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What a Little Mussel Can DoWhat a Little Mussel Can Do……

==

==

•• Filtration = Sediment Reduction = Water ClarityFiltration = Sediment Reduction = Water Clarity
•• Indicators of stream healthIndicators of stream health
•• 50% endangered, threatened, or special concern50% endangered, threatened, or special concern
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••
 

Reduction of crossReduction of cross--sectional sectional 
area for water flowarea for water flow

••
 

Increase in water velocity Increase in water velocity 
through the crossingthrough the crossing

••
 

Movement of small fish Movement of small fish 
impededimpeded

••
 

Intense scour effectIntense scour effect

••
 

Sediment redistributionSediment redistribution

Stream VelocityStream Velocity



Long Term Effects on HabitatLong Term Effects on Habitat

••
 

Sediment deposited upstream of Sediment deposited upstream of 
crossingcrossing

••
 

Scouring habitat directly Scouring habitat directly 
downstreamdownstream

••
 

Sediment deposited further Sediment deposited further 
downstreamdownstream

••
 

Cover fish spawning sites Cover fish spawning sites 

••
 

Habitat homogeneity Habitat homogeneity 

••
 

Fish prefer heterogeneity for Fish prefer heterogeneity for 
spawningspawning



Culverts as Barriers to MovementCulverts as Barriers to Movement

•• Perching creates physical barrier to fish passagePerching creates physical barrier to fish passage

•• Dry conditions isolate reaches Dry conditions isolate reaches 

•• Smooth bottom replaces riffle habitatSmooth bottom replaces riffle habitat

•• No refuge for fish to restNo refuge for fish to rest



North Carolina Host FishNorth Carolina Host Fish



BridgeBridgeBridge

ArchArchArchBoxBoxBoxPipePipePipe

Study ObjectivesStudy Objectives
Quantify the impact of four Quantify the impact of four 

common road crossings on:common road crossings on:

1. Fish abundance & Diversity1. Fish abundance & Diversity

2. Fish Movement2. Fish Movement

ControlControl



Study Sites 2004Study Sites 2004

Raleigh



Questions of InterestQuestions of Interest

1.1.
 

Does the presence of a crossing affect fish Does the presence of a crossing affect fish 
community structure?community structure?

2.2.
 

Does the presence of a crossing affect fish Does the presence of a crossing affect fish 
movement?movement?

3.3.
 

Do the effects on community structure and fish Do the effects on community structure and fish 
movement vary with crossing type? movement vary with crossing type? 

++ == ??



Methods: Mark & RecaptureMethods: Mark & Recapture



http://images.google.com/imgres?imgurl=http://www.wuurld.org/humpbk.jpg&imgrefurl=http://www.wuurld.org/schedule.htm&h=503&w=583&sz=27&tbnid=JBLBddLNaLwJ:&tbnh=113&tbnw=130&start=53&prev=/images%3Fq%3Dfish%2Bswimming%26start%3D40%26hl%3Den%26lr%3D%26sa%3DN


Mark & RecaptureMark & Recapture
••

 
May of 2004 began studyMay of 2004 began study

••

 
Enclosed 50m reaches above & below Enclosed 50m reaches above & below 
crossingcrossing

••

 
Seine and backpack electrofishing Seine and backpack electrofishing 

••

 
Triple Pass DepletionTriple Pass Depletion

••

 
Identified and measured each fishIdentified and measured each fish

••

 
ResampledResampled

 
June, July, and AugustJune, July, and August

••

 
Emigration samplingEmigration sampling

UpstreamUpstreamDownstreamDownstream



Tag: Visible Implant Elastomer (VIE)Tag: Visible Implant Elastomer (VIE)



Variables of InterestVariables of Interest
IndependentIndependent

••
 

Habitat Characteristics:Habitat Characteristics:
––

 

% riffle, run, pool% riffle, run, pool

––

 

Stream Volume (mStream Volume (m33))

––

 

Flow (cm/sec)Flow (cm/sec)

••
 

Crossing Type:Crossing Type:
––

 

Culverts: arch, box, pipeCulverts: arch, box, pipe

––

 

BridgeBridge

––

 

ControlControl

••
 

Position:Position:
––

 

Upstream of crossingUpstream of crossing

––

 

Downstream of crossingDownstream of crossing

DependentDependent

••
 

Community Structure:Community Structure:
––

 

Species Richness/mSpecies Richness/m33

––

 

Diversity IndexDiversity Index

––

 

Fish Index Biotic IntegrityFish Index Biotic Integrity

––

 

Population EstimatesPopulation Estimates

••
 

Movement:Movement:
––

 

Conditional Percent MovementConditional Percent Movement
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: Species diversity indices and FIBI scores will be : Species diversity indices and FIBI scores will be higher for higher for 
control streams than streams with crossings.control streams than streams with crossings.
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Results: Community StructureResults: Community Structure
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: Both community structure measurements will vary along : Both community structure measurements will vary along 
a decreasing gradient scale:a decreasing gradient scale:

BridgeBridge

 

ArchArch

 

BoxBox

 

PipePipe



Measurement of MovementMeasurement of Movement

Conditional Percent Movement (CPM)Conditional Percent Movement (CPM)

CPM downstream of crossing =       MCPM downstream of crossing =       MDD

MMDD

 

+ R+ RUU

This number represents the This number represents the percentpercent
 

of the of the 
recaptured fishesrecaptured fishes

 
which which movedmoved

 
through the through the 

crossing.crossing.



Ha: More fish movement in Control StreamsHa: More fish movement in Control Streams
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Ha:  Fish Response will vary on a gradientHa:  Fish Response will vary on a gradient
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Results: MovementResults: Movement



Conditional P ercent Movement vs . P ercent R un
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Coef: -0.40
p = 0.03

•• Movement increases as percent run decreasesMovement increases as percent run decreases



Habitat VariablesHabitat Variables

•• % Riffle, Pool, & Run% Riffle, Pool, & Run

••

 

What is ecological      What is ecological      
significance of correlation?significance of correlation?

•• More fish associated with More fish associated with 
run & poolrun & pool
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••
 

7500 m stream reach sampled7500 m stream reach sampled
••

 
15,000 fish sampled15,000 fish sampled

••
 

9,594 fish marked: 43 species, 12 families9,594 fish marked: 43 species, 12 families

Conclusions: What does no response mean?Conclusions: What does no response mean?

No difference in movement of fish in these streams with or No difference in movement of fish in these streams with or 
without crossings or according to crossing typewithout crossings or according to crossing type

Low Number of Movers (102 moved, 1.06%)Low Number of Movers (102 moved, 1.06%)

Scale of Study: Stream Reach Size, Low NScale of Study: Stream Reach Size, Low N

Scale of Study: Time Between Recapture EventsScale of Study: Time Between Recapture Events

Sampling Scheme Inadequate: Reevaluate MethodsSampling Scheme Inadequate: Reevaluate Methods



Small Scale PIT Tag StudySmall Scale PIT Tag Study

Passive Integrated Transponder TagPassive Integrated Transponder Tag

••
 

Increased recapture rates from continuous monitoring and Increased recapture rates from continuous monitoring and 
9595--100% detection efficiency 100% detection efficiency 

••
 

Reduced sampling effort Reduced sampling effort 

••
 

Reduced sampling bias from fright response Reduced sampling bias from fright response 

••
 

Reduced recording errorReduced recording error

••
 

Reduced handling time of fishReduced handling time of fish——reduced mortalityreduced mortality



Study Objective: 2005Study Objective: 2005
Assess unidirectional stream fish movement through two types Assess unidirectional stream fish movement through two types 
of road crossings, box culverts and bridges, using PIT tags and of road crossings, box culverts and bridges, using PIT tags and 

remote antenna arrays.remote antenna arrays.

••Smaller study of 6 streams: Compare Bridges vs. Box Culverts, N=Smaller study of 6 streams: Compare Bridges vs. Box Culverts, N=33
••Limited by fish size : must be Limited by fish size : must be ≥≥

 

60 mm60 mm
••Increase study reach to 150 m above & belowIncrease study reach to 150 m above & below
••TwoTwo--pass depletionpass depletion
••Constant monitoring for 30 days by remote antenna arrayConstant monitoring for 30 days by remote antenna array



Study Sites 2005Study Sites 2005

Raleigh
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Results: PITResults: PIT--taggingtagging

•• Percent tagged fish moved did not vary with crossing typePercent tagged fish moved did not vary with crossing type
•• Trend apparent, possible low sample size N = 3Trend apparent, possible low sample size N = 3



Species Composition of Individuals Moved (N=258)
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Effectiveness of Movement MethodsEffectiveness of Movement Methods

Field Field 
SeasonSeason

Fish Fish 
TaggedTagged

Fish Fish 
MovedMoved

% % 
MovedMoved

Streams Streams 
SampledSampled

DaysDays 
****

Hours Hours 
workedworked CostCost

2004 9594 102 1.06 16 120 2560 $23,000

2005 681 258 37.89 6 30 300 $26,330

**  2004 **  2004 ––

 

four sampling periods per streamfour sampling periods per stream

2005 2005 ––

 

one sampling period per streamone sampling period per stream



Conclusions: PITConclusions: PIT--taggingtagging

••
 

Fish movement through bridges and box culverts Fish movement through bridges and box culverts 
did not vary significantlydid not vary significantly

••
 

PIT tags and remote antenna arrays effective PIT tags and remote antenna arrays effective 
methods to monitor fish movementmethods to monitor fish movement

••
 

ReRe--evaluate traditional markevaluate traditional mark--recapture methods for recapture methods for 
movement studiesmovement studies



Summary and Overall ConclusionsSummary and Overall Conclusions

No difference in fish movement or community structure No difference in fish movement or community structure 
in streams with or without crossings or according to in streams with or without crossings or according to 

crossing typecrossing type

Spatial Scale vs. Frequency of RecaptureSpatial Scale vs. Frequency of Recapture

Power Issues, Low NPower Issues, Low N

Sampling a Mobile Fish Community 30 years LaterSampling a Mobile Fish Community 30 years Later

BACI Design to Assess Short Term Impacts of Crossings BACI Design to Assess Short Term Impacts of Crossings 



Implications of WorkImplications of Work
No apparent impact of crossings on current No apparent impact of crossings on current 

stream fish communitiesstream fish communities
––

 
Fish not a sensitive indicator to impactsFish not a sensitive indicator to impacts

––
 

After 30 years, baselines have shiftedAfter 30 years, baselines have shifted

Current mussel dispersal is not impededCurrent mussel dispersal is not impeded

ReRe--evaluation of methods is importantevaluation of methods is important

PIT tags and antenna array capture movement PIT tags and antenna array capture movement 
more effectivelymore effectively
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