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Outline

Priorities and challenges of impact studies –
Gradient designs

Implementation of gradient design in WE 
impacts on migratory and sedentary fishes

Mid-Atlantic WEAs occur in a very disturbed 
shelf setting, confounding detection of impacts 



Fish aggregation at foot of Block Island wind 
turbine jacket foundation.  From video 
footage by the American Wind Energy 
Association.

FAD Effect and gradient design
Dual beam hydro-acoustics, scaled to 
measure gradient of petro-platform 
FAD effect

Distance from platform (m)

5-7-fold increase

Baseline level > 15 m from rig
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Pile Driving and gradient designs



BACI Design

Impact

-

-

=  ∆ before

=  ∆ after

∆ after - ∆ before - = effect size  

Design elements BACI

Site selection Control site issues

Independence Pseudo-replication?

Confounding
environmental signal

Problem

Predictions Discrete (Y/N) bounded 
effect; difficult to model

Control

Impact Control

Before After Before After

Dahl et al. 2012. Reduced breeding success in 
white-tailed eagles at Smøla windfarm, western 
Norway, is caused by mortality and displacement. 
Biological Conservation
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Before After Gradient (BAG) Design

β before - β after = effect size  

Impact Gradient β before

β after

Design elements BACI BAG

Site selection Control site issues Informed by effect size

Independence Pseudo-replication? Non-independence assumed

Confounding
environmental signal

Problem Some can be incorporated

Predictions Discrete (Y/N) bounded 
effect; difficult to model

Effect size gradient; supports 
models
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Telemetry 
Receiver sites

Depth/Distance

Summer

Winter
Temperature

http://otlibrary.com/atlantic-sturgeon/

https://www.sportfishingmag.com/fish
-structure-for-striped-bass

BACI (before-after-control-impact) v. Gradient Designs
Examples: WE Impacts on Migratory and Sedentary Fishes in MAB

Thesis work by E. Rothermel



De

Atlantic sturgeon: Extended presence in Spring with 
inshore distribution

DPD = # of days (per season) 
with at least one detection

Depth/Distance



Striped bass: prolonged Fall/Winter presence with 
rapid Spring migration

DPD = # of days (per season) 
with at least one detection

Depth/Distance



Striped bass: 
shift toward 
shelf waters to 
maintain 
temperature 
range
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Striped bass: 
shift toward 
shelf waters to 
maintain 
temperature 
range

Mid 60th percentile

Temperature

Cumulative Freq, detections



• BAG Design:  Attenuated Noise, informed by literature, constrained by reef habitat
• 15 black sea bass implanted with transmitters at each site, surrounded by receivers
• Effects: Loss rate; activity rate 

Before

After

Thesis work by C. Wiernicki

Gradient Designs
WE Impacts on Migratory and Sedentary Fishes in MAB



Receivers visited hr-1

Highly disturbed 
environment:
Movement rates



Design elements BAG Examples

Sample Site selection Informed by effect 
size

BSB: Literature, Experts, Experiments
Migr: Concept, Literature

Independence Non-independence
assumed

BSB: Noise                                                    
Migr: Depth strata, temperature, noise 

Confounding
environmental signal

Some can be 
incorporated

BSB:  Storms (depth)
Migr: Depth, temperature, season

Predictions Effects gradient; 
supports models

BSB: Noise 
Migr: Depth x season; temperature window

Summary: Efficiencies of Gradient Designs
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Take Homes

Gradient designs support predictive models 
of key variables (noise, reef attraction) that 
can translate to regional scale impacts.

Mid-Atlantic Bight has strong gradients and 
disturbance regimes; WE impacts will be 
confounded by these.

Common guidance to state, federal, and 
industry on gradient-based designs will 
facilitate regional-scale predictions and 
comparisons between species, communities, 
and fisheries of WEAs impacts. 

Graphic: Caroline Wiernicki



Remaining Issue: 
Effect size and scale of impact
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Impact Scale (amplitude, duration, extent, exposure)

Recruitment
Reproduction
Migration
Survival
Catch rate
Movement
Metabolism



Baseline

Impact 1

Impact 2

Experimental Design: 
Before, After, Gradient
Impacts on migratory fishes off DelMarVa: 

Flyway Concept
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Hurricane Hermine 
(early September, 2016)



2017 BOEM Array

Cold-pool Front
(20-40 m depth)
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Reference Shelf Transect 
Cold-pool front



Ming Li, Horn Point Laboratory: Finite-Volume Community Ocean Model: FVCOM, configured for MAB

Oceanographic models can inform impact scale, effect size, BAG Design

Middle Site, Cold pool destruction

S. MAB, Cold pool destruction



Method: Acoustic Telemetry

Active acoustic transmitters associated with large 
research projects: data sharing agreements

PI, Institution N Tagging Location Period of Tag Activity

D. Secor, UMCES 71 Potomac River Spring 2014-Winter 2016

D. Secor, UMCES 50 Potomac River Spring 2016-Winter 2018

D. Secor, UMCES 40 Potomac River Spring 2017-Winter 2019

D. Secor, UMCES
A. Higgs, NYSDEC

100 Hudson River Spring 2016-Winter 2018

B. Gahagan, MA DMF 256 Coastal MA Summer2015-Winter 2017

C. Stence, MD DNR 30 Nanticoke Fall 2015-Fall 2025

D. Fox, DE State Univ. >500 Delaware 2010-2025

M. Balazik, VCU 155 James River 2010-2025

K. Dunton/M. Frisk,
SUNY Stony Brook

495 NY Bight 2010-2025

Species


