ABSTRACT

VANDER PLUYM, JENNIFER LYNNE. Impact of Bridges anduf@erts on Stream Fish
Movement and Community Structure. (Under the direatibDavid B. Eggleston).

This study was part of a larger, more comprehensive pragsessing the effects of
culvert designs on freshwater mussel habitat. Becaasg freshwater mussels depend on
an obligate relationship with certain fish hosts toptete their life cycle as well as sole
mechanism for dispersal, it is critical to identify tdudes to fish movement that, in turn,
could negatively impact dispersal success of mussdis.pfimary goal of our study was to
guantify the impact of four commonly used road crossibgdde, arch culvert, box culvert,
and pipe culvert) on stream fish abundance and diveestwell as movement. We
conducted a mark-recapture study in 16 streams located khetisont region of the Cape
Fear River Basin of North Carolina during the summe2Qif4. Following electrofishing
surveys, all fish were identified to species and meagordt nearest millimeter. Fish30
mm total length (TL) were individually marked elastomeinpaThese procedures were
repeated four, eight, and 12 weeks after the initial sagnpleriod. With the exception of
species richness, all response variables: estimatepolgpion size, species diversity, fish
index of biotic integrity (FIBI), and Conditional Percévibvement (CPM) did not vary
significantly with crossing type, position (upstream andikiream), or month.

Downstream reaches of box culverts contained signifigdigher species richness of stream
fish than other crossing types. High diversity ofatndish downstream of box culverts may
have been due to a scouring effect common below bopigacculverts which results in

pool formation and a possible change from benthic to psiolsipecies on a local level. The
general lack of stream fish abundance and diversity nsgisao road crossings may be due

to: the insensitivity of stream fish community variablEEBI and diversity index) to



anthropogenic effects, the overall resilience of fismmunities, or the shifting baseline
theory--fish communities having shifted to an impactedroamity prior to sampling. There
were extremely low numbers of individuals that movetivben stream reaches in the first
study, therefore we conducted a second mark-recapture stadyReassive Integrated
Transponder (PIT) tags with remote antenna arraysxatreams, three streams with bridges
and three streams with box culverts, during the sumfi20@b. We surveyed each stream
using electrofishing and marked all fish measurr@f) mm TL with an ISO PIT tag.

Custom built antenna arrays, with weir nets to direstt fiassage through the antenna loop,
were installed in each stream either upstream or dogaratof a given crossing and detected
tagged fish continuously for 30 days. Estimates of mearepemovement of fish through
box culverts (28.27% + 12.24% SE) was almost half thatid§es (44.35% + 8.77% SE);
however, the percent tagged fish detected by the antenhadges and culverts showed no
significant difference between the two crossing typEsese results suggest that a larger
study might detect a significant difference in fish moeat through culverts as opposed to
bridges. This application of PIT tags and remote antemagsaproved a more effective and
efficient use of research funding to assess stredmmfts/ement through culverts and we

recommend the antenna systems for further non-gameeglarch.
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CHAPTER 1

IMPACT OF BRIDGES AND CULVERTS ON STREAM FISH MOVEM ENT
AND COMMUNITY STRUCTURE: TRADITIONAL MARK-RECAPTURE
METHODS



ABSTRACT

Alteration of streams by construction of road crossingctiires can degrade
stream habitat leading to: a loss of fish spawning,sstesthering endangered mussel
habitat, and an overall reduction of species richnessliaadsity. Structures of
particular interest to ecologists, managers, and tipauD®ent of Transportation
(NCDOQT), are bridges and culverts. Culverts are typidakk most economically
feasible road crossing and potentially the most damagibgta, stream morphology,
and hydraulics.

The primary goal of our study was to quantify the impadbof commonly used
road crossings (bridge, arch culvert, box culvert, apd pulvert) on stream fish
abundance, diversity, and movement. This study waopariarger, more
comprehensive study assessing the effects of culvert desigineshwater mussel
habitat. Many freshwater mussels depend on an obligat@rship with certain fish
hosts to complete their life cycle and for disperd2dcause there is no other mechanism
for dispersal documented for these mussels, it i€alito identify obstacles to fish
movement that, in turn, could negatively affect dispessatess of mussels.

We conducted field surveys of stream fish and a mark-reaptudy in 16
streams located in the Piedmont region of the CapeHRiear Basin of central North
Carolina during the summer of 2004. Stream reaches 50 ra abovbelow a given road
crossing, or pseudo-crossing in the case of the cattedm reaches without crossings,
were blocked off and sampled using a combination of seiningriptetpass
electrofishing. All fish were identified to species ancam&ed to the nearest millimeter.
Specimens larger than 30 cm total length (TL) were indiligumaarked subcutaneously
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with elastomer paint tags. These procedures were rejpeate eight, and 12 weeks
after the initial sampling period.

All response variables: (1) estimates of population $2especies richness, (3)
species diversity, (4) fish index of biotic integrity (FIB5) Conditional Percent
Movement (CPM), and (6) interaction terms were aredyzsing split-plot, repeated
measures ANOVA models with crossing type (bridge, artredy box culvert, pipe
culvert, control) as the main factor, position (upstrteand downstream of the crossing)
as the sub-plot factor, and month as the repeated meeaAliresponse variables showed
no month effect; therefore the data were pooled at¢rossand reanalyzed with a split-
plot ANOVA as described above. With the exceptionpeicges richness, all response
variables did not vary significantly with crossing tygreposition (upstream and
downstream). Downstream reaches of box culvertsagwad significantly higher species
richness of stream fish than other crossing typegh Hiversity of stream fish
downstream of box culverts may have been due to a sgoeffiect common below box
and pipe culverts which results in pool formation andssiide change from benthic to
pool fish species on a local level. The general tdctream fish abundance and
diversity responses to road crossings may be due tmgéesitivity of stream fish
community variables (FIBI and diversity index) to anthrggoic effects, the insensitivity
of fish communities to the presence of crossingsotiegall resilience of fish
communities, or the shifting baseline theory--fish comities having shifted to a
different community prior to sampling. Fish abundanadiaersity did not vary
significantly with continuous stream habitat charactiesssuch as stream velocity
(m/sec) or percent run, riffle, and pool habitats withgiraam reach. Because low
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numbers of individuals were detected as having moved betsteszam reaches, no
conclusions can be made on the effects of road crossmggeam fish movement. A
possible explanation for low CPM is the inability bétsmall spatial scale of this study
(100 m reach surrounding each road crossing) to encompawss kanges of some fish
species coupled with the length of time between recapuaets (four weeks). We
recommend the use of Passive Integrated Transponder thgemibte antenna arrays as
a potentially more effective mark-recapture method tessssad crossing impacts on

stream fish movements.



Introduction

The degradation of critical stream habitat by the canstrn of road crossings
has been documented throughout the world (Walling 1970; Batarsl Nyquist 1972;
Duck 1985; QDPI 1998). Increased sedimentation linked with briddewavert
construction (Hainly 1980; Waters 1995) can lead to a lofislo$pawning sites (Dane
1978; Muncy et al. 1979), smothering of endangered mussel hdliistl 936; Marking
and Bills 1979), and cause an overall reduction of speciesass and diversity (Barton
1977).

Bridges appear to have fewer effects on stream commuthiiessome culverts
(Gosse et al. 1998; Warren and Pardew 1998). A culvertirsededis a drain or
waterway passage built so that a road may crossyadiadater without stopping its
flow. The most common culverts are: (1) arch, a petecarchway with natural stream
bottom; (2) box, a series of two or three square comateuctures allowing flow; and (3)
pipe, a series of two or three corrugated steel pipigsl). Culverts with the least
alteration of flow through the crossing may also leeléast obstructive to fish movement
(Warren and Pardew 1998).

One consequence of culvert and bridge designs is a reduttiomss sectional
area for water flow, leading to increased stream ¥&scat certain times to levels that
exceed the swimming ability of small fish and prevenir tingstream movement (Orth
and White 1993; Gosse et al. 1998; Warren and Pardew 1998). t€hadiah of water
flow can disrupt movement patterns that are essdatifish growth, survival, and
reproduction (Evans and Johnston 1980), as well as mainteobogenmunity structure

(Porto et al. 1999). There must also be enough wateaitttamm a minimum depth in the
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culvert to allow relatively large fish passage throtlghculvert during periods of low
water depths (Dryden and Stein 1975). It is thought ihailar and elliptical culverts
are preferable over flat-bottomed designs because ofgitegiter depth of flow per unit
discharge (Dane 1978). Fish passage through culverts hasxteasively studied for
anadromous fishes (Bates and Powers 1998; Kayler and Quinn 198&) Btates
General Accounting Office 2001), but not warm-water strésim and relatively little
information exists as to which road crossing structurggede movement of non-
commercial species (Jungwirth et al. 1998).

A loss of natural structural complexity in the streasttdim is another side effect
of the presence of road crossings. When culvertmstaled, natural stream bottoms are
physically replaced by the uniformity of a metal pipe @narete enclosure that alter fish
habitat and change the hydraulic capacity of the watenwidly riffle habitat most
commonly replaced by the culvert (Dane 1978; Gosse £998). Further degradation
of the stream bottom is caused downstream of croskimgsthe increased velocity of
water through the crossing resulting in deep scour pooldirfate et al. 2000) which
alters localized riffle-run-pool ratios. Structural q@exity, specifically pool-riffle-run
ratios, is critical to fish interactions with th@ihysical and biological environment and,
therefore, critical to the health of the entire ftimmunity (Angermeier and Schlosser
1988). Structurally diverse natural streams typically have atgteal of buffering
capacity: meanders tend to moderate the effects afd|lqmools offer excellent refuges
for fishes during dry periods, and riffles act as rearingsgaavning grounds for many
fish species (Karr and Schlosser 1977; Schlosser 1987a) m3taddtat complexity can
regulate biodiversity and production levels in the strehannel (Zalewski et al. 1998).
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Stream crossings are known to increase sediment inpaditdisturb the natural
sedimentation of the stream ecosystem (Harper ande#00; Wellman et al. 2000).
Excessive levels of sedimentation have been consideseddst common pollutant in
streams and rivers (Kohler and Soluk 1997) and can affephifsology and ecology of
fish communities by retarding growth caused by reduced viseding efficiency,
clogging gills leading to suffocation, reducing diseasedolee, and altering community
structure (Wallen 1951; Waters 1995). Fish with complexepagtof reproductive
behavior are vulnerable to interference by suspendetbshliring spawning processes
and can be replaced by more adaptive species (Muncyl&78l). Pollutant and
turbidity-tolerant fish species may displace otherergensitive species (Karr 1981).
Thus, increased sedimentation from scour can decrea$auage the adult fish
community composition and populations of some species.

Road crossings may also negatively impact populatiottzedtened and
endangered freshwater mussels fagconaia masoni (Atlantic pigtoe) Alasmidonta
varicosa (brook floater) Villosa vaughaniana (Carolina creekshelll,ampsilis cariosa
(yellow lampmussel)). There is ongoing research tonusgsels as biological indicators
because their sessile lifestyle exposes them to mwamaats in the stream system through
respiration by filter feeding as well as prolonged perlmgi$ed in sediments. Scientists
use pollutant levels in the tissue of mussels as wetleasverall health of the organism
itself to gauge water quality of a system (Goldberg €t%8; Chase et al. 2001). To
support populations of freshwater mussels, streambedscomnisin a sufficient depth of
coarse material such as sand or gravel, which allowséssel burrowing, but which
remains stable during high flows (Layzer and Madison 199%gh stour and sheer
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stress in streams can reduce mussel abundance by strippistyedambed of sediments
necessary for mussels to persist (Johnson and Brown B@@@ison and Layzer 2001).
Like many benthic organisms, mussels have a planktonillphase that has many
stages. The glochidial phase, when the juvenile magsalhes to the gills of many
different species of freshwater fish, is considereddispersal phase that is followed by
settlement once the matured glochidia releases frerhdht fish (Weiss and Layzer
1995; Haag and Warren 1997; Haag et al. 1999). This obligate mslapdetween
freshwater mussels and fish populations makes freshwaitssels particularly
susceptible to changes in the movement patterns and tinafrseir host fish (Bogan
1993).

There have been very few studies of the effectsilvects on warmwater stream
fish, and none conducted in North Carolina. We used sigideys and traditional mark-
recapture methods to quantify the impact of four commosdyguoad crossings (bridge,
arch culvert, pipe culvert, box culvert) on the streein ommunities by quantifying: (1)
fish population size, (2) fish species richness, (3) fidties diversity, (4) fish index of
biotic integrity (FIBI), and (5) conditional percent movent (CPM). This study was
part of a larger, more comprehensive study that asskssgderm effects of road-
crossings on distribution of freshwater mussels. ®¢eded on disruption of fish
movement and possible shifts in fish community strucasre function of
presence/absence of road crossings and crossing typdradiienal mark-recapture
approach employed in this study is the most commonly onetdodology to assess
impacts of crossings on stream fish movement and conyrgtnicture (Warren and
Pardew 1998; Gagen and Landrum; Wellman et al. 2000). Thepotntial
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weaknesses associated with using these methods; theredoatéso quantified fish
movement using a different tag and recapture technique wghatdscribed in Chapter 2.

Methods

Site selection

A total of 16 sites were selected in either a randodirected manner from a
total of 50 possible sites harboring mussel populatiomgsdFi Initially, all sites were
located within the Cape Fear River Basin, North Carptimaeduce variance in stream
fish community. Only two out of four arch culvertesitin the Cape Fear River Basin
were viable study sites because bealastpr canadensis) dams had been built within
the study reaches of two sites. To maintain a balastcely design containing a sample
size of three for each road crossing type or cordrthjrd arch culvert site was added
from the Neuse River Basin, North Carolina (Fig 2). é@dttrossing-type sites had more
than enough streams to allow a random selection. r@@tteams do not refer to the
engineering definition of a hydraulically controlled sime but to streams without
crossings. Habitat characteristics (as outlined bytreh Carolina Department of
Environment and Natural Resources) such as: (1) stream metkured by a tape
measure, (2) stream depth measured by a meter stick, ®nprate substrate type
(bedrock, boulder, cobble, and sand), (4) percentage of haipiga(pond, riffle, and
run), (5) bank stability distinguishing between right ariildanks (a scale from 1-10
with a score of 1 equivalent to “100% eroded bank” ancdbeesaf 10 equivalent to “less
than 5% eroded bank”), and (6) width of riparian zongrdjaishing between right and
left banks (a scale from 1-10 with a score of 1 equntale “less than 6 m of riparian

vegetation” and a score of 10 representing “greater tham dBriparian vegetation”)
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were quantified at 10 m intervals for 50 m above and bedwh erossing. Stream reach
volume and area were calculated using the average wfidkties and depths for each
stream reach, and multiplied by the length of eachhrégit m. There was no
predominance of a given habitat type within streams eutherts as compared to those
with bridges as compared to control streams (Appendix Tigble

Fish sampling

During May, June, July, and August of 2004, we conducted fietghkag of fish
assemblages and a mark-recapture study on the 16 seleetadssto determine the
potential impact of road crossings on fish abundancerslity, and movement. Three
technigues were used to capture fish for determining relabundance and species
richness, as well as to conduct a mark-recapture studgto@ nets measuring 13.72 m
by 1.83 m with 0.48 cm mesh to enclose 50 m reaches abd\ee®w the road
crossing, (2) seine nets measuring 4.57 m by 1.22 m and 6.09 m by Wi?2 0.48 cm
mesh to sample large pool and run habitats more effggtased (3) electrofishing using
a 12A Smith-Root back pack unit to capture fish for tagging.

All sampling periods used block-nets to enclose 50 m readleaxb stream
immediately upstream and downstream of a road crossiagcontrol streams, we
sampled in an area 50 m upstream and downstream of amamagpad crossing
measuring 15 m in length. A length of 15 m was based oavétrage width of road
crossings in our study (Appendix Table 1). Once enclosexis fish in the upstream
and downstream reaches of each stream were sampledausingpination of seining and
backpack electrofishing; triple-pass depletion methods w&zd to maximize recapture
rates and effort (Seber and Lecren 1967; Lyons and Kanehl 188&8vood and
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Schneider 2000; Meador et al. 2003). Fish were removed frestuldy reaches after
each collecting pass and kept in pop-up laundry hampersdodiagetly in the stream
flow until all of the sampling was completed. All figrere identified and measured to
the nearest 1.0 mm total length (TL).

Prior to tagging, fish were anaesthetized using clove pilace of MS-222 due to
its lack of carcinogenic compounds, effectiveness, lost,@nd high survival of fish
(Iverson et al. 2003; Pirhonen and Schreck 2003). We used aolufiorsof 100%
clove oil to ethanol solution and mixed 2.5 ml of the sotutvith 5 liters of stream water
(Pirhonen and Schreck 2003). Aerators were constamtlinrall buckets during the
tagging process and water was changed on the half houlrttamambient temperature
for the captured fish.

Once fish were anaesthetized, we subcutaneously idjactelastomer tag
(Northwest Marine Technologies, Shaw Island, Washingibfiuiorescent red, orange,
green, or yellow into fish measuring > 30 mm TL alongdbesal and anal fin regions of
a fish, with specific combinations of colors and tatations to denote location (upstream
or downstream) and individual (Lotrich and Meredith 1974yrih and Pardew 1998).
Fish were released into the study reach in which theg e@lected after the block nets
were removed.

This entire mark-recapture procedure was repeated fout, aigh12 weeks after
initial sampling to assess temporal variability in fisbvement and species composition.
There was no tagging during the final sampling period in Augesdise there were no
more recapture events. Fish were identified, checkechdoks using an LED flashlight
that illuminated the elastomer marks (Northwest Mafieehnologies), and tagged if

11



necessary before release. The day following ourrispture event in June, a bridge
was removed by the NCDOT at one of our study stredntde(Brush Creek located in
Chatham County NC; Fig 2) and was replaced by an arckrtubi similar bridge site,
Brush Creek, was chosen based on its proximity and sityitarLittle Brush Creek (Fig
2). The data for these two bridges were combined foegtlonse variables (see below).

To estimate potential fish emigration from the 50 mgtedches, we also
sampled an additional 50 m stretch of stream above aad ble¢ original study reaches
using the exact same protocol as described above; hqwegesdditional sampling was
conducted only once at a given site and unmarked fish wetagged. During this
“emigration sampling”, fish were identified and measureg drthey had an elastomer
tag.

Environmental data

To account for potential relationships between fish margnspecies
composition, and physicochemical parameters, we cetleabiotic information for each
stream during each monthly sampling period. Stream deptimeasured using a meter
stick below the road crossing. Water velocity wasasoeed using a General Oceanics
flowmeter that was held with a rod just above theahbed adjacent to the downstream
portion of a road crossing for 60 seconds. Some streachsuch low flows that it would
not turn the flowmeter rotor. In these cases, a nigubtaoyant object was timed as it
traveled a distance of 1m. Stream depth and high flowditons were recorded using a
crest gauge that recorded high flows during non-samplinggse(ieritchard 1995). We
measured water temperature, dissolved oxygen and conductivityaibiand-held YSI
model 85 water quality instrument equipped with turbidity anddbées. We measured
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pH using a portable pH meter. The water quality instrusneete cleaned and calibrated
between each sampling period.

Response variables and hypotheses

A total of three general stream fish response vasalére calculated: (1)
population size, (2) community structure, and (3) conditipaecent movement (CPM).
We hypothesized that all response variables would be lowsestams with pipe
culverts followed by box culverts, arch culverts, anddes, and highest in control
streams, irrespective of time.

Population size

Estimates of fish population size, standard errors, aptlioe probabilities for
each stream reach (upstream and downstream) at eathlyrgample period were
calculated from the triple pass depletion data using TWARE software accessed on the

USGS websitevww.mbr-pwrc.usgs.gov/software.html#alro calculate an overall

population size estimate for each stream reach, ygds fish data were also pooled over
time for each stream reach and divided by four, the nuofeampling periods. These
results were also analyzed with the CAPTURE softw&igtimates of population size
were also calculated using the combined upstream and doamstiega for each sample
period and across time. All estimates of populatioa siere adjusted by the volume of
the stream reach in which the fish were sampled. thitee pass method of estimating
population size also produces standard error values fompeachation estimates.
Community-level response

A total of three community-level response variableseacalculated: (1) species
richness, (2) species diversity index, and (3) fish indeéxaifc integrity (FIBI). Species
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richness, the number of fish species sampled, waslatdd for each time period,
position (upstream and downstream), as well as an dvataé of species richness was
calculated for each site. Each species richness valsetandardized by the
corresponding stream reach volume (Appendix Table 1), wiachcalculated from the
habitat data collected at the beginning of the samplingpeeadd/e also standardized fish
species richness by stream area; however, we found rsieslalts between species
richness standardized by stream volume and streamsareag only consider species
richness standardized by stream volume (species richiipssthe remainder of this
paper.

Stream fish species diversity was calculated for saeglam reach at each
sampling period using the Shannon-Weiner (SW) diversityxindich is based on the
equation H =Y P; x InP;, whereP; is the proportion off species relative to the total
number of species, andAnis the natural logarithm of this proportion with thes&d.0
(Sanders 1968). The SW diversity index is commonly usetetsure diversity and
accounts for variation in abundance and evenness (Magl®&8). Stream fish species
diversity was also calculated for each stream reaagdsa time.

We used a fish index of biotic integrity (FIBI) developed @rik(1981) and Karr
et al. (1986), and subsequently modified and employed by thé Barolina Department
of Environment and Natural Resources (NCDENR). Due tordifiges in stream reach
length in our study and the protocol for estimating theR\&l, we chose nine out of 12
metrics calculated for the Cape Fear River Basin, K :species richness, (2) number
of darter Etheostoma andPercina) species, (3) number sunfisBehntrarchidae) species,
(4) number species suckefZafostomidae) , (5) number intolerant species, (6) % tolerant
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individuals, (7) % omnivorous and herbivorous individuals %8nhsectivorous
individuals, and (9) % piscivorous individuals. We tabuld€BI scores for each reach
and stream for all four sampling periods as well an ovecale. These scores were
meant to represent overall health of the fish commuaged on the FIBI utilized by the
state of North Carolina. The NC Division of Water @ygNCDWQ) published the
most recent version of the index in August of 2004. Sampgbr the 2004 NCDWQ
FIBI was conducted during 2003 (B. Tracy, NCDWQ, pers. comm.).
Movement response

Conditional percent fish movement (CPM), was catedldor each stream,
position (upstream and downstream), and time period. @B&/calculated by taking the
number of fish that moved downstream divided by the sutheofish that moved
downstream and fish recaptured upstream (K.Pollock, NCS.coenm.). The same
calculation was performed for fish that moved upstredins number represents how
many fish moved out of the total number recaptured franfish marked in a given
stream reach. Fish that are designated as having mmadsabset of individuals that
were recaptured; only they were not recaptured in tiadyseach within which they were
originally tagged. This percentage is conditional onproa at a given event and
assumes a constant recapture rate for all species.

Sampling design and statistical analyses

All response variables: population size, species richspssies diversity index,
FIBI, CPM, and interaction terms were analyzed usplg-plot repeated measures
ANOVA models with crossing type as the main factosipon (upstream and
downstream) as the sub-plot factor, and month aefieated measure. All response
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variables showed no month effect; therefore the data wooled across time and
reanalyzed as described above. SAS PROC MIXED was rlyse PROC GLM due
to, in some cases, the violation of certain assumgfio®, constant variance) necessary
for the use of ANOVA analysis in GLM (SAS Institute 200BDROC MIXED uses a
restricted maximum likelihood-based estimation routineNR) based on normal
distribution theory and therefore does not compute nptagissums of squares nor mean
square as errors. SAS PROC MIXED also allows forrbgeneous variances across
groups. Inrare cases, the data were not normallylaistd; therefore F statistics were
used as indicators of significance, as F statistesa@bust to departures of normality
(Scheiner and Gurevitch 2001). Scheffe’s Multiple Comparissts were used to
determine if the response variables differed between moadings (pooled) and controls.

Lastly, linear least-squares regressive models (PROC CORR Institute 2003)
tested whether or not there was a significant relatiprisetween the response variables
and continuous stream habitat characteristics sucheasrstlow and percent run, riffle,
and pool.
Results

A total of 7,500 meters of stream reach were sampledtbgdour-month field
season. We marked 9,594 individual fish representing 43 spewel? families of fish
(Appendix Tables 2 and 3). The number of individual figtt thoved within our study
scale was very low, and ranged from 0 % to 3.01% perhr(@iatble 1). Mean percent
recapture was also relatively low, and ranged from 1.91960@% per month for the
study reaches (upstream and downstream; Table 1) and improveiderably (2.96% to
21.7%) when the reaches within streams were pooled (Table 2)
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Fish population patterns

Estimates of population size were calculated at tméyfdevel due to low
numbers of individual species. Analysis of a timeafigas not possible because no
family was represented at every sampling period for sem. When the population
data were pooled across time, one family, Percidaepresent in all study reaches;
Centrarchidae was present in 29 out of 30 study reaches gnithi@ge was present in 27
out of 30 study reaches. Split-plot ANOVA models assktse effects of crossing type
and position of stream reach on all three familieent€rchidae, Cyprinidae, and
Percidae. Regardless of fish family, estimates of @joul size adjusted by stream
reach volume did not differ significantly with crossirype (Split plot ANOVA, all F <
1.10 and p > 0.41, Table 3) or position of stream reacht (8ptiANOVA, all F < 1.36
and p > 0.27, Table 3). There was no statistically saanti effect of crossing type on
overall estimates of population size for any of theili@as Centrarchidae, Cyprinidae, or
Percidae (One way ANOVA, all F <1.85 and p > 0.15, Table 4).

Fish community patterns

Species richness adjusted by stream reach volume diénowvith crossing type
(Culverts: arch, box, and pipe, bridge and control)itipas(upstream and downstream),
nor according to time (split-plot, repeated measures ANCM p > 0.31, Fig 3);
however, there was a significant crossing type by jposihteraction effect (subplot error
df =4, 25, F = 3.80, p =0.0074). The crossing type by paositieraction effect was
due to downstream species richness being significantly higae the upstream section
of box culvert reaches than for other crossing typegkeocontrol streams; and upstream
species richness being significantly higher in contreleshs than streams with crossings
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(Scheffe’s multiple comparisons test, Fig 3). Theeddhce of species richness means
for downstream reaches of box culverts could be linkek thie scour effects common to
box culverts that result in a pool habitat just belbes¢ulvert (Wellman et al. 2000);
however, we found no difference in percent pool betweemagrmtand downstream
reaches nor by crossing (split-plot ANOVA,; all p > 0.14 E.94, Fig 4). Mean fish
species diversity did not vary according to crossing tygeosition (split-plot, repeated
measures ANOVA; all p > 0.54, Tables 5 and 6). None ofitkeeaction terms were
significant (Tables 5 and 6).

Fish health, as represented by FIBI scores, did notsignyficantly with position
(split-plot, repeated measures ANOVA, all p > 0.17; Figahld 7); however, FIBI
scores did vary significantly with crossing type (df #4,2.53, p = 0.048). A
subsequent Scheffe's multiple comparisons test was ugaildientify which crossing
types were significantly different (df = 4, F = 1.41, p.26). The significant crossing
effect on FIBI was likely due to relatively low FIBlI@es for stream fish near bridges
compared to other crossing types (Fig 5, Table 8).

Fish movement patterns

Conditional percent fish movement (CPM) did not vasgaading to road
crossing type nor position (split-plot, repeated messNOVA; all p > 0.22, Fig 6).
None of the interaction terms were significant. GRpEecies richness, species diversity,
and FIBI showed no correlations with continuous streabitat characteristics such as:
stream flow, depth, area, volume, percent riffle andgrerpool (Pearson correlation

coefficients, all -0.21 < r < 0.31, p > 0.09); however, CéRvhonstrated a significant
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negative correlation with percent run (Pearson coroelaipefficients, r =-0.39, p =
0.03, Fig 7).

Habitat characteristics

Stream width ranged from 4.7 to 10 m, but was relativetylai across road
crossing types (Appendix Table 1). Similarly, stream degmiged from 0.178 to 0.685
m and was quite varied among each crossing type. Ne@neent pool nor percent run
varied significantly between upstream and downstreanmesaar with crossing types
(split-plot ANOVA, all p > 0.06, Fig 4).

Discussion

The results from this study suggest that road crossingslite to no impact on
the fish communities of the 16 streams sampled in iggni®nt region of North
Carolina, at a 100 m spatial scale and a monthly time.sddiese findings support those
of a study of long-term impacts of bridge and culvert tocion on fish communities in
Tennessee where there was no statistical differenceasurements of fish diversity,
abundance, and richness between stream reaches wle$rculverts, or without
crossings (Wellman et al. 2000). Moreover, we found rferéifice in fish community
structure between upstream reaches and downstream readchessings within a
stream. Conversely, Gagen and Landrum (2000) reportddhastawo-fold increase in
mean stream fish species richness in stream redolastream from bridges than
stream reaches upstream from bridges (control) on uplénadaries of the Oachita
River, Arkansas.

Because there were extremely low numbers of individahlthat moved between
upstream and downstream reaches in this study, no stronlyisons can be made on
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the effects of road crossings on stream fish movem@tieam fish movement through
culverts in the Oachita Mountains of west-central Ageawas an order of magnitude
lower than through other crossing types, although thesdittla difference in stream fish
movement between natural reaches and open box cul\Watrsen and Pardew 1998).
One main difference between the Warren and Pardew (18&B) and this one is in our
definitions of culvert types. According to their studyly pipe culverts were in the
category “culvert”, and two out of the four culvertsnpded were perched 5-8 cm above
the downstream reaches during some part of the stu@yinge physical barrier to
stream fish movement (Warren and Pardew 1998). Our stddytlinclude any streams
with perched crossings or those that were dry throughowsutinener of 2004. It is
possible that the inclusion of perched crossings in the&d and Pardew (1998) study
biased their findings towards negative impact of culvertisbrmovement relative to
this study. Conversely, crossings classified as “opmeti-in the Warren and Pardew
(1998) study were similar to our definition of box culvertsich would make the results
from both studies comparable because there was no effieck culverts (this study) and
open box (Warren and Pardew 1998) on stream fish movenhéetWarren and Pardew
(1998) study also used sample reaches that were 100-150 m lnoly,may have
improved their chances of detecting negative impactsauf crossings on stream fish.

A potential problem with using community structure as arcatdr of ecosystem
health is the resilience, or the ability of an ectsysor community to recover after a
disturbance, of warm-water stream fish. Fish comtiegcan recover from construction
activities within one year (Barton 1977; Peterson and Nydqué72). All of the crossings
included in this study were over 30 years old giving the istifesh communities ample
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time to recover or re-equilibrate after constructibthe crossings. Wellman et al.
(2000) compared fish community with sediment depositioavbeulverts and bridges
and documented sediment as having little effect on bsiineunity structure on the short
term (one year), but concluded prolonged sediment addd@idownstream reaches
would be enough to impair spawning activities of rare specigslwiited habitats.

Long term exposure to anthropogenic effects such as setiition from
crossings, bank erosion resulting from clear cutting,aamatultural run-off, could
weaken the resilience of a fish community to nataral human induced perturbations
causing a shift to an alternative stable state, suchmas@tolerant community (Scheffer
et al. 2001; Carpenter 2002). Scheffer et al. (2001) furthesstéeedbacks that
stabilize different states involve both biological andgitsi and chemical mechanisms.”
Thus, in stream ecosystems, consistent sedimenn@astouring, and flow alteration
potentially caused by culverts could not only lead to a sh#tream fish communities,
but could further insure the resilience of the potentiadly, degraded stable state. The
fish communities that we sampled could have shifted Igoagaad are now the
assemblages maintained by these altered streams.

The lack of a road crossing effect on stream fishrditsemay have also been
due, in part, to metrics used to assess community steuclime Shannon-Weiner index
incorporates richness, abundance, and evenness of sphidegiving importance to
rare species (Pielou 1975), but lacks attributes of fum¢trophic level) or community
structure (Brooks 2003; Roy et al. 2004); thereby, giving an inampieasure of the
fish community as a whole. Species richness canbelsomisleading measurement of a
fish assemblage. For example, when fish specibae&s was compared against levels of
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urbanization in the Eastern Piedmont and Coastal Rdgions of Maryland, obvious
shifts from sensitive to tolerant fish species wereeplel, whereas fish species richness
and abundance remained unchanged (Morgan and Cushman 2005). ®hspesées
richness to detect changes in fish communities due ttahaleistruction and species
introduction was found to be misleading because of thasiwai of invasive species,
whether native or endemic, in the species richness Yakat and Helfman 2001).
Alternatives to species richness as community structeesuanements are indices of
biotic integrity, which may be a more comprehensive amdisve litmus to changes in
organismal communities (Scott and Helfman 2001).

Much effort has been put into developing regional indadfdsiotic integrity to
assess the health of stream ecosystems (KarrX88; Fausch et al. 1990; Roth et al.
1996), as well as in detecting the ecological impactsiofan induced disturbances
(Steedman 1988; Schulz et al. 1999; Teels et al. 2004). Althanggiptance and use of
these indices is prevalent in stream ecosystenatiiez (Hughes et al. 1990), recent
studies have found that FIBI scores can be insensitiveawrkanthropogenic
disruptions. For example, abundance is a more sensigiac of population health for
common and rare fish species in a given stream sytbi@mis percent occurrence
between impacted and reference streams (Pirhalla 200&) Narth Carolina FIBI has
one metric of abundance for tolerant species, butardgsa percent occurrence of
intolerant species. In a comprehensive study aimetkatifying indicators of
urbanization effects on streams, abundance of senfigivepecies was a consistent
response to urban impacts, whereas overall fish abuadanatthat of tolerant species
were inconsistent responses (Walsh et al. 2005). \Wéeah to detect anthropogenic
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effects on lakes in Florida, FIBI scores were unrediad higher scores were recorded for
the lakes most impacted by human presence (Schulzl€x98l). FIBI scores can be
effective indicators of short term fish communitgogery after disturbance, but
ineffective as indicators of long term disturbancdl@Pat al. 2000).

When examining ecosystems for changes due to anthropdgiumences, it is
imperative to have natural benchmarks with which the cltebe compared (Pauly
1995; Tegner and Dayton 1998). This is a major tenet obthiiing baseline syndrome’
where each new generation of observers accepts, donse, the species composition
and fishery stock size at the beginning of their careelmaeline, which results in
inappropriate reference points for evaluating disturbaandsestablishing objectives for
restoration. All indices of stream fish biotic intiéguuse a scale relative to the healthiest
stream of a system (the reference stream), suclif that reference stream is also
impacted and currently hosting a degraded community, thesought indicate good
stream health erroneously. It is also possible timablile fish community is not
sensitive to alterations to stream characteristias is not a suitable indicator of stream
health.

Regional environmental conditions, such as habitat rgiifle, run, pool) and
sedimentation rates, are important in structuringdsmmunities (Maret et al. 1997,
Waite and Carpenter 2000); however, it is possible thatdheal variation of these fish
communities may mask anthropogenic effects on stredmafisemblages (Grossman et
al.1990; Fitzgerald et al. 1998; Grossman et al. 1998). Forpdsasmilar fish
assemblages dominated by cosmopolitan species relatindéme species were
associated with stream reaches with high percent wdzer (Roy et. al. 2005), as well
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as correlated with stream reaches of decreased sidp&gs percent urban cover
(Walters et. al. 2003b) on the Etowah River, Geordias possible that any community
changes due to road crossings in our study streams wiei@pherable from the
backdrop of the natural variation of that fish assemblage

An ideal method to assess changes in a community du¢hi@pogenic impacts
is that of a Before-After-Control-Impact (BACI) stu@ynderwood 1996). Extreme
foresight and funding is needed for this approach sincsttitly must take place prior to
and after construction of a road crossing. This appreashnot possible for our study
since the road crossings were constructed 30 years eragor however, we suggest that
future studies assessing the impacts of road crossingshaofismunity structure strive
to employ BACI designs whenever feasible. For studiasiticlude older crossings, we
suggest that a more sensitive organism or community indel,as mussels or insects,
be used to assess stream ecosystem health.

The practical difficulties of tracking large numbef®oganisms through space
and time are common in ecological field studies, tegpin a paucity of empirical
information on taxa, specifically non-commercialyportant taxa (Okubo 1980; Turchin
1998in Skalski and Gilliam 2000). The low number of fish thatved (Mean 0%-
2.06% of fish tagged) within our study reaches indicatesredttlaw with the spatial and
temporal scale of the study, or a fish community dorethéty sedentary members. Itis
possible that sampling 50 m above and below the road rgossis not a large enough
area to capture the movement patterns of stream fisy osark-recapture methods in
this study. When assessing distribution patterns and aoryorganization of an
assemblage, sampling should include the minimum home-sange of the dominant
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species (Grossman 1982; Grossman et al. 1982). Skalskiiliach@000) found that
while most individuals remained within 10-100 meters of théairtiagging site, four
freshwater fish species (blue head chub, creek ckdbreast sunfish, and rosyside dace;
see Appendix Table 2 for scientific names), which vedse the most common species
across all 16 streams of our study, were able to trastgintes up to 200 meters
upstream and downstream over a five-month period. Otagt-racapture studies of
stream fish report similar findings, whereby the fish pajmuia were comprised of
mostly ‘stayers’ that occupy limited areas and a fewvens’ that roam larger areas
(Gerking 1959; Heggenes et al. 1991; Freeman 1995). The majordgaptures over an
18 month period of juvenile redbreast sunfish and adult béaddxd darter were within
33 m of the original capture location (Freeman 1995). dossible that the majority of
stream fish in our study communities remained in the saamgla and the lack of
movement between study reaches in our study was dueatbherme ranges and not the
100 m spatial scale of sampling.

The spatial scale of sampling was expanded to 200 m oneadbrstream in this
study to assess potential fish emigration from our 50 nyseathes after the initial
tagging. Even with this expanded spatial resolution, only $treams had any fish
recaptured from the extended sample reaches. Thuspalicassume that either the fish
are staying in our reaches and electrofishing is notfantefe way to sample them, or
fish are moving out of both the sample 50 m reaches anelxtiended “emigration
reaches.” The latter is a more likely explanatasglectrofishing is an effective and

common method to sample wadeable streams.
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The time between recapture events might also haveab&eror in our inability
to capture potential movers within our study design. kamgle, in a similar study
conducted by Warren and Pardew (1998), a smaller numbeeafrsteaches were
sampled than in our study with two-pass rather thaletgpss depletion sampling, which
allowed for less time (12-17 days) between recapture ewestgpposed to 30 days in our
study. Monthly sampling intervals, however, were usedkayski and Gilliam (2000) in
a mark-recapture study of stream fish movements, burdsesampled ranged from 400-
660 meters of one continuous stream reach. The userkfre@apture alone may not
have been effective at capturing patterns of fish meverat this temporal scale.
Redbreast sunfish, a dominant fish in our study reachedydean documented to travel
95 m within 24 hours of initial capture (Freeman 1995). Stredmstudied in lllinois
have demonstrated rapid movement into defaunated seofishgly streams within 60-
140 hours after removing block nets (Peterson and Bayley 1983)lly, a combination
of mark-recapture and telemetry sampling would give a comelyscture of fish
movement through road crossings (Murphy and Willis 1996).

Although designed using the best available and most commatimted
approach, this study highlights problems with traditionalkanacapture methods used to
assess fish movements through space and time. Wemegwhthe use of PIT tags and
remote antenna arrays, also called gates, for 24 houtariagiof fish movement
through a designated area (Morhardt et al. 2000; Barbin Zgli@t al. 2001). This
system places an antenna in the stream that wilctaty fish carrying a PIT tag as it
passes through the array while an electronic reader housgtbre downloads and stores
all of the tag codes. The PIT tag method has the paltém increase sample sizes and
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use man-power more efficiently and effectively by reducifythe number of sampling
events, (2) sampling bias due to fright response, (3)dexperror, and (4) handling

time of fish, since individual fish are not disturbed upecapture (Gibbons and Andrews
2004). Tag dimensions (12 mm) would restrict the sizesbfthat could be tracked to
individuals greater than 60 mm TL, but would give a moreii@te evaluation of the
numbers of fish moving through crossings versus contealsasbecause of the increased
recapture rates (95-100% read efficiency), as well aghitigy to monitor fish

movements 24 hours a day and seven days a week (GibboAsdnasvs 2004).

This study was meant to produce scientific evaluatiomsilvert designs based
on fish movement and community structure, as opposeaddes based on structural
viability and cost. This is the first time the statéorth Carolina has funded an
ecology-based investigation of NCDOT crossing desidviadification of culverts does
not have to be limited to just minimizing ecosystem iatpaf the structure, but can also
be designed to the enhance habitat of the ecosyste8iaviuski and Ehlinger’s (1998)
groundbreaking study, they looked at the possibility of algeculvert design so that the
culvert itself could be a habitat for fish. By eladomg on the principle that roughening
the bottom of the culvert as means to slow flow and sts@passage (Bates and Powers
1998), they modified culverts using baffles to increadmstéaheterogeneity within the
culvert.

Conclusions

The results of this study suggest that mobile streantéisimunities may not be
sensitive to stream ecosystem degradation and therafayenot be the best organisms
to use as indicators of stream health. The use @mstfish species richness and FIBI
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scores may not be an accurate measurement of longarterronsistent anthropogenic
impacts on stream systems. The need for more sensigasures to distinguish natural
changes in an ecosystem from those caused by humagslighted in our results. Our
study also points to the need to critically evaluatepsiagn designs for studies that assess
the impacts of culverts as well on fish abundadesersity, and movement. There is an
inherent trade-off between more fish captured and morésprpopulation estimates
when more stream reach is sampled with fewer pa$3egletion methods as well as
mark-recapture studies rely on multiple passes for popualastmates. Future areas of
research would be to further use our data to calculatebeostfit analysis for using
triple-pass versus double-pass depletion methods when planhing field studies. We
recommend the use of PIT tags and remote antenna &ra&4 hour monitoring of fish
movement through a designated area. The PIT tag apprmadth restrict the size of

fish that could be tracked, but would give a true evaluatiarumbers of fish moving
through a road crossing versus a control.afeamore bridges are displaced by culverts
it is imperative to understand the impacts of thesesergs. Further research should be
done to assess larger scale influence of culverts cans&eosystems.

The collaborative nature of this study has producedrgpEhensive amount of
site-specific information on streams located in tleglont of North Carolina, which
should facilitate ecosystem restoration. Using dtatds to support an ecologically
motivated study shows the dedication of NCDOT to thethedlfresh-water streams.
Once new designs for road crossings are initiated ttexhjpt to minimize impacts,
attention can be diverted to how to alleviate the preshoimpacted streams. This could
lead to policy and restoration methods specific to ctiesigns. North Carolina can be
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an example to other states and countries that a pslritpdretween government and

science can result in universal benefit.
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Table 1: Number of individual stream fish that moved upstream or downstream,
overall % individuals that moved out of all fish that were tagged, mean % recaptured
of tagged individuals over all three recapture periods (N=3), and overall Conditional
Percent Movement (CPM) by individual stream reach.

Crossing  Creek  Position Fish % Moved % Recapture = CPM

Moved (+SE)

Arch Horse D 2 0.55% 3.17% (0.09)  5.00
Horse 8] 1 0.28% 3.54% (0.20)  3.70

Rock D 0 0.00% 2.85% (1.48) 16.67
Rock 8] 7 2.70% 7.80% (2.70)  41.18

Terrells D 3 0.48% 4.37% (0.36) 10.18

Terrells U 14 3.01% 8.09% (0.27)  23.33

Box Marys D 2 0.90% 7.47% (2.14) 4.21
Marys U 2 0.49% 6.71% (1.84)  3.28

Poppaw D 2 0.67% 6.40% (1.57)  9.68
Poppaw U 7 2.08% 6.66% (1.52) 14.00
Wet D 1 0.49% 4.15% (1.55) 10.26
Wet 8] 3 1.26% 4.37% (2.20) 12.50

Bridge Brush D 5 0.73% 5.90% (2.96) 13.85
Brush 8] 4 1.03% 3.27% (1.96)  10.00

Little D 1 0.22% 4.32% (0.79)  4.23

Little 8] 2 1.37% 6.34% (1.98) 12.50

Polecat D 0 0.00% 8.53% (2.23)  0.00

Polecat 8] 0 0.00% 4.62% (1.95)  0.00

Pipe Dry D 4 1.43% 1.91% (0.87)  5.30
Dry U 5 2.00% 9.20% (3.17)  6.25

Reed D 8 2.09% 9.96% (0.58)  7.27

Reed 8] 2 0.51% 6.62% (2.62)  4.76

Rock D 10 3.53% 8.83% (1.56) 4.41

Rock U 2 0.63% 9.21% (2.91)  0.00

Control  Brooks D 3 0.92% 9.37% (1.54) 14.52
Brooks U 5 1.36% 9.78% (2.72)  27.78

Flat D 3 0.82% 4.43% (1.81) 6.80

Flat 8] 1 0.34% 3.62% (1.13)  2.38

N_Prong D 3 0.83% 6.83% (3.93) 8.82
N_Prong 8] 0 0.00% 5.46% (2.12)  2.78
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Table 2: Mean percent stream fish that moved between study reaches within a stream
regardless of direction and percent stream fish recaptured for each stream across all
sampling periods (N = 6 for all results).

Crossing Creek % Moved % Recaptured
Arch Horse 0.41 7.80
Rock 1.61 8.90
Terrells 1.55 12.60
Box Marys 0.68 15.50
Poppaw 1.63 14.50
Wet 1.08 9.18
Bridge Brush 1.14 2.96
Little 0.51 12.10
Polecat 0.00 14.80
Pipe Brooks 1.72 21.70

Flat 1.29 7.5

North Prong 2.06 11.05
Control Dry 1.18 10.30
Reed 0.62 18.00
Rock 0.51 21.30
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Table 3: Mean estimates of population size adjusted by stream reach volume for the three dominant
fish families captured in NC Piedmont streams: Percidae, Centrarchidae, and Cyprinidae, in
downstream and upstream (D and U) reaches in streams with crossing types (Culverts: Arch, Box,
Bridge, Pipe, and Control). Estimates were calculated using CAPTURE software to analyze triple pass
depletion data pooled across the 4 sample periods for each stream reach. Population means and
standard errors were calculated for each position within a crossing type (N=3). (*N=2)

Family Crossing Position Pop Mean/m3 SE
Percidae Arch D 0.381 0.209
Arch U 0.439 0.317
Box D 0.115 0.049
Box U 0.274 0.146
Bridge D 0.361 0.070
Bridge U 0.354 0.273
Pipe D 0.123 0.085
Pipe U 0.186 0.054
Control D 0.121 0.012
Control U 0.374 0.209
Centrarchidae Arch D 0.575 0.083
Arch U 0.345 0.060
Box D 0.506 0.200
Box U 0.519* 0.071
Bridge D 0.428 0.184
Bridge U 0.450 0.296
Pipe D 0.671 0.261
Pipe U 0.526 0.103
Control D 0.491 0.150
Control U 0.726 0.277
Cyprinidae Arch D 0.446 0.251
Arch U 0.715 0.348
Box D 0.862* 0.058
Box U 1.053* 0.304
Bridge D 1.277 0.805
Bridge U 1.138 0.581
Pipe D 0.630 0.471
Pipe U 0.932 0.372
Control D 0.306 0.246
Control U 0.804 0.276

N
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Table 4: Mean population size estimates for three dominant fish families: Percidae,
Centrarchidae, and Cyprinidae, for all crossing types (Culverts: Arch, Box, Bridge,
Pipe, and Control) pooled across position (Downstream and Upstream), creek (3
streams with each crossing type) and sample periods (4 samples).

Family Crossing Pop Mean SE N
Percidae Arch 0.410 0.170 6
Box 0.195 0.078 6

Bridge 0.358 0.126 6

Pipe 0.155 0.047 6

Control 0.248 0.109 6

Centrarchidae Arch 0.460 0.069 6
Box 0.511 0.112 5

Bridge 0.439 0.156 6

Pipe 0.599 0.129 6

Control 0.609 0.150 6

Cyprinidae Arch 0.581 0.201 6
Box 0.958 0.138 4

Bridge 1.208 0.445 6

Pipe 0.781 0.277 6

Control 0.555 0.199 6

42



Table 5: Mean Shannon Weiner species diversity index score, standard error, and
number of stream reaches (N) per crossing type (Culverts: Arch, Box, Bridge, Pipe;
and Control) and position (Downstream and Upstream). See text for results of
statistical analyses of means.

Crossing Position Mean Div Index SE N
Arch D 2.20 0.09 3
Arch U 2.30 0.14 3
Box D 2.16 0.07 3
Box U 2.18 0.11 3
Bridge D 2.08 0.15 3
Bridge U 2.07 0.08 3
Pipe D 2.01 0.26 3
Pipe U 2.27 0.18 3
Control D 2.20 0.13 3

Control U 2.22 0.04 3

Table 6: Mean Shannon Weiner species diversity index score, standard error, and
number of stream reaches (N) per crossing type (Culverts: Arch, Box, Bridge, Pipe;
and Control). See text for results of statistical analyses of means.

Crossing Mean Div Index SE N
Arch 2.25 0.08 6
Box 2.17 0.06 6
Bridge 2.08 0.08 6
Pipe 2.14 0.15 6
Control 221 0.06 6
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Table 7: Mean fish index of biotic integrity (FIBI), standard error, and number of
stream reaches (N) per crossing type (Culverts: Arch, Box, Bridge, Pipe; and Control)
and position (Downstream and Upstream). See text for statistical analyses of means.

Crossing Position Mean FIBI SE N
Arch D 40.79 3.58 3
Arch U 46.99 3.20 3
Box D 43.23 4.30 3
Box U 37.46 4.88 3
Bridge D 37.24 4.37 3
Bridge U 37.46 591 3
Pipe D 42.12 4.83 3
Pipe U 41.90 4.64 3
Control D 43.45 3.97 3

Control U 43.00 3.49 3

Table 8: Mean fish index of biological integrity (FIBI), standard error, and number of
stream reaches (N) per crossing type (Culverts: Arch, Box, Bridge, Pipe; and Control).
See text for results of statistical analyses of means.

Crossing Mean IBI SE N
Arch 43.89 1.85 6
Box 40.34 2.36 6
Bridge 37.35 2.57 6
Pipe 42.01 2.47 6
Control 43.23 1.63 6
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Figure 1: Examples of the crossing types assessed in this study (clockwise from top
left): bridge, arch culvert, box culvert, and pipe culvert (Photographs by Chris Eads).
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Figure 2: Study sites located west and north of Raleigh, NC, in the Cape Fear River
basin. Each crossing type is represented by a different symbol. The letters inside
each symbol correspond to an individual appendix table for each stream.
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Figure 3: Mean stream fish species richness per m? (+ SE) for each crossing type
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Figure 5: Mean fish index of biotic integrity (FIBI) score (+ SE) of species for each
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and downstream), N = 3. See text for results of statistical analysis.
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Appendix Table 1. Habitat characteristics measured 50 m downstream and upstream of each road crossing. Mean width, depth, % pool, % riffle, and %
run were calculated from measurements collected every 10 m in length in each stream reach. Substrate refers to prominent bottom make-up for each

reach.
Crossing Creek Position Width (m) Area(m?) Vol(m?®) Depth(m) % Pool %Riffle % Run Substrate
Arch Horse Down 6 300 1254 0.418 10 50 40 Gravel, cobble
Rock 6.2 310 145.7 0.47 56 34 10 Gravel, sand, boulder
Terrells 7.2 360 124.56 0.346 52 18 30 Cobble, boulder
Horse Up 10 500 251 0.502 46 4 50 Boulder, cobble
Rock 7.75 387.5 113.92 0.294 38 58 4 Cobble, sand
Terrells 6 300 111.6 0.372 46 54 0 Cobble, gravel, debris
Box Marys Down 5.5 275 119.35 0.434 100 0 0 Cobble, sand
Poppaw 5.9 295 117.41 0.398 32 44 14 Cobble
Wet 8.2 410 210.74 0.514 56 0 44 Bedrock, sand
Marys Up 5.8 290 149.64 0.516 100 0 0 Boulder, silt, cobble
Poppaw 5.6 280 56 0.2 31 20 49 Cobble
Wet 6.9 345 81.42 0.236 0 80 20 Bedrock, sand
Bridge Brush Down 6 300 93.36 0.3112 35 25 40 Bedrock, boulder, cobble
Little Brush 5.24 262 85.94 0.328 54 20 26 Cobble, sand
Little 7.3 365 153.3 0.42 90 0 10 Cobble, boulder
Polecat 5.8 290 81.2 0.28 20 40 40 Cobble, gravel
Brush Up 6.2 310 166.78 0.538 50 40 10 Boulder, cobble
Little Brush 47 235 68.15 0.29 42 58 0 Cobble
Little 6.1 305 93.94 0.308 30 52 18 Cobble, boulder
Polecat 7.5 375 256.87 0.685 100 0 0 Sand, gravel
Pipe Dry Down 7.3 365 206.59 0.566 54 36 10 Cobble, sand
Reed 5.9 295 99.12 0.336 27 43 30 Cobble, sand, gravel
Rock 7.7 385 212,52 0.552 54 13 33 Sand, silt
Dry Up 6.6 330 102.96 0.312 4 0 96 Sand, gravel
Reed 6 300 103.8 0.346 66 6 28 Boulder, cobble
Rock 7 350 120.4 0.344 6.00 25.00 69.00 Sand, silt
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Appendix Table 1.---Extended.

Crossing Creek Position Width (m) Area(m?) Vol(m?®) Depth(m) % Pool %Riffle % Run Substrate
Control Brooks Down 7.1 355 132.77 0.374 0 36 64 Cobble, boulder
Flat 7.8 390 158.34 0.406 10 22 68 Cobble
N. Prong 5.4 270 105.3 0.39 48 6 46 Cobble, gravel
Brooks Up 7.8 390 102.18 0.262 10 40 50 Cobble, boulder
Flat 6.1 305 54.29 0.178 16 52 32 Cobble, boulder, gravel
N. Prong 5.2 260 109.2 0.42 0 24 76 Cobble, gravel
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Appendix Table 2. Comprehensive list of fish familiegnd species collected by a combination of
seining and backpack electrofishing during summer 2004 ithe Cape Fear and Neuse River Basins,

North Carolina.

Family
Aphredoderidae

Catostomidae

Centrarchidae

Clupeidae

Cyprinidae

Esocidae

Fundulidae

Ictaluridae

Moronidae

Percidae

Poeciliidae

Scientific Name
Aphredoder us sayanus

Erimyzon oblongus
Hypentelium nigricans
Moxostoma collapsum

Lepomis auritus
Lepomis cyanellus
Lepomis gibbosus

Lepomis gulosus

Lepomis macrochirus
Lepomis microlophus
Micropterus salmoides
Pomoxis nigromaculatus

Dorosoma cepedianum

Clinostomus fundul oides
Cyprinella analostana
Cyprinella spiloptera
Cyprinella nivea
Luxilus albeolus
Nocomis |eptocephal us
Notemigonus crysoleucas
Notropis alborus
Notropis altipinnis
Notropis chiliticus
Notropis hudsonius
Semotilus atromaculatus

Esox americanus americanus
Esox niger

Fundulus rathbuni

Ameiurus brunneus
Ameiurus nebulosus
Ameiurus platycephalus
Noturusinsignis

Morone americana

Etheostoma flabellare
Etheostoma nigrum
Etheostoma olmstedi
Etheostoma serrifer
Etheostoma vitreum
Perca flavescens
Percina crassa
Percina roanoka

Gambusia sp.

Common Name
Pirate perch

Creek chubsucker
Northern hog sucker
Notchlip redhorse

Redbreast sunfish
Green sunfish
Pumpkinseed

Warmouth
Bluegill
Redear sunfish

Largemouth bass

Black crappie

Gizzard shad

Rosyside dace
Satinfin shiner
Spotfin shiner
Whitefin shiner
White shiner
Bluehead chub
Golden shiner
Whitemouth shiner
Highfin shiner
Redlip shiner
Spottail shiner
Creek chub

Redfin pickerel
Chain pickerel

Speckled killifish

Snail bullhead
Brown bullhead
Flat bullhead
Margined madtom

White perch

Fantail darter
Johnny darter
Tessellated darter
Sawcheek darter
Glassy darter

Yellow perch
Piedmont darter
Roanoke darter

Mosquitofish
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Appendix Table 3(a). Fish families and species for Horgereek, a stream with an arch culvert,
collected by a combination of seining and backpack elegofishing during summer 2004. Horse
Creek was sampled in Wake County, NC (Lat35 58° 25 N, Long: 78 33° 40 W), and was accessed

from SR 1923.

Family Scientific Name Common Name Individuals
Aphredoderidae Aphredoderus sayanus Pirate perch 1
Catostomidae Erimyzon oblongus Creek chubsucker 4
Hypentelium nigricans Northern hog sucker 7
Maoxostoma collapsum Notchlip redhorse 9
Centrarchidae Lepomisauritus Redbreast sunfish 60
Lepomis cyanellus Green sunfish 2
Lepomis gibbosus Pumpkinseed 3
Lepomis gulosus Warmouth 3
Lepomis macrochirus Bluegill 257
Lepomis microlophus Redear sunfish 3
Pomoxis nigromacul atus Black crappie 6
Clupeidae Dorosoma cepedianum Gizzard shad 14
Cyprinidae Cyprinella analostana Satinfin shiner 19
Cyprinella spiloptera Spotfin shiner 10
Luxilus albeolus White shiner 249
Nocomis leptocephalus Bluehead chub 293
Notropis alborus Whitemouth shiner 14
Notropis altipinnis Highfin shiner 2
Semotilus atromaculatus Creek chub 1
Ictaluridae Ameiurus brunneus Snail bullhead 1
Ameiurus nebulosus Brown bullhead 2
Ameiurus platycephal us Flat bullhead 46
Noturusinsignis Margined madtom 51
Moronidae Morone americana White perch 19
Percidae Etheostoma flabellare Fantail darter 91
Etheostoma nigrum Johnny darter 8
Etheostoma serrifer Sawcheek darter 2
Etheostoma vitreum Glassy darter 2
Perca flavescens Yellow perch 6
Percina crassa Piedmont darter 2
Percina roanoka Roanoke darter 12
Poeciliidae Gambusia sp. Mosquitofish 1
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Appendix Table 3(b). Fish families and species for Rodkreek, a stream with an arch culvert,
collected by a combination of seining and backpack elegofishing during summer 2004. Rock Creek
was sampled in Guilford County, NC (Lat: 36 03° 54 N, Long79 35° 57 W), and accessed from US
70.

Family Scientific Name Common Name Individuals
Centrarchidae Lepomisauritus Redbreast sunfish 74
Lepomis cyanellus Green sunfish 60
Lepomis gibbosus Pumpkinseed 2
Lepomis macrochirus Bluegill 151
Lepomis microlophus Redear sunfish 9
Micropterus salmoides Largemouth bass 42
Clupeidae Dorosoma cepedianum Gizzard shad 20
Cyprinidae Cyprinella analostana Satinfin shiner 6
Nocomis leptocephalus Bluehead chub 67
Notropis alborus Whitemouth shiner 5
Notropis hudsonius Spottail shiner 25
Semotilus atromaculatus Creek chub 15
Fundulidae Fundul us rathbuni Speckled killifish 29
Ictaluridae Ameiurus brunneus Snail bullhead 2
Ameiurus nebulosus Brown bullhead 5
Ameiurus platycephalus Flat bullhead 19
Noturusinsignis Margined madtom 38
Percidae Etheostoma flabellare Fantail darter 26
Etheostoma ol mstedi Tessellated darter 38
Etheostoma serrifer Sawcheek darter 7
Perca flavescens Yellow perch 17
Percina crassa Piedmont darter 2
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Appendix Table 3(c): Fish families and species for Teall's Creek, a stream with an arch culvert,
collected by a combination of seining and backpack elegofishing during summer 2004. Terrell's
Creek was sampled in Chatham County, NC (Lat: 35 49° 18 N, Lon@9 15° 20 W), and accessed

from NC 87.
Family Scientific Name Common Name Individuals
Aphredoderidae Aphredoderus sayanus Pirate perch 80
Catostomidae Erimyzon oblongus Creek chubsucker 26
Centrarchidae Lepomis auritus Redbreast sunfish 179
Lepomis cyanellus Green sunfish 18
Lepomis gibbosus Pumpkinseed 2
Lepomis macrochirus Bluegill 30
Micropterus salmoides Largemouth bass 8
Cyprinidae Cyprinella nivea Whitefin shiner 1
Nocomis leptocephalus Bluehead chub 166
Notropis alborus Whitemouth shiner 32
Notropis altipinnis Highfin shiner 264
Semotilus atromaculatus Creek chub 57
Esocidae Esox niger Chain pickerel 9
Ictaluridae Ameiurus platycephal us Flat bullhead 50
Noturusinsignis Margined madtom 227
Percidae Etheostoma flabellare Fantail darter 1
Etheostoma ol mstedi Tessellated darter 547
Etheostoma serrifer Sawcheek darter 12
Percina crassa Piedmont darter 31
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Appendix Table 3(d): Fish families and species for Maryg Creek, a stream with a box culvert,
collected by a combination of seining and backpack elegofishing during summer 2004. Mary’'s
Creek was sampled in Alamance County, NC (Lat: 35 56° 00 Npng: 79 19° 50 W), and accessed

from NC 87.
Family Scientific Name Common Name Individuals
Aphredoderidae Aphredoderus sayanus Pirate perch 45
Catostomidae Erimyzon oblongus Creek chubsucker 122
Moxostoma collapsum Notchlip redhorse 3
Centrarchidae Lepomis auritus Redbreast sunfish 202
Lepomis cyanellus Green sunfish 30
Lepomis gibbosus Pumpkinseed 56
Lepomis gulosus Warmouth 20
Lepomis macrochirus Bluegill 60
Lepomis microlophus Redear sunfish 2
Micropterus salmoides Largemouth bass 21
Cyprinidae Luxilus albeolus White shiner 73
Nocomis leptocephalus Bluehead chub 9
Notropis alborus Whitemouth shiner 3
Notropisaltipinnis Highfin shiner 217
Semotilus atromaculatus Creek chub 4
Esocidae Esox americanus americanus Redfin pickerel 8
Esox niger Chain pickerel 8
Ictaluridae Ameiurus platycephal us Flat bullhead 4
Noturusinsignis Margined madtom 4
Percidae Etheostoma ol mstedi Tessellated darter 53
Poeciliidae Gambusia sp. Mosquitofish 23
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Appendix Table 3(e): Fish families and species for Popp Creek, a stream with a box culvert,
collected by a combination of seining and backpack elegofishing during summer 2004. Poppaw
Creek was sampled in Alamance County, NC (Lat: 35 57° 35 Nong: 79 31° 39 W, and accessed

from SR 1113.

Family Scientific Name Common Name Individuals
Aphredoderidae Aphredoderus sayanus Pirate perch 29
Catostomidae Erimyzon oblongus Creek chubsucker 1
Hypentelium nigricans Northern hog sucker 1
Centrarchidae Lepomis auritus Redbreast sunfish 54
Lepomis cyanellus Green sunfish 5
Lepomis gibbosus Pumpkinseed 2
Lepomis gulosus Warmouth 2
Lepomis macrochirus Bluegill 177
Lepomis microlophus Redear sunfish 4
Micropterus salmoides Largemouth bass 14
Pomoxis nigromacul atus Black crappie 1
Cyprinidae Luxilus albeolus White shiner 30
Nocomis leptocephalus Bluehead chub 342
Notropis alborus Whitemouth shiner 9
Semotilus atromaculatus Creek chub 105
Fundulidae Fundulus rathbuni Speckled killifish 1
Ictaluridae Ameiurus platycephal us Flat bullhead 26
Noturusinsignis Margined madtom 195
Percidae Etheostoma flabellare Fantail darter 4
Etheostoma ol mstedi Tessellated darter 144
Etheostoma serrifer Sawcheek darter 2
Percina crassa Piedmont darter 3
Poeciliidae Gambusia sp. Mosquitofish 39
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Appendix Table 3(f): Fish families and species for Wet @ek, a stream with a box culvert, collected
by a combination of seining and backpack electrofishing ding summer 2004. Wet Creek was
sampled in Moore County, NC (Lat: 35 23° 25 N, Long: 79 38° A¥), and accessed from NC 2427.

Family Scientific Name Common Name Individuals
Aphredoderidae Aphredoderus sayanus Pirate perch 52
Catostomidae Erimyzon oblongus Creek chubsucker 199
Centrarchidae Lepomis auritus Redbreast sunfish 65
Lepomis cyanellus Green sunfish 10
Lepomis macrochirus Bluegill 21
Micropterus salmoides Largemouth bass 1
Cyprinidae Clinostomus fundul oides Rosyside dace 5
Luxilus albeolus White shiner 1
Nocomis leptocephalus Bluehead chub 61
Notropis alborus Whitemouth shiner 1
Notropis altipinnis Highfin shiner 203
Notropis chiliticus Redlip shiner 27
Semotilus atromaculatus Creek chub 62
Esocidae Esox americanus americanus Redfin pickerel 8
Esox niger Chain pickerel 5
Ictaluridae Noturusinsignis Margined madtom 121
Percidae Etheostoma ol mstedi Tessellated darter 72
Percina crassa Piedmont darter 12
Poeciliidae Gambusia sp. Mosquitofish 1
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Appendix Table 3(g). Fish families and species for Brus@ireek, a stream with a bridge, collected by
a combination of seining and backpack electrofishing ding summer 2004. Brush Creek was
sampled in Chatham County, NC (Lat 35 42° 33 N, Long: 79 32° 25 \Wand accessed from SR 1102.

Family Scientific Name Common Name Individuals
Aphredoderidae Aphredoderus sayanus Pirate perch 5
Catostomidae Erimyzon oblongus Creek chubsucker 8
Centrarchidae Lepomis auritus Redbreast sunfish 139
Lepomis cyanellus Green sunfish 120
Lepomis macrochirus Bluegill 15
Micropterus salmoides Largemouth bass 3
Cyprinidae Clinostomus fundul oides Rosyside dace 1
Luxilus albeolus White shiner 211
Nocomis leptocephalus Bluehead chub 345
Notemigonus crysoleucas Golden shiner 1
Notropis altipinnis Highfin shiner 31
Notropis alborus Whitemouth shiner 13
Semotilus atromaculatus Creek chub 9
Esocidae Esox niger Chain pickerel 11
Ictaluridae Ameiurus platycephal us Flat bullhead 103
Noturusinsignis Margined madtom 40
Percidae Etheostoma ol mstedi Tessellated darter 71
Percina crassa Piedmont darter 18
Poeciliidae Gambusia sp. Mosquitofish 1
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Appendix Table 3(h). Fish families and species for Lite Brush Creek, a stream with a bridge,
collected by a combination of seining and backpack elegofishing during summer 2004. Little Brush
Creek was sampled in Chatham County, NC (Lat: 35 38° 53 N, Lon@9 31° 23 W, and sampled

from SR 1100.

Family Scientific Name Common Name Individuals
Aphredoderidae Aphredoderus sayanus Pirate perch 2
Catostomidae Erimyzon oblongus Creek chubsucker 56
Centrarchidae Lepomis auritus Redbreast sunfish 72
Lepomis cyanellus Green sunfish 67
Lepomis gulosus Warmouth 5
Lepomis macrochirus Bluegill 31
Micropterus salmoides Largemouth bass 4
Pomoxis nigromacul atus Black crappie 1
Cyprinidae Clinostomus fundul oides Rosyside dace 2
Cyprinella nivea Whitefin shiner 1
Luxilus albeolus White shiner 51
Nocomis leptocephalus Bluehead chub 156
Notropis alborus Whitemouth shiner 51
Notropis altipinnis Highfin shiner 116
Semotilus atromaculatus Creek chub 29
Esocidae Esox niger Chain pickerel 2
Ictaluridae Ameiurus nebulosus Brown bullhead 1
Noturusinsignis Margined madtom 8
Percidae Etheostoma ol mstedi Tessellated darter 54
Poeciliidae Gambusia sp. Mosquitofish 4
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Appendix Table 3(i). Fish families and species for Lite Creek, a stream with a bridge, collected by a
combination of seining and backpack electrofishing durig summer 2004. Little Creek was sampled
in Randolph County, NC (Lat: 35 32° 45 N, Long: 79 41° 18 \WWand sampled from SR 2870.

Family Scientific Name Common Name Individuals
Aphredoderidae Aphredoderus sayanus Pirate perch 32
Catostomidae Erimyzon oblongus Creek chubsucker 2
Centrarchidae Lepomis auritus Redbreast sunfish 72
Lepomis cyanellus Green sunfish 34
Lepomis gulosus Warmouth 1
Lepomis macrochirus Bluegill 9
Micropterus salmoides Largemouth bass 5
Cyprinidae Clinostomus fundul oides Rosyside dace 58
Luxilus albeolus White shiner 6
Nocomis leptocephalus Bluehead chub 78
Notemigonus crysoleucas Golden shiner 5
Notropis alborus Whitemouth shiner 44
Notropis altipinnis Highfin shiner 168
Notropis chiliticus Redlip shiner 2
Semotilus atromaculatus Creek chub 130
Esocidae Esox niger Chain pickerel 2
Ictaluridae Ameiurus platycephal us Flat bullhead 10
Noturusinsignis Margined madtom 1
Percidae Etheostoma ol mstedi Tessellated darter 354
Percina crassa Piedmont darter 2
Poeciliidae Gambusia sp. Mosquitofish 1
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Appendix Table 3(j). Fish families and species for Pobat Creek, a stream with a bridge, collected by
a combination of seining and backpack electrofishing ding summer 2004. Polecat Creek was
sampled in Randolph County, NC (Lat: 35 55° 10 N, Long: 79 4Z7 W), and accessed from NC 62.

Family Scientific Name Common Name Individuals
Centrarchidae Lepomis auritus Redbreast sunfish 41
Lepomis gibbosus Pumpkinseed 2
Lepomis macrochirus Bluegill 73
Lepomis microlophus Redear sunfish 5
Micropterus salmoides Largemouth bass 52
Cyprinidae Clinostomus fundul oides Rosyside dace 14
Nocomis leptocephalus Bluehead chub 89
Notropis alborus Whitemouth shiner 19
Notropis altipinnis Highfin shiner 26
Notropis chiliticus Redlip shiner 11
Semotilus atromaculatus Creek chub 64
Fundulidae Fundulus rathbuni Speckled killifish 40
Ictaluridae Ameiurus platycephal us Flat bullhead 8
Noturusinsignis Margined madtom 37
Percidae Etheostoma ol mstedi Tessellated darter 95
Percina crassa Piedmont darter 6
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Appendix Table 3(k): Fish families and species for Brdas Creek, a control stream, collected by a
combination of seining and backpack electrofishing durig summer 2004. Brooks Creek was
sampled in Chatham County, NC (Lat: 35 46° 33 N, Long: 79 10° 0&), and accessed from SR 1522.

Family Scientific Name Common Name Individuals
Aphredoderidae Aphredoderus sayanus Pirate perch 77
Catostomidae Erimyzon oblongus Creek chubsucker 2
Maoxostoma collapsum Notchlip redhorse 1
Centrarchidae Lepomisauritus Redbreast sunfish 85
Lepomis cyanellus Green sunfish 51
Lepomis gibbosus Pumpkinseed 2
Lepomis macrochirus Bluegill 4
Micropterus salmoides Largemouth bass 17
Cyprinidae Cyprinella analostana Satinfin shiner 1
Luxilus albeolus White shiner 128
Nocomis leptocephalus Bluehead chub 333
Notropis alborus Whitemouth shiner 3
Notropis altipinnis Highfin shiner 24
Semotilus atromaculatus Creek chub 23
Fundulidae Fundulus rathbuni Speckled killifish 31
Ictaluridae Ameiurus brunneus Snail bullhead 1
Ameiurus platycephal us Flat bullhead 4
Noturusinsignis Margined madtom 243
Percidae Etheostoma ol mstedi Tessellated darter 71
Perca flavescens Yellow perch 4
Percina crassa Piedmont darter 7
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Appendix Table 3(l). Fish families and species for FlaCreek, a control stream, collected by a
combination of seining and backpack electrofishing durig summer 2004. Flat Creek was sampled in
Moore County, NC (Lat: 35 33° 27 N, Long: 79 34° 31 W), and acees] from SR 2876.

Family Scientific Name Common Name Individuals
Aphredoderidae Aphredoderus sayanus Pirate perch 33
Catostomidae Erimyzon oblongus Creek chubsucker 116
Moxostoma collapsum Notchlip redhorse 1
Centrarchidae Lepomis auritus Redbreast sunfish 87
Lepomis cyanellus Green sunfish 161
Lepomis gibbosus Pumpkinseed 8
Lepomis gulosus Warmouth 7
Lepomis macrochirus Bluegill 96
Micropterus salmoides Largemouth bass 5
Cyprinidae Luxilus albeolus White shiner 37
Nocomis leptocephalus Bluehead chub 25
Notemigonus crysoleucas Golden shiner 12
Notropis alborus Whitemouth shiner 2
Notropis altipinnis Highfin shiner 2
Semotilus atromaculatus Creek chub 1
Esocidae Esox americanus americanus Redfin pickerel 3
Esox niger Chain pickerel 40
Ictaluridae Ameiurus platycephal us Flat bullhead 50
Noturusinsignis Margined madtom 10
Percidae Etheostoma ol mstedi Tessellated darter 189
Etheostoma serrifer Sawcheek darter 1
Percina crassa Piedmont darter 6
Poeciliidae Gambusia sp. Mosquitofish 4

67



Appendix Table 3(m). Fish families and species for NdntProng of Stinking Quarter Creek, a control
stream, collected by a combination of seining and backpk electrofishing during summer 2004.

North Prong Creek was sampled in Alamance County, NC (Lat35 59° 37 N, Long: 79 30° 53 \W
and accessed from SR 1129.

Family Scientific Name Common Name Individuals
Aphredoderidae Aphredoderus sayanus Pirate perch 13
Catostomidae Erimyzon oblongus Creek chubsucker 6
Centrarchidae Lepomis auritus Redbreast sunfish 67
Lepomis cyanellus Green sunfish 191
Lepomis gibbosus Pumpkinseed 6
Lepomis gulosus Warmouth 4
Lepomis macrochirus Bluegill 50
Micropterus salmoides Largemouth bass 17
Cyprinidae Luxilus albeolus White shiner 167
Nocomis leptocephalus Bluehead chub 153
Notropis alborus Whitemouth shiner 35
Notropis altipinnis Highfin shiner 37
Semotilus atromacul atus Creek chub 30
Esocidae Esox niger Chain pickerel 1
Fundulidae Fundul us rathbuni Speckled killifish 8
Ictaluridae Ameiurus platycephal us Flat bullhead 15
Noturusinsignis Margined madtom 38
Percidae Etheostoma flabellare Fantail darter 7
Etheostoma ol mstedi Tessellated darter 74
Percina crassa Piedmont darter 4
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Appendix Table 3(n). Fish families and species for DrZreek, a stream with a pipe culvert, collected
by a combination of seining and backpack electrofishing ding summer 2004. Dry Creek was
sampled in Chatham County, NC (Lat: 35 23° 50 N, Long: 79 37° 3%), and accessed from SR 1276.

Family Scientific Name Common Name Individuals
Aphredoderidae Aphredoderus sayanus Pirate perch 49
Catostomidae Erimyzon oblongus Creek chubsucker 81
Maoxostoma collapsum Notchlip redhorse 1
Centrarchidae Lepomisauritus Redbreast sunfish 64
Lepomis cyanellus Green sunfish 43
Lepomis gibbosus Pumpkinseed 1
Lepomis gulosus Warmouth 4
Lepomis macrochirus Bluegill 20
Micropterus salmoides Largemouth bass 16
Cyprinidae Clinostomus fundul oides Rosyside dace 4
Luxilus albeolus White shiner 2
Nocomis leptocephalus Bluehead chub 33
Notropis alborus Whitemouth shiner 101
Notropisaltipinnis Highfin shiner 184
Semotilus atromaculatus Creek chub 13
Esocidae Esox americanus americanus Redfin pickerel 3
Esox niger Chain pickerel 8
Fundulidae Fundulus rathbuni Speckled killifish 6
Ictaluridae Ameiurus platycephal us Flat bullhead 5
Noturusinsignis Margined madtom 47
Percidae Etheostoma ol mstedi Tessellated darter 108
Percina crassa Piedmont darter 15
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Appendix Table 3(0). Fish families and species for Redtreek, a stream with a pipe culvert, collected
by a combination of seining and backpack electrofishing ding summer 2004. Reed Creek was
sampled in Randolph County, NC (Lat: 35 44° 46 N, Long: 79 372 W), and accessed from SR 2626.

Family

Scientific Name

Common Name

Individuals

Aphredoderidae
Catostomidae

Centrarchidae

Cyprinidae

Ictaluridae

Percidae

Poeciliidae

Aphredoderus sayanus
Erimyzon oblongus

Lepomisauritus
Lepomis cyanellus
Lepomis gibbosus
Lepomis macrochirus
Micropterus salmoides

Clinostomus fundul oides
Luxilus albeolus
Nocomis leptocephalus
Notropis alborus
Notropis altipinnis
Notropis chiliticus
Semotilus atromaculatus

Ameiurus platycephal us
Noturusinsignis

Etheostoma ol mstedi
Percina crassa

Gambusia sp.

Pirate perch
Creek chubsucker

Redbreast sunfish
Green sunfish
Pumpkinseed

Bluegill
Largemouth bass

Rosyside dace
White shiner
Bluehead chub
Whitemouth shiner
Highfin shiner
Redlip shiner
Creek chub

Flat bullhead
Margined madtom

Tessellated darter
Piedmont darter

Mosquitofish

85
73
126
39
12

70
5
138
162
15
60
238

19
68

113
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Appendix Table 3(p). Fish families and species for Rodkreek, a stream with a pipe culvert,
collected by a combination of seining and backpack elegofishing during summer 2004. Rock Creek
was sampled in Alamance County, NC (Lat: 35 58° 39 N, Long: Z&° 14 W), and accessed from SR

1130.
Family Scientific Name Common Name Individuals
Aphredoderidae Aphredoderus sayanus Pirate perch 16
Catostomidae Erimyzon oblongus Creek chubsucker 8
Centrarchidae Lepomis auritus Redbreast sunfish 35
Lepomis cyanellus Green sunfish 103
Lepomis gulosus Warmouth 3
Lepomis macrochirus Bluegill 481
Lepomis microlophus Redear sunfish 1
Micropterus salmoides Largemouth bass 26
Cyprinidae Nocomis leptocephalus Bluehead chub 44
Notropis alborus Whitemouth shiner 3
Semotilus atromaculatus Creek chub 103
Fundulidae Fundulus rathbuni Speckled killifish 91
Ictaluridae Ameiurus platycephal us Flat bullhead 3
Noturusinsignis Margined madtom 4
Percidae Etheostoma ol mstedi Tessellated darter 86
Poeciliidae Gambusia sp. Mosquitofish 2
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CHAPTER 2

IMPACT OF BRIDGES AND CULVERTS ON STREAM FISH MOVEM ENT:
PIT-TAGGING
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ABSTRACT

We assessed unidirectional stream fish movement thiteea@ytypes of crossings,
box culverts and bridges, using passive integrated transp@®dgritags and remote
antenna arrays to further assess the potential imp#doesd two crossing types on stream
fish in the Piedmont of North Carolina. The main gufahis study was to assess the
movement of stream fish through crossings as a follpwe a previous, more traditional
mark-recapture study conducted in 2004 (Vander Pluym Chapt&vd xonducted
electrofishing surveys of fish on six streams locatetienRiedmont region of the Cape
Fear River Basin, North Carolina during the Summer arigt Eall of 2005. All fish
measuring> 60 mm TL were injected with an ISO PIT tag with a 12-gawegslle.
Custom built antenna arrays, with weir nets to direstt flassage through the antenna
loop, were installed in each stream either upstreamdwnstream of a given crossing.
PIT tag reader systems (FS2001 Biomark, Inc.) were runninghaonsly for 30 days
with each system maintained by battery switches andddataloads every 7-10 days.

Results of a sign test of percent tagged fish, detectéaebgntenna for bridges
and culverts, showed no significant difference betweessang types (df = 2, p = 0.125);
although, mean percent movement of fish through box gly28.27% + 12.24% SE)
was almost half that of bridges (44.35% + 8.77% SE). & hesults suggest that a larger
study could detect a significant difference in fish mogatthrough culverts as opposed
to bridges; therefore, box culverts may impede natwhlrfiovement in a given stream
reach. Because this application of PIT tags and reami®na arrays proved a more
effective and efficient use of research funding to ssseream fish movement through
culverts, we recommend the antenna systems for funtregame fish research.
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Introduction

Tagging methods to study fish movement through space aadtne been used
since the 17 century when lzaak Walton attached ribbons to the cdindabf Atlantic
salmon to test the theory of natal site fidelity (Ywal1983). Technological advances
since then have expanded the range and accuracy of meextito monitor fish
mobility in fresh and salt water environments, fromdbéity of a tag to help gather
small-scale habitat use of a marine damselR@acentrus amboinensis (McCormick
and Smith 2004), to being able to store many months wogpetific temperature and
depth information of an individual pelagic tuna that isfatplinked via satellite to a
web-based database (Schaefer and Fuller 2005). Dataedl®ctagging fish is not
only integral to scientific research, but it also seras the base of fisheries management
and conservation decisions (Lucas and Baras 2000).

Trade-offs exist for all types of tags between the auof the data gathered,
the length of the study, the number of individuals tlaat loe tagged, the amount of stress
experienced by the fish from sampling and tagging methodshe extent of resources
available (Lucas and Baras 2000). The passive integratsgpdrter (PIT) tag is an
internal marker that has become an essential tostfolying movement, behavior, and
survival of a variety of fish species (Gibbons and Andr20@4). There are many
advantages to using PIT tags such as minimal injury aof lfigih retention rate, small
size (12 mm long x 2.1 mm diameter), no reliance oretyatower, individual
identification code, and little effect on behavior ishf(Prentice et al. 1990a). The tag
consists of an integrated circuit chip, capacitor andrana coil encapsulated in a glass
cylinder, and its operation requires an external energsce (Prentice et al. 1990a; b),
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interrogated within the field of an induction coil whicleegizes and causes a tag to
retransmit its code to the reader. Recent advangesiote antenna arrays, which are
used to detect PIT tags, have expanded the utility ofd3 to continuously monitor the
movements of Atlantic salmd®almo salar by placing permanent antennae at strategic
points along the paths they use (Zydlewski et al. 2001lyeduybassage of juvenile
salmonids in Oregon (Hansen and Furniss 2003), salmonid dsscidte refugia (Burns
et al. 1997), and recently in small stream fish (Cucheebetsal. 2005).

The majority of work conducted using PIT tag and antéedanology has been
on salmonids, with only a few studies on non-game stfséniRoussel et. al. 2000;
Cuchrosset et al. 2005). Traditionally, the home ranggsmvements of non-game
stream fish have been studied using mark-recapture methadgmgvsubcutaneous
paint tags or fin-clips, which are often challenged byhmetlogical problems that
decrease recapture rates and bias movement distanceutiatsidue to a limited area of
recapture (Lucas and Baras 2000). PIT tags are a much fiemtéve yet expensive
alternative; however, the tag size, which is smdditiee to other tag types, restricts the
size of taggable fish to those measurg0 mm total length (TL) (Ombredane et al.
1998; Columbia Basin Fish and Wildlife 1999).

We assessed unidirectional stream fish movement thitweaytypes of road
crossings, box culverts and bridges, using PIT tags andeeantenna arrays to further
assess the potential impact of these two crossing typsgeam fish movement in the
Piedmont of North Carolina. The advantages of PIT amglsremote antenna arrays over
more traditional mark-recapture methods, such as fis elijg elastomer paint tags, are:
(1) increased recapture rates because of a 95-100% reagheffiaf the antenna system,
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(2) increased recapture rates due to the ability to cahstaanitor fish movements, (3)
reduced sampling effort due to elimination of recapture sampl#) reduced sampling
bias due to fright response of more invasive capture metff)dgduced recording error,
and (6) reduced handling time of fish, which can also leadductions in fish mortality
(Gibbons and Andrews 2004).

Methods

Site selection

A total of six sites were selected in a directed mafroen a total of 42 possible
sites harboring mussel populations (Fig 1). All sites Weated within the Cape Fear
River Basin, North Carolina, to reduce variance in messsof stream fish community.
Because of drought conditions during summer 2005, and to avg@rtcperching or
other physical barriers to stream fish movement (tgam bed), we could only use one
site from our 2004 sampling: Mary’s Creek (Fig 1). Forlarzed design, we chose
three sites for each crossing type: box culvert araybri Habitat characteristics (as
outlined by the North Carolina Department of Environmenat Idatural Resources) such
as: (1) stream width measured by a tape measure, (2) steggmmeasured by a meter
stick, (3) predominate substrate type (bedrock, bouldehlepand sand), (4) percentage
of habitat type (pond, riffle, and run), (5) bank stabiliistinguishing between right and
left banks (a scale from 1-10 with a score of 1 equntéle “100% eroded bank” and a
score of 10 equivalent to “less than 5% eroded bank”), @ndidth of riparian zone
distinguishing between right and left banks (a scale ftel® with a score of 1
equivalent to “less than 6 m of riparian vegetatiord arscore of 10 representing

“greater than 18 m of riparian vegetation”), were quadifit 10 m intervals along a
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distance of 150 m above and below each crossing. Stesanin volume and area were
calculated using the average of the widths and depthaébrstream reach, and
multiplied by the length of each reach, 150 m. Streamhwadtl depth directly above
and below the crossing were the most important measumsroonsidered when
choosing a site because this area had to accommbed®dTt tag antenna array (see
below for more detail) and maximize fish passage throoglantenna.

Antenna and reader configuration

ISO PIT tags measuring 12.45 mm long by 2.02 mm wide (Biomazk), and
operating at 134.2 kHz were matched to a full-duplex FS2001 FRd&d2r and tuning
box (Biomark, Inc.) to operate the complete PIT tagjesy. Full-duplex tags can only be
read by ISO readers and were the best choice for thily because they were the
smallest PIT tag available. The reader and tuning bo& e@nnected to an open loop
inductor antenna that generated both an energizing eleagreatic field and received
transmitted signals from a PIT tag as the tagged amassed through the field. The
reader stored all tag information with internal memorny itrwas downloaded with a
laptop computer. The antenna was constructed using 14-gauggadsThermoplastic
High Heat Resistant Nylon coated (THHN) copper wirechiwas wound in a square
loop (11 wraps) measuring 1.22 m wide by 0.46 m tall and housegdanesPVC-pipe
framing built with pipe measuring 2.54 cm in diameter amfoeced with PVC cement
at the elbow connections. A bank of tuning capacitors (1 6&@$ial polypro 1000-4700
uf, DIGI-Key, Corp.) was soldered to the loop and housdtie PVC-pipe framing
between the coil and the cable. Combinations of capa@ttowed the antenna circuit to
be tuned to the resonant frequency (natural frequency i@tiah determined by the
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physical parameters of the vibrating object, in this ddwetag at 134.2 kHz) to yield a
target current of 2.6-4.3 Amps through the reader (Biomark figuimstructions for
custom antennas”, www.biomark.com/manuals.htm). Eleitishielded Twinax cable
(Belden part no. 9815, Hagemeyer North America) connehtedrttenna, which was
located in the stream, to the tuning box and reader systeshore. The entire system
was powered by two 12-V, marine deep cycle 630 cca battene®ected in series to the
reader. The reader, tuning box, and batteries were hauseavy-duty, water-tight
plastic containers on shore. All spots of possitd&iteg on the PVC-pipe frame and
containers on shore were sealed with aquarium seg&@n).

Each antenna was tuned and tested in a local forestreathg Schenck Forest,
Raleigh, NC) before deploying to the study stream. Ogegdar to sampling a given
stream, the antenna was tested and retuned at thecresgaam to account for
environmental factors such as other antennae, power dinesuctures with embedded
reinforced steel (bridges and culverts included). Due to paketectrical interference,
the antenna had to be located at least 0.61 m away fi®oraéssing. Because
warmwater centrarchids favor upstream movement duringgspnd summer periods
(Gatz and Adams 1994), we initially decided to measure onlgratfish movement
upstream. Excess electrical interference, presumablyoduearby transformers, forced
us to place the antenna system of two streams (MargskGnd Vestal Creek, Fig 1)
downstream of the crossings. Antenna systems faretiaining four streams were
successfully placed upstream of the crossings. Thusstt@ams had reader systems
placed downstream of the crossings and four streamsehddr systems placed upstream
of the crossings. All reader and antenna systemstested for the distance over which
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the antenna could read a tag, which varied accordingytortantation from 15-30 cm
directly upstream and downstream of the antenna.

Each antenna was secured in a given stream to iron tebaebar was driven
into the streambed as deep as possible and located 1.3tm@pa piece of weighted
nylon netting with 0.48 cm mesh size was stretched froiim €ide of the antenna to iron
rebar driven into the dry bank in order to restrict fisissage to only the open space
provided by the antenna loop (Fig 2). The bottom of thengetvas further weighted
with rocks to ensure its effectiveness as a fish.wé&ire reader was then turned on and
left running until subsequent battery changes and data downlehaids was every 7-10
days.

Fish sampling

Three techniques were used to capture fish for PIT-taggitigsistudy: (1) block
nets measuring 13.72 m long x 1.83 m tall with 0.48 cm mesltiosenthree 50 m
reaches above or below a road crossing, (2) seinenegisuring 4.57 mlong x 1.22 m
tall and 6.09 m long x 1.22 m tall with 0.48 cm mesh to satapie pool and run
habitats more effectively, and (3) electrofishing using a $2#th-Root back pack unit
to capture fish for tagging. We only sampled the fiskhenside of a given crossing
opposite of the antenna system to measure one direftfeaih movement. For example,
if an antenna was placed upstream of a crossing therhenfish in 150 m downstream
of the crossing were sampled, and vice versa. Alldashpling used block-nets to
enclose three adjacent 50 m reaches of each stremediately upstream or downstream
of a road crossing. We chose to partition the 150 m samatd into adjacent 50 m
sections in an effort to reduce the time over whish fiere being held which, in turn,
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reduced mortality. Once enclosed, stream fish in thzegrs or downstream reaches of
each stream were sampled using a combination of seiningagkddek electrofishing;
double-pass depletion methods were used to maximize the nofrfish sampled
measuring 60 mm TL and larger. After analyzing capture cdtish measuring 60
mm from the 2004 triple pass depletion methods acrossddistr(Chapter 1), we
determined that increasing sample reach size while deamygasss numbers from three
to two would increase our expected number fish withirtdhget fish size range ef60
mm (Table 1). Fish were removed from the study reaafteseach collecting pass and
kept in pop-up laundry hampers located directly in the stifeaw. After each 50 m
section was sampled with double pass depletion methodsgged (see tagging
methods below) the fish from that section to decrbad#ing time and handling
mortality, and then released them near the origit@laficapture.

Prior to tagging, fish were anaesthetized using clove pilace of MS-222 due to
its lack of carcinogenic compounds, high effectivenesg clost, and high survival of
fish (Iverson et al. 2003; Pirhonen and Schreck 2003). & aid:10 ratio of 100%
clove oil to ethanol solution and mixed 2.5 ml of the sotutvith 5 liters of stream water
(Pirhonen and Schreck 2003). Aerators were constantlinrall buckets during the
tagging process and water was changed on the half houlrttamambient temperature
and DO levels for captured fish. Once fish were ahaéiged, we then inserted a
scanned PIT tag into the ventral area of the abdoroanatly of fish measuring 60 mm
TL with a 12-gauge veterinary needle (Biomark, Inc.of@lhg procedures outlined by
Columbia Basin Fish and Wildlife Authority (PIT Tage8ting Committee Version 2.0).
For each individual fish that was tagged, we recordetatip@umber, species and length
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to the nearest 1.0 mm (TL). The point of injection tres swabbed with a mixture of
Vaseline and betadine to stop infection and advancengealiagged fish were placed in
oxygenated buckets for recovery. Once a fish recoveseglidenced by alertness and
opercular movement, they were released into the streach section from which they
were collected. Block nets were not removed from arth@three sections until all 150
m of a given stream was sampled, and the antennarsysie functioning properly.

Fish were sampled using the PIT tag approach from JuneQ&adber 2, 2005.
Only three streams were sampled and running at a given fime readers were flooded
resulting in one damaged beyond repair and needing a reglaceiirurn around of
replacement and repaired equipment caused a lag in ditetiool in two of the streams
(Fork Creek and Mary’s Creek, Fig 1), as well as mudtglays in redeployment of the
reader systems to the second set of three strearhkatertihat summer and into the fall.

PIT-tagging systems

Streams were monitored for 30-43 days during which antentensysvere
serviced on a cycle of 7-10 days. Servicing included changiterieat downloading tag
codes with a laptop computer, and clearing net weirs afsdabd repairing nets as
needed. Tag read range and current strength was test@chatisit, followed by any
fine tuning needed to maximize read range and current streAtitsystems maintained
at least a 0.30 m tag read range directly upstream and tteaumsof the antenna at 2.6
Amps of current or higher; although one stream systerstal/€reek (Fig. 1), maintained
the aforementioned read range with only 1.4 Amps of curréag data, including time

and date stamps for each detection, were entered andj@dainaa relational database.
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Response variable and hypothesis

We calculated the number of fish that passed through @assing by counting
each unique tag number once during the entire monitoringcpeYie did not try to
reconstruct multiple passes of one individual because ariish had passed through the
antenna, it was possible that the antenna could detefishhagain within its read range
without the fish actually passing through the crossingenopposite direction. Without
an antenna system on each side of a given crossings iimpossible to conclusively
reconstruct movement history of a fish detected mane timce. Because we tagged only
individuals on the opposite side of the crossing fronatitenna, it is certain that fish
detected by the antenna had to pass through each crossindettetied. We
hypothesized that a significantly larger proportion of tagiggh would be detected
swimming through the antenna array installed near bridgesthiose installed near box
culverts, because summer draw down of water in streanohes near box culverts can
create barriers to stream fish movement due a scouippoct effect created just
downstream of the culvert (Dane 1978).

Sampling design and statistical analyses

Movement data was analyzed using a sign test approatihdondependent
samples: (1) the proportion of tagged fish that werectkdenith the antenna array for
box culverts relative to the number of fish tagged, 2)dhe proportion of tagged fish
that were detected with the antenna array for therag®@ath bridges relative to the
number of fish tagged. Recapture data was standardize8Dtday recapture period at
all sites. Because low sample sizes, as in this gtidy3), reduce the power of the
equal variance test resulting in failure to rejectrthl hypothesis of equal variances
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(Cody and Smith 1997), which is an assumption of paraneetngparison tests, we
conducted a nonparametric sign test (Zar 1984). Differenceean stream fish
movement relative to crossing type was analyzed using-goa@metric sign test pairing
streams by position of antenna (upstream or downstré#me arossing) and stream
depth (Appendix Table 1).

Results

A total of 681 fish measuring and representing 19 species aed families of
fish> 60 mm were captured and tagged with PIT tags (Appendix Talaleg 3). Out of
681 tagged individuals, 258 stream fish were detected at leesty antenna systems
during a 30 day running period in six streams (Table 2). Theopion of tagged fish
that travelled through the crossing on each stream dangen 3.95% to 55.97% with the
mean proportion of movers 28.27% + 12.24% (SE) for streathsbax culverts, and
44.35% + 8.77% (SE) for streams with bridges (Tables 2 and 3).

The mean proportion of tagged stream fish that traveledigih a crossing was
nearly twice as high near bridges (44.35%) than box cglN2827%, Fig 3) suggesting
that fish movement may be negatively affected by tksgce of box culverts; however,
the trend was not statistically significant (sigrtteé= 2, p = 0.125). The low number
of streams (N = 3) sampled for each crossing type esuwltmg high variance (Fig. 3) is
the likely reason for a non-significant p-value. Egample, assuming a similar
difference in the number of stream fish that movetiveen bridges and box culverts
(Table 3), if sample size was increased to N = 5, thersign test would have produced a

significant p-value of 0.031 (Zar 1984).
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All fish tagged during the 2005 field season using PIT-tags mebsi§@ mm
TL, whereas those tagged externally in 2004 were smallechveould have biased the
results between the two studies in favor of finding niste movement in 2005 with
larger fish (i.e., larger fish may have a greater tecylém move). During 2004, 75% of
the fish tagged measureds0 mm and 67% of the fish that moved measaré@ mm
(Table 4). This suggests that larger fish do not have aegitesidency to move than
smaller fish in these warm-water stream systems.

The methods used during the 2005 field season proved to be ffectee in
detecting fish movement through road crossings and a rfimierg use of research
funds than those employed during the 2004 field season desoribdapter 1 (Table 4).
The PIT tag and remote antenna array systems detec8¥/3df fish tagged in 30 days
of monitoring six streams as opposed to the traditiomakmecapture methods detection
of 1.06% of tagged fish in 120 days of monitoring 16 streams ¢ bl
Discussion

The results from this study suggest that there isgrofgiant difference between
fish movement through bridges and box culverts in strediime d?iedmont of North
Carolina. These findings support those from a more axtestudy conducted on 16
streams in the Piedmont of North Carolina using maditional mark-recapture
methods as described in Chapter 1, which found no signifitéietence in conditional
percent movement of stream fish between four differergsing types (bridges, arch
culvert, box culvert, and pipe culvert) and control strea A similar, previous
assessment of fish movement across crossing typesh wigiuded perched culverts,
also found no significant difference in fish movemenbtigh bridges and box culverts
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(Warren and Pardew 1998, see Chapter 1 for a more thoroughvrefielevant
literature).

The main difference between this study and those orediabove was the
effectiveness of the methods used. Both studies (Wané®ardew 1998; Vander
Pluym Chapter 1) used traditional methods of tagging fish sutitutaneous elastomer
paint and conducting multiple electrofishing events aimedapturing individuals.

This approach, although common, appears much less effactivmore labor intensive
than the PIT-tag approach used in this study. WarrefParadkw (1998) reported
recapture rates of 18% during spring sampling and 21% during susameiling, with a
range of 12-17 days between recapture events. Vander Rithapter 1) reported lower
recapture rates that ranged from 2.96% to 21.7% during susamgling, with 30 days
in between recapture events. With the PIT-tagging appyoacapture rates ranged from
3.95% to 55.95% because of the stationary antenna arrays et¢plbgach site, with
continuous tag detection over 30 days and no re-samplingdedNot only did the PIT-
tag methods have a much greater recapture rate (3.95-55.98%6+/21.7%), but it also
assessed movement more effectively. For exampgestiny detected 258 fish out of
681 tagged individuals (37%) having moved through crossings iny&0odaampling in
comparison to 102 fish out of 9,594 individuals tagged (1.06%unrhonths of
sampling during the initial study described in Chapter 1.

It is possible that the use of the larger tag seldotefish that are more apt to
move due to the fact that only fish measueng0 mm could be tagged. When
comparing the 2005 PIT tag study data to that from Chapter fhund that
approximately the same percentage of fish measaré@ mm that were tagged with the
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smaller, less size-selective methods moved througbrtdssings as were tagged (75% vs.
67%). Thus, we do not believe that the size restrictidheoPIT tag biased our results
towards fish more prone to move.

The difference in methods between Chapter 1 and thig atedeflected in the
interpretability of the data. In the initial study, thevere so few fish detected as moving
through the different crossing types that we were urtaldieaw strong conclusions
regarding the effects of crossing type on streamnfiskiement. Although the recapture
success of tagged fish was vastly improved using the Birg approach compared to
the subcutaneous paint marking approach, the PIT-tagging stiffdyed from relatively
low replication (N = 3 streams), which likely reduced shatistical power to detect a
significant difference in movement rates, even thoughement rates were nearly twice
as high through bridges than box culverts.

The increased efficiency and effectiveness of tfiet®f and antenna array
methodology used in this study, compared to previous studieg tnaditional mark-
recapture methods used in past studies (Warren and Pardew 1998; &taGilliam
2000) illustrates the benefits of reassessing commonty me¢hods to investigate an
ecological question more thoroughly. PIT-tags and remotenna arrays appear to be an
effective way to monitor warmwater stream fish movetaehrough culverts and
bridges. These methods have been used in Oregon to sesasaid passage through
culverts (Hanson and Furniss 2003), salmonid use of nat@é&yass channels
associated with a dam in Denmark (Aarestrup et al. 2003)yygaks pipes at
hydroelectric dams on the Columbia River (Axel et al. 20@)rrently, research on
small stream fish is expanding to the use of these témiinal advances in fish tracking
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(Roussel et al. 2000; Cucherousset et al. 2005); although, budgstaints often
hinder research on non-commercially important species.

Ways to increase the detection ability of the antesyséem and decrease the
overall cost is to use a different type of PIT-tag,l#-duplex tag, which is detected by
reader systems that can be custom built by the rds¥arom commercially available
parts from Texas Instruments. Because the antenna siné restricted by a
manufactured reader, the researcher can customizatitesystem to the environment
the system will be placed in. The one drawback todimssom is that the size of the PIT-
tag is twice the size of the ISO tag (23 mm long, 4 arameter), which likely restricts
the size of the fish that can be tracked even more.

Conclusions

This study assessed warmwater stream fish movemexnitgintbridges versus box
culverts using PIT-tagging. Our results showed a trendrttsagreater fish movement
through bridges and culverts; however, the trend wastaidgtgally significant. We
recommend the use of the full-duplex PIT-tags in congght remote antenna arrays for
tracking small fish in wadeable streams. We also rem®mad exploration of the half-
duplex tag system for larger individuals as a more flexable affordable alternative to
ISO tag systems. The nature of this study points ted twere-evaluate traditional
mark-recapture methods that are commonly used when ags#dssimpacts of road
crossings on movement of stream fish. The only wshefies research can continue to
produce reliable data upon which to base management decsionsonstantly

assessing the reliability of the methods used.
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Table 1: Triple-pass depletion capture analysis of fish measuring > 60 mm TL from a
previous study of 16 streams (Chapter 1). Data were pooled across four sampling
periods and described as a function of 50 m and 100 m reaches located in the
Piedmont of NC. The greatest percentage (82%) of large stream fish was caught in
the first and second pass. By extending the reach to 150 m and using only double pass
rather than triple pass depletion methods, we estimated capturing 160.77 large stream
fish as opposed to 131.5 in 100 m using triple pass depletion.

Pass Total Fish Captured Average50m Average 100 m Percent
1 4142 34.50 69.03 53%
2 2291 19.09 38.18 29%
3 1457 12.15 24.30 18%

Total 7890 65.75 131.5 100%

Table 2: Number of individual stream fish that moved through the crossing, their
direction of movement, number of individuals tagged initially, and overall %
individuals that moved out of all fish that were tagged in 30 days of PIT-tag
monitoring (N = 3 for all results).

Crossing Creek Direction Fish Moved Fish Tagged % Moved
Box Marys D 3 76 3.95%
Little Polecat U 57 133 42.85%
Rocky U 76 200 38%
Total 136 409 33.25%
Bridge Vestal D 26 96 27.08%
Fork U 21 42 50.00%
Williams U 75 134 55.97%
Total 122 272 44.85%
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Table 3: Results of sign test of proportion of tagged fish moved through the crossing,
bridge or box culvert, for three pairs of streams.

Pair Creek Crossing Direction % Moved Difference P value
1 0,
1 Vestal Bridge D 27.08% 19313
Marys Culvert D 3.95%
2 Fork Bridge U 50.00%
7. 0.125
Little Polecat ~ Culvert U 42.85% +7.15
. . o
3 Williams Bridge U 55.97% 19272
Rocky Culvert U 33.25%

Table 4: Cost effective comparison of the two field seasons during which movement
of fish through crossings was assessed broken down by number of fish tagged, total
number of fish moved through the crossings, number of fish measuring > 60 mm that
moved, overall percent of tagged fish that moved, number of streams sampled in each
field season, days of fish movement monitored, hours worked in the field, and cost in
dollars of each field season. *The 2004 field season lasted for four months with each
site sampled once each month and the 2005 field season lasted for one month with
each site sampled once overall.

Field Fish Fish >60mm Total% Streams Days Hours Cost

Season Tagged Moved Moved  Moved $)
2004 9594 102 68 1.06 16 120* 2560 23,000
2005 681 258 258 37.89 6 30 300 26,330
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Figure 1: Study sites located west of Raleigh, NC, in the Cape Fear River basin. Each
crossing type is represented by a different symbol. The letters inside each symbol
correspond to an individual appendix table for each stream.
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Figure 2: Remote antenna array complete with net weirs, shielded cable, FS2001
reader, tuning box, and batteries in place downstream of the box culvert in Mary’s
Creek (Photographs by Jenny Vander Pluym).
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Figure 3: Mean percent stream fish movement (+ SE) by crossing type (box culvert
and bridge) over 30 days of monitoring (N=3). See text for results of statistical
analysis.
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Appendix Table 1: Habitat characteristics measured 150 m downstream or upstream (the opposite side of the crossing from the
antenna) of each road crossing. Mean width, depth, % pool, % riffle, and % run were calculated from measurements collected
every 10 m in length in each stream reach. Substrate refers to prominent bottom make-up for each reach.

Crossing Creek Position Width(m) Depth (m) Area(m?) Vol(m® %Pool % Riffle % Run Substrate
Culvert Marys U 4.683 0.415 702.45 316.103 93 7 0 Sand, boulder, mud
Little Polecat D 5.24 0.323 786 253.878 67 10 23 Sand, cobble
Rocky D 5.553 0.157 832.95 130.773 0 9 91 Sand, cobble, gravel
Bridge Vestal U 7.203 0.365 1080.45 394.364 49 25 26 Gravel, boulder, sand
Fork D 6.846 0.609 1026.9 625.382 74 1 25 Gravel, sand, boulder
Williams D 6.833 0.349 1024.95 357.707 53 15 32 Boulder, cobble, sand
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Appendix Table 2: Comprehensive list of fish families andpecies collected by a
combination of seining and backpack electrofishing during sumer 2005 in the

Cape Fear River Basin, North Carolina.

Family Scientific Name
Aphredoderidae Aphredoderus sayanus

Catostomidae Erimyzon oblongus

Moxostoma collapsum

Centrarchidae Lepomis auritus

Lepomis cyanellus
Lepomis gibbosus
Lepomis gulosus
Lepomis macrochirus
Micropterus salmoides

Common Name
Pirate perch

Creek chubsucker
Notchlip redhorse

Redbreast sunfish
Green sunfish
Pumpkinseed

Warmouth
Bluegill
Largemouth bass

Cyprinidae Clinostomus funduloides Rosyside dace
Luxilus albeolus White shiner
Nocomis leptocephalus Bluehead chub
Semotilus atromaculatus Creek chub
Esocidae Esox americanus americanus Redfin pickerel
Esox niger Chain pickerel
Fundulidae Fundulus rathbuni Speckled killifish
Ictaluridae Ameiurus brunneus Snail bullhead
Ameiurus platycephalus Flat bullhead
Noturus insignis Margined madtom
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Appendix Table 3(q): Fish families and species, measuring > 60 mm TL, for Fork
Creek, a stream with a bridge, collected by a combination of seining and backpack
electrofishing on August 28, 2005. Fork Creek was sampled in Randolph County, NC
(Lat: 35 32° 38 N, Long: 79 42° 15 W), and accessed from SR 2862.

Family Scientific Name Common Name  Individuals
Catostomidae Erimyzon oblongus Creek chubsucker 4
Centrarchidae Lepomis auritus Redbreast sunfish 22

Lepomis cyanellus Green sunfish 4

Lepomis gibbosus Pumpkinseed 2

Lepomis gulosus Warmouth 1

Lepomis macrochirus Bluegill 3

Micropterus salmoides Largemouth bass 1

Esocidae Esox niger Chain pickerel 1
Ictaluridae Ameiurus platycephalus Flat bullhead 4
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Appendix Table 3(r): Fish families and species, measuring > 60 mm TL, for Little
Polecat, a stream with a box culvert, collected by a combination of seining and
backpack electrofishing on September 24, 2005. Little Polecat was sampled in

Randolph County, NC (Lat: 35 52° 19 N, Long: 79 45° 16 W), and accessed from SR
2106.

Family Scientific Name Common Name  Individuals
Catostomidae Erimyzon oblongus Creek chubsucker 8
Centrarchidae Lepomis auritus Redbreast sunfish 26

Lepomis gibbosus Pumpkinseed 8
Lepomis gulosus Warmouth 4
Lepomis macrochirus Bluegill 32
Micropterus salmoides Largemouth bass 2
Cyprinidae Luxilus albeolus White shiner 5
Nocomis leptocephalus Bluehead chub 34
Semotilus atromaculatus Creek chub 12
Fundulidae Fundulus rathbuni Speckled killifish 1
Ictaluridae Noturus insignis Margined madtom 1
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Appendix Table 3(s): Fish families and species, measuring > 60 mm TL, for Mary’s
Creek, a stream with a box culvert, collected upstream of the crossing by a
combination of seining and backpack electrofishing on June 22, 2005. Mary’s Creek
was sampled in Alamance County, NC (Lat: 35 56° 00 N, Long: 79 19°50 W), and

accessed from NC 87.
Family Scientific Name Common Name  Individuals

Aphredoderidae Aphredoderus sayanus Pirate perch 3
Catostomidae Erimyzon oblongus Creek chubsucker 15
Moxostoma collapsum Notchlip redhorse 3
Centrarchidae Lepomis auritus Redbreast sunfish 30
Lepomis cyanellus Green sunfish 2

Lepomis gibbosus Pumpkinseed 7

Lepomis gulosus Warmouth 3

Lepomis macrochirus Bluegill 3

Micropterus salmoides Largemouth bass 1

Cyprinidae Luxilus albeolus White shiner 2
Nocomis leptocephalus Bluehead chub 3

Esocidae Esox americanus Redfin pickerel 1

americanus

Esox niger Chain pickerel 1

Ictaluridae Ameiurus platycephalus Flat bullhead 4
Noturus insignis Margined madtom 4
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Appendix Table 3(t): Fish families and species, measuring > 60 mm TL, for Vestal
Creek, a stream with a bridge, collected by a combination of seining and backpack
electrofishing on June 25, 2005. Vestal Creek was sampled in Randolph County, NC
(Lat: 3539° 34 N, Long: 79 46° 37 W), and accessed from SR 2824.

Family Scientific Name Common Name  Individuals
Catostomidae Erimyzon oblongus Creek chubsucker 10
Centrarchidae Lepomis auritus Redbreast sunfish 39

Lepomis gulosus Warmouth 7

Lepomis macrochirus Bluegill 6

Micropterus salmoides Largemouth bass 1

Cyprinidae Nocomis leptocephalus Bluehead chub 24
Semotilus atromaculatus Creek chub 3

Ictaluridae Ameiurus platycephalus Flat bullhead 4
Noturus insignis Margined madtom 4

Ameiurus brunneus Snail bullhead 1
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Appendix Table 3(u): Fish families and species, measuring > 60 mm TL, for Rocky
River, a stream with a box culvert, collected by a combination of seining and
backpack electrofishing on October 2, 2005. Rocky River was sampled in Chatham
County, NC (Lat: 35 48° 26 N, Long: 79 31° 40 W), and accessed from SR 1300.

Family Scientific Name Common Name Individuals

Aphredoderidae Aphredoderus sayanus Pirate perch 1
Catostomidae Erimyzon oblongus Creek chubsucker 25
Centrarchidae Lepomis auritus Redbreast sunfish 16
Lepomis cyanellus Green sunfish 4

Lepomis gibbosus Pumpkinseed 5

Lepomis macrochirus Bluegill 5

Cyprinidae Nocomis leptocephalus Bluehead chub 91
Semotilus atromaculatus Creek chub 51

Ictaluridae Noturus insignis Margined madtom 2
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Appendix Table 3(v): Fish families and species, measuring > 60 mm TL, for William’s
Creek, a stream with a bridge, collected by a combination of seining and backpack
electrofishing August 26, 2005. William’s Creek was sampled in Moore County, NC
(Lat: 35 27° 31 N, Long: 79 43° 28 W), and accessed from SR 1403.

Family Scientific Name Common Name  Individuals

Aphredoderidae Aphredoderus sayanus Pirate perch 2
Catostomidae Erimyzon oblongus Creek chubsucker 4
Centrarchidae Lepomis auritus Redbreast sunfish 8
Lepomis cyanellus Green sunfish 82

Lepomis gulosus Warmouth 3
Lepomis macrochirus Bluegill 13

Cyprinidae Clinostomus funduloides Rosyside dace 2
Nocomis leptocephalus Bluehead chub 9

Semotilus atromaculatus Creek chub 4

Esocidae Esox americanus americanus ~ Redfin pickerel 8
Ictaluridae Ameiurus platycephalus Flat bullhead 2
Noturus insignis Margined madtom 5
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