ASSESSMENT OF STREAM REMEDIATIONONTHE AQUATICHABITAT AND FISH
COMMUNITY OF COX CREEK,CASSCOUNTY,ILLINOIS

INTRODUCTION

ThelllinoisDepartment of Natural Resources(IDNR) obtainedal15,574 acreparcel in CassCounty
from Commonwealth Edisonin1993. Thisareacalled” SiteM” wassubsequently named Jm Edgar
Panther Creek State Fishand WildlifeArea. Withthe passageof Conservation 2000thel DNR,
IllinoisDepartment of Agricultureand U.S. Natural ResourcesConservation Serviceinitiated
watershed scalemanagement and streambank stabilization activitiesontheproperty. Nearly onehalf of
thePanther and Cox creek watershed wasacquired with thissite, representing auniqueopportunity for
management by IDNR and it’ s partners.

Severebank erosionprevalent at“ SiteM” wasexemplified by the Cox Creek project area,
approximately 500 feet upstream of theconfluencewith Panther Creek (Figurel). Extensiveerosion
resultedinnearly vertical banks15to 20feet high. 1n 1997 streambank stabilization and habitat
enhancement measureswereempl oyed on Cox Creek. Onerock riffle(Newbury & Gaboury 1993,
Figure2A) wasplaced on Panther Creek bel ow the confluenceand fivewereplaced onthelower
1500 feet of Cox Creek. A total of over 2600 tons of stone (2000 tons RR6, 475 tons RR4 and 145
boulders) wasemployed. Rifflesweredesignedto mimicthetypical pool andrifflesequenceswhile
preventing stream channel downcutting and dissi pating stream energy, thusreducing bank erosion.
Lunker structures(V etrano 1988, Roseboom et al . 1990, Figure 2B) and dormant willow posts
(Roseboomet al. 1990, Figure2C) wereinstalled onthreemeander bendswithinthe Cox Creekriffle
reach. Approximately 65lunker structureswereplacedinstreamto createundercut banks(Figure2C).
Thelunker structuresweremadefromtimber harvested fromthewatershedin preparationfor lake
construction. Roughly 1000 dormant willow postswereobtai ned from nearby SanganoisStateFish
andWildlife Areaand used to stabilize and revegetatetheriparian zone.

Habitat measurementsand fish popul ation samplingwereinitiatedin 1995, twoyearsprior to project
implementation, to measurechangesinthephysical instream environment aswel | aschangesinthefish
population. Water width, water depth and substratewere measured intransectsalong 1200feet of the
Cox Creek project areaandinan adjacent Panther Creek referencereach. Fish populationswere
sampled prior totransect measurement. A before-after-control-impact (BACI) design(Wangetal.
2002, Stewart-Oaten et al . 1986) wasused to determineif stream remedi ation produced measurable
effectsonbioticintegrity, fish speciesrichness, stream habitat quality, water depth, water width, and
size of select fish species.



METHODS

Reachesof 1200feet wereestablishedin boththeproject stream, Cox Creek, andthecontrol stream,
Panther Creek. Thedownstream limit of each station wascharacterized by an obstruction. The
obstructioninCox Creek wasagravel, low-water crossingwhichwastransformedtoarifflecrest after
construction. ThePanther Creek samplelocation contained concretefromacollapsedroad crossing
which acted asan obstruction similar tothelow-water crossingin Cox Creek. Prior toremediationthe
upper 600feet of each samplereachwasmarkedly narrow and shallow in comparisontothelower
600feet. Consequently each samplereachwasdividedinto“ Upper” and*Lower” segments.
Samplingwasconducted during low-flow conditions, typically inearly September, between 1995 and
2003.

Tocharacterizesubstratetypeandinstream habitat thelllinoi sSEnvironmental Protection Agency
(IEPA) quantitativemethod wasemployed using 11 transectsper stream segment. Water widthwas
measured at each transect and water depth and substratetypewasrecorded at either oneor twofoot
interval sacrossthetransect depending onstreamwidth. Inadditionthe Stream Habitat A ssessment
Procedure (SHAP) wasusedto qualitatively evaluateinstream habitat (I EPA 1994).

Prior toriffleconstructionthefish popul ation wassampl ed using abattery-powered, Dirigo M odel
850B, pulseDC backpack el ectrofisher. Electrofishingwasfollowed by supplemental seinehauls
through the entire sampling reach using a20foot, 1/4 inchmesh minnow seine. Duetoincreased
water width and depth post-project fish sampling wasaccomplished witha30ft. electric seine(Bailey
et al. 1989, Day et a. 2003) powered by a1- phase, 1600 watt AC generator.

Largefishwereidentifiedto species, weighed, measured and returnedtothestream. Smaller
specimenswerepreserved and processedinthelaboratory. V oucher specimensweretransferredto
thelllinoisNatural History Survey fish collection.

Therevisedversion (Smogor 2000) of thelndex of BioticIntegrity (I1BI) wasusedto assessstream
guality based onthefish sampledata. A before-after-control-impact (BACI) design(Wangetal.
2002, Stewart-Oatenet a. 1986) wasused to assesswhether stream remediation produced effectson
bioticintegrity, fish speciesrichness, stream habitat quality, water depth, water width, and sizeof select
fishspecies. Datafrom September 1997 sampleswereeliminated from statistical analysesbecause6
monthsappeared to beinsufficient timefor significant fish col oni zationfoll owing March construction.
Thetwo sampl et-test assuming equal variancesin Quattro Pro 10 (Corel Corporation, Copyright
2001) wasused, withP<0.1 considered asthelevel of significance(Wangetal. 2002) . Average
valuesfor both*Upper” and* Lower” segmentsof thestudy reacheswereincludedinanalysesfor all
but fish size comparison, where average size per stream and year was used.



RESULTSAND DISCUSSION
Aquatic Habitat

Thepotential for bank erosion hasbeengreatly reducedinthe Cox Creek study areaby theinstallation
of riffles, Lunker structuresand dormant willow posts(Figure3A,B,C) butisstill prevalentinthe
Panther Creek control reach (Figure4A, B, C). Increased erosion potential in Panther Creekis
indicated by nearly vertical bank slopesthat do not support woody vegetation. Typical low-flow water
widthincreased moderately and water depthsweresubstantially increased withriffleinstallations.
Thoseconditionsresultedinachangeof fish sampling method deemed most effectivefor post-project
sampling. Priortoriffleinstallationthe Upper Cox Creek station had mean water widthsof 9.4and 12
feet and mean depthsfrom 0.2to 0.5feet (Table 1), with areasreduced to 1 foot wide and depths of
lessthan 0.1 feet. Water widthin Upper Cox Creek after riffleinstallation averaged 22to 23feet and
depthsaveraged 1to 1.3feet. AveragewidthsinthelL ower Cox Creek segment weredlightly less,
from 13.9 and 15.2 feet pre-project to a18.9 - 22.7 foot post-project range. Averagewater depthsin
theLower Cox stationweredoubled by theriffle project, rangingfrom0.5t0 0.7 feet pre-project to
1.2and 1.3feetinthelast three sampleyears. Maximum depth readingsin Lower Cox werealso 2to
2.5timesgreater in post-project assessments (Table 1).

INnBACI analysesof stream habitat transect val uesmean depth (t=-2.64, P=0.03) and maximumdepth
(t=-3.39, P=0.01) weresignificantly differentin post-project Cox Creek (both Upper and L ower
segmentsincluded) rel ativeto Panther Creek values. Meanwidthwasnot significantly different
however (t=-0.57, P=0.59). Water depthwasgreater inthe Cox Creek study reach after riffle
installation, asexpected, when comparedtothe Panther Creek control reach. Water width and depth
alsoincreasedin post-project Panther Creek (Tablel). Averagewidthsof Lower Panther transects
was 20.4 to 20.9 prior t0 1997, 24.1t0 27.1in 1997 and 1998, and 25.6 to 27.4 after 1999. Panther
Creek widthincrease appearedto coincidewiththeinitial Cox Creek projectin 1997 but the causefor
suchachangeisunknown. Subsequently, 12 riffleswereinstalled fromthe Cox Creek confluenceto
thelower limit of thestudy reachin 1999. Riffleheight at theold bridgesite (downstream limit of our
control reach) wasdesignedto maintainthepre-proj ect el evation, however. Perhapsbeaver dams
raised water levelsin 1997 and then the Panther Creek rifflesin 1999 madethehigher water levels
permanent.

Habitat typewasrecordedintwo waysduring streamtransect surveys. Thepercent of each habitat
typebetweentransectintervals(usually 30ft.) wasestimated qualitatively. Inaddition, thehabitat type
wasrecorded at each transect |ocation. Datafor Cox Creek reveal ed anobviousincreaseinriffle
habitat from 1996 pre-project to 1998 post-project transect data(Table 2). Lower Cox Creek had no
rifflesin 1996, with an estimated 22.4% of station and 31 (or 13.3%) of transectsrecorded asriffle
habitatin1998. TheUpper Cox Creek reach had somerifflehabitat prior to projectimplementation
but Panther Creek was nearly devoid of riffle habitat altogether.



Run habitat waslargely unchangedinthe Lower Cox Creek reach based ontransect data. In Upper
Cox Creek, however, run habitat wasdecreased from an estimated 79.5% of stationin 1996 to
13.8%in 1998 as shallow runswerereplaced with constructed rifflesand deep pools (Table2). Pool
habitat increased themost in Upper Cox segment from an estimated 29%in 1996 t0 69.5%in 1998.
Run habitat wasal so diminishedin Upper Panther Creek in 1998 and replaced with pool habitat,
apparently aresult of raised water level elevation downstream (Table2).

SHAPvaluesweresignificantly higher in post-project Cox Creek (t=-5.74, P=0.0006) incomparison
to Panther Creek . Pre-project Cox Creek SHAP scoresranged from 63 to 88, while post-project
scoresranged from 104 to 127 (Table 1). Panther Creek scorerangeswere 61 to 78 pre-project and
68t083 post-project (Tablel). SHAPisaqualitativemeansof |otic habitat eval uationusing features
consideredimportant to bioticintegrity. Thefinal scoreisasumof 15 metric scoresintended to assess
bottom substratetype, channel morphol ogy, hydrology andriparianfeatures. Pool quality (depth),
substrate(riprap), instreamcover (L unker structures, boul ders) andriparian (improved stability of
bank vegetation) metric scoreswereincreased by the project.

Fish Community
1. Biotic Integrity

Fishcommunity sampling wasundertakento document changesin thefish popul ation of Cox Creek
following streamremediation. Aspreviously noted, increased water depthandwidth after riffle
installation prompted achangein fish samplemethodsfrom backpack el ectrofishing and supplemental
minnow seinehaul s, to el ectric seinesampling. Changesinthefish popul ationwereanticipated aswell.
Improvedinstream habitat diversity withtheaddition of rock rifflesand deep poolsshouldresultin
increased speciesdiversity (Schlosser 1982). Althoughfishsamplesizedecreased substantially when
theel ectricseinewasimplemented (Tables3, 4), speci esrichnessincreasedfairly consistently in Cox
Creek samples(Table3, Figure5). Thisisunlikely tobearesult of differing samplemethodsbecause
increased stream sizemakessampling generally lessefficient, asreflected by thedeclinein samplesizes.
Thetrendtowardsincreased fish speciesrichnessin post-project Cox Creek sampleswasevident and
not mirroredin Panther Creek samples, withtheexception of 2001 (Figure5). Upper andlower
segment specieslistswere combined for Figure5, but arelisted by segmentin Tables3and 4.

Speciesrichnessisavery simplemeasureof diversity that excludesrel ativeabundanceinformation
(evenness). Nonetheless, itisauseful measureand animportant aspect of biological integrity.
Biological integrity may bedefined astheability to support and maintainabal anced, integrated,
adaptivecommunity of organismshavingaspeciescomposition, diversity, andfunctional organization
comparabletothat of natural habitat of theregion (Karr 1991). Therevised |BI scorereflectsthelevel
of biological integrity using 10 metricsof thefish populationincluding speciesrichness, trophic structure,
reproductivestructureandtolerancetodisturbance (Smogor 2000). Likethespeciesrichnesstrend,
IBI valuesgenerally increasedin Cox Creek after projectimplementation (Figure6). The19951BI
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wasquitehighhowever and areview of theindividual metric scoresrevea ed no obviousfish
community characteristicresponsiblefor thehighscore. BACl analysesof simplespeciesrichnessand
| Bl werecomparableinthisstudy, withthel Bl t-test result very closetosignificance(t=-1.40, P=0.10)
and speciesrichnessachieving significant difference (t=-2.05, P=0.08) in post-proj ect samples.
Establishing statistical relationshi psbetween habitat and diversity or between habitat and biol ogical
integrity remainselusiveinthesestreams. Therelationship between habitat diversity and species
diversity isreportedly harder to predictinsmall streamsdominated by small fish (Schlosser 1982) such
as Cox and Panther creeks.

2. Fish Size

Increased water depth duringlow-flow conditionscould beexpectedtoallow larger individual sto
inhabit thestream, during an otherwiselimiting condition of warmand shallow water withlow level sof
dissolved oxygen. Inoneinstanceprior toriffleconstruction severa whitesuckerswereobserved
crowdingaround ashallow groundwater dischargeof cooler water duringthelatesummer drought. It
appearedthat theconversionto deep poolsinthat reach woul d reducetemperature-rel ated dissolve
oxygen stressto white suckersand other larger fishesin the stream reach.

A significant changeinaveragetotal length of whitesucker (-2.39, P=0.096) wasevident between pre-
vs. post-project samples, however no significant sizedifferenceswerefoundinhornyhead chub
(t=2.24,P=0.15), goldenredhorse(t=1.19, P=0.32), yellow bullhead (t=0.71, -P=0.53), green
sunfish (t=1.03, P=0.41) or Johnny darter (t=0.64, P=3.18). Whitesucker averagesizewasincreased
inpost-project Cox Creek relativetothe Panther Creek referencearea. Pre-project samplesof white
sucker exhibited greater averagetotal lengthsin Panther Creek thanin Cox Creek. In1998and 2001
however, both streamsheld similar-sized whitesuckers(Figure 7). Panther Creek whitesuckers
averageddlightly longer againin2003. Overall, sizedifferencesbetween pre- and post-project Cox
Creek fisheswerenot well illustrated during thisstudy period. Perhapsmoretimeisrequiredfor fish
size/age structuresto respond to habitat changes.

3. Fish Colonization

Therecol onizationrateof animproved stream reach shoul d berel ated to the degree of i sol ation of that
reachfrompotential colonizers. Timeperiodsfor recovery of lotic macroinvertebratecommunities
rangefrom 60 daysto 10 years(Fuchs& Statzner 1990). A general indicator of fishcolonizationis
speciesrichness. Therewasnoincreasein Cox Creek speciesrichnesswithinthefirst six months.
Notableincreaseswereevidentin 1.5years (1998 sample) withfurther increasesin4.5years (2001
sample). Speciesrichnessappearedtolevel outin 2003 (Figureb).

Colonization of thestudy reach by new specieswasevident from 1998 through 2003 however. One
individual southernredbelly dacewascapturedin Cox Creek in 1997, but hasnot appeared since. An
inhabitant of rocky, usually spring-fed, pool sof headwatersand creeks(Page& Burr 1991) this



speciesprobably isnot acommoninhabitant of lower Cox Creek. Thesouthernredbelly dacecould
be present inthe upper drainage but thereare no additional recordsfor thewatershed. 1n 1998
emerald shiner, redfinshiner, fathead minnow andriver carpsucker first appearedinthe Cox Creek
samples. All of those speci eswith theexception of fathead minnowsappearedin subsequent sampl es.
Speciescollectedfrom Cox Creek in 2001, but not inthefour previoussampleefforts, werehighfin
carpsucker, slenderhead darter and mud darter. The" new species” list continuedtogrowin2003with
theaddition of channel catfish, freckled madtom, bl ackstripetopminnow and freshwater drum.

Inall 12 new fish specieshave been documentedinthe Cox Creek study areasinceinstallation of
riffles, Lunker structuresand dormant willow posts. It appearsthat many of those speciesmay persist
inthesamplereach. Riffleinhabiting speciesthat have col onized thereach arefreckled madtom,
slenderhead darter and mud darter, althoughthefreckled madtom al somay inhabit structureal ongruns
and undercut banks(Page& Burr 1991). Theremaining speciesareprimarily pool inhabitants.

A speciesfirst recorded fromthe Panther Creek control reachin 1997 wasblacksidedarter. Itwas
collectedin Panther Creek only onceagainin 2001, but wasseeninevery Cox Creek sample. Fish
speciesfirst observedin Panther Creek in2001 wereredfin shiner, black crappieandwarmouth.
Redfinshinerswerealso collected from Cox Creek, but black crappieand warmouthwerenot
previously or subsequently takenfromeither stream. White crappiewasadded to the Panther Creek
specieslist in 2003. The species“new” to the Panther Creek

study reach aresluggishwater/lacustrinespecies(whitecrappie, black crappieand warmouth) or
inhabitantsof poolswith slight (redfin shiner) moderate (blacksidedarter) current(Page& Burr 1991).

Colonizationfrom downstream sourceswoul d requiremigrationfromthelower SangamonRiver
throughal.4 milestraightenedfloodplainreach of Panther Creek, thenup 3 meandering streammiles
totheconfluenceof Cox Creek. Upstream sourcesfrom Panther Creek includeapproximately 14
milesof freeflowing stream, a25 acretributary impoundment (Gridley L ake) 10 milesupstream of
project areaand several smaller pondsinthe50 acrewatershed (exclusiveof Cox Creek). Cox Creek
isfreeflowingforitsentire11.7 miles, witha200+ acretributary impoundment (PrairieL ake) about 4
milesupstreamfromtheproject area, asmaller tributary impoundment (Drake L ake) within3miles,
and several small pondsthroughout the 25 acre watershed.

Migrationfromthelower Sangamon Riverismost likely during spring highwater periodsbecausethe
channel istypically wideand shallow andisunlikely to offer good fishrefugiainlow water periods of
summer, fall and winter. Colonizerswould then need to passthroughthe channelized |ower Panther
Creektoreachtheproject area. Fortunately, flood control plansfor Chandlervillewererevisedto
replaceaproposed sheet-piledrop structurein Panther Creek, anupstreammigrationbarrier, with
rock riffles.

Insummary migration upstreamfromthe Sangamon River ispossi bl ebut perhapsimpeded by shallow
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water inthe Sangamon proper and achannelized |ower Panther Creek channel. Colonizationfrom
downsteam sourcesmay takeyearsuntil theproper water |evel sandfish popul ationsarepresent to
moveintothewatershed duetoa lessthat optimal migrationroute. Migrationfrom upstream sources
islargely unimpeded except for variousimpoundmentsintributary streams. If adequatewinter and
drought refugiaare present upstream, migrationinto the project areashould berelatively easy.

Sport fish speciesincluding channel catfishand black crappiehavejust appearedinthestudy areain
recentyears. Largemouth bass, bluegill andyellow bullhead have been present throughout the study
periodbut areyet to reach populationlevel sto support asubstantial sport fishery. Numbersof bluegill
andlargemouth basscollected haveincreased substantially in 2001 and 2003 post-proj ect samples
(Tables3, 4). Overflow fromimpoundmentsand pondsinthewatershed coul d beresponsi blefor most
of thesunfishand catfish seeninrecent samples. Spillway escape should producesufficient stock of
largemouth bass, bluegill and perhapschannel catfishtoallow afishery todevel opin Cox and Panther
creeksif thehabitat will support them. Increased depthsandimproved habitat diversity shouldresultin
better sport fish popul ationsbut moretimemay beneeded toreachthefull potential. Periodic
surveyingwill continueinPanther and Cox creeksto assessfish community and sport fisherieschanges
that occur over time.

CONCLUSIONS

Streambank stabilization measuresemployed on Cox Creek in 1997 hasled to reduced potential for
bank erosion. Aquatic habitat changeswerealsoaresult of rock riffle, Lunker structureand dormant
willow postinstallation. Typical low-flowwater widthincreased moderately and water depthswere
substantially increased by riffleplacement. Averagewater depthsinthe Cox Creek project areawere
doubled and maximum depth readingswere2to 2.5 timesgreater in post-proj ect assessments, a
significantincreasein comparisontothePanther Creek control reachaccordingtoBACl analyses. The
increaseinstreamwidthwasnot significant dueto correspondingincreasesin Panther Creek width
measurements, which presumably werearesult of beaver damsand/or a1999riffleproject
downstream of the control reach.

Habitat measurementsfor the Lower Cox Creek segment recorded 13.3% of transectsand an
estimated 22.4% of station asrifflehabitatin 1998, wherenoriffleswerepresentinthepre-project
condition. ThePanther Creek control reachwasnearly devoid of rifflehabitat throughout thestudy
period. Runhabitat waslargely unchangedintheL ower Cox Creek segment, butintheUpper Cox
segment was decreased from an estimated 79.5% of stationin 1996t0 13.8%in 1998 asshallow runs
werereplaced by riffleand pool habitats. Pool habitat increased most inthe Upper Cox segment from
an estimated 29%1n 199610 69.5%in 1998. Run habitat wasal so diminishedin Upper Panther Creek
in 1998 and replaced with pool habitat, apparently aresult of raised water |evel el evation downstream.
Aquatichabitat quality asmeasured by SHA Pwassignificantly higher in post-project Cox Creek when
comparedto Panther Creek. Pool quality (depth), substrate(riprap), instream cover (Lunker



structures, boulders) andriparian (improved stability of bank vegetation) metric scoreswereincreased
by the project.

Fishspeciesrichnessand 1Bl valuesgenerally increasedin Cox Creek after project implementation.
BACI analysesof simplespeciesrichnessand Bl werecomparableinthisstudy, with speciesrichness
achievingsignificantincreasespost-project samples. | Bl valueswerenot significantly different
however. Establishing statistical rel ationshi psbetween habitat and diversity or betweenhabitat and
biological integrity remainselusiveinthesesmall streams.

Ananticipatedincreaseinfish sizeaccompanyingincreased water depthsinthelow flow conditionwas
indicated only inthewhitesucker. Nosignificant sizedifferenceswereevident between pre- and post-
project samplesof hornyhead chub, goldenredhorse, yellow bullhead, green sunfish or Johnny darter.
Perhapsmoretimeisneededfor fish size/age structuresto respond to habitat changes.

Fish speci escol oni zation of the Cox Creek study reach, asindi cated by speciesrichness, wasnot
evidentuntil 1.5yearsafter projectimplementation. Further increasesinrichnesswereseenafter 4.5
yearsbut appearedtolevel out at 6.5years. A total of 12 new fish specieshavebeen documentedin
the Cox Creek study areasince 1997. It appearsthat many of those speciesmay persistinthesample
reach. Riffleinhabiting speciesthat havecol onizedthereach arefreckled madtom, slenderhead darter
and muddarter. Pool-inhabiting speciesthat first appeared in post-project samplesof Cox Creek
includeemerald shiner, redfinshiner, blackstripetopminnow, river carpsucker, highfincarpsucker,
channel catfish, and freshwater drum.

Whilesport fishessuch aslargemouth bass, bluegill and yellow bullhead have been presentin Cox
Creek throughout the study period, they areyet to support asubstantial sport fishery. Numbersof
largemouth bassand bluegill haveincreasedinrecent samples, but introductions fromnearby stocked
impoundmentsarealikely factor. Still thereisthepossibility thatimprovementsinthesportfishery are
forthcoming asthefish community continuesto adjust to the habitat changes.
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