Farm Creek in 1987 and 1988 in spring,
summer, and fall was 22, 21, and 17, respectively (Table 4.3.1). Rarefraction analysis
scaled to 300 individuals for each data set resulted in 20, 18, and 15 species in spring,
summer, and fall. Shannon-Weaver diversity was 2.21, 2.03, and 1.86, respectively.
These results indicated differences in species composition during each season with both
species richness and diversity highest in the spring and lowest in the fall. Relative
abundance of fish, scaled to equal sample effort, increased from spring through fall. A
Jaccard index of 0.667 for summer/fall, 0.654 for spring/summer, and 0.50 for spring/fall
indicates that the fisheries populations for the summer/fall periods are most similar, closely
followed by spring/summer. Cluster analysis also grouped the summer/fall periods as
most similar, followed by spring/summer, and spring/fall as least similar.

Decreases in species richness was accompanied by increases in abundance as the
season progressed. Increases in abundance is largely attributed to the presence of young-
of-the -year and juvenile fish in later collections. Decreases in species richness may be
attributed to the presence of uncommon species in early samples or the presence of species
which primarily occupy the stream for spring spawning. Higher diversity and lower
similarity for spring samples may either be the result of greater eveness in the distribution
of species or the presence of spawning adults.

Table 4.3.2 lists fish species collected by season. Most species were collected during
all seasons (Spring, Summer, and Fall), however, some exhibited a seasonal presence. In
particular carpsuckers were present only in the spring season during high flows,
suggesting that this tributary is utilized by some species for spring runs.
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Table 4.3.1 Farm Creek fisheries by season.

Voo~Ihn bWk

Spring

Species 9 samples
Grass pickerel 4
Carp
Golden shiner 1
Creek chub 54
Suckermouth minnow 6
Striped shiner 101
Red shiner
Spotfin shiner 8
Sand shiner 14
Redfin shiner 47
Silverjaw minnow B
Bluntnose minnow 117
Common stoneroller 29
Quillback carpsucker 3
Highfin carpsucker 3
Golden redhorse 1
Northern hog sucker 6
White sucker 20
Creek chubsucker 5
Black bullhead 3
Yellow bullhead
Blackstripe topminnow
Largemouth bass
Green sunfish
Bluegill 1
Longear sunfish 11
Rainbow darter 1
Johnny darter 2
No. Species 22
No. Fish 441
Shannon-Weaver Diversity 2.21
Rarefraction to 300 individuals

No. species 20
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Summer
10 samples

10
1

89

32
11
9
16
54
109
391
149

~ L) =~ =

48
16
23

21
982
2.03

18

Fall
5 samples

131
36

68

240
46

— Uh \O

17
606
1.86

15



Table 4.3.2. Species collected in Farm Creek during represented season.

Spring

Golden shiner (1)
Suckermouth minnow (6)
Highfin carpsucker (3)
Golden redhorse (1)
Black bullhead (3)

Fall

Blackstripe topminnow (25)
Largemouth bass (1)

Spring/Summer/Fall

Creek chub (54-89-131)

Striped shiner (101-32-36)
Spotfin shiner (8-9-6)

Redfin shiner (47-54-68)
Silverjaw minnow (4-109-21)
Bluntnose minnow (117-391-240)
Common stoneroller (29-149-46)
Northern hog sucker (6-1-1)
White sucker (20-7-7)

Longear sunfish (11-48-9)
Rainbow darter (1-16-5)

Johnny darter (2-23-1)
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Summer

Yellow bullhead (7)
Green sunfish (3)

Spring/Summer

Grass pickerel (4-10)
Sand shiner (14-16)
Creek chubsucker (5-3)
Bluegill (1-1)

Summer/Fall

Carp (1-1)
Red shiner (11-4)



4.3.3 Results and Discussion Embarras River

The total number of species collected in the Embarras River in 1987 and 1988 in
spring, summer, and fall was 19, 31, and 34 respectively (Table 4.3.3). Rarefraction
analysis scaled to 157 individuals for each data set resulted in 19, 17, and 16 species in
spring, summer, and fall. Thus, while a direct count indicates an increase in species
richness as the seasons progressed, the transformed data suggests an opposite effect.
Relative abundance of fish, scaled to equal sample effort, increased from spring through
fall. No distinct trend in Shannon-Weaver diversity was noted with index values 1.68,
2.23, and 1.61 for spring, summer, and fall. Sample size differences and sampling
intensity is the likely cause for the lack of a consistent trend in diversity. The Jaccard index
for presence absence data indicated a high similarity between summer/fall (0.667) distantly
followed by spring/summer (0.429) and spring/fall (0.395). Cluster analysis grouped the
summer/fall periods as most similar and spring/fall as least similar.

Table 4.3.4 lists fish species collected by season. Most species were collected during

all seasons (Spring, Summer, and Fall). Some species exhibited a seasonal presence,
however, unlike Farm Creek, no distinct spring run of any species was evident.
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Table 4.3.3. Embarras River fisheries by season.

Spring Summer Fall
Species 7 Samples 19 Samples 9 Samples
3 Gizzard shad 41 49
2 Grass pickerel 13 10
3 2 14 32
4  Golden shiner 1
5  Creek chub 2 21 17
6  Hornyhead chub 1
7  Suckermouth minnow 1 4
8 Emerald shiner 1 5
9  Striped shiner 3 54 65
10 Bigmouth shiner 5
11 Red shiner 1
12 Spotfin shiner 2 114 23
13 Sand shiner 1 17 20
14  Redfin shiner 92 544 1353
15  Silverjaw minnow 1
16 Bluntnose minnow 10 160 47
17  Common stoneroller 1 15 14
18  River carpsucker 6
19 Quillback carpsucker 76 24
20 Highfin carpsucker 1 -
21 Golden redhorse 10 41
22 Shorthead redhorse 1
23  Northern hog sucker 11 4
24 White sucker 3 7
25 Spotted sucker 29 19
26  Creek chubsucker 2 47 23
27 Black bullhead 4
28  Yellow bullhead 1 15 7
29 Slender madtom 2
30 Brindled madiom 9 6
31  Blackstripe topminnow 5 824 1463
32 Largemouth bass 5 3
33  Green sunfish 4 57 34
34  Orangespotted sunfish 3
35 Bluegill 5 129 22
36 Longear sunfish 18 385 234
37  White crappie 1
38 Blackside darter 6 1
39 Dusky darter 2
40 Greensided darter 1
41 Rainbow darter 1
42  Johnny darter 19 8
No. Species 19 31 34
No. Fish 157 2630 3551
Shannon-Weaver Diversity 1.68 223 1.61
Rarification to 157 individuals 19 17 16
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Table 4.3.4 Species collected in Embarras River during represented season.

Spring

Hornyhead chub (1)
Bigmouth shiner (5)
Red shiner (1)

Spring /Summer

Suckermouth minnow (1-4)

Spring/Summer/Fall

Carp (2-14-32)

Creek chub (2-21-17)

Striped shiner (3-54-65)
Spotfin shiner (2-114-23)

Sand shiner (1-17-20)

Redfin shiner (92-544-1353)
Bluntnose minnow (10-160-47)
Common stoneroller (1-15-14)
Creek chubsucker (2-47-23)
Yellow bullhead (1-15-7)
Blackstripe topminnow (5-824-1463)
Green sunfish (4-57-34)
Bluegill (5-129-22)

Longear sunfish (18-385-234)

Summer

Silverjaw minnow (1)
Shorthead redhorse (1)
Orangespotted sunfish (3)
Dusky darter (2)

Fall

Golden shiner (1)
River carpsucker (1)
Black bullhead (4)
Slender madtom (2)
White crappie (1)
Greensided darter (1)

Summer/Fall

Gizzard shad (41-49)
Grass pickerel (13-10)
Emerald shiner (1-5)
Quillback carpsucker (76-24)
Golden redhorse (10-41)
Northern hog sucker (11-4)
White sucker (3-7)

Spotted sucker (29-19)
Brindled madtom (9-6)
Largemouth bass (5-3)
Blackside darter (6-1)
Johnny darter (19-8)



4.4 Random Skewers Analysis

4.4.1 Description

Perry and Schaeffer (1987) describe the use of a random skewers analysis (RSA) to
assess benthic invertebrate distribution along a gradient. Schaeffer and Perry (1986)
suggested that RSA using species proportions was the most sensitive in demonstrating a
gradient. In this study, RSA was used to determine if the distribution of fish species was
associated with habitat gradients (headwaters to downstream areas) or colonization
gradients (both upstream to downstream associated with drift, and downstream to upstream
associated with migration).

For both Farm Creek and the Embarras River the null hypothesis stated that a trend in
species composition is expected, associated with an upstream to downstream gradient in
habitat conditions. Acceptance of the null hypothesis would lead to the conclusion that fish
communities in these areas are responding to specific habitat cues which control their
distribution. Rejection of the null hypothesis would indicate that no gradient exists.

In this study three types of data were used. First, RSA was applied to species
abundance data. This analysis tests gradient as influenced by relative numbers of the
species present. Second, RSA was applied to the species present at each station. This
analysis tests the sensitivity to species distributions and provides insight into weak
gradients in taxonomic composition. The third RSA used transformed data, taxon-
proportional data was generated for each station by dividing the cumulative organism count
by the total organism count at that station. Analysis of this transformed data was intended
to identify a gradient in the taxonomic composition of the sample.

Initially, 500 random skewers were passed through each data set and the results
presented as a frequency distribution of Kendall's tau. The occurrence of a bimodal
distribution indicates that a gradient exists in the distribution of organisms between
sampling sites. Multi-modal distributions suggests no gradient exists. A unimodal
distribution indicates the organisms are randomly distributed. Where greater sensitivity
was required to discern the shape of the distribution curve, either 1500 or 2000 skewers
were used.

4.4.2 Results

The first test was to determine if RSA would identify a known distributional gradient.
RSA was applied to a data set with a known longitudinal distribution of fish (Matthews
1986). The list of species and collection stations is provided in Table 4.4.1. Random
skewers analysis of this data set produced a bimodal distribution, indicating a gradient in
number of individuals per taxon (Figure 4.4.1a). Bimodality for taxon-proportional
analysis suggests there is also a gradient in abundance of taxa per station (Figure 4.4.1b).
These results agree with the conclusions drawn from this data set by Matthews (1986)
thus, RSA appears to be effective for fisheries as well as invertebrate data.
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Table 4.4.1. Data taken from Matthews (1986). Numbers of individuals collected per
species at seven stations in the Kiamichi River, Oklahoma, 11-12 July 1981.

Species Collecting stations
Upstream station Downstream station

8 7 6 4 3 2 1

Campostoma anomalum 1 7 5 2 17

Notropis boops 32 87 80 14 22

Notropis umbratilis 17 117 29 3 2 8

Lepomis megalotis 1

Etheostoma radiosum 1 9 9

Labidesthes sicculus 11 12 7 6
134 36

wWw

Notropis orthenburgeri
Notropis whipplei
Fundulus notatus
Fundilus olivaceus 1
Notropis rubellus 6
Ictalurus natalis 2
4
5

96

— ) B =
P
Lh WO oo w\o
—

43 14 82

Micropterus punctulatus
Percina sciera
Gambusia affinis
Lepisosteus osseus
Notropis volucellus
Lepomis machrochirus 1 8
Micropterus salmoides 4

Notropis perpallidus 14

Notropis emiliae
Etheostoma gracile
Etheostoma nigrum ¥
Lepomis cyanellus 1
Pimphales notatus

Dorosoma cepedianum

Pylodictus olivarus

Percina copelandi

Notropis venustus 17
Pomoxis nigromaculatus
Pimphales vigilax 2

[ 20
— D

35

MR W WL

e R )
— e N
[ — [l =S S
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Figure la. Raw data.
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Figure 1lb. Taxon-proportional data.
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Figures 4.4.1a-b. Frequency distribution of 1500 random skewers for fisheries data
(Matthews 1986) with a known longitudinal gradient.
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Farm Creek

Farm Creek collections were tested for an upstream to downstream gradient. The total
numbers of each species collected between June of 1987 and September of 1988 (Table
4.4.2). Because unequal sampling effort was expended at each station, two data sets were
analyzed. The first included pooled data, the second analyzed only the same sampling
dates or same number of sampling dates for each site (Table 4.4.2).

For Farm Creek, RSA analysis produced a multi-modal distribution with 500 random
skewers (Figure 4.4.2) for both species abundance and taxon-proportional data. These
results lead us to accept the null hypothesis that no gradient in either total numbers of
organisms (Figure 4.4.2a) or taxonomic composition (Figure 4.4.2b) is present.
Increasing the number of skewers to 2500 and 5000 yielded similar results.

Embarras River

The East Branch of the Embarras was tested for an upstream to downstream gradient.
Species abundance and the transformed taxon-proportional data from collections made June
1987 and October 1988 were pooled by location for the East Branch (Table 4.4.3). RSA
produced multi-modal distributions with 500 skewers (Figure 4.4.3) indicating no gradient
in either total numbers (Figure 4.4.3a) or species composition (Figure 3b) for the East
Branch of the Embarras River. Because of limited sampling on the West Branch, no RSA
analysis was performed on this data set.

; | Analysis of Farm Creek and Eml Ri

From the previous information it is obvious that a longitudinal gradient does not exist
for pooled data for either of our study sites. Fishery gradients may be evident, however,
during certain seasons which correspond to migratory periods. For example, a gradient
may exist during spring when species such as the White sucker or Hognose sucker migrate
upstream to spawn. To evaluate the possible seasonal effects on fisheries distribution,
seasonal collection data was used for an RSA.

Data for the East Branch of the Embarras was suitable for an RSA for summer. The
total numbers of each species collected in June 1987 were pooled by location (Table 4.4.4)
to create a data set representative of the summer sampling season. Nineteen species were
collected from three sites. No gradient in species numbers or composition was identified
during the summer as both frequency distributions of 500 skewers were multi-modal
(Figures 4.4.4a and 4.4.4b).

A seasonal analysis of distribution in Farm Creek was performed. The total
numbers of each species collected in 1987 and 1988 were pooled by location to create three
data sets representative of spring, summer, and fall sampling seasons. In spring, twenty-
two species were collected from three sites (Table 4.4.5). In summer, twenty-two species
were collected from four sites (Table 4.4.6). In fall, twenty-one species were collected
from four sites (Table 4.4.7). For each of these seasonal periods the frequency distribution
of 400 skewers was multi-modal. No gradient in species number or composition was
identified for spring, summer, or fall periods.
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Table 4.4.2 Fisheries data from six sites on Farm Creek used for random skewers

analysis.
Upstream sites
Species FC-03
8 Dates
Gizzard shad
Grass pickerel 2
1
Golden shiner 1
Creek chub 61
Suckermouth minnow 2
Striped shiner 114
Red shiner 2
Spotfin shiner 12
Sand shiner 15
Redfin shiner 53
Silverjaw minnow 16
Bluntnose minnow 206
Common stoneroller 48
Quillback carpsucker 3
Highfin carpsucker 3
Silver redhorse
Golden redhorse 1
Shorthead redhorse
Northern hog sucker 6
White sucker 17
Creek chubsucker 1
Black bullhead 2
Yellow bullhead 3
Channel catfish
Stonecat
Blackstripe topminnow
Smallmouth bass
Largemouth bass
Green sunfish 1
Bluegill
Longear sunfish 31
Rock bass
Blackside darter
Greensided darter
Rainbow darter 1
Johnny darter 8
No. Species 25
No. Fish 610

Collection Stations

FC-2.75 FC-2.5
3Dates 3 Dates

1 2
J
14
4
15 19
4
3 1
34 10
12 1
112 13
38
4
1
4 3
1 5
1
25
10 2
1
16 12
279 62

53

FC-02
7 Dates

168
16

10
53
24
228
12

10
11

18
565

Downstream sites

FC-01Middlefork
3 Dates 2 Dates
2
5 5
1
31 6
24
5 12
4 16
1 40
5 49
19 12
81 28
189 125
126 66
1 40
3
5
45
18
1 25
10
1 3
3 2
1
6
3
2
2 5
22 65
1
9
3

10
7 14
18 32
513 646



Figure 2a. Raw data.
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Figure 2b. Taxon-proportional data.
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Figure 4.4.2a-b. Frequency distribution of 500 random skewers for Farm Creek fishery
data.
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Table 4.4.3. Fisheries data from four sites on East Branch of Embarras River used for
random skewers analysis.

Collection stations

Upstream Downstream

Species EC-01 EC-02 EC-03 EC-04

1Date 1 Date 6 Dates 2 Dates
Gizzard shad 2 55
Grass pickerel 4 5
Carp 24 3
Creek chub 3
Striped shiner 1 1 3
Spotfin shiner 15 11 17
Sand shiner 5 1 2
Redfin shiner 23 167 248 38
Bluntnose minnow 17 8 24
Common stoneroller 3
River carpsucker 6
Quillback carpsucker 42 1
Highfin carpsucker 4
Golden redhorse 2 1 39
Shorthead redhorse 1
Northern hog sucker 1
White sucker 3
Spotted sucker 33
Creek chubsucker 2 3 1
Black bullhead 2
Yellow bullhead 2 1
Brindled madtom 1 1
Blackstripe topminnow 2 1 6 6
Largemouth bass 3
Green sunfish 2 2
Orangespotted sunfish 3
Bluegill 12 S5
Longear sunfish 14 17 61 18
Blackside darter 3 1
Dusky darter 1
Johnny darter 1
No. Species 12 5 24 20
No. Fish 88 188 574 136
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Figure 3a. Raw data.
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Figure 3b. Taxon-proportional data
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Figure 4.4.3a-b. Frequency distribution of 500 random skewers for East Branch of
Embarras fishery data.
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Table 4.4.4 Fish collected at three sites on the East Branch of the Embarras during
summer, 1987.

Collection Stations
Upstream Downstream
Species EC-01 EC-03 EC-04
6/24/87 6/24/87 6/25/87
SH SH SH
Creek chub 2
Striped shiner 1 2
Spotfin shiner 15 8 9
Sand shiner 5 1 2
Redfin shiner 25 70 21
Bluntnose minnow 17 6 4
Common stoneroller 1
Golden redhorse 2 1
Shorthead redhorse 1
Northern hog sucker 1
Spotted sucker 1
Creek chubsucker 2 3
Brindled madtom 1
Blackstripe topminnow 2 3 1
Green sunfish 1
Orangespotted sunfish 3
Longear sunfish 14 23 3
Blackside darter 3
Dusky darter 1
No. Species 12 11 11
No. Fish 88 120 47
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Figure 4a. Raw data
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Figure 4.4.4a-b. Frequency distribution of 500 skewers for three sites on East Branch of
Embarras River during the summer, 1987.
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Table 4.4.5 Fish collected at three sites on Farm Creek during the spring, 1988.

Collection Stations

Upstream Downstream

Species FC-03 FC-02.5 FC-02
spring 88 spring 88 spring 88

4 dates 2 dates 3 dates

Grass pickerel 1 2 1
Golden shiner 1 0 0
Creek chub 31 0 23
Suckermouth minnow 2 4 0
Striped shiner 100 0 1
Spotfin shiner 7 0 1
Sand shiner 14 0 0
Redfin shiner 42 2 3
Silverjaw minnow 4 0 0
Bluntnose minnow 91 0 26
Common stoneroller 17 0 12
Quillback carpsucker 3 0 0
Highfin carpsucker 3 0 0
Golden redhorse 1 0 0
Northern hog sucker 6 0 0
White sucker 16 3 1
Creek chubsucker 0 5 0
Black bullhead 2 1 0
Bluegill 0 0 1
Longear sunfish 8 2 1
Rainbow darter 1 0 0
Johnny darter 1 0 1
No. Species 20 7 11
No. Fish 351 19 il
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Table 4.4.6 Fish collected at four sites on Farm Creek during the summer, 1987.

Species

Grass pickerel

Carp

Creek chub

Striped shiner

Red shiner

Spotfin shiner

Sand shiner

Redfin shiner
Silverjaw minnow
Bluntnose minnow
Common stoneroller
Quillback carpsucker
Northern hog sucker
White sucker

Creek chubsucker
Yellow bullhead

Blackstripe topminnow

Green sunfish
Bluegill
Longear sunfish
Rainbow darter
Johnny darter

No. Species
No. Fish

Upstream

FC-03
summer 87
3 dates

1
1
26

el
N

(3% ] b OO0 — —
NOWOHOWHOOWON—=—=WLN

212

Collection Stations

FC-02.75
summer 87

60

2 dates

- gt —
RO WO WO

-3

cCoooOoO~O~AD

198

FC-02
summer 87
3 dates

OAN—OO~=ORhOOC

248

Downstream

FC-01
summer 87
3 dates

—
NOMNONOWMEO - —
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Table 4.4.7 Fish collected at four sites on Farm Creek during the Fall, 1988.

Upstream
Species FC-03
10/03/87
1 date
Gizzard shad
Creek chub 4
Striped shiner
Red shiner
Spotfin shiner
Redfin shiner
Silverjaw minnow
Bluntnose minnow 35
Common stoneroller 8
Quillback carpsucker
Northern hog sucker
White sucker
Blackstripe topminnow
Largemouth bass
Longear sunfish
Rainbow darter
Johnny darter
No. Species 3
No. Fish 47

Collection Stations
FC-02.75 FC-02.5
Fall 87/88 9/14/88
2 dates 1 date
1
13
13 19
4
3 1
34 8
12 1
112 13
38
3
1
2
25
9
1
14 6
270 43

61

Downstream

FC-02
0/14/88
1 date

114
4

2
26
8
80

ek - LY N ¥ |
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Presence-Absence Information and Random Skewers

The previous discussions dealt with abundance data analyses. A third RSA analysis
was performed on species distribution data. In a review of the literature, no reports of
RSA on presence-absence data was found. Although qualitative data does not carry the
same amount of information as quantitative data, there are often practical constraints in
acquiring consistent quantitative information. It would be desirable to examine the effect of
utilizing binary information on test results. Therefore, the feasibility of identifying a
gradient in species composition by applying random skewers analysis to binary data was
examined.

Quantitative data from Farm Creek (Table 4.4.2) and the Embarras River (Table 4.4.3)
was converted to presence-absence matrices. Random skewers analysis was performed
using 500 skewers. It should be noted that binary data precludes identifying trends in total
numbers of organisms, thus this comparative piece of information is lost. Only trends in
species composition can be identified.

Multi-modal distributions for binary data for both Farm Creek and the Embarras River
implies that there is no detectable gradient in species composition. These results are similar
to those acquired through quantitative analysis. The present results are consistent,
however, additional testing would be required to examine the application of this technique
to binary data more thoroughly.

4.4.3 Conclusions
Within the reaches sampled no species or numbers gradient could be identified for any
study site. The results, however, do not support a random distribution of organisms, as

would be indicated by unimodal distributions. If habitat conditions were uniform
throughout, a more random distribution would be expected.
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4.5 Index of Biotic Integrity Analysis
4.5.1 Index Description

The Index of Biotic Integrity (IBI) was developed by Karr (1981) to determine the
relative health or condition (integrity) of flowing water ecosystems. The index is based on
the identification of fish species, placing species in functional groups then calculating the
index based on relative numbers of species in each group. Karr argues that the IBI
provides a direct measure of ecosystem condition and is more effective than surrogate
measures such as physical or chemical properties. When used in conjunction with
conventional measures of physical and chemical monitoring, the IBI provides a
comprehensive evaluation of biological condition.

The IBI is calculated using twelve attributes, termed metrics, of the fish community
(Karr et. al. 1986). When compared with metrics from an undisturbed fish community in a
stream of similar size in the same region, the IBI can provide an assessment of relative
integrity. The metrics include the species richness and composition, local indicator species,
trophic composition, fish abundance, and fish condition. Each metric is scored one, three,
or five. Scoring for some metrics is based on subjective evaluation. Metric totals are
tallied resulting in an assignment to one of five integrity classes, very poor through
excellent. Although the IBI produces numbers which can be compared between sites and
streams, the accuracy of any IBI value is highly dependent on the knowledge and
experience of the individual assigning metric values.

The IBI has been widely used and has received considerable review in the fisheries
and management literature (Angermeier and Karr 1986, Fausch et. al. 1984, Steedman
1988, Miller 1988). The IBI is felt to have advantages over other biological assessment
techniques such as indicator species, diversity indices, relative abundance estimates, or
measurement of physical habitat. The IBI is used in Illinois by the Illinois Department of
Conservation (DOC) as part of their stream monitoring program.

4.5.2 Results

Riv in

Twenty-five of the thirty-five samples from the Embarras were used for IBI analysis
(Appendix IV, Table 1). Sample IBI's for ten samples collected with fixed electrodes were
not included in the analysis because this sampling method is designed for specific habitats
and does not produce a representative community sample required for IBI calculation. The
sample IBI ranged from 34 to 56 with an average of 46 (Table 4.5.1). Eleven samples
were rated fair, thirteen good, and one sample poor. The average IBI of 46 classifies the
Embarras stations as fair to good.
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Table 4.5.1. Index of Biotic Integrity for the Embarras River.

Data Set Used

East and West Branches
(25 samples)

East Branch
(10 samples)

West Branch
(15 samples)

East Branch Pooled Data
(4 stations)

Site EC-01 (1 sample)
Site EC-02 (1 sample)
Site EC-03 (6 samples)
Site EC-04 (2 samples)

West Branch Pooled Data
(3 stations)

Site EC-05 (1 sample)
Site EC-07 (23 samples)
Site EC-07.5 (1 sample)

East and West Branches
(All 25 samples pooled)

Embarras River (12 sites)
Fausch et. al. (1984)

Embarras River, Fixed
Electrode Samples
(10 samples)

IBI Range
34-56
40-50
34-56

42-54

48-56

Avg. IBI
(Basin IBI)

46

45

47

49.5

50
42

54
50.3

64

Integrity Class

Fair/Good
1 sample Poor, 11 Fair, 13 Good

Fair/Good
6 samples Fair, 4 Good

Fair/Good
1 sample Poor, 5 Fair, 9 Good

Good

1 site Fair, 3 Good
Good

Fair

Good

Good

Good
3 sites Good
Good
Good
Good

Good/Excellent
Good
1 site Fair, 9 Good, 1 Excellent

Poor/Fair



IBI scores were calculated for both the East and West Branches of the Embarras River
using single samples. For the East Branch, the sample IBI for ten collections ranged from
40 to 50 with an average of 45 (Table 4.5.1 and Appendix IV, Table 1). Six samples were
rated fair and 4 samples rated good. A basin IBI of 45 classifies the East Branch as fair to
good. For the West Branch the sample IBI for fifteen samples ranged from 34 to 56 with
an average of 47. One sample was rated poor, five samples were rated fair, and nine
samples were rated good. A basin IBI of 47 classifies the West Branch as fair to good.
The basin IBI for the East and West Branches are comparable, no major differences in the
relative quality of the two branches is indicated.

Multiple data sets from the East and West branches of the Embarras were pooled for
the four stations on the East Branch and the three stations on the West Branch (Table 4.5.1
and Appendix IV, Table 2). The station IBI for the East Branch ranged from 42 to 54 with
an average of 49.5. The West Branch IBI ranged from 48 to 56 with an average of 51.3.
This pooled data classifies the basins as good, slightly higher than the fair/good rating
noted for the single sample analysis. This result is anticipated because pooled data sets
have a greater species richness.

Site pooled data was also used to examine differences between fisheries at all
Embarras stations. The differences or similarity of IBI for individual sites can be due to
both differences in quality (water quality or habitat quality) and differences in sampling
efficiency. Three comparable samples from the East Branch, EC01, EC03, and EC04 were
rated good. All three sites on the West Branch rated good, again indicating no difference in
quality rating between sampling locations. Pooled data from all sites on the Embarras
yielded a basin IBI of 56 (Table 4.5.1) which rates this basin as good/excellent. Assuming
that all species are represented in this pooled sample, an IBI of 56 may be considered the
upper limit for the Embarras basin.

Fausch et. al. (1984) calculated the IBI for twelve sites on the Embarras River.
Eighty-three percent of sites ranked in the good to excellent range. One site rated fair, nine
sites good, and one site excellent. In this study, a similar score was attained using site-
pooled data sets. Individual data sets resulted in a lower score, but not considerably less
than that noted by Fausch. In general, both studies support the presence of a high quality
fisheries in the upper reaches of the Embarras River.

By noting the metrics with the lowest ratings we can identify the groups of species
which are the greatest limiting factors for the condition of the fishery. We can assume that
by improving conditions for these critical species an improvement in quality of the
fisheries, as indicated by the IBI, can be achieved. Table 4.5.2 (also Appendix IV, Table
2) presents the average index value for each metric. The proportion of piscivores has the
lowest index value of 2.71. For this metric no site has a score greater than three, an
intermediate score. Two sites rate one, the lowest score. All other metrics score five for at
least one or more sites, reflecting an inherently high potential.

Only four piscivore species have been collected in the Embarras; the Grass pickerel,
Largemouth bass, Green sunfish, and White crappie. Only the Green sunfish was
collected in large numbers. Management activity can be directed to habitat improvement for
these species or efforts can be made to enhance conditions for other species known to exist
in the watershed, such as the Channel catfish or Smallmouth bass.
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The IBI for the two samples from the Middlefork River was 52 and 54 (Table 4.5.3
and Appendix IV, Table 3). A basin IBI of 53 places the Middlefork in the good/excellent
integrity class. Pooling data from both sites gave an IBI of 54 (Table 4.5.3 and Appendix
IV, Table 4), a score with a similar integrity class rating as one-sample data.

Seventeen of the twenty-four samples from Farm Creek were used to calculate an IBI
(Appendix IV, Table 3). Ten samples collected with fixed-electrodes were not included in
this analysis. IBI values ranged from 26 to 50 with an average of 41. Six samples were
rated good, seven samples were rated fair, and four samples were rated poor. A basin IBI
of 41 categorizes Farm Creek as fair.

Data from Farm Creek was pooled (Appendix IV, Table 4) to examine differences
between the fishery at each site. The station IBI ranged from 44 to 50 with an average of
48.4. Four sites were rated good and one site fair. The fair rating at site FC2.75 was
produced from a sample collected by conventional seine rather than by electroseine and
should not be directly compared with other samples. A basin IBI of 48.4 for pooled data
places Farm Creek in the fair/good integrity class. This is a higher rating than the single-
site data presented, as would be expected of a data set with greater species richness.

Pooling all data for Farm Creek gives an IBI of 50 which rates this basin as good.
Assuming that all species are represented in this pooled sample, an IBI of 50 may be
considered the upper limit for Farm Creek. A rating of 50 approaches that found in the
Middlefork. This result suggests that drainage ditches may have a fishery potential similar
to their higher-order source waterways.

An IBI rating was not identified in the literature for Farm Creek or the Middlefork
River. The high quality of the Middlefork fish population, however, has been well
documented (Larimore and Smith 1963). The Middlefork River is one of the highest
quality stream systems in Illinois with diverse habitats of clear pools, wide sand and gravel
bars, rubble-gravel riffles, boulders, and exposures of bedrock (Smith 1971). Species
such as the Bluebreast darter, River redhorse, Dusky darter, Eastern sand darter, Mimic
shiner, and Rosyface shiner are found in the Middlefork. Of all sites sampled in this study,
the Middlefork IBI was highest. Two of the unusual species listed by Smith, the River
redhorse and Dusky darter, were collected as a part of this study.

By noting the metrics with the lowest ratings we can identify the groups of species
which tend to lower IBI values. Improving conditions for these species could increase IBI
scores. Table 4.5.4 (and Appendix IV, Table 4) presents an average index value for each
metric. The proportion of individuals as piscivores has the lowest index value of 1.8 while
the proportion of individuals as omnivores follows with a score of three. No site has a
score greater than three, an intermediate score, for either the omnivore or piscivore metric.
For piscivores, half the sites rate the lowest score of one. The ten remaining metrics score
five for at least one or more sites, reflecting the potential for the reach to attain a more
optimal condition.

Only three piscivore species have been collected in Farm Creek; the Grass pickerel,
Smallmouth bass, and Green sunfish. None were collected in large numbers.
Management activity can be directed to habitat improvement for these species or efforts can
be made to enhance conditions for other species known to exist in the watershed, such as
the Channel catfish or Largemouth bass.
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Table 4.5.3. Index of Biotic Integrity for Farm Creek.

Data Set Used

Middlefork River
(2 samples)

Middlefork Pooled Data
(2 samples)

Farm Creek
(17 samples)

Farm Creek Pooled Data
(5 stations)

Site FC-01 (3 samples)
Site FC-02 (7 samples)
Site FC-2.5 (3 samples)
Site FC-2.75 (3 samples)
Site FC-03 (8 samples)

Farm Creek
(All 27 samples pooled)

Farm Creek, Fixed
Electrode (7 samples)

IBI Range Avg. IBI
(Basin IBI)

52-54

26-50

44-50

28-44

53

Integrity Class

Good/Excellent

Good/Excellent

Fair
4 samples Poor, 7 Fair, 6 Good

Fair/Good

1 site Fair, 4 Good
Good

Good

Good

Fair

Good

Good

Poor/Fair
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4.5.3 Conclusions

Farm Creek has a biotic integrity index somewhat lower than that of the Middlefork.
Since Farm Creek is a tributary, this result is expected. The results do suggest that as a
tributary, even though the channel has been modified and the stream is subject to
agricultural drainage, fisheries conditions are good and should be considered in developing
management strategies.

Individual metric values for Farm Creek and the Middlefork River were compared to
identify factors contributing to a lower IBI for Farm Creek. Ten of twelve metrics had
identical ratings (Table 4.5.4). Two metrics rated higher for the Middlefork River, the
number of darters and the proportion of piscivores. These results agree with collection
records in which darter and piscivore species were not highly represented in the low order
tributary as compared to the high order source system.

IBI values for both the East and West Branches of the Embarras were comparable.
The general biotic integrity rating was good for both streams. The Embarras drainage is
severely impacted by agricultural practices. Regular channelization occurs throughout the
drainage net. Habitat conditions, particularly riparian vegetation, are limited, but fisheries
quality is still good. This suggests that the Embarras has a strong fisheries potential and
that proper management of the watershed can reap large benefits in fisheries quality.
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4.6 Hydraulic Design Requirements and Management/Maintenance History

The history of three representative drainage districts in Champaign County was
reviewed to determine the availability of information on engineering modifications to stream
channels produced by drainage district activity (Garbaciak 1986). This review suggested
that the size of the drainage system, largely determined by topography and multiple
drainage districts, may be present on a single large watershed. Detailed records of drainage
maintenance projects (modification, design, or maintenance standards) are not readily
available in the historical records. The information available includes the general location
of the project, the length of the improvement, and the approximate amount of bed material
removed. In some cases more detailed records may be retained by the design engineer. In
Champaign County the span between "major" repairs has been about ten years. Major
repairs include dredging and removal of stream bed material. "Routine" maintenance is
often performed annually on a site by site basis as required. Routine maintenance includes
removal of small trees and shrubs, spraying herbicides, removal of obstructions, and other
minor repairs.

In a review of maintenance activities on the East Branch of the Embarras, records
revealed brush had been cut along the entire length of the ditch (thirteen miles) in 1952.
Brush clearing and straightening of sharp bends had been performed on two different four
mile stretches in 1979 and 1980. On the West Branch of the Embarras bends were
straightened and brush removed in 1930 and 1933. Routine maintenance has been
performed in the 1980's.

4.6.1 Engineering Design Criteria

No engineering records for these three drainage districts were identified.
Representative design standards are available in Section 16, Chapter 5 of the Soil
Conservation Service National Engineering Handbook, Drainage of Agricultural Land
(U. S. Dept. of Agriculture 1971). These standards state that open channel drainage
ditches must be designed to meet five major criteria:

1. The primary design criteria for the channel is the provision for sufficient
capacity to carry design flow.

2. The channel must meet project needs without aggradation or degradation of the
bed or erosion of the banks.

3. The project must be designed for easy maintenance.

4. The expected benefits of the project must be greater than construction and
maintenance costs.

5. The construction, operation, and maintenance should not significantly contribute
to downstream sediment loads or on-site deterioration of environmental quality.
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Suggestions for erosion control on ditch banks are: construction of grade control
structures, bank protection by vegetation or riprap, use of longer channels on non-erosive
grades, avoiding cutoffs and straightening of natural channels, and use of wider and
shallower channels to decrease hydraulic radius and velocity.

Established drainage coefficients are utilized to determine the flow capacity needed.
The general formula used where natural land slopes are 1% or less is:

Q=CM5/6
where:

Q = required capacity of ditch (c.f.s.)

C = a coefficient related to characteristics of watershed and magnitude of storm against
which the watershed is to be protected

M = drainage area (sq. mi.)

Values for C have been established for different areas of the County based on years of
professional experience. For a given area, a range of values for C are available depending
on the level of protection desired.

After the flow capacity is determined, the structure of the channel may be designed. The
primary equation used for design is the Manning Equation:

V=(1.486/n) r2/3 §1/2
where:

V = mean velocity of water (ft/s)

n = Manning's n, coefficient of roughness

r = mean hydraulic radius (ft)

s = energy loss per foot of length. For uniform flow or very small slopes, sisthe  drop in chan

The value of Manning's n is dependent on the roughness of the channel bed. A cleaner or
newer channel has a lower value for n, while a channel that is overgrown will have a much
higher value.

The cross-sectional area of the channel (A) is determined from the equation A = Q/V
where Q and V are determined from the equations above. The channel section should be a)
large enough to permit the required discharge, b) deep enough to provide an outlet for both
surface and subsurface drainage, and c) of a width-depth ratio and side slopes which result
in a stable channel which can be maintained in a satisfactory condition at reasonable cost.
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Although the criteria specify consideration of environmental issues, the design
guidance provides no detailed specifications to meet environmental quality objectives. For
example, no element of diversity is incorporated into design criteria. It is the diversity of
current patterns, substrate types, and depth which lead to high quality habitat. The present
design has been adopted primarily for its reliability in meeting design flows as well as for
reduced maintenance requirements and level of accessibility for maintenance.
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4.7 Determination of Habitat Requirements
4.7.1 Introduction

Habitat quality and critical habitat requirements for several fish species were evaluated
using Habitat Suitability Index (HSI) models available from the U. S. Fish and Wildlife
Service (U. S. Fish and Wildlife Service 1980a,b). HSI models are designed to quantify
habitat condition and assist in identifying the effects of changes in habitat to the life stages
of selected species. HSI models also provide a means of estimating the impact that
alternative management practices will have on fish habitat (Armour et. al. 1984). HSI
models are based on estimates of parameter suitability. Suitability is described as a unitless
number from zero, indicating unsuitable condition, to one, indicating highly suitable
condition. Single parameter suitability values are aggregated in HSI models to provide a
habitat quality rating. HSI models are available for riverine or lacustrine species.
Individual (species specific) HSI models may handle life stages and seasonal factors
differently.

HSI models have been most commonly used in impact assessment and mitigation
planning as a part of the U. S. Fish and Wildlife Service Habitat Evaluation Procedures
(HEP), however the models are flexible and may be adapted to a variety of modeling needs
and management requirements. Because HSI models are species specific, model quality
varies with the amount of supporting documentation available for each species. In general,
HSI models for salmonid species are empirical and of high quality. HSI models for
warmwater fish species are less empirical and more subjective, typically based on expert
panel findings. Although HSI models are criticized for a lack of uniformity and an inability
to make exact predictions of the effect of habitat modification, these models do represent
the state-of-the-art in tools generally available for assessment, planning, and management.
HSI models were selected for use in this study because they provide a flexible analytical
tool which, when supplemented by field sampling and a careful review of the literature,
provide a basis for assessment of relative impact and guidance for management approaches.

The U.S. Fish and Wildlife Service, Biological Services Program supports
microcomputer software (Micro-HSI Version 2), an HSI analysis package often used in
conjunction with HEP. In this study the Micro-HSI software was replaced with a more
flexible spreadsheet approach. Published HSI models were adapted to spreadsheet
calculation and validated against Micro-HSI results. The spreadsheet models allowed more
comprehensive sensitivity analysis for single parameters and allowed rapid determination of
the expected effects of management alternatives. They perform calculations more quickly
and easily and facilitate ease of model modification for custom model development.
Spreadsheet based models provide immediate feedback to the user. Habitat variables can
be quickly manipulated to determine the effective change of a habitat variable on the quality
of habitat or habitat components. The user interactive and iterative nature of the
spreadsheet models assist the watershed manager in visualizing the effect of different
management options.

HSI models transferred from Micro-HSI to spreadsheet models were selected from the
HSI model library and included species present at the study sites or known to occur in the
Middlefork and Embarras River drainage basins. The FWS currently provides models for
over 50 fresh and saltwater species. HSI spreadsheet models were developed for seven
fish species: Carp, Green sunfish, Largemouth bass, Smallmouth buffalo, Channel
catfish, Warmouth, and Black bullhead. The species selected are relatively common, are
representative of diverse habitat requirements, and include both tolerant and intolerant taxa.
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4.7.2 General Descriptions of Models and Sensitivity Analysis

Each model is a straightforward application of the species specific HSI models
published by the Fish and Wildlife Service. For reference, the appropriate FWS
publication number is found on the top row of each model. These publications (McMahon
and Terrell 1982, McMahon et. al. 1984, Stuber 1982a, Stuber et. al. 1982b-c, and
Edwards and Twomey 1982a-b) may be referred to for detailed model descriptions.

The model for each species consists of a spreadsheet template, a model without data,
which lists relevant habitat variables and provides data input columns. Habitat variables
used for a species may vary, but considerable overlap does occur. HSI models group
several parameters (habitat variables) into categories termed life requisite variables (food,
cover, water quality, reproduction/spawning, etc.). Intermediate calculations produce a life
requisite index. The life requisite indices are used for calculation of a final HSI. An
example of the spreadsheet implementation of an HSI model is provided for Carp.
Calculations for habitat conditions in the Embarras River are provided in Table 4.7.1.

An analysis of suitability values for each parameter provides insight into possible
limiting habitat conditions. Figure 4.7.1 provides several parameter specific suitability
curves with the corresponding suitability and parameter value indicated. These curves help
visualize the change in suitability as parameter values change.

A change in a single suitability value may or may not affect the final HSI, depending
on the algorithm used to calculate the HSI. A sensitivity analysis is required to determine
how a change in a single habitat variable will affect the HSI. This sensitivity analysis was
performed by selecting a single habitat variable, then calculating the HSI for a range values.
This procedure was repeated for all variables. HSI vs. habitat variable values were then
plotted as in Figure 4.7.2. From these graphs the minimum habitat value producing an
optimal HSI could be identified. Iterations were continued for the next limiting variable
until little change in the HSI was noted. The sensitivity analysis was expanded by
considering the response of a range of species. This allowed identification of critical
habiitgt variables for the expected or desired fisheries community under current habitat
conditions.

4.7.3 HSI Modelling Objectives

HSI models were used to evaluate the habitat conditions and identify habitat
parameters which, when improved, would improve stream fisheries in the Embarras River.
Objectives of this analysis were to: 1) assess the quality of existing habitat in a
representative reach of the Embarras River for seven fish species, 2) identify critical habitat
parameters for each species, and 3) evaluate management options and activities which
would improve expected environmental quality of the Embarras.
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4.7.4 Data Requirements and Sources (Application of Models to the Embarras River)

Values for habitat variables for the Embarras River study site were determined using
physical and chemical data collected from this site in 1987 and 1988 (Appendix V, Table 1)
and water chemistry data compiled from U.S. Geological Survey Water Data Reports,
Water Resources Data, Illinois (Appendix V, Table 2). Rather than selecting a target year
or target conditions for habitat variables, the entire record was reviewed to provide
conditions considered typical during average flows. The general habitat conditions selected
were:

The percent vegetative cover in shallows and percent cover in pools is low. Pools
(areas of no or comparatively low flow) occur throughout the reach, but most are
shallow with no cover (overhanging vegetation or instream structure such as fallen
trees). No pools exceeded a depth of four feet and most were less than two feet
deep during average flows. There are long stretches of uniform depth and flow
(expected due to drainage system maintenance). Discharge and associated water
levels fluctuate rapidly and widely. Turbidity fluctuates with season and flow, both
clear and extremely turbid conditions were observed. Summer temperatures vary
widely with recorded diurnal ranges between 68 and 96 degrees F. Dissolved
oxygen was generally sufficient throughout critical periods with observed oxygen
concentrations not falling below 5.0 mg/l. Supersaturation was observed during
summer months. The pH ranged from 7.5 to 9.0.

4.7.5 HSI and Sensitivity Analysis Results

The HSI analysis results are described in detail for the Common Carp. Results for the
remaining six species are summarized in Table 4.7.4.

Common Carp

Carp have been collected in low numbers in Farm Creek (2) and the Middlefork (1),
and in high numbers in the Embarras River (72). In the Embarras adults and juveniles
occurred sporadically, often in large numbers. Carp were collected most frequently in
deeper pools.

Carp are known to tolerate highly disturbed or polluted conditions. They prefer areas
of slow currents and deep pools with abundant instream cover, including logs, brush and
other objects (Pflieger 1975). Adults are most often associated with abundant vegetation
and substrates of mud or silt.

The HSI model for Carp consists of twelve habitat variables (Table 4.7.1).
Conditions in the Embarras for nine of the twelve variables are sub-optimal (Figure 4.7.1).
An HSI of 0.16 suggests this reach of the Embarras provides poor habitat conditions.
Although the reach HSI was low, fisheries collections suggested habitat quality might be
underestimated by the present model formulation. This underestimate may be due to better
habitat conditions in the basin which contribute to greater numbers of fish observed (e.g.
normal movement patterns may bring fish into our study reach) or a poor estimate of
parameter values. It is possible to address the second point by a sensitivity analysis.
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An examination of life requisite indices used for calculation of the HSI reveals that
food, cover, and reproduction have moderate values (Table 4.7.1). The water quality life
requisite, with a value of 0.16, is the principle cause of a low HSI. The water quality life
requisite consists of five parameters which incorporate turbidity, temperature, dissolved
oxygen, and pH. Four of these five variables have an optimal SI. Only variable V7,
maximum summer temperature for adults, is sub-optimal.

Results for the first iteration of the sensitivity analysis are presented in Figure 4.7.2.
One binding variable is identified, V7, maximum summer temperature. All other variables
are non-binding for this solution set. By visually interpreting the graph for V7 it is noted
that decreasing V7 from 31 to 26 degrees F increases the HSI to about 0.60. A
recalculation of the HSI (Table 4.7.2) shows an increase from 0.16 to 0.63 with the water
quality life requisite index increasing from 0.16 to 0.91. At this point a new variable
becomes binding and must be identified. An HSI of 0.60 for Carp is more reasonable
when compared to collection records for this species.

The second iteration of the sensitivity analysis is presented in Figure 4.7.3. For this
solution set three variables are binding, V1, V2, and V3. But, the greatest improvement in
HSI is achieved by increasing V1, the percent vegetative cover in shallows. A new model
was formulated with the percent vegetative cover in shallows (V1) incremented from 10%
to 35% (Table 4.7.3). The HSI increased from 0.63 to 0.80 and the cover component was
raised from 0.48 to 0.65. Increasing the percent cover in pools (V2) from 10% to 50% or
increasing the percent pools during summer (V3) from 25% to 35% would have only
increased the HSI to slightly less than 0.70. Once again, a new variable becomes binding
and must be identified.

A third iteration of the sensitivity analysis indicated a change in percent cover in pools
(V2) would result in an HSI of 0.87. In a fourth and final iteration an increase in percent
pools in summer (V3) yielded an HST of 0.93. At this point it is obvious that significant
improvements in HSI could be realized with changes in only a few habitat variables
specifically, decreasing temperature and increasing cover elements.

Green Sunfish

Green sunfish were collected in both Farm Creek and the Middlefork, however the
species was not collected often in Farm Creek. Only three green sunfish were identified in
27 samples. One sample produced five green sunfish from the Middlefork. Green sunfish
were routinely collected in the Embarras. The species is common throughout the State
(Smith 1979) with small, sluggish creeks considered prime habitat. It is seldom found in
larger rivers. Green sunfish typically inhabit pools and the optimum riverine habitat
consists of at least 50% pool area. Species abundance is positively correlated with
vegetative cover. Green sunfish tolerate high water temperatures, high turbidity, and low
dissolved oxygen. Because it is tolerant, the Green sunfish is considered a pioneer species
in newly created and intermittent waterways. The presence of this species has been used as
an indicator for disturbed aquatic systems.

The HSI model for the Green sunfish consists of fourteen variables. For the baseline
model only four of these twelve values result in a sub-optimal SI, while eight SI's are
optimal. An HSI of 0.76 suggests this reach of the Embarras provides a suitable habitat.
The predicted HSI supports field observations, Green sunfish were routinely collected
from the Embarras. In fact, Green sunfish were one of the most common species collected
at all sample sites.
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Table 4.7.1 Baseline HSI Model for Common Carp in the Embarras River.

Habitat Suitability Index (HSI) Model Common Carp (Riverine)
FWS/OBS-82/10.12 July 1982

HSI 0.16
Variable Description Variable SI
V1* % veg cover shallows (0-100%) 10 0.40 food 0.55
V2* % cover in pools (0-100%) 10 0.36 cover 0.48
V3 % pools, bckwtr summer (0-100%) 25 0.77 wq 0.16
V6  Max avg turbidity summer (0-300 JTU) 75 1.00 repro 0.65
V7*  Max summer temp (adult) (0-40 C) 31 0.16
V8  Max spring temp (spawning) (0-40 C) 25 0.60 HSI 0.16
V9 Max summer temp pools (j & f) (0-40 C) 31 0.88
V10 Max depth pools spawning (0-2 m) 1.5 0.70
V12 Min D.O. (midsummer) (0-8 mg/1) 6 1.00
V13 Min D.O. (march-june) (0-10 mg/1) 8 0.88
V14 minpH (1-11) 7 1.00
V14 max pH (1-11) 8.5 0.60
HSI 0.16

Variable descriptions

V1 Percent vegetative cover in shallow areas during the spring and summer.

V2 Percent cover in pools such as logs, brush, submerged objects, and depth.

V3 Percent pools, backwaters, and marsh areas during average summer flow.

V6 Maximum monthly average turbidity during average summer flow.

V7 Maximum midsummer water temperature.

V8 Average water temperatures during spawning within specified areas
(embryo, in spring).

V9 Maximum midsummer water temperature in pools, backwaters, or littoral areas
(uv or fry, in summer).

V10 Maximum depth of pools, marshes, and backwaters during spawning.

V12 Minimum dissolved oxygen during midsummer.

V13 Minimum dissolved oxygen levels within specified areas during spawning

(March-June).
V14 Minimum and maximum pH during the year.

* Critical or binding habitat variables
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Figure 4.7.1 Suitability curves for Common Carp HSI Models. Arrow depicts level of
habitat variables for the Embarras River.
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Table 4.7.2 First iteration HSI Model for Common Carp in the Embarras River depicting
an improvement in maximum summer temperature.

Habitat Suitability Index (HSI) Model Common Carp (Riverine)
FWS/OBS-82/10.12 July 1982

HSI 0.63
Variable Description Variable SI
V1* 9% veg cover shallows (0-100%) 10 0.40 food 0.55
V2* 9% cover in pools (0-100%) 10 0.36 cover 0.48
V3 % pools, bckwtr summer (0-100%) 25 0.77 wq 091
V6  Max avg turbidity summer (0-300 JTU) 75 1.00 repro 0.65
V7*¥  Max summer temp (adult) (0-40 C) 26 1.00
V8  Max spring temp (spawning) (0-40 C) 25 0.60 HSI 0.63
V9  Max summer temp pools (j & f) (0-40C) 31 0.88
V10 Max depth pools spawning (0-2 m) 1.5 0.70
V12  Min D.O. (midsummer) (0-8 mg/l) 6 1.00
V13 Min D.O. (march-june) (0-10 mg/1) 8 0.88
V14 minpH (1-11) 7 1.00
V14 max pH (1-11) 8.5 0.60
HSI 0.63

Variable descriptions

V1 Percent vegetative cover in shallow areas during the spring and summer.

V2 Percent cover in pools such as logs, brush, submerged objects, and depth.

V3 Percent pools, backwaters, and marsh areas during average summer flow.

V6 Maximum monthly average turbidity during average summer flow.

V7 Maximum midsummer water temperature.

V8 Average water temperatures during spawning within specified areas
(embryo, in spring).

V9 Maximum midsummer water temperature in pools, backwaters, or littoral areas
(juv or fry, in summer).

V10 Maximum depth of pools, marshes, and backwaters during spawning.

V12 Minimum dissolved oxygen during midsummer.

V13 Minimum dissolved oxygen levels within specified areas during spawning
(March-June).

V14 Minimum and maximum pH during the year.

* Cnitical or binding habitat variables
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Figure 4.7.2 Sensitivity analysis for Common Carp in Embarras River. This presents the
first iteration of sensitivity. Arrows depict the current level for each habitat variable.
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Table 4.7.3 Second iteration HST Model for Common Carp in the Embarras River
depicting an improvement in maximum summer temperature and % vegetative cover in
shallows.

Habitat Suitability Index (HSI) Model Common Carp (Riverine)
FWS/OBS-82/10.12 July 1982.

HSI 0.80
Variable Description Variable SI
V1* 9% veg cover shallows (0-100%) 35 1.00 food 0.88
V2* % cover in pools (0-100%) 10 0.36 cover 0.65
V3 % pools, bckwtr summer (0-100%) 25 0.77 wq 0091
V6 Max avg turbidity summer (0-300 JTU) 75 1.00 repro 0.78
V7*  Max summer temp (adult) (0-40 C) 26 1.00
V8  Max spring temp (spawning) (0-40 C) 25 0.60 HSI 0.80
V9  Max summer temp pools (j & f) (0-40C) 31 0.88
V10 Max depth pools spawning (0-2 m) 1.5 0.70
V12 Min D.O. (midsummer) (0-8 mg/1) 6 1.00
V13 Min D.O. (march-june) (0-10 mg/l) 8 0.88
V14 minpH (1-11) 7 1.00
V14 max pH (1-11) 8.5 0.60
HSI 0.80

Variable descriptions

V1 Percent vegetative cover in shallow areas during the spring and summer.

V2 Percent cover in pools such as logs, brush, submerged objects, and depth.

V3 Percent pools, backwaters, and marsh areas during average summer flow.

V6 Maximum monthly average turbidity during average summer flow.

V7 Maximum midsummer water temperature.

V8 Average water temperatures during spawning within specified areas
(embryo, in spring).

V9 Maximum midsummer water temperature in pools, backwaters, or littoral areas
(juv or fry, in summer).

V10 Maximum depth of pools, marshes, and backwaters during spawning.

V12 Minimum dissolved oxygen during midsummer.

V13 Minimum dissolved oxygen levels within specified areas during spawning

(March-June).
V14 Minimum and maximum pH during the year.

* Critical or binding habitat variables
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Figure 4.7.3 Sensitivity analysis for Common Carp in Embarras River. Ti_lis presents the
second iteration of sensitivity. Arrows depict the current level for each habitat variable.
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The first iteration of the sensitivity analysis indicates that three variables (V1,V2, and
V10) are binding, but only two will provide an increase in HSI. The remaining variable,
while not optimal, is non-binding for this solution set. The HSI increased from 0.76 to
0.87 as V2 (% pool area during average summer flow) is increased from 25 to 50%.
Increasing V1 (% bottom cover in pools or littoral areas) from 10% to 35% produces
similar results. A second iteration indicates an increase in HSI from 0.87 t0 0.96 as V1 or
V2 are changed. Additional iterations produce no major change. Modification of only two
habitat variables, percent pools and percent cover in pools, resulted in the improvement in
habitat for Green sunfish.

Largemouth Bass

Largemouth bass were represented in moderate numbers in the Middlefork, but only
one specimen, a juvenile, was collected from Farm Creek. Thirteen specimens, all fry and
juveniles, were collected in the Embarras. Largemouth bass are known to be present in
low order systems, but not in abundance. Historical records indicate that Largemouth bass
have regularly been collected in the Embarras.

Largemouth bass are most often found in lacustrine habitats, but it is not unusual for
them to occur in riverine habitats. Optimal riverine habitat is characterized by large, slow
moving rivers, large deep pools, soft bottoms, some aquatic vegetation, and relatively clear
water (Larimore and Smith 1963). Low order streams are generally poor habitat.
Largemouth bass have a low tolerance for low dissolved oxygen, but are quite adaptable to
high temperatures.

The HSI model for the Largemouth bass consists of twenty parameters. Eleven of the
twenty parameters produce sub-optimal suitability values using Embarras conditions, while
nine suitabilities are near optimal. An HSI of 0.50 suggests this reach of the Embarras
provides only moderately suitable habitat conditions.

The first iteration of the sensitivity analysis indicates that five variables (V1, V3, V4,
V9, and V21) are binding, but only three will provide a major increase in the HSI. The
remaining six variables, while not optimal, are non-binding for this solution set. The HSI
increases from 0.50 to 0.68 as V1 (% pools and backwater areas during average summer
flow) is increased from 25% to 60%. A second iteration produced an increase in HSI from
0.68 to0 0.76 as V3 (% bottom cover such as aquatic vegetation, brush, logs, and debris,
during summer in pools, backwaters or littoral areas) is increased from 10% to 40%. A
third iteration increases the HSI to 0.87 as V21 (average current velocity during the
summer) is reduced from 3 to 0.5 cm/s. Additional iterations produce no major change.
Modification of only two or three habitat variables, percent pools and percent cover in
pools, resulted in an improvement in habitat for the largemouth bass.

Smallmouth Buffalo

No Smallmouth buffalo were collected in this study and historical data does not
indicate their occurrence in Champaign County. The species does occur in downstream
areas of the Embarras and has the potential of occurring in upstream areas. The HSI model
for the Smallmouth buffalo was selected for analysis because it provides an example of a
"management driven" HSI model application. Using the same analysis techniques on
management species allows identification of critical habitat parameters and assessment of
habitat management potential.
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Smallmouth buffalo typically inhabit large rivers, preferring deep riffles and runs with
a current. The species is sometimes found in upstream headwaters of large reservoirs.
They prefer firm bottom substrates, tolerate turbid waters and high temperatures.

The HSI model for the Smallmouth buffalo uses twelve parameters. Six of these
twelve parameters show sub-optimal suitability using Embarras conditions, while six
parameters indicate near optimal conditions. An HSI of 0.24 suggests this reach does not
provide suitable habitat. This result is supported by field observations.

The first iteration of the sensitivity analysis indicates that only one sub-optimal variable
(V1) is binding. The remaining five sub-optimal variables are non-binding for this solution
set. HSI increases from 0.24 to 0.40 as V10 (average current velocity in summer) is
increased from 15 to 25 cm/s. A second iteration identifies V15 (percent vegetative cover
in pools during spring) as the only binding variable. Raising V15 from 10% to 40%
increases the HSI from 0.40 to 0.83. Additional iterations produced no major change.
Modification of only two habitat variables, average current velocity and percent cover in
pools, resulted in an improvement in habitat for the smallmouth buffalo.

Channel Catfish

Channel catfish were not collected from the Embarras or Farm Creek during this
study. One specimen was collected from the Middlefork River. This species has been
identified in both basins in historical records, although not in large numbers. Channel
catfish may be more abundant than is evident from fisheries collections, as sampling
techniques are generally inefficient in collecting this species.

Channel catfish prefer clear, fast flowing streams with sand, gravel, or rubble
substrates. During the day adults frequent large pools near cover. At night they frequent
deep riffles for feeding. Spawning is dependent on suitable nesting cover, usually
submerged structures or undercut banks. Deep pools and littoral areas with greater than
40% cover provide optimal habitat. The species is tolerant of warm temperatures and silt.

The HSI model for Channel catfish uses thirteen habitat parameters. Seven of these
parameters indicate Embarras conditions produce sub-optimal habitat. An HSI of 0.64
suggests this reach of the Embarras provides moderately suitable habitat.

The first iteration of the sensitivity analysis indicate that four variables (V1,V2,V4,
and V8) are binding, but only two will produce a major increase in HSI. The remaining
three variables, while not optimal, are non-binding for this solution set. HSI increases
from 0.64 to 0.84 as V2 (% cover such as logs, boulders, cavities, brush, debris, or
standing timber during summer in pools, backwaters or littoral areas) is increased from
10% to 40%. Results from the second iteration indicate an increase in HSI from 0.84 to
0.91 as V4 (substrate type during average summer flow) is changed from fines and silt
dominant to cobble and rock dominant. Additional iterations produce no major change.
Modification of only two habitat variables, percent pools and dominant substrate type,
resulted in an improvement in habitat for Channel catfish.
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Warmouth

No Warmouth were collected in this study. This species was once abundant
throughout Illinois, however depletion of dense cover has contributed to its sparse
appearance in recent collections. The Warmouth model was included in this study to
demonstrate the potential for improving habitat conditions for a diminished species. Also,
both the Smallmouth buffalo and the Warmouth model were chosen to provide an example
of "management driven" HSI application in which critical habitat parameters are identified
and management potentials assessed.

Larimore (1957) provides a detailed ecological life history of the Warmouth in Illinois.
Warmouth occur in waters having little or no gradient and current, soft substrates, and
abundant vegetation. The species tends to congregate in weedy and stump-filled waters
where brush and roots abound. It has a greater tolerance of turbid waters and low
dissolved oxygen than most sunfish.

The HSI model for the Warmouth is a descriptive model in which the most limiting
habitat parameter is used to determine the final suitability index. All sub-optimal habitat
parameters will be binding in this model. The model uses twelve habitat parameters. For
the Embarras site, only two parameters are sub-optimal while ten are optimal. An HSI of
0.08 suggests that this reach of the Embarras provides a highly unsuitable habitat for the
Warmouth. This conclusion is further supported by field observations.

A sensitivity analysis was not required for this model. The first binding variable was
V1 (% pool area during average summer flows). Increasing this from 25 to 90% increased
the HSI from 0.08 to 0.30. Increasing V2, percent cover in pools from 10 to 40%, raised
the HSI from 0.30 to 0.95. Additional iterations produce no major change. Modification
of only two habitat variables, percent pools and percent cover in pools, resulted in an
improvement in habitat for the Warmouth.

Black Bullhead

Both Black bullhead and Yellow bullhead were commonly collected from Farm Creek,
Middlefork, and the Embarras. In all cases the Yellow bullhead predominated in both
abundance and occurrence. Adults were collected in all seasons. Spawning success was
evident as schools of fry were often observed in deep pools during the summer. Adult
bullheads were concentrated in isolated pools as waters receded during summer drought.
Condition factors during this period were relatively high, as this piscivore voraciously
consumed entrapped schools of minnows. Nearly all fish captured were engorged with
such forage. Historical records note that these fish have always been common.

Bullheads are noted for their tolerance to high temperatures, turbidity, pollution, and
low dissolved oxygen. They are most often found in shallow, silty water of low gradient
and sluggish creeks and rivers. The Black bullhead does not require vegetation nor prefer
rocky or sandy bottoms. The Yellow bullhead, however, prefers heavily vegetated areas
and permanently flowing waters with a rocky substrate.

The HSI model for the Black bullhead uses twelve habitat parameters. Only five of the
twelve parameters produce sub-optimal suitability using Embarras conditions, while seven
are optimal. An HSI of 0.63 suggests this reach of the Embarras provides a moderately
suitable habitat. This conclusion is further supported by field observations as Yellow
bullhead were routinely collected throughout the sampling season.
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The first iteration of the sensitivity analysis indicates that three variables (V1,V2, and
V12) are binding, but only two produce a major increase in HSI. The remaining two
variables, while not optimal, are non-binding for this solution set. HSI increases from
0.63 to 0.76 as V2 (% cover such as vegetation, brush, debris, during summer in pools,
backwaters or littoral areas) is increased from 10% to 30%. Increasing V1 (percent pools
and backwater areas during average summer flows) from 25% to 50% produces the same
results. A second iteration indicates an increase in HSI from 0.76 to 0.92 as V1 or V2 is
improved. Additional iterations produce no major change. Modification of only two
habitat variables, percent pools and percent cover in pools, resulted in an improvement in
habitat for Black bullhead.
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4.8 Evaluation of Management: Alternatives

4.8.1 Introduction

In this section we address how different management options will affect each habitat
parameter, the life requisites, and the HSI for each species. With this information different
management alternatives are evaluated for their net impact on habitat quality and the fishery.

Three general management options are evaluated; an increase or improvement of
riparian vegetation (I), instream cover (IT), and number or depth of pools (II). These
general management categories have been selected because they include available
techniques for habitat restoration (Item II) and procedures which can be modified by a
change in drainage district maintenance practices (Items I and ITI). Each option has been
related to HSI model parameters and would mitigate one or more of the critical limiting
factors identified in the sensitivity analysis.

The following procedure was used to evaluate options. The results from the
sensitivity analysis described in Section 4.7 were used to identify the individual habitat
parameters affected by Management Option I, II, or IIT and the direction of the effect. The
selected habitat parameters were then adjusted to reflect a feasible level of implementation
of the management option. The new HSI was then calculated. These results are
summarized in Tables 4.8.1, 4.8.2, and 4.8.3 which identifies the effect of each
management option on individual habitat parameters and on the HSI for each of seven fish
species in the Embarras River. The +, -, and O symbols indicate a positive, negative, or no
effect for the change in parameters resulting from implementing each option.

4.8.2 Management Option I (Riparian Vegetation)

Many direct and indirect impacts on stream habitat have been linked to the
establishment of riparian vegetation. Nearstream and bankside vegetation affect both
channel morphology and water quality. Shoreline vegetation provides for bank
stabilization by providing a physical barrier to the effects of high velocities and turbulence
(Beschta and Platts 1986). Woody debris, overhanging tree limbs, and exposed root
systems not only are important determinants of channel morphometry, but also provide
physical cover for fish (Schlosser and Karr 1981). Vegetation also contributes to fish
productivity through input of organic materials and nutrients, which are utilized by stream
biota. Riparian vegetation provides shade cover which often affects fish distribution, as
some species are more sensitive to light stimuli than others. Many species identified in this
study tend to seek out areas of low intensity light, and therefore prefer dense cover or
shade. The intensity of illumination also has a considerable effect on algal growth and on
water temperature; both notedly reduced in a shaded stream. Significant reductions in
water temperature (19 C vs 28 C) have been noted in low order streams in highly vegetated
areas as compared to unshaded reaches (Karr and Schlosser 1978). Hughes (1966)
reported differences of 3 C between shaded and unshaded reaches of a small stream.
During the peak of summer drought in 1988, shaded reaches on the Embarras were lower
(88 F) than nearby unshaded areas (94 F).
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For the purposes of this analysis the principle benefit derived from enhancing riparian
vegetation is shade cover and overhead cover which reduces instream water temperature.
While the establishment of riparian vegetation often accompanies changes in stream
structure and water quality, we assume no other changes in physical habitat in the
evaluation of this option.

The sensitivity analysis indicated that implementing Option I affects only two sub-
optimal habitat components for six of seven species; (1) maximum summer temperature,
and (2) maximum spring temperature (Table 4.8.1). The Warmouth is not affected, since
temperature is not a limiting habitat component for this species. Positive effects (+) were
generally noted, however, carp and bullhead were negatively affected (-) by the decrease in
maximum spring temperature associated with this option.

For Option I, it was estimated that strategic placement of vegetative shade would
reduce maximum summer temperatures in pools from 30 C to 26 C, and reduce early
spring temperatures from 25 C to 21 C. Increasing riparian vegetation improved habitat
conditions for only two of seven species, the Carp and Smallmouth buffalo. The HSI for
Carp increased from 0.16 to 0.65 and for Smallmouth buffalo from 0.24 to 0.40. With an
HSI of 0.40, Smallmouth buffalo habitat remained highly unsuitable. Thus,
implementation of this management option would only improve conditions for one species,

the Carp.

The HSI models indicate that the fishery response to reducing stream temperature is
minimal. The species selected, which are adapted to the warm water temperatures prevalent
in these drainage systems, derive little benefit from slightly reduced temperatures. It
should be noted, however, the temperatures observed in the Embarras River and Farm
Creek do approach the tolerance limit for many species. For example, an increase of 1-2 C
(31-32 C maximum temperature), greatly reduce the HSI for five of seven species. By
reducing stream temperature, greater improvements in habitat suitability may be achieved
than is indicated by the model results. The advantages of reduced stream temperatures,
particularly in conjunction with the implementation of other management options, should be
further explored.

Literature linking the effectiveness of riparian vegetation and riparian buffer strips in
controlling stream temperature is available (Hewlett and Fortson 1982, Brown and Krygier
1970, Lee and Samuel 1976, and Barton and Taylor 1985), however, most studies
concentrate on the effect on coldwater streams; trout streams in particular. The literature for
midwestern warmwater streams is sparse. Barton and Taylor (1985) provides an excellent
example of the importance of riparian buffer strips in the maintenance of cold water
fisheries. He presents three regression models which relate maximum summer
temperatures to riparian buffer strip length, width, and percent forested cover. This
information provides a basis for evaluating the effectiveness of riparian patches or buffer
zones in modifying stream temperatures.
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4.8.3 Management Option II (Instream Cover)

Wesche (1985) defines in-stream cover for fish as areas which provide protection from
the effects of high current velocities and predation. Cover may be divided into two
categories; overhead cover and submerged cover. Overhead cover is provided by
overhanging vegetation (trees or grasses), suspended logs, and undercut banks.
Submerged or instream cover can be provided by aquatic vegetation, submerged objects or
structures, floating debris, and water turbulence. Fish production in streams and the
structure and function of the fishery community is closely associated with appropriate
instream cover (Gorman and Karr 1978). Gore (1985) provides a review of the importance
of cover elements to the enhancement of cold water fish populations. Similar relationships
are identified for woody instream cover in a small warmwater Illinois stream (Angermeier
and Karr 1984). Both Angermeier and Karr (1984) and Fraser and Cerri (1982) have
linked the presence of predator and prey species in headwater streams to the structural
complexity of habitat and cover components. Instream structure is important because it
modifies the interaction of predator/prey communities. Prey species were less apt to avoid
areas that contained predators if instream structural complexity was high.

For the purposes of this analysis, Option II includes only the enhancement of instream
submerged cover and not overhead vegetative cover or structures. Submerged cover
elements are exemplified by permanent, or non-permanent, woody or rock structures which
modify velocity in the channel. It may also include submerged or emergent aquatic
vegetation in shallows or pools. Our analysis assumes, from an engineering context, that
these structural elements will have some effect on overall channel flow capacity and that
they represent more or less permanent additions to the stream channel.

The sensitivity analysis indicated that implementing Option II affects four sub-optimal
habitat components; (1) the percent bottom cover in pools, (2) average summer velocity,
(3) percent vegetative cover in shallows, and (4) percent vegetative cover in pools (Table
4.8.2). Option II improved these habitat components (+) for all species except the
Smallmouth buffalo. The Smallmouth buffalo was negatively affected (-) by the decrease
in the average current velocity associated with this management option.

For Option I, it was estimated that the percent bottom cover and percent vegetative
cover in pools and shallows could be increased from 10% to 25%. The average current
velocity was reduced from 20 to 10 cm/s. As a result, the HSI improved for three species,
the Channel catfish, Largemouth bass, and Green sunfish and decreased for one species,
the Smallmouth buffalo. The HSI did not change for Carp, Bullhead, or Warmouth.
Habitat for Carp would not improve unless summer temperature could be reduced; and for
Warmouth there would be no improvement unless pool habitat was increased.

This management option is one that has been extensively explored in the literature
(Wesche 1985 and Jackson 1986). Wesche (1985) describes a variety of engineered
structures which have been implemented to enhance fish habitat. Additional considerations
in planning, design, installation, and monitoring of projects utilizing instream structures are
provided by Orsborn and Anderson (1986), and Shields (1983). The attractiveness of the
demonstrated successes of this approach in agricultural drainage areas is diminished by the
possible effect channel structures have on retarding flow and reducin g the effectiveness of
field drainage. Structural additions to a stream channel which do not have a si gnificant
effect on flow can be considered, but the literature dealing with this area is limited.
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4.8.4 Management Option III (Increase Number/Depth of Pools)

Pools are a notable morphological feature of most stream channels, varying in shape,
size, and causative factors. These deepened portions of the channel are generally
distinguished by relative depth, average current velocity, and substrate type. They are an
integral component in maintaining balanced fluvial dynamics in stream systems. The
detailed morphology of pools and the fluvial processes which create and maintain pool
structure are covered in detail in Jackson (1986), and Wesche (1985).

Pools are of major importance to fish during low flows when much of the stream'’s
total water volume may reside in pools (Beschta and Platts 1986). Paloumpis (1958)
considered deep pools to serve as stream havens during drought. The structure of fish
populations during adverse conditions is often possible because certain rather limited
habitats remain, even during the most serious catastrophes. This phenomenon was
observed by Larimore et. al. (1959) and during this study in both Farm Creek and the
Embarras River. Remnant fish populations were sustained in deep pools even during
extended periods of no flow in 1988. Pools of adequate depth, however, are not
characteristic of our study reaches. Only a few deep pools were identified in the Embarras
during low flow periods, however, shallow pools periodically occurred throughout each
site (Tables 2.3a-b). Extensive sections of highly vegetated areas had no defined pools
during the survey.

High quality pools alone, however, do not make the fishery. A variation in pool
shapes, sizes, and quality are required to support a diverse fish community, support fish at
different stages of maturity, and provide a range of habitats during different flows. In
Illinois, Schlosser (1982a,b) identified that shallow and slow habitat was used by small,
young fish of several species, while deep areas were primarily inhabited by larger, older
fish. This observation was further supported in this study; most larger fish were captured
in the deepest pools. Additional studies have found water depth and current velocity to be
the most important habitat variable affecting fish distribution (Sheldon 1968, Gorman and
Karr 1978). Fish production in streams has also been closely associated with riffle-pool
periodicity (Wesche 1985).

For the purpose of this analysis, Option III assumes an increase in the percent of high
quality pools. Further improvement in habitat conditions are assumed if pools are deep
enough to provide areas of reduced summer temperatures. When considering this option
the objective would be to deepen existing pools to produce preferred habitat for fisheries.
It would not involve the addition of above grade structural elements but would involve
creation of deeper pools during maintenance activities.

The sensitivity analysis indicated that implementing Option III affects five sub-optimal
habitat components; (1) percent pools, (2) the maximum temperature in pools in sprin g (3)
maximum summer temperature, (4) average summer velocity, and (5) maximum depth of
pools (Table 4.8.3). The percent pools and maximum depth would increase, spring and
summer temperatures decrease, and average current velocity would decrease.
Improvements (+) in the individual habitat components were noted for most species, but
negative effects (-) did occur. For example the Smallmouth buffalo is negatively affected
by a decrease in the average current velocity, as it prefers swift currents. Bullhead and
Channel catfish are negatively affected because they require warmer waters in early spring
for spawning.
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For Option III, it was estimated that the percent pools could reasonably be increased
from 25% to 40%, maximum depth of pools increased from one to two meters, the average
velocity reduced from 20 to 10 cm/s, maximum summer temperatures of pools reduced
from 30 C to 26 C, and maximum spring temperatures reduced from 25 Cto 21 C. Asa
result, the HSI improved for five of seven species. The HSI for Smallmouth buffalo
decreased and Channel catfish remained the same. Habitat conditions remained highly
unsuitable for Smallmouth buffalo and Warmouth which only attained an HSI of 0.15 and
0.23, respectively.

This management option is attractive because it does not impede flow and can be
implemented by minor changes in present drainage district maintenance activities. This
option requires some sensitivity to the geomorphic process of these channels. The
geomorphic design element is important in order to promote development of a normal pool
riffle sequence. The critical design parameter will be location and sequencing of pools to
minimize sedimentation or filling. One method of design for pools would be a simple
channel survey, similar to that conducted as a part of this research (Tables 2.3a,b), which
identifies existing pools at low flow. The assumption in this process is that natural stream
flow conditions maintain pools at these locations and depth conditions could be enhanced
during maintenance with an expectation of permanence.

Literature on riffle-pool spacing, average depths, widths, and current velocities are
available for headwater streams in Illinois. Singh et. al. (1986) collected field
measurements to determine depths and velocities occurring through typical riffle-pool
sequences in the Sangamon River Basin, Illinois. Relationships defining expected depth
and velocity distributions through riffle-pool sequences over a range of flows were then
developed from the field data. Singh's results present a basis for some of the practices
which could be used to select pool-riffle sequencing designs in agricultural drainage
systems.

4.8.5 Management Conclusions

For the existent habitat conditions on the Embarras River the HSI has been calculated
and a sensitivity analysis performed for Channel catfish, Carp, Black Bullhead,
Largemouth bass, Smallmouth buffalo, Warmouth, and Green sunfish. In all cases the
HSI value appears reasonable for the Embarras river. For each species the most sensitive
habitat components have been determined. In most cases an improvement in only two to
three habitat components will provide an optimal HSI. A noted improvement in HSI can be
acquired by a nominal increase in only one or two habitat components.

The limiting habitat components differ for each species, however a critical habitat
component for many species is the percent cover represented by deep pools during the
summer. Specifically, catfish are limited by percent pools and substrate type, Carp by
summer temperatures and vegetative cover in shallows, Black bullhead by percent pools
and physical cover in pools, Largemouth bass by percent pools and summer current
velocities, Smallmouth buffalo by summer current velocity and vegetative cover in deep
pools in spring, and Green sunfish and Warmouth by percent pools and physical bottom
cover in pools in summer. These critical habitat components must be addressed in
management plans.
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Three general management options have been evaluated for their relative effect on
habitat quality for seven fish species. The management categories selected for analysis
using HSI models include 1) an increase in riparian vegetation 2) an increase in instream
cover structures, and 3) an increase in number or depth of pools. The effect on individual
habitat components and overall HSI has been determined. Increasing riparian vegetation
improved habitat conditions for only two of seven species, the Carp and Smallmouth
buffalo (Table 4.8.4). Smallmouth buffalo habitat, however, remained highly unsuitable.
Increasing stream cover improved habitat conditions for three species, the Channel catfish,
Largemouth bass, and Green sunfish and decreased habitat for one species, the
Smallmouth buffalo. Increasing the number or depth of pools proved to be the most
effective management option as it improved habitat conditions for five of seven species.
Smallmouth buffalo habitat was reduced and Channel Catfish habitat did not change.

Of the three options evaluated, the most critical need is an increase in high quality pool
habitats. For any single management option, the greatest benefit to the fishery is achieved
by providing improved pool depth, followed by improved instream cover, and finally
improved riparian vegetation. The most effective management option is also highly
desirable because it can be implemented by minor changes in present drainage district
maintenance activities.
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5. GENERAL CONCLUSIONS

This study was undertaken to explore options for the improvement of environmental
quality in agricultural drainage systems. The focus of this analysis was stream fisheries.
Our goal was to improve the management of agricultural drainage systems through an
improved understanding of the type and quantity of habitat required for maintenance of
high quality fisheries and aquatic resources.

We found that fisheries quality, under existing conditions is good. Both the
Middlefork study site and study sites on the Embarras River have well developed fisheries
communities with good quality. Through use of Habitat Suitability Index models the
research was able to identify critical habitat parameters which, if changed, would be
expected to improve conditions for individual species and correspondingly, overall
environmental quality. This information was used in conjunction with field observations
and a review of existing engineering practices of drainage system maintenance to identify
management options for agricultural drainage system improvement.

An evaluation of management options suggests the most critical need is for improved
pool depth. The greatest improvement in habitat conditions were identified when pool
habitats were improved. It is possible to envision a change in existing drainage district
maintenance activities to meet the requirements of this management option. When existing
ditches are maintained, it would be possible to create pools in the channel bottom. Spacing
and location of pools can be established from simple field surveys of existing pool riffle
conditions at low flow.

A second management option, adding structure to the stream channel also improved
general habitat conditions. This option is less attractive in agricultural drainage systems
due to the potential for interference with flow and the effects backwater stage elevations
may have on tile drainage. Nonetheless, this option should be explored when habitat
enhancement procedures are being selected.

A third option, riparian vegetation, had a minimal effect on general habitat conditions.
Habitat enhancement associated with the reduced water temperatures reflected by this
option should be further explored; particularly when used in conjunction with another
management procedure which mitigates other critical habitat components.
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Historical Middisfork Champ

(Rppendis |, Table 1__Historical Fisheries Miodelork Aiver, Champaign Courty.
Middielork | Middialork | Middielork | Middisfork | Middislork
| ___|Spedies |_Cumtv 1o Larimore this_study |Lopinot (DOC)
1959 1988 1959 1987/88 1962
X X X
] X
G g X X x
2 X X X
X X X x
: X X X X
7 X X X
B T X
L1 X
1 X x x x
11
12 X 2
X X X X
X X 1
X ]
B X X X
! x X X X x
" X X x X
[ 16 [Mimic_shiner X x x
| 20 |Stesicolor_shiner [ X X x
(21 RAedin_ shinar X L} X X
| 22 |Silveraw oW x X X X
[ 23 [Silvery minnow X x
| 24 |Bluntnoss minnow 2 X X x X
| &9 |C-0 on_sloneroller X X X X
| 28 |Aiv pruch X X
| 27 |Oulliback carpsuchs ] x L] x
< 8 LHightin_Carpd " L3 ] X L]
20 |Silver redhorse X X
| 30 |Golden redhorse X x x x x
[ 31 [Shorthead redhorse X x
| 32 [Northern hog sucker x X x X x
| 33 [White sucker X X x X L
| 34 [Spotied sucher x x
Croek_chubsucher X X [] x X
[ 38 [Black bullhead X X x x x
X ] L] ]
X X X X
X x x
X L1
[ 1 x x
X L) X
2 L] ] X x
[ X [ [ X
X X X 1
X [ [ [
x [ 1 [ x
L] ] X X
2 2
X X X L1 X
X X X X X
x x X X
[l X [
X X X x
i X [
X [ X X
X x X
x X x x
[ x x X
X X X
X X ] X
X X X
:l@gﬂ 54 (X it 39 17
plus
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Historical Embarras Champ

Appendix | Tabis 2_Histoncal Fishenos Embarras River, Champmign County.
Embarras | Embarras | Embarras | Embarras |
|___|Spedes Curtivio | Cumtvio | Larimore | this st
1959 1988 1859 1987/88
X X ] x
] x x X
x x x x
L X x X
2 X x x
x x
x x
# _|Silver chub
10 |Suckermouth_minnow x X X x
11 [Emeraid shiner x X x x
Bigeye shiner
Striped ¢ x x x X
4 |Bigmoutt ner X x
5 |Red shiner X X
16 |Rosylace shiner
17 |Spotfin_shiner X X X X
| 18 |Sand shiner [l x x X
| 19 [Mimic_shiner
| 20 |Steeicolor_ghiner [ X x
| 21 |Rodfin shinar x x x x
| 22 |Silverjaw _minnow X x X
| 23 |Silvery minnow
| 24 |Blurinosa minnow X L L1 X
- 0 tonergl = = . X X
| 26 |River carpsucker x Ll
| 27 |Ouliback carpsucher X X
| 28 [Highfin_carpsucker X X
| 29 |Silver redhorse
| 30 |Goiden reghorse x X X X
| 31 |Shorthead redhorse x x
| 32 [Northern hog suckar X X x X
3 [White sucker x x x X
[ 3 x x
| 35 |Croek chubsucker ] x X X
| 3 X x x x
Yoilow bullhead X x X X
| 38 |Channe! cathish
|F!.q.m.as_umn
40 |Slender madiom x x
4 1 [Sonecat
42 |Bnndied madiom x x X x
43 |Pirate ch X x ¥
44 |Biacksinps topminnow x x x x
45 |Smallmouth bass
48 bass
A7 bass [ x
48 |Green 1 x x x x
a4 X X
luegill X X
1 fi X X x X
52 |Rock bass
53 |White_crappie x x X
54 x x X
56 |Blacksida darter % x x x
56 |Slenderhead danat
57 |Dusky darter x x
8 |Eastern sand darter
59 |Greensided darer x x x x
[Rainbow darter X x X x
81 |Fantail darter B x
[Johrny darter X x x x
'-:_{-Cl 1 darter 3 x x
| ___|Number species 35 48 32 42
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[Aspendix |, Table 3. Historical Fisheries Vermilion Ri d.

|

l

WOMIS

WOMIS

WOMIS

WOMIS
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Post 1965 dala

Headwater
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oo
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1987/88
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~
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an ool

| American sel
Skipjack _hermring
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%
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»le
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| Red shiner

fac in

Spotfin_shiner

RREREREREEE

o e fo foe

CRERE B

Sand shiner
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Steslcolor_shinar

Redfn_shiner

Silverjaw minnow

Silvery _minnow

Teo oo foabeo Yoo oo bro bro o Jeo |

|
! ok b b |

Bluntnose minnow

Fathead minnow

Bullhead minnow

Common slonedoller

o i |

| Bigmouth buttaio

ok
e 1y

D |Black butlaio
River carpsucker

-
-

Ouiliback camsucker

e
153

Highfin_carpsucker

|

-
s

Silver_redhorse

Golden redhorse

i3]

Shorthead redhorse

Northern hog sucker

White sucker

{r e foe |2

Binch bullhead

el
H
:

? [Yellow bullbesd

Channi cathsh

me o fo o for e [ e 0w | f5e foe

[ |ne foe oo |oe o o for fou o foe foe foe

Flathead catfish

wa e o e fou o Lo e fou foe

Slender madiom

Stonecal

| e

Brindied macdom

[Freckied madiom

Pirate perch

Blackstrips topminnow

Mosquito fish

RIz[si

Brook _silverside

o
=3

Yollow bass

g

3

F
g

14
2
5

-

]
:

Q
E
5

w o o e o e o

o o [ o foe o foe e

:

o8 8 R C B O

Ha58
|

| N
1

7 |Logperch
Blackside darer

Slenderhead darter

Dusky darter

e [ o [0

Eastern sand darter

lral<l

? [Mud darter

Greensided dartac

Rainbow darter

Biuntnose darier

Fantail darter

Slough darier

Harleguin darter

[Johnny darter

Orangethvoni daner

| oy B
s oialc!-a fon |un | »

Freshwater drum

Number spacies

I

25

46

1B

56

52

39
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Appendx | Table 3 contnued Histoncal Fiehenat Vermilion River Watershed.

| Species Commonly Curmv_to All_studes
Post 1965 data otouring 1959 Total
2DOCIES Middlefork
[ all dates
| 1 _[Brook lamprey
2 |longrose gar x x X
3_1Shornose gar
| 4 [Bowfin
| 5 _{Americen eel
| & |Skipjack hernng x
| 7 |Girzard shad x x
| 6 |Gadern
| & |Grase pickarel x X
| 10 |Northem pike
[ 11 Carp x x x
| 12 |Golden shiner x x x
13 | Creek chub x X x
14 x x x
1 x X X
1 P x
1
1

E
!

Suckermouth minnow | ] X

|Emeraid_shiner x

T,

River_shiner

Bigoye shiner [ x

Sriped_shiner X X

ggmoum shiner X

Ribbon_shiner

{ S P R R |

| Red shiner

[ 1o

Rosylace shiner
|Spotfin_shiner

e

| Sand shiner
Mimic_shiner

Stesicolor_shiner

Redfin shinas

Sitverjaw _minnow

[FlSSRle R RRR RNl
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Teoleolcatoaleolco Tns I

Cl
o [ o [ foe fom foe [ e b

CE A0 CF B8 £ 2 O
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] IFINIG minnow
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8 |Common stonerolier L X x
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ack tal

ll“
- O

River carpsucker

!

"
ol

Quillback carpsucher

Highfin_carpsucker

Silver _redhorse

Golden redhores

Talala]s

Shorthead redhorse

{Northemn hog sucker

White sucker

Spotted sucker
Creok chubsucker

haa

Yol

thigh

» fea o= e|n|c|q[o|u|;lu
ot fot o foa [ Iow fou (o o fow [ e foe [

i

Flathead cathsh

Slender madiom
Stonecat

e o Lo foe e fue Lo foe foe e for foe for foe o e for

Enindied madiom
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Black topmi x x
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Historic Embarras Watershed

[Appendix | Table 4__ Historical Fisheries Embarras River Watershed. T T ]
| i
[ [Spedes WOMIS WOMIS | WOMIS | WoMis WOMIS WOMIS | Embar Watshd | Ermbar Watsha| Embar Watshd
Post-1065 data Headwate Croaek Small_stroam |Large stream |Small_river |total basin of ooc oo me
0-10 sg mi | 10-50 sq mi |50- 500-2000 fras 1982 1967 1974
20 staions | 27 stations | 35 stations
1_|Brook lampre X X
X X 1
X X 1
4 fin X X X 1
rican @ X X
8 [Skipjack herri X X L]
7_|Gizsrd shad x x x x x X 3 [ 7
8 X x 1
9 |Grass pickersl X x x X X ] 12 10
10 [Northern piko X X
11 |Ca X X X x x X 4 [] 8
12 |Goiden shinar x 2 x X 4 [] []
13 |Cresh chub x x x X x 3 12 10 14
X X
X x x X x x [] T
[} x [ X X 3
x x x x
x x x x x [ 5 [
x x x x 2 3 5
X x 1 _2 a
x X X x X X 1 11 13
X X X X x -] ] 9
X x X X X x [] [] 1]
x X x ¥ X x 11 13 12
x X X ] x x 10 12 ]
x x x x x 3 4 3
1 x X x x x 14 14 17
x 1
I x x X x X [] 3 2
X X X X X X 5 (- ']
x X x X 1
X X x 1
ca X X x X -] 1
| 42 [Ouillback carpsucker x X X X 3 3 4
| 43 [Highfin_carpsucker x x x
| 44 |Siver redhorse x x
| 45 |Golden redhorss ¥ X X X X 2 8 3
| 46 [Shorthead redhorse x x x 1
| 47 |Northern hog sucker E X X L3 x 2 k. 4
| 48 [White sucker X ¥ ¥ x ¥ 10
| 49 |Spotted sucker x x x x x x [] 4
| 50 |Croek chubsucker k3 X X X X 4 10 4
| 51 [Black bullhoad x x x ] 5 4
2 |Yellow bullhead X X X x x 11 3
| 53 |Channwl catfish x X X x L] 4 3
4 |Flathead catfish 1 ' x 1 1 1
| 55 | Slender madtom
| 56 [Swonecat
57 |Brinded madiom x x x ¥ x x 5 3
Frockled madiom X % x 1 1
| 50 |Pirate_perch x X x X (] 4 4
| 60 |Biackstripe Iminnow X X X X x x 12 14 12
Mosguito fish 1 1 2
| 62 {Brook silverside L] L] 1
3 |Yoliow bass x X 1
LLR X i
X x x X x x [ [ 7
x x ¥ X X s [} 7
x X x L3 ] X 14 15 10
¥ x x x 4 1
x x X X X X 5 2
x x x x x x 7 14
X X x [ * X 12 13
L3 X L] X 1
X X x 2 1
X X 2 x 2 1 1
X x 4 1 2
X x 1
X X X X x 3
X X x X X 5 I: 5
x % x x 2 2
x X x x x 4
X x X
x X x x
x X 2 ] 1 1
x x X x 2 3 ]
x X X 2
3 1 1 1 (]
¥ X X = 4 1
X ] X 1
K x x x X x 10 12 =
x X X ¥ x 1 3 1
x X x 1 1 1
3 49 50 43 75 a0 55 63 67
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Historic Embarras Watershed
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APPENDIX II

Fisheries Data
for Middlefork River, Farm Creek and Embarras River

Collected During this Study, 1987 and 1988.



FC321AmidA%ok

APPENDIX Il, TABLE 1._Ust of collected In Middisfork River and Fam Creek in 1987 and 1988.
|5Ei_gg FC-03] Fc-2.7 FC-2. FC-0 FC-01| FC-AIl Sites| _Widdielork| Middisfork| Migdisfork] Farm Greek
8 Dates 30 3 T 3D hl 8/21/88] B/11/87] All date
Datws/Sites] 2 Da
1 {Fr ird ghad 2 2
Grass pid 1 2l 4 1 1 4 1
3_[Carp 1 1 . %I 1 1 :5
4_|Golden shiner 1 1 1
5 [Crook chib [X] 14 108 31 274 5] 1 [ 28
] : ad chub
7 _[Suckermouth minnow 2l 4 8| 1 23 24| 30
B |Emerald shiner +
9 _|[Striped shirer 114 15 18] |1e_| 5] 1 7 5 1 181
10 |Bigmouth shinar -1
11 |Red shiner 2 4 0| 4 a 7 [ 18] 31
12 [Spotfin_shi 12| 3 1 F 31 1 40 83
and shinec 15[ 3 o a;_l 24 43 74
4 |Redhn r 53 3 19 3 19l 169 1 12] 181
Silverjaw_minno [ 1 1 4 1 134 5| 23 28 lgl
16 |Bluntnose minnow 206 11 13 228 189 748 24 101 125 873
17 [Common stonaroller Y 3 2 126 224 11 5 & (12 0
18 [River carpsucker |
19 |Cuillback_carpsucker 3 4 1 1 [ 151 30 40 49|
20 [Highlin_carpsucker 3 3 3 3
21 |Silver_redhorse [: 5 5
22 |Golden redhorse 1 [] 2 43 4 5 ]
23 |Shorthead redhorse 1 1 8 18]
4 |Northern hog sucker 6| 1 1 1 2.4 25 33
te_sucker 17 4 3_| 10] 1 44
Spotted suck
7 [Croek_chubs: 1 1 5 1 3 11
28 [Black bullhead 2 1 3 3
Yellow bulihead 3 1 3 7 1 1 Z} 9
|Channel catfish 1 1 1
23 gI ] [}
B z5 25{ 1 25
E 1 2 g{ 3
1 1] 2 3
1 2 l{ 2l 3 2} 8
2! 2 A 2
31 10 2| 3] 2 68 43 2 ag] 133
1 1 1
|
7 [ ]
3| 3 3_|
1 1 10 10 22 22
B 11 7 26) 11 3] T4 49’
[ [No Speces 75 | 12 151 18 zgl 23 29 32 37
No_Feh €10 279) g 56 513 2023[ 21 427 _s4d 2673
Shannon-Weaver Diver 0 94 0.84 0 87 0.7 08 _0.94 1.1 115 1.23] 1.07]
% ol Farm and Middielo 88 %! 43 32% 0% 49 %] 78 82 %} 78% Be%l 100%]
riiq 25137 16/3 12 /37 18/37 18/37] 28/3 23/37 29/37 32137 37/37
| [ 57 43% 84% 84 1
i / 168/28 12 / 18/28] 18/28 28/2
72 91 moa
23/3 29/3 32/3
]
| |
72 (23732 )0 Middielork species were not collected in Farm Creek
[F] 3/2B8)5 Farm Creeh o @ _not collected in Middielork
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Embarras 01

-07.5

M'anmx 1I_Table 2 List of species coliected in E% River, 1987 and 1988 1
|
EastBr| EastBr| EastBr| EastBr| EastBr] West West Br| W
|s& EC.0% EC.02 EC.03 EC-04] ANl site EC-0 EC.07] EC.07.§
184 188 [] 2 es! 10 sai 1 23 samp 1

|| I | |
1 zzard ghad 2| ul _ 87 FE| 33 egi 57 %)

Grass pickerel 4 H 2 ) 14 23 71%
3 |Carmp 24 3 2 21 21 48[ 43%)
4__[Golo | 1] 1 [l 14%
5 [Creek chub 3 al 8| 21 37| 40| 43%
6 [Ho d chub 1 )
7 |Suckermouth minnow 5 4 %)
[8 [Emerald shiner 3 1 9 %]
[0 [Striped shiner 1 1 3 B 7] 0 14 117 122 &%)
[10_|Bigmouth shiner 5 5 5 4%)
11 [Red shiner 1 ] 1 4 %)
[12 [Spothn_shinar 18] 11 17] 4 22 ] 13 96 139 6 %)}
13 [Sand shiner 5 1 [ 28 2 3o 38| 71%)
[14 |Redfin shiner 2 167 248 38 47 3 1426 5 1511 1989 100%)
[15_|[Silverjaw minnow ] 1 1 14%)
16 [Bluntnose minno 17] 24 4% 13 27 168 217 BE%
17_|Cormmon stoneraliec 3 3 1 [ 27 30) 43 %]
[18 |River carpsucker 3 ed [ 3 8%
(19 [Ouliback carpsucker 42 1 [ 5 1 57 100 7%
20 [Highfin_carpsucker 4 4] 1] 1 5 9%
[21_|Silver rednhorse gl 4 %)
22 |Goiden redhorse 2 1 39) 42 [ [ 51 7%
23 |Shorthead rechorse 1 1 o 1 9%
24 [Northern hog sucker 1 14] 14 18] 9 %)
[25 |White sucker 3 7! 7 1 0%}
26 |Spotied sucker 3 3 14 1 15 4 43 %)
27 |Crook chubsuck 2 1 1 [E 2 ai{ 7 B %!
28 |Biack bullhead %i F F] 4 20 %)
29 _|Yellow bullhead 1 19 1 20 23 57 %)
(30 |Channel catfish 14%)
(31 _|Sienger madiom 2 2 4 %)
132 [Swoecat 0 4
33 |Brindled madtom 1 1 2 5 8 13 15 57 %
134 |Bincksinpe topminnow 3 1 3 5 1 d 157 700] 2277 2292| 100%)
35 | Smalimouth bass i 0 14%]
3¢ |Largemouth bass 3 | 3 5 5 8 20 %]
37 |Gree i gl 4 7 20 91 ) 57%]
138 _|Orangespotted sunfish 3 3] %l 3 29 %
(39 [Blueqill 12] 17 3| 9 40 138] 156] 71%]
40 [Longear sunfish 14 17 81 1 110 a7l 50 527 637 86 %
4 1_|Rock bass g+ 14 %]
42 |White crappie 1 1 1 14 %)
43 |Blackside darter 3 1 4 3] 3 7 A3 %]
44 |Dusky darter 1 T‘ 1 of 1 2| 43 %)
45 |Greensided darte 1 [l 14 %)
46 [Rainbow darter 1 1 14 %
47 [Johnny darter 1 1 ;1_ 16 2] 28 2 57%

1

No. 12] 5 '.‘gl 2 31 12 47 18 3 47

|No_ FReh 18 sql 138/ [TT| 101 4287 964 535 8338
[ [Shannon-Weaver Diversity 0.85 o.|!| o.ﬂgi 099 0 89

% ol East & West Branches 29 12 arﬁ 4B%] T4%)

ratio 12 / 4 5 | 42 24 | 4 20 42 FINR

% of East Branch 39%] 16% 77%] 85% 100%]
| |ratio 127 31 5/ 24/ 20 31 317 3

% 31%] 100%] 48 100

ratio ! 18 / ! 39

East and West Branch have in common 1 | |

% of East Branch algo collected in West Branch (28/39) [72% 11 West wers not collected In East B

of Wast Branch also collected in East Branch (28/31) |90% 3 East Branch species wars not collected in Wes! Branch
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l

G 5
Fl
3| 8
4| 1
5 [Crosk chut 274 [} 280 3] 37] 40
& [Ho d chub 1 1
7 [Suckermouth ms [ 24 io 5
8 |Emerald shiner [ []
9 |Striped shiner 168] 1 181 5 117 12
%- outh _shiner 5| 5
Red T 1 L 3 1 h ]
(12 |Spotfin_shirs 2 4 63 43 L] 1 g
(13 ]Sand shiner g 3 E 7 [] 3 F
(14 |Redfn shirs 1 18 47 1511 1989
[15 [Silverjaw_minnow 134 [¥ 1 1
Bluntnoss minnow H TAB 1 g‘ 7 4 168 217
(17 [Common stonerolier A 224 €] [ 27 30
(18 |River ucher d []
19 [Quliback carpsucker 0 40 49 4§| 57 10
(20 [Hightin_carpsucker a [) 4 1 5
21 _|Silver_redhorse [+ 5 ﬁj
22 |Golden redhorse g 1 45 [T 4 9 51
123 [Shorthead ree 18 1 1
124 _[Northern hog sucker 25 1 1 15
25 [Wnite suck: [« 1:| 10 44 3 7 |a
26 _[Spotted suci % 33 1 4
27 _|Creok chubsucker [] 11 [ (Y] 72
28 |Black bulihead 21 ]
29 |Yellow bullhead 7 2 [] 2 23
(30 _[Channel catfish 1] Kl
31_|Slender madiom | 2 q
132 [Swnecat a{
33 _[Brindled madto 2 13 18
[34_|Biackstripe_topminno 25| 2 18] 2277 zzag’
35 |Smalimouth be q |
136 _|Largemouth bass s 1 F] sl 8]
37 |Gr fsh 3 4 #1 )
138 [Orangespotied sun a F]
39 [Bluegill 2| 2 17 138) 15
140 |Longear sunfish [ ] 133 11 527 83
(4 1 |Rock bass 1 1
[42 [White crepple 1
43 |Blackside darter [] [] 4 7
44 |Dusky daner 1 2
45 |Greensided darter 3 3 1 1
48 |Rainbow darer 2 1 1
47 |Johnny darter 2?] 14| 4 1 26 27
1
2 3 a7 31 39 42
78 B8 %) 100%] 74 93%) 100%]
202 646 287 LI 5352 2338
76 24%] 100 18 Ba% 100%;
15 16 19 14 24 24
54 50 5 1% 45 82%] 7%
1874 ua 2289 87 4429 510
oz'# ed%] 88 1) 83% [X] !
[) 0 7 H
21 25 22 29 % 18 % 21
|Number Commercial Fish 57 147 20 180] 124 284
% numbers commercial collected 3 % 23 % [] 18 % 2% 4
mumhers commerch, coliected
Nurrber Game os | 7 10 8 9
% collected 2!‘% 2 27 28% 21 2
Hurmber A [] 18 151 789 [
numbers game collected 5 13%] 7% 15%] 15 [E
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APPENDIX III

Fisheries Data
for Farm Creek and Embarras River

Listed by Site and Date.



Farm Creek By Date

Iil, Table 1. Farm By Dae
|| Speces FC. FC-03 FC.01 FC- FC-02.7 FC-03
7/11/8 Fi11/87] (87| 8/06/8 B/08/87
h €|
a'l 1 1 1 1
} 1
19] 3 8 13 1 12|
) 5| 1 13 z 2 1
q 3 2| 2 1
| 1 3 5
4 1 ] 1
B ﬂ 1 151 ) 3 a 5
1 [ 7 8 [} 1 1
8| ag 21 1 3 1 156 73| 44
2| 4 3 90| 20|
River carpsucker
) _|Ouilliback carpsucker 1 1
) _|Highfin capsucker
Silver _redhor
% 1
1 2 2
z 2
2 1 1 1
2
2| 1 i 3
3
3
gI 1
1
8] [ 8 1 4 8 1 1 11
43 ide
44| Dusky darter
[45_|Greensided darter
46 _[Rainbow darter z 2] 1 £
47 lJohnny darter 4 1 1 1 i 2 k2 ii
|
| INo Species 11 1 _8] 1 1 [E 12| 11 7 g;
No. Fish 120 n; 47 56 4 [¥: 337 108 9| 103]
2.14 171 144 2 30 209 2.28 1.38 1.24 1.89 1.8
]

Shannon-Weaver Diversity

Shannon-Weaver Diversity
Range

Averdge
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Farm Croek By Dot

Ill, Tabie 1. Farm Creek By Date crtd.

1
| |Soedes FC-02.7 FC.03 EC- FC. FC. FC- FC-02. FC-03) FC- FC-
10/03/87| 10/03/87] 4s07s 4187 4/18/88]  5/05/ 5/05/ 5/05/8B8] 5/31/88 8/31/88

1 Gizzard shad j
P 2

-
o
[~

qe=
hn

13
15

ro|= Jen

o
L -
-219
>3

Black bullhead
Yellow bullhead
Channel catfish
Skender madtom
Storecat
[Banded madiom
scketripe topminn 1
Smalimouth bass
Largemouth bass
Green sunfish
Orangesponed sunfishy
Bluegill 1
Longear sunfigh [] 1 1 2|
Rock bass
White crappie
Blackside darter
Dusky darter
Greensided darter

Rainbow darier 1
[Jobnny darier 1 1

o fw
4 jom

ala]alwfw
=0

-l

aTaTs
o

™~
-

|

[ [No Speces iz 3 Xk 7 i 8

No. Fsh 189 47 ?q 21 181 19

Shannon-Weaver 1.45] 0.73 1.85 158, 1,39 181 [

(8] ol |-

1.24) 0 96 1.79]
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Farm Creek By Date

Appendix il Table 1. Farm Creek By Date cntd
| {Spedes FC.03 FC. 102 5 -02.7 ] T
5/31/88] ©/14/88] 9/14/8 9/14/8 8/11/8 2 24 2
£y EY Total No. otal N
Fi i Mid
== 2 2
1 1 4 4 14 B 1
1 = zﬂ 1 3
4 1 1
3 114 2| B 88 % 274 3 235
1 1 2 13 8 24 3of
11 4 19 !i 7 -] 67 !ul 1 181
1] 7 2 5| 1 31
2 i’ 1 g{ 31 [ 4 3 40 63
25| 24 % [ 49) 7
4 15 2 8 31 % 7 169 2 181
15 [Silverjaw minnow 1 . 1 ‘4 5 2 134 ] 2|
16 [Bluntnoss minnow H 8 13 24 101 748 125 3
17 _|Common stonerolier 1 g{ 11 55 4% 224 ] 90}
18 [River carpsucher | 0% [
19 |Ouillback carpsucker si 1 3 1 an 21% [] 40| 4
20 |Highfin_carpsucher 3 2' 3 4 % 3 3 l![
1_| Silver_redhor _1 B 0 5 5|
oldan r! L] 2 43 4 % 1 4 4
3 |Shonhead r 17 1 0 1 1
4 N by K 4 1 1 24| 17% 8 2
25 |White sucker 7 5 1 54 34 1 44
28 g Sucker
7 _[Creek chubsucker 17 % [] )ﬂ 11
28 |Biack bulihead 2 % 3 3
@ | Yeliow bullhead 1 1 17% 7 2 [
30_|Channel catfish 1 1 1
31 _|Skender madiom
32 |Stonecst [} 0 []
ded m 1'1
4 ki m _24] 8% 2 2
imouth bass 1 [] 3
1 A % 1 2 43
Groen sunfish 2 3 8% 3 5 []
38 | sunf
39 |Bluegill 2 2
4 Longear sunfish 7 43 2 [ [X] [] 133
’u Rock bass 1 1I 1
42 |White crappie
43 [Blackside darier 7 z 0% 5] 9
(44 [Dusky darter 0%
45 |G 3] 0 3
46 _Raibiow darier_ 41 1 _33% 22 22
47 Liehnny darer 1 11 3 A8 ".__Qf‘
|
No s 1 1 3 1 23 20 28 32 37}
[ [No Fmh 78| 248 4 B1 219 427 Total No_& 2029) [T 267
[ [Shannon-Weaver 23:1 (K 1.30 1.67 258 28 218 282 24
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Farm Cresk By Date

Appendi [Il, Tabie 1_Farm Creok By Date ¢

Silverjaw _minnow

Biuntnose minnow

[EEAION ITIOW
Common_stoneoller

oo -.|-|

River carpsucker

Ouiliback carpsucker

Highfin carpsucker

wlow

]

|

o] 1Sl

Yeoliow bullhead

~

Channel catfish

Slender madiom

Stonecat

Brindled madiom

Blackstripe topminnow

G

a8]

§
1

l

£
2
?
g
i

l

Y
-

Dusky darter

(Groensided dartec

FE]

16,

[ Specs

21

No Fsh

982

806

[Shannon - Weaver

221

2.03

LT

Rarefkacton o 300 indivuduals
joaraTracuon o o) SWYUCUBs
No

20

|

18]
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Embarras River By Datw

EC-

EC-04

8/25/87

EC-03)

EC-07

EC-07-|

10/17/87

10/17/87

A/14/88

b o B S

8/24/8
SH|

8/25/87
3

- =071
9/26/87 0/28/87
=]

FE

g

§|

=

Gizzard shad

2 [Grass pickerel

T

t

%4

7

4 |Golden shiner

Croek chub

—

]

7

Hormyhwad chuo

T nout! §NNo

- Emerald shin:
g 1 hinar

“1

Red shiner

potfin_shinar

22

8]

and shiner

14

5
7 |
o |
[10 [Bigmouth_shiner
11 |
12 |
13 |
14 |

Redfin_shiner

_m__p

403

57)

115 |Silverjaw_minnow

16 [Bluntnose minnow

ol 15| 1o

el b

s

ol jral frojemirofsls

ad alad
"

ad

Ll

ol
(%]
°

1_|Rainbow darter

Johnny darter

1 20

10

20

No_Fish

Joof |

168 as0

45

591

1.79] 20

2.13

1.32

Shannon-Weaver Diversit
Shannon-Weaver

East Branch
Wost Branch

7.

East & West Branctws

lo|olo
-~

T-
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Embarras River By Datwe

p%mu._mmwmm
:]3& EC.07-1 EC-07-11 EC-07-1 -07-11 07- 07-11] -07] _EC-07- c-07-11 C-04
4/23/88] 4/23/88) 5/02/88 5/02/8 5/28/88] 5/26/88] 8/02/88/ #/02/8 6/02/88) 6/09/88
ij E_' 3 FE 5 é
1__|Gizzard shad 1
2 |Grass pickersl 5
Ca 1 3 3
Golden shiner
5 |[Croek chub 1 1
7 ickermouth minnow 1
hi
Striped shine 2] 1 1 1
10 |8 shinar ]
11 _|Red shiner
12 [Spotin_shiner 2 t§| B
13 [Sand shinec 1
14 [Redfin_shiner 2 [] 18] 1 ] 14 3 1 17
15 [Siiverjaw minnow
18 [Bluntnose minnow 2 2 1 37] 20
17 |Common stoneroller 1 2 2
1 River carpsucker
L[L+] 4 2 1
0 |Highfin carpsucker 1
1 4
22 |Shorthead redhorse
23 |Northern hog sucker
24 |White sucker 1
25 IS sucker []
26 |Crosk chubsucker 11 1
27 |Biack bullhead
8 [Yellow bullhead 1 1 1
29 |Slender madiom
i ma 1 1
1 ackstripe topminn 1 1 1 1 12 5
h ba 1
i 1 11 1
34_[Ox sunfish
35 [Bluegill 0 1 q 7 5
36 |Longear sunfish 4 2| 1 7 2 Fl 70| 3 7 15
37 |White crappie
38 |Biackside darter 1 1
30 |Dusky darter
40 |Greensided dartar
4 1_|Rainbow darter
4 t 1
[] 8] 5 3 4 4 20 2] 2 18]
No. Fish 14 18 H| 26 ] 12' 337 gf 8 89
[Shannon Weaver 2.0 1.78 1.81 0.73| 1.33 1,09 __1.8¢ [ 0.38] 231
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Embarras River By Date

IAmlsar_uumz_mmmaxm

| |Species EC-07-1V] EC-07.V) EC-03) EC-07-1V| EC-07-1V ) EC-07-1vl EC-07.5]
6/14/88] er14/ 6/16/88] : 8/02/88 A 88| 8/30/88|
= &] - 5
1 |Gizardshad 2
Grass pickersl 1 1 4
3__ICa [] 2
4 |Golden shiner
5 |Creek chb 7] 2] 3 1
ad chub
7 @ 4
merald shiner 1
tri hi ] 1 5] 19 1 4 14
10 outh_shiner
11 |Red shiner
12 |Spotfin_shiner 13 3 1 3 13
13 |Sand shiner 7 2
14 _|Redin shiner 58] 3 z K 3| 36 14 52|
15 |Silveraw minnow
16 |Bluntnose minnow L 1 1 17 3 7 27
17 |Common stonaralier []
River ek
19 liback r 10 1 19 1 20 2 1 1
Hi ucker
1_|Golden 2 1
22 |Shorthead redhorse !
23 [Northern hog sucker 5 2 3
24 |White sucker 1 1
25 |S Sucker 1 17 1 1
26 |Crook chubsucker El| 3 1 2
27 |Biack bullhead
28 [Yellow bullhead [] 1 1 1 1 2 1
29 |Slender madtom
0 _|Brindled 1
1 tri mi 9_’ 1 1 2 2 20! 700]
2 1
Il 4 k) 7 ] 3 1 20,
34_[Orangespotied sunfish|
35 [Blusgill 1 g 1 1 el 2 i 4 0f
3 (X 28 11 2 30| 27 16 22 )
3
3 1
3
4
jA.1_{Rainbow darter
42 lohnny darter 2 4 2
21 11 12 8 14 3 13 1 10 1
No_Fish 20 64 82 13 115 37 141 (X 75 964
1
| [Shannon-Weaver 2.29] 1.61 2.10f 1.99 2 18 0.77 2.08 185 1.80] 1.18]
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Embarras River By Date

AE‘E!'_"LIMME:M
|

| |Species _EC-07-1V, EC- EC-

$/10/88] @/18/88 ®/18/ 1 2 3
SH-AS SH| £y % % Ocarence
ast Br Wes! anch East &

1 shad EI 50% ﬁ 1
Grass pickersl 50 % 4% Iﬂ
Ca 50% 4 1%

4 |Golden shiner 1 0 A 5% 3%

5 [Cresk chub [] 20 40%] 34%)

[] 4 %] 3%

7 | ] B 9% 6 %
hiner g_ [] 8% &%)

shi 2 1 8] 40%] [} 54%)

10 [B shingr %] B %] [

11 [Red shiner 2 4 %] 3

12 tfin_shiner 14 1 % 44 %] 49%]

13 _|Sand shiner 2 ] %) 24%] 26%

14 [Redfn shiner 308 187} 100] 109) ) 84 [EE?

15 |Silverjaw minnow 1 2 4 3%

18 |Blumnoss minnow 12 1 8] 80 %} 8% [

17 |Common stonarolier 12| 20%; 24% 23%

1 Riv: 10 % 0% e

1 uiliback r 1 ‘H_ 50 %) 36%) 40%)
Hi r 20% 4% 9 %}

1 ] 20 70% 16 31%)

22 |Shorthead redhorse 10 % [} 3 %

3 _|Northemn sucker b 20%] 17 %)

24 |White sucker kY 168% 17 %

25 |5 sucker 3| [ 24 3%
Crosk_chubsucker 8 4 > 48 43%)

27 |Biack bullhead & 4 8%

28 [Yellow bullhead [] 305 ie 34%)

29 |Slender madtom -I 0 43 3%

ndled_madiom | _20 20%] 20%

31 |Blackstripe topmi 1200 1 1 204 10 78%] 74%)
|Largemouth bass 20%] 18%] 17%
Green sunfish 1g| 30 4

34 |Or sunfish) 10%] -

35 |Bluegill 1 30 68 %) 5

36 [Longear sunfish 28] 17 5 4 [] BA % B9%]

37 [Whie crappie 1 %! [ %]

38 |Blackside darter 2 ﬁ 1 14 %)

39 |Dusky darter 1 A% %)

40 |Greonsided darter % Ja %)

1_|Aainbow darier Nl 4 >
Llohnny dener 1 3 10% 36 % 29 %]

| [No. Speces 14 5| 13 r
No_Fish 1610 188 |n§ 431 5 4|

o
Shannon-Weever 087 043 0.27 1.54 1.54
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Embarras River By Daw

LT, r
1| {
| ISpeces |
1 2 3 1
Total No Total No Total No Total Total No Total Ne
East Br West Br ast & Spri Fall
1__|Gizzerd shad 57 33 90 4 4
2 |Grass pickerel ] 4 23 1 1
3 |Ca 27 21 4B 2 1 4 3
4 Golden shines 1 1 1
Crook chub 3 EE 4g| 2] 21 17]
1 1
ckermouth mi 1 4]
al i 8 1
T -] 11 12 3 54 !%l
10 |8 shiner 5 5 5
11 |Aed shiner [ 1
12 |Spotiin_shiner a3 S 139 2] 114 3
13 [Sand shiner 8 3 38 1 17] o
14 [Redfn shiner 478 151 1989 92 544 13583
15 |Silverjaw minnow _‘I 1 1 1
16 |Biuntnose minnow n_!l 168 217 10 1608 47
17 _[Common stonerolier 3 27 3o 1 15 14
18 A uck 8| [) 1 []
[ ullback ¢ ' ﬂl 571 10 nI 24
Hightin _carpsucker 4 1 5 4
1 den ql [ 51 10 41
22 |Shortwad redhorse 1 1 1
23 |Northern hog sucker 1] 14} 5| 1 4
4_|White sucker 3] 7 0] E 2
5 BUcker 33 1 48 2 1
26 [Crook chubsucker 8 7 2 4 23|
7_|Black bulhead 2 4 4]
28 [Yellow bullhead 2 23] \ 1 ‘q
29 |Slender madiom 2 2 2‘ 2
mad 2 1 1 ﬂ
1 tnpe topminn 15 2277 22 5 82 1483
bass 3 8
B 4 91 [E 4 57 34
34 |Ox sunfish! 3 3] 3
35 [Biueqill 17 139 156 5 12 22|
36 |Longear sunhsh 110] 527 637 18] 38 234
37 |White erappie 1
38 |Blackside darter 4 7 1
39 |Dusky daner 1 2 2
(40 |Greensided darter 1 1
4 1_|Rainbow dartor 1 1
|42 lJohnny darter 1 28 27 19 8|
31 kT 4 1 31 34
288 5352 033!| 157 26304 3551
Shannon-Weaver 2.07 1.80 1.94) 1.6 2.2 1.81
Aarilication
to 157 individuals 18 17 18}
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APPENDIX IV

Data Tables for

Index of Biotic Integrity (IBI)



APPENDIX IV, TASLE 1

- A 1 [] K
1 Eant Br. ast Br. ; 1B ot Br. st Br.  East Br. ast Br,
2 |Species EC-01 EC-02 EC-03 EC-03 EC-03 EC-03 EC-03 EC-03 EC-04 EC-04
3 8/24/87 9/18/88 ©/24/87 ©/28/87 10/17/87 ©/18/88 9/18/88 10/22/88 ©/08/88 6/25/87
; SH s - B B B - B B SH|
6 |Gizzard shad 2 24 8 B 15
7 __|Grass pickersl ] 2 1 1 5
8 |Carp 12 5 ] 1 3
#__|Golden shiner
10 |Creek chub 1 2
11 |Homyhead chub
1.2 |Suckermouth minnow
[ 13 |Emerald shiner
1 4 |Stiped shiner 1 1 1 2
[ 1.5 |Bigmouth shiner
1 6 |Red shiner
1.7 |Spothn shiner 15 [ 2 1 8 ]
1 8 |Sand shiner 5 1 2
[ 10 |Redfin shiner 25 187 70 70 ] 100 17 21
2 0 |Siverjaw minnow
21 |Buntnose minnow 17 ] 1 1 20 4
2 2 |Commeon stoneroliar 2 1
2 3 |River carpsucker L]
2 4 |Quiliback carpsucker L] 4 19 10 1
2 5 |Highfin carpsucker 1 3
[ 2 6 |Silver redhorse
2 7 |Golden redhorse 2 1 1 T 10 1 20
2 8 |Shorthead redhorse 1
2 9 |Northem hog sucker 1
3 0 |White suckor 2 1
1 |Spotted sucker 1 L} L} 17 3
3 2 |Creek chubsucker 2 3 1
3 3 |Back bullhead 2
3 4 |Yellow bullhead 1 1 1
3 § |Channel catfsh
3 6 | Slender madtom
3 7 | Stonecat
3 B |Brindled madtom 1 1
3 9 |Blackstripe topminnow 2 1 3 2 1 8 1
4 0 | Smalimouth bass
4 1 |Largemouth bass 2 1
4 2 |Green sunfish 2 1 1
4 3 |Orangespotied sunfish 3
4 4 |Bluegill 5 7 5
4 3 |Longear sunfish 14 17 23 19 4 11 4 15 3
4 6 |Rock bass
4 7 |White crappie
4 B |Blackside darter 3 1
4 9 |Dusky darier 1
3 0 |Greensided darer
5 1 |Aainbow darter
5 2 |Johnny darter 1
53
54
| S 5 |* intolerant species
56
57
5 @ [No Spedes 12 L] 1" 18 10 12 ] 7 18 11
59
60 |No Fish (1] 188 120 188 45 a2z 105 54 ae 47
61
6 2 | Shannon-Weasver Diversity 0.85 0.19 081 0.88 0.92 091 0.12 0.87 1.00 0. 78|
63
[ 6 4 |No Species
65| Tow 12 5 " 18 10 12 ] 7 18 1
66 Darters. | 4] 0 o ] L] 1] ] 2 1
67| Sunfish 1 1 2 3 1 2 ] 1 3 2
68 Suckers 3 1 4 ] 4 3 1 3 2 0
69| Intclerants 3 1 2 3 3 2 0 2 2 1
7.0 |Proportion of Individuals
T1 Green sunfish 0.00% 0.00% 0.00% 1.19% 0.00% 0.00% 0.00% 0.00% 1.12% 2.13%
T2 Omnivores 19.32% 1.08% 5.00% 30.95%  44.44% 41 .48% 0.95% 48 15% 20 07% B.51%
73 Insectivorous cyprinids 52.27% 88.83% 85.83% 41.67% 0.00% 12.20% B7.14% 0.00% 30.34% T6.60%
T4 Piscivores 0.00% 0.00% 0.00% 1.190% 8.87% 1.22% 0.00% 1.85% 5.62% 0.00%
75| Hybrids
76 | Dimsased
T T |Total No. indviduals 1] 188 120 168 45 82 105 54 8e 47
78
78 |Metric Ratngs
| X]
8 1 |No. Species
82 Total 5 3 ] -] ] 5 3 3 5 5
[ ] Darters 3 1 1 1 1 1 1 1 3 3
84| Sunfish 3 3 5 5 3 5 3 3 5 5
B3] Suckers 5 3 ] 5 5 5 3 5 5 1
Intolerants 5 3 2 ] 5 3 1 3 3 3
B T |Proportion of Individuale
8 | Green sunfich 5 5 5 5 5 5 5 5 5 5
[X] o 5 5 ] 3 3 3 5 1 3 5
20 Insectivorous cyprinids 5 5 L] 3 1 1 5 1 3 -]
81 Piscivores 1 1 1 3 L] 3 1 3 L] 1
[ 82 ] Hybrids 5 5 5 5 5 5 5 5 5 5
93| Dseased 5 5 s 5 5 -] 5 5 5 5
4 _|Total No. Individuals 3 3 3 3 1 3 3 3 3 1
[ ¥ ]
96 50 42 48 48 44 44 40 s 50 44
8 7 |integrity 13 G F G G F F F F G F
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3 E = B ESAS ESAS ESAS  SHAS  SHAS B ESASC  ESASC
3 2 1
2 1
1
4 3 ] 2 1
L]
5
1 ] ] 11 L] 23 ] 1 1
13 2 3 14 1
7 2 4
18 [ 1 58 " a8 14 308 100 3
1
1 8 17 7 12 [ 3
1 12
10 20 2 1 19 1
2 1
s 3 2
1
1 1
3 1 8 4 3
[ 1 1 6 1 2
1
1 L] 18 23 20 1200 204 1 20|
2 1 1
4 7 1 1 10 3 3
19 13 12 16 5 [ 9
7 2 7 51 30 13 22 28 58 28 27 18]
1
1
2 2 1 Y 4
3 4 2 21 14 13 10 14 12 11 3 13)
28 10 ] 208 115 141 75 1619 431 84 a7 27
0.32 0.47 #NUMI FNUMI 0.94 WNUMI 0.78 0.38 0.87 o.70 0.33 numy
a 4 2 21 14 13 10 14 13 i1 3 13
o 0 [+] 2 o 1 ] 1 1 1] 1 0
1 1 1 3 3 3 2 1 4 3 2 3
0 0 0 4 5 1 2 2 1 2 0 2
1 1 1 4 3 1 1 1 1 2 1 1

0.00% 0.00% 0.00% 1.92% 8.00% 4.26% 1.33% 0.00% 2.32% 4.89% 0.00% 3.09%
0.00% 10.00% 0.00% B.85% 20.00% 13.48% 12.00% 0.86% 1.39% 20.69% 0.00% 5.15%
73.08% 60.00% 12.50% 42.79% 13.01% 46.10% 28.00% 21.90% 28.07% 4.60% 0.00% 40.21%

T4 0.00% 0.00% 0.00% 096% 0B87% 000% 000% 000% 070% 313% 000%  0.00%
75
76
77 26 10 8 208 118 141 75 1810 431 64 37 97
78
79
30
82 1 3 1 5 5 5 5 5 5 5 1 5
53 1 1 1 3 1 3 1 3 3 1 3 1
[0 3 3 3 5 5 5 5 3 5 5 H s
(0 1 1 1 5 5 3 5 5 3 5 1 5
(13 3 3 3 5 5 3 3 3 3 3 3 3
57
[0 5 5 5 5 3 5 5 5 5 5 5 5
[ 5 5 5 5 3 5 5 5 5 3 s 5
80 5 5 1 3 1 5 3 3 3 1 1 3
91 1 1 1 1 1 1 1 1 1 a 1 1
92 5 5 5 5 5 5 5 5 5 5 5 s
(93 5 5 5 5 5 5 5 5 s s 5 5
94 1 1 1 5 3 3 3 5 5 3 1 E
[
56 as as a2 52 42 48 48 48 48 a4 as 48
57 PiF PIF G F G FIG G G F F A
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2 EC-07.5 No. Sites Spedes
3 8/30/88 as
4 - Percent
[] QOccurence
[] 2s 31% Girzard shad
7] 4 31% Grass pickersl
L] 31% Carp
| 8| 3% Goiden shiner
10 34% Creek chub
11 3% Homyhead chub
12 6% Suckermouth minnow
13 1 6% Emeraid shiner
14 14 54% Striped shiner
15 &% Bigmouth shiner
16 3% Red shiner
17 13 49% Spotfin shiner
1B 2 26% Sand shiner
(19 | 52 83% Redfin shiner
20 3% Silverjaw minnow
21 27 86% Bluntnose minnow
[ 22 ] 1] 23% Common stonerolier
23 3% River carpsucher
1 40% Ouillback carpsucker

9% Highfin carpsucker *
0% Silver redhorse
31% Golden redhorse

3% Shorthead redhorse
17% Northern hog sucker*
17% White sucker

31% Spotted sucker *

2 43% Creok chubsucker
8% Black bullhead
1 34% Yellow bullhead

20% Brindied madtom *
700 74% Blackstripe topminnow
0% Smalimouth bass
17% Largemouth bass
20 46% Green sunfigh
3% Orangespotied sunfish
40 57% Blueglll
50 89% Longear sunfish *
0% Rock bass *
3% Whie crappie
14% Biackside darter
8% Dusky darter

50 3% Greensided darter *
51 3% Rainbow darter
5.3 2 29% Johnny darter
53

54

55

56

57 Total No Fishy
:: 18 Integrity Class Scoring Crieria 6334
:ﬂ se4 ;ig \;-qr Poor

1 00r

62 0.52 40-44  Fair

63 48:52 Good

64 58-860 Excellent

65 18

66 1

7 3

68 3

] 2

70

71 2.07%

72 550%
73] 8si%
= 5

74 0.41%

73

76

77 PE4

78

[ 79

xa Avg index value

(81

(82| 5 397

(83 ] 3 1.80

xa 5 4.26

LER 5 3.40

(86 | ] 329

[ R

[X) H 4.89

(1] 5 4.43

[X] 1 329

91 1 1.51

82 5 5.00

93 L] 5.00

[X] 5 268

[¥]

96 48 46.08

97 G FiG
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el

A I 8 1T & T ® T ¥ T F 138 ; W 1 I3 1 K [T
East B Easi B, Easl v, EastBr. West Wost Br, _West B East & West
Species EC-01 EC.02  EC.03 EC.04 EC-05 [EC-07 EC-07.5  EC-All No.shes Species
1Date 1Dste  8Dmes 2 Dates 1Dste 23 Daws 1Date 25 dats 7

Occurrance
Girzard shad 2 55 18 25 98 57%  Gizardshad
Grass pickersl 4 5 2 25 4 40 T1% Grass pickersl
Carp 24 3 45 72 43% Cap
Golden shiner 2 2 14% Golden shiner
Creok chub 3 8 77 88 43%  Cresk chub
11 |Homyhead chub 2 2 14%  Homyhead chub
1 2 |Suckermouth minnow 10 10 14% Suckermouth minnow
13 |Emerald shiner 10 1 11 290%  Emerald shiner
1 4 |Striped shiner 1 1 3 7 209 14 235 86%  Swiped shiner
15 |Bigmouth shiner 10 10 4% Bigmouth shiner
1 6 |Red shiner 2 2 14%  Red shiner
1.7 |Spotfin shiner 15 11 17 22 183 13 261 Be%  Spoftfin shiner
1 8 |Sand shiner 5 1 2 11 2 Y] TN Sand shiner
19 |Redfin shiner 25 187 248 38 i3 2058 52 3519 100% Redfn shiner
2 0 |Silverjaw minnow 2 2 14%  Silverjaw minnow
2 1 |Bluntnose minnow 17 8 24 L] 308 27 388 Be&%  Buntnoss minnow
2 2 |Common stonerolier 3 30 L 51 43%  Common stonerolier
2 3 |River carpsucker L] & 14%  River carpsucker
2 4 |Ouiliback carpsucker 42 1 113 1 157 57%  OQuillback carpsucker
2 5 |Highfin carpsucker 4 2 & 20%  Highfin carpsucker *
2 6 |Silver redhorse 0% Silver redhorse
2 7 | Golden redhorse 2 1 e 18 80 57%  Golden redhorse
2 B |Shorthead redhorse 1 1 14%  Shorhead redhorse
2 9 |Northem hog sucker 1 28 29  290%  Northemn hog sucker*
3 0 |White sucker 3 14 17  20%  White sucker
3 1 [Spotied sucker 33 28 1 a2 43% Spotted suche *
3 2 |Creek chubsucker 2 3 1 1 129 2 138 86%  Creek chubsucker
33 |Black bullhead 2 4 & 29%  Black bullhead
3 4 |Yellow bullhead 2 1 a9 1 43 57% Yellow bulihead
3 5 |Channel catfish 0% Channel catfish
3 6 | Slender madtom 4 4 14% Siender madiom *
3 7 | Stonacat 0% Sonecat
3 @ |Brindied madtom 1 1 5 27 34 57% Brindled madtom *
1§ |Blackstripe topminnow 2 1 L] L] L] 3180 700 3880 100% Blackstrips topminnow
40 fth bass 0% Smalimouth bass
4 1 _|Largemouth bass 3 10 13 29%  Largemouth bass
4 2 |Green sunfish 2 2 144 20 168 57% Gresn sunfsh
4 3 |Orangespotied sunfish 3 3 14%  Orangespotied sunfish
4 4 |Biuegill 12 5 3 203 40 263 T1% Bluegill
4 5 |Longear sunfish 14 "7 LA 18 872 50 1132 Be% Longear sunfish *
4 6 |Rock bass 0%  Fock bass *
4 7 |Wnite crappie 2 2  14%  White crappie
4 B |Blackside darter 3 1 7 11 43%  Blackside darter
4 9 |Dusky darter 1 1 3 5  43%  Dusky darter
5 0 |Greensided darter 2 2 14% Greensided darter *
5 1 |Rainbow darter 2 2 14%  Rainbow darter
5 2 lJohnny darter 1 L] a0 2 €0 57%  Johnny darter
53
54
535 |" nclerant spacies
56
57T Integrity Class Sconng
5 8 |No Species 12 5 24 20 12 a9 18 42
59 12:22 Very Poor
6 0 |No. Fish B8 188 574 138 101 Bv12 VE4 10963 28-34 Poor
61 40-44  Fair
62 48-52 Good
6 3 | Shannon-Weaver Diversity 0.85 019 0.90 0.99 0.88 0.81 0.52 58-60 Excellent
64
6 5 |No. Spedes
66| Total 12 5 24 20 12 39 18 42
67| Dartars 1 o ] 3 2 L] 1 5
8 Sunfish 1 1 4 3 1 4 3 5
69| Suckers 3 1 ] 2 1 7 3 ]
70| Intolerants 3 1 3 2 1 7 2 7
7 1 |Proportion ol Individuals
72| Green sunfish 0.00% 0.00% 0.35% 1.47% 0.00% 1.62% 207% 1.53%
73| Ommvores 19.32% 1.08% 24.22% 20.59% 594% 5.45% 5.50% 687T%
T4 Insectivorous cyprinids 52.27% BB.83% 45 47% 46.32% 69.01% 39.46% B51% IB3IT%
75 Piscivores 0.00% 0.00% 1.57% 515% 1.98% 2.03% 2.49% 2.03%
76| Hybrids
7 7| Dissssed
7 8 |Total No. indviduals 1 1] 188 574 138 101 8912 984 10963
|19
'_I__I}_ihlt Ratngs
[ 81 ] Average metric value
8 2 |No. Species
83| Total ] 3 5 5 5 5 L] 5 4
84 Darters 3 1 1 5 3 s 3 5 3.00
85] Sunhsh 3 3 5 5 3 5 5 5 4.14
| X Suckers 5 3 5 9 3 5 5 5 4 .43
8§7)] intlerants 5 3 5 3 3 L] 3 5 3.86
8 8 |Proportion of Individuals
80| Greon sunfish 5 5 5 5 5 5 5 5 5.00
80| Omnivores -] 5 3 3 ] 5 5 5 4,43
81 Insectivorous cypnnids 5 5 5 5 ] 3 1 3 414
92| Piscivores 1 1 3 ] 3 3 3 3 2.7
93] Hybrids 5 5 L] 5 5 5 5 5 5.00
9 4 | Dissased 5 5 5 5 5 5 5 5 5.00
§ 5 |Total No. Individuals 3 3 5 3 3 5 5 5 3.ee
§6
# 7 |IBi wtal score 50 42 52 54 48 58 50 56 50.29
8 8 |integrity Class G F G G G G G G G
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! 1 1 4 48% Grass pickersl 19 P
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APPENDIX V

Water Chemistry Data for

Embarras River
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