
A How To Guide: A How To Guide: 
for Estuaryfor Estuary--Dependent Fish Avoiding Dependent Fish Avoiding 
Hypoxia in DelawareHypoxia in Delaware’’s Inland Bayss Inland Bays

Damian C. BradyDamian C. Brady
Timothy Timothy E.TargettE.Targett
University of DelawareUniversity of Delaware

Graduate College of Marine StudiesGraduate College of Marine Studies



Outline                      Outline                      

•• DielDiel--cycling Hypoxiacycling Hypoxia
–– DelawareDelaware’’s Inland Bays in particulars Inland Bays in particular

•• What mechanisms do fish use to cope with What mechanisms do fish use to cope with 
hypoxia?hypoxia?

•• Can we Can we ““seesee”” these mechanisms in the these mechanisms in the 
field?field?

•• WhatWhat’’s next and what is the future for s next and what is the future for 
affected areas as nursery grounds?affected areas as nursery grounds?
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Importance of Tidal CreeksImportance of Tidal Creeks

•• Biotic FactorsBiotic Factors
––Less predationLess predation
––More preyMore prey

•• Abiotic FactorsAbiotic Factors
––Selective Tidal Stream Selective Tidal Stream 
TransportTransport

––EnviroregulationEnviroregulation



Water Quality MonitoringWater Quality Monitoring
Pepper Creek, DEPepper Creek, DE



SpatioSpatio--temporal Mosaicstemporal Mosaics



Temperature Salinity

Spike in 
temperature after 

several sunny 
days

Followed by a 
rain event and 
cloudy days



Mix it Together and What Do You Get?Mix it Together and What Do You Get?

Less than 2 mg/L 
throughout the 

creek



SunlightSunlight

Julian Days in 2005
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Love CreekLove Creek
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[DO] 
mg O2 l-1

                July 31                                                              Aug. 7                                                    Aug. 10

Time            07:15            11:15                          07:30       10:00             13:45                07;15       10:30            14:30   

Tide        L. Flood           M. Ebb L. Ebb   E. Flood         E. Ebb M. Ebb   E. Flood     L. Flood

# Fish       289           386                                  1         293            282                                  0          278            472   

Avoidance in the FieldAvoidance in the Field

From R. Tyler (DNREC)From R. Tyler (DNREC)

Per 4 100m Per 4 100m 
trawlstrawls



Moving TargetsMoving Targets

•• If DO varies temporally and spatially and fish If DO varies temporally and spatially and fish 
are behaviorally mediating their environment are behaviorally mediating their environment 
. . . . . . 

––How can we link water quality How can we link water quality 
with juvenile fish populations?with juvenile fish populations?



From Domenici From Domenici et al. et al. 20002000

Behavioral Behavioral 
response of response of 
Atlantic herringAtlantic herring
to declining DOto declining DO

Active Active 
responseresponse

Passive Passive 
responseresponse



Behavioral response of Behavioral response of 
common solecommon sole to declining to declining 
DODO

Passive ResponsePassive Response

Active ResponseActive Response

From Dalla Via et al. 1998



Search PathsSearch Paths

•• The combination of changes in:The combination of changes in:
–– VelocityVelocity &&
–– Turning distributionTurning distribution will ultimately will ultimately 
determine exposuredetermine exposure

––How fish How fish ““useuse”” or explore space is a or explore space is a 
more important determinant of more important determinant of 
search successsearch success



SinuositySinuosity

From From BenhamouBenhamou 20042004

Low SinuosityLow Sinuosity

High SinuosityHigh Sinuosity



Mesocosm Experiments Mesocosm Experiments --
ObjectivesObjectives

•• Characterize the behavioral mechanisms Characterize the behavioral mechanisms 
used to navigate hypoxia impacted used to navigate hypoxia impacted 
systemssystems
–– Thresholds that induce behavioral Thresholds that induce behavioral 

responsesresponses
–– AcclimationAcclimation
–– SinuositySinuosity
–– Finally, how do changes in sinuosity and Finally, how do changes in sinuosity and 

velocity interact to affect dispersal?velocity interact to affect dispersal?



MesocosmMesocosm

2 m2 m



SegmentationSegmentation



TrackingTracking



Exposure ProtocolExposure Protocol
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Mesocosm Experiments Mesocosm Experiments -- ResultsResults
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Behavioral response of Weakfish exposed to decreasing DO 

Weakfish Acclimated in Saturated Oxygen
Weakfish Acclimated to Diel cycling DO

2.8 mg/L2.8 mg/L



SinuositySinuosity
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DiffusionDiffusion

43% Velocity 43% Velocity 
IncreaseIncrease

48% Dispersal 48% Dispersal 
IncreaseIncrease

69% Velocity 69% Velocity 
DecreaseDecrease

92% Dispersal 92% Dispersal 
DecreaseDecrease



Mesocosm ConclusionsMesocosm Conclusions
•• Short term responseShort term response

––Increase in velocityIncrease in velocity
––Decrease in sinuosityDecrease in sinuosity
––Interact to significantly increase Interact to significantly increase 
search radius down to 2.8 mg/L search radius down to 2.8 mg/L 

––The tradeoff:The tradeoff:
••After this initial burst (e.g. <2.8mg/L), After this initial burst (e.g. <2.8mg/L), 
dispersal distance plummets even as fish dispersal distance plummets even as fish 
are still movingare still moving

•• Loss of orientationLoss of orientation



Mesocosm ConclusionsMesocosm Conclusions

•• Long term response (Acclimation)Long term response (Acclimation)
––Increase in survivalIncrease in survival



Pepper Creek Upper DO From 5/20/2004 to 8/30/2004
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Mesocosm ConclusionsMesocosm Conclusions

•• Long term responseLong term response
––Increase in survivalIncrease in survival
––Overall decrease in swimming Overall decrease in swimming 
speedspeed
••ImplicationsImplications

––Future avoidance and stress Future avoidance and stress 
responsivenessresponsiveness

––FeedingFeeding



From the Mesocosm From the Mesocosm 
to the Fieldto the Field

Preliminary Tagging ResultsPreliminary Tagging Results



Listening ArrayListening Array

0.415 km0.415 km

1.11 km1.11 km
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1.61 km1.61 km



August 2005
Sat 27  Sun 28  
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Days in 2005
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Conclusions and Questions from Conclusions and Questions from 
Mesocosm to FieldMesocosm to Field

•• Field results corroborate and strengthen Field results corroborate and strengthen 
mesocosm results and vice versamesocosm results and vice versa
–– Both in determining important thresholds and Both in determining important thresholds and 

changes in movement ratechanges in movement rate
•• Avoidance is extremely effective but at Avoidance is extremely effective but at 

what cost? what cost? 
–– Significant time not feedingSignificant time not feeding
–– Situational circumstance make prediction Situational circumstance make prediction 

difficultdifficult



Historical and Future PerspectiveHistorical and Future Perspective

•• How long has the ecosystem been How long has the ecosystem been 
like this?like this?



Water Forested Agriculture Built Up Land Open Land Wetlands
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Historical and Future PerspectiveHistorical and Future Perspective

•• How long has the ecosystem been How long has the ecosystem been 
like this?like this?

•• Can this ecosystem cross a Can this ecosystem cross a 
threshold and become threshold and become 
uninhabitable?uninhabitable?

•• The role of acclimation?The role of acclimation?
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