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The study.
Every month for nearly 5 years, a crew made up of local
fishermen and scientists has sailed out to the Block rsland
Wind Farm to assess the project's impacts to fish and
shellfish. Aboard a local commercial fishing vessel, the
researchers tow nets to catch sea life near or at the bottom
of the seafloor. They collect samples at the wind farm and
other locations near it. For every catch, scientists sort
and count fish by species, measure their length and take
their weight. The crew conducts over 70 trawls per year to
support this study.

The study began prior to the start of offshore construction
of the wind farm and continued throughout offshore
construction. Post construction monitoring is currently
underway and is scheduled to conclude in 2or8. The studies
were designed by scientists with input from fishermen using
a similar methodology as other fisheries studies in New
England so results could be compared across studies.

Because the researchers used the same methodorogy for
collecting fish data before, during, and after construction of
the wind farm, they aim to measure the impact of the wind
farm on the abundance and variety of fish in the area.
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What we're learning.
Data collected so far shows that fish populations are just as
strong as they were before the start of offshore construction.
We haven't seen an appreciable change in variety of species
found near the wind farm to date. We have coilected a great
deal of information on specific species such as Atlantic cod,
black sea bass, bluefish, founder, striped bass, and longfin
squid, just to name a few.

Total Weight of Fish Collected

3II"579 lbs
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Number of Species Collected
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Flatfish habitat use near North America's first offshore wind farm
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ARTICLE INFO ABSTRACT

Use of offshore wind power as a renewable energy source is underuay in North America with the construction of
the pilot, five wind turbine, Block Island Wind Farm, off Rhode Island, USA. Demersal trawl monitoring was

conducted in rwo reference areas and near the wind farm that allowed an examination of whether flatfish
abundances, size, and condition differed between baseline, construction, and operation time periods. Seven

flatfish, (American plaice Hppoglossoides platessoides, fourspot flounder Praltchtiys oblongus, Gulf stream

flounder Citlrotchdrys arctifrons, summer flounder Pualichthys dentatu, windowpane flounder Scophthalmu
cquosus, winter flounder Pseudopleurcnect* omericmw, and yellowtail flounder Pleuonect* ferruginea) were
collected in the study area. Winter flounder, windowpane and fourspot flounder accounted for 83olo of all flatfish
collected. Flatfish exhibited spatial and temporal variation in abundance, size, and condition, but this variation
was not consistent with either positive or negative effects of wind fam construction or operation. Lower winter
flounder abundances during the pile-driving time period and higher abundances during the cableJaying time
period in the reference and wind fam areas suggest regionwide population fluctuations occuned. Although
noise from pile driving may have been detectable in the reference areas, otler flatfish abundances were not
lower duing this time period. Although no artificial reef effect was found for flatfish, negative impacts from
construction activity and wind fam operation also were not evident.

Kewords:
Block Island wind fam
Artificial reef
Condition
Wind turbine
Enviromental impact

1. Introduction

Offshore wind farms are increasingly established as an altemative to
carbon emitting energy sources and have been in operation on a com-
mercial scale in Europe since 2002 (Bailel et al.. 2014). Although the
environmental benefits of moving to renewable energy sources are
widely acknowledged, the potential ecological impacts of offshore
constmction activities and altered coastal habitats are less clear
(Vandcndricssch('et al., 2015; tleery et al., 2017). Distubances to the
marine environment from offshore wind farm construction and opera-
tion include increased noise and vibration especially during the pile-
driving phase of construction, elevated suspended sediments and sedi-

mentation caused by cable installation, altered benthic and pelagic
habitat, and the introduction of novel electromagnetic fields (llailev
er al.. 201.1). The increased habitat complexity created by the turbines
and scour protection structures may enhance biodiversity through co-

lonization of the structures (Wi)helmsson and MaLn. 2008; \laar et al..
2009) and by attracting fish that aggregate near the new hard structures
(e.g., Wilhelnrsson et a1..2006; Bergstrom et a1.,20i3; Reubens et al..
201 3b; van Hal t,t al.. 201 7). Turbine structures, therefore, may provide
foraging habitat (e.9., l)ern'edurven et al., 2012; Reubens et al.. 2014)
and refuge for appropriately-sized fish (Vandendriessche et al.. 2015),

Coresponding author.
E-miI oddrs: ri;rr aw rllx,r rrr gm;rl.conr (D.H. Wilber).

potentially affecting prey consumption and fish size distributions.
The first offshore wind farm in North America, Block Island Wind

Farm (BIWI) in Rhode Island, USA, was constructed on a pilot scale,

becoming operational in 2016. BIWF'S five wind turbine generators
were sited based on coordination with state and federal resource
agencies in an attempt to minimize environmental impacts to marine
habitat. The surrounding marine area supports commercial and re-
creational fisheries and provides a linkage between nearshore and off-
shore habitats for fish such as winter flounder (Pseudoplewonectes

ameiconts). Other uses of Rhode Island's offshore waters include arti-
ficial reefs and potential aquaculture leases (\'lalek et ,r1.. 2014),
therefore, understanding how demersal fish respond to BIItrIF con-
struction and operation is necessary for future effective fisheries man-
aSement in this changing seascape (uishop et ai.. 2017). Ofparticular
interest are the potential BIWF impacts to flatfish because they spend

the majority of their juvenile and adult phases on the substrate, and
therefore may not respond like pelagic fish to disturbances such as noise
and vibrations that are transmitted differently through the substrate
than through the water column. Likewise, electromagnetic fields that
may repel pelagic fish from the vicinity of wind farms (Giii. 2005;
Ohnian ct al.. 2007) may affect flatfish differently. In the present study,
we investigate whether the construction and operation of the BIWF

https:/,/doi.orgll 0. lO l 6/j.seares.20l 8.06.004
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ELSEVIER



Block lsland

?

I
I

0.5 I

D,H, Wihq et aL

71

_L@alpn C@dinatc Systs: NAO 1983 StabBare Rhode lsland FIPS 3&0 F@l Ode 4/52018

Fig. 1. Location of the five turbine (yellow circles) Block Island Wind Fam and the six bottom trawl tow lines located in each oftwo reference areas (REFE and REFS)

and the Area ofPotential Effect (APE). The cable location is denoted in red. (For interpretation ofthe references to color in this figure legend, the reader is refered to
the web vemion of this anicle.)
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affected flatfish assemblaSe composition, abundances, size distribu-
tions, and condition. Impact assessments typically use abundance data
collected in a before-after-control-impact (BACI) design (Undt'rrtootl,
1992), however, highly variable fish abundance data can result in low
statistical power (e.9., \!ilber et al.. 200:l). Therefore, examinations of
fish condition and size provide additional mechanisms by which po-
tential impacts from the wind farm can be detected (e.g., Reubens ct al..
201 3a).

2. Methods

2. 1. Field, collectiotts

The BI\4IF consists of five, 6-MW wind turbine generators located

approximately 3.5km southeast of Block Island, Rhode Island, USA
(Fig. l). Power is exported via a 34km, bi-directional submarine cable
connecting the wind farm to Block Island and the mainland. Demersal
trawl surveys were conducted monthly during activity time periods that
are characterized in this study as baseline, pile driving, turbines in-
stalled (i.e., steel jacket foundations in place, but turbines not opera-
tional), cable installation, and turbine operation (l'able l). For each

monthly survey, two replicate (20 min) tows were conducted in each of
two reference areas and two tows were conducted in the area of po-
tential effect (APE), resulting in six independent trawl tovy lines (Fig. I ).
Each of these areas was surveyed with a Sediment Profile Imaging and
Plan View system (Ger nrano et al., 201 l). Substrate classifications were
based on measurements of grain size major mode and observations of
sedimentary features visible on the surface. The reference areas are
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Table I
Timeline of baseline sampling, Block Island Wind Fam construction activities,
and commencement of wind fam operation. The total number of tows con-
ducted in all areas for each time period and the conesponding seasons are
given.

Activity Time period Tows Seasons

I
20

18

(J 16

o

9r+
l
(! <r
0)
o-
E10g
q;8
ho
(o

b6
<4

) a

Baseline

Pile drivinS

Turbines installed

cable layinS

Turbine operation

Octobe.2O12 to June
2015
July 2015 to October
201s
November 2015 to
March 2016

April 2016 to
September 2016

October 2016
fomard

Fall, Winter, Spring, Early
Sumer, and late summer
Fall, Early Summer, and Late
Sulmer
Fall, Winter

t7r

45

30

36

60

SprinS, Early Summer, and
late Smmer
Fall, Winter, SprinS, and
Early Summer

denoted as REFE which had silry-sand and silt sediments and I{EFS,

which had sand and gravel sediments. The APE sediments were com-
prised ofsilty-sand, sand, and gravel. Each area (REFE, REFS, and APE)

contained six pre-determined tow lines that were accessible for
trawling, but subject to seasonal location of fixed fishing gear (e.g., gill
nets and lobster trawls). Two tow lines were randomly selected each

month and if a tow line was obstructed by fixed gear or was not deemed

towable due to other conditions, an additional random selection de-

termined the tow line (but tow lines were not repeated in any month).
When construction activity was underway in the APE, tow lines 4, 5,

and 6, which are located between the turbine foundations, were not
accessible for sampling. Trawling was conducted using a 412 x 12 cm,

four-seam whiting trawl with 1.67m otter doors and 2.54cm knotless
cod end liner. Trawl catches were sorted by species and size categories
within each species, all flatfish were counted and the total lengths (TL)

of fifty individuals of each species within a size category were measured
to the nearest 0.5cm. A subsample (up to 10 individuals species per

station per sampling event) were individually weiShed (whole body) to
the nearest f0 g (gm) and sexed via visual observation of the gonads

during dissections for a separate stomach content study. Gonads were
not weighed and maturity class was not consistently recorded, pre-

venting use of this parameter as a covariate in statistical analyses.

Bottom water temperature, dissolved oxygen, and salinity data were

collected at the end of each tow usinS a YSI model 650 MDS water
quality meter.

2- 2- Statistical methods

2. 2. 1. Flatfish assemblages

Multivariate analyses were conducted to determine whether the
taxonomic composition of flatfish assemblages differed among re-
ference areas (REFS, REFE) and the APE and among activity time per-

iods using the PRIMER Version 7.0.1 computer program (Ciarkc ct al..
2o l.l; (llrrke arrrl Gorler', 201 5). These analyses were conducted sepa-

rately by season because fish abundances are strongly influenced by
temperature. Seasons were defined based on monthly groupings of si-

milar temperature variation (l;ig. 2) as: Fall - declining water tem-
peratures (October through December), Winter - low temperatures
(January through March), Spring - initially rising temperatures (April
and May), Early Summer - (June and July), and tate Summer (AuSust

and September). Flatfish abundances were square-root transformed to
reduce the importance of abundant species and permit species with low
or rare occurrences to contribute to similarity groupings of the samples.

Analysis-of-Similarities (ANOSIM) tests used ranked similarity matrices
based on Bray-Curtis similarity measures to distinguish flatfish assem-

blages on a scale of R = 0 (fish assemblages were indistinguishable
from each other) to R : I (there was no similarity in flatfish assem-

blages). If flatfish assemblages differed among areas or activity time
periods, SIMPER (similarity percentaSes, Cllrke ct ll.. 2014) analysis

2013

2014

2015

2016

2017

o
Oct Nov Dec Jan Feb Mar Apr May iun Jul Aug Sep

Fig. 2. Mean monthly bottom water temperatures across all areas for each year
of smpling.

was used to identify the species that contributed the most to distin-
guishing these assemblages. Non-metric multidimensional scaling
(nMDS) ordinations were used to depict the relative similarities in
composition of flatfish assemblages among areas and activity time
periods within seasons for those seasons in which significant dissim-
ilarities occurred.

2.2.2. Abtndonces
Potential impacts of wind farm construction activities on individual

species abundances were examined for those species with sufficient
sample sizes using two-factor Analysis of Variance (ANOVA) tests

conducted separately by season. Independent factors were area (APE,

REFE, and REFS) and activity time period, which depending on the
season, could include baseline, pile driving, turbines installed, cable
lafing, and operation time periods. Abundance data were square-root
transformed to satisfy the normality and homogeneity of variance as-

sumptions of the test.

2.2.3. Size

Separate two factor ANOVAs (area x activity time period) were

conducted by species (winter flounder, windowpane, fourspot flounder,
summer flounder, and Gulf stream flounder) to examine potential dif-
ferences in flatfish size related to wind farm operation. Time periods

were restricted to baseline and operation due to sample size constraints
for construction activity time periods.

2.2.4. Condition
Condition indices were estimated for subsamples of winter flounder

(male n : 84; mature female n : 264) and summer flounder (n : 182).

An individual's condition index was calculated as its residual from the

logJog regression ofmass to length (l.e (irt'n. 1951; .lal<ob el rl.. 19')(,).

In winter flounder, fluctuations in condition indices can reflect energy

depletion and accumulation during and after the spawning season, re-

spectively. Because winter flounder condition varies by season and this
variation is more pronounced for females (\1'ucnschel et iil.. 2(X)1)), the

sexes were analyzed separately. Only mature females (> 300mm TL;

winron el a1..201-1), were included in condition analyses to reduce

variation related to maturity status. Mature female winter flounder
condition was examined usinS two-factor (area x time period) ANOVAs

for the fall, a non-reproductive season and for the spring, the end of the

reproductive season. Low sample sizes during the baseline time period

\
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prevented similar tests in the winter and early summer. Male winter
flounder and summer flounder conditions were analyzed using separate
two-factor (area x time period) ANOVAs across all seasons.

3. Results

3. 1. Enironmental conditions

Water quality parameters were similar among areas, with dissolved
oxygen concentrations above 6mg/L for all samples and oceanic sali-
nities recorded between 30 and 34psu. Bottom water temperatures
varied seasonally and were similar amonS years with the exception of
lower winter temperatures in 2014-2015 (Iig. 2), which coincided with
the "turbines installed" time period. Water depths sampled within each
area ranged from 28 to 40 m in the REFE, 22-37 m in the REFS, and
25-30m in the APE.

3. 2. Flatfuh assembloges

Seven flatfish species (American plaice Hippoglossoides platessoides,

fourspot flounder Paralichtltys oblongus, Gulf stream flounder
Cithorichthys arctifrons, summer flounder Poralichthys dentatus, win-
dowpane flounder Scophthalnw cguosrrs, winter flounder
Pseudoplewonectes antericanus, and yellowtail flounder Plewonectes fer-
niginea) were collected totaling 17,263 individuals ('l able 2) during the
five suwey years. Winter flounder were numerically dominant, and
along with windowpane and fourspot flounder, accounted for 83o/o of
all flatfish collected ( I ublc 2). American plaice were uncommon (n : 3)
and were collected in the APE in April and May of 2013 and are not
included in subsequent analyses. Fall flatfish assemblages were domi-
nated by winter flounder and windowpane. In the winter, flatfish
abundances declined. Winter flounder and fourspot flounder were nu-
merically dominant in the spring and early summer, with fourspot
flounder and winter flounder and windowpane most abundant in the
late summer (l.ig. :l).

In the fall, winter, and late summer, flatfish assemblages did not
differ among areas or time periods (ANOSIM R < 0.17; p-values > .3).
In tlte spring, flatfish assemblages differed spatially, with the greatest
dissimilarity in assemblage composition between the reference areas
(R = 0.31,p : .001; Iris. {a), with higher winter flounder and fourspot
flounder abundances at the REFE area and windowpane and summer
flounder abundances at the REFS area (l-rl)le .l). In the early summer,
flatfish assemblages in the APE differed from those in the REFE
(R = o.47,p: .001) and the REFS (R : 0.37, p : .001; t.ig. 4b). Early
summer flatfish distributions reflected the overall trend of lower
abundances in the APE compared to the reference areas (l'able 3). In
both the spring and early summer, flatfish assemblages did not differ by
activity time period across all areas (Irig. ,1).

Table 2
Total abundances of flatfish collected in monthly bottom trawl sampling at the
two reference (REFE and REFS) areas and the area of potential impact (APE) for
the Block Island Wind Fam from October 2012 through September 2017.

Common name Species APE REFE REFS Total

Oct Nov Dec lan Feb Mar Apr May Jun Jul Aug sep

Fig. 3, Mean monthly flatfrsh abundances per trawl atross all areas md years of
sampling.

Summer

Fig. 4. Non-metric multi-dimensional scaling plots of (a) Spring and (b) Early
Summer flatfish assemblages depicted by area (color) and activity time period
(shape).

Table 3
Mean abundances per trawl of flatfish species contributing at least 5olo to dis-
similarities among areas (SIMPER) in the spring and early summer.

SprinS Early summer

I
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Species

Winter flounder
Fourepot flounder
Windowpane
Summer flounder
Gulf stream flounder

APE REFE REFS APE REFE

21.6 35.6 22.O 10.2 31.1

1.3 32.2 8.0 1.7 4a.7
7.2 3.3 22.9 6.4 7.8
5.8 3.3 11.8 3.8 3.1

0.3 6.3

REFS

60.2
20.1
14.3
14.2
2.1

Americu plaice

Fouspot flounder
Gulf strem

Ilounder
Smmer flounder
Windowpane
Winter flouder

Hipogloffoidr plat6soid6
Paraltchthys oblongw
Cithtichrhys tctifrorc

Porolichfiys dentofr[
Scophdulmw aqrcw
Pseudoplewonect5
ameicon6
PlevonecB fefiuginea

3003
104 2505 735 3344
19 430 98 547

r692
3993
7553

3.3. Abrndances

Individual flatfish species abundances exhibited different area and
activity time period effects by season. Winter flounder abundances in
the fall were lower in all areas during the pile driving time period
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Fig, 6, Mean (+ standard enor) summer flounder abundances that differed
significantly by tle area x activity interaction in the fall and late summer.

Spring
i

I
I
i

I
Baseline Cable Laying Operation

fi8. 5. Mean (+ standard ercr) winter flounder abundances that differed
sigaificantly either by activity time period or area within seasons.

(F = 6.94,p < .001; |ig. 5). In the winter, winter flounder abundances
were consistently lower in the R"EFE area regardless of the activity time
period (F =5.41; p:.006), and spring winter flounder abundances

were higher during the cable laying time period in all areas (F : 3.37,
p = .O4; Ijig. 5). In all seasons, interaction terms for winter flounder
abundances were not siSnificant. Summer flounder abundances differed
significantly by the area x activity interaction in the fall (F = 3.34,
p = .005) when abundances were high at the REFS area during the
turbines installed (but not operating) time period and in late surnmer
(F = 6.14, p:.001), when abundances were high at REFS during the
pile driving time period (f ig. 6). Windowpane abundances in the spring
were consistently high in the REFS area (F = 11.9, p < .001) and
lower in all areas during the operation time period (F = 4.5, p = .O2)

with no interaction. In the early summer, windowpane abundances
again were consistently higher at the REFS area (F:3.6, p = .93'
liig. 7). Fourspot flounder abundances were significantly higher in the
REFE area in the early summer (F = 38.6, p < .O0l).

3.4. Size

Flatfish size varied by area and time periods in different ways for
each species. Winter flounder were significantly larger at the APE

II i
Baseline Cable Laying Operation

Early Summer

itl
Baseline Pile Driving Cable Laying Operation

Fig. 7. Mean (+ standard enor) windowpane abundances that differed sig-

nificantly by either area or activity time period interaction in the fall and late
sulmer.
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Fig. 8. Size frequencies of winter flounder during the baseline and operation
time periods in each area.

r Baseline

I Operation

APE

90 120 150 180 2tO 240 270 300 330 360 390 420

Fourspot Flounder Total Length (mm)

Fig. 10. Size frequencies of fourspot flounder during the baseline and operation
time periods in each area.

(35-70 mm TL) were collected in the early summer. Fourspot flounder
were significantly smaller at the REFS area (F : 29.9, p < .001) and
during the baseline sampling period (F:9.9, p:.002) with no in-
teraction (Fig- 10). Gulfstream flounder and summer flounder size did
not differ significantly by area or time period.

3.5. Condition

The log-log regression of mass (M; gm) to length (L; cm) for mature
winter flounder females was significant (r2 : O.77, p < .001), yielding
the following equation: logM:2.732*logl - 1.513. The condition
index (residuals) varied temporally, both seasonally and between time
periods in some seasons. In the fall non-reproductive season, mature
female winter flounder condition was relatively high, did not differ
amonS areas, and was greater during the baseline time period
(F : 37.9, p < .001; Iig. 1 l). During the operation time period, ma-
ture female winter flounder condition decreased in the winter and in-
creased successively in the spring and early summer. In the spring,
mature female winter flounder condition differed significantly by the
area x time period interaction (F = 8.4, p < .001), with females in the
lowest condition occurring in the REFS during the baseline time period
(I iS. I1). The weight x length regression for male winter flounder was
significant 1l: O.AO, p < .001) and described by the equation: (log
(gm) = 2.58r *log(cm) - 1.296). The resultant condition indices did
not differ by area or activity time period (all p-values > .18).

The significant logJog regression (r2 : 0.83, p < .001) of mass to
length for summer flounder is explained by the equation: log
(gm) = 3.322 * log(cm) - 2.489. Summer flounder condition did not
differ by area or time period (all p-values > .49).

4. Discussion

Although flatfish abundance, size, and condition differed spatially
near the Block Island Wind Farm and temporally between the baseline
and operation time periods, these differences were not consistent with

.IIr
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a Operation

r Bas€line

I operation

tIll._
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Fig. 9. Size frequencies of whdowpane during the baseline and operation time
periods in each area.

compared to the reference areas (F = 3.5, p = .030) and during base-
line compared to operation time periods (F = 21.6, p < .001), with no
interaction. Juvenile (< 150 mm TL) winter flounder were collected in
all areas, but only during the baseline time period (l iS. u). Although the
smallest winter flounder (7G-90 mm TL) were collected in the fall, most
other juveniles were collected in the winter and spring. Windowpane
size was significantly smaller at the REFE area during the baseline
sampling period (F :9.7, p < .OO1; l i1q. e), where juveniles

I
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Fig, ll. Mature female winter flounder mean condition indices by season, area

and time period (baseline - solid symbols and operation - open symbols).

impacts from wind farm construction or operation. In cases where
flatfish abundances differed during phases of construction activity,
these differences occurred across all areas. For instance, lower winter
flounder abundances in the fall during the pile driving time period
occurred in all three areas, which could reflect either a regional trend in
population fluctuations or perhaps that reference areas were within the
spatial zone where winter flounder could detect pile driving noise. The
reference areas were approximately 2-3 km from the wind farm, which
is within the distance at which noise levels produced by pile driving
cause the displacement of marine mammals (Bailct' tt il|., 2010), For
instance, the harbour porpoise Phocoena phocoena exhibited displace-
ment distances up to lSkm during pile driving on monopile founda-
tions (llnr)dt et al.. 2011) and up to 12km when bubble curtains were
used to attenuate the noise (I)ahne et;r1..2017). Although marine
mammals and fish with swim bladders are most sensitive to underwater
noise, all fish can detect noise-induced particle motion via their otoliths
(Anclt,rssurr et al.. 2()17). It is difficult to predict the fli8ht or avoidance
noise thresholds of fish species that have not been tested based on t}te
responses of other species. Response thresholds are species-dependent
and can be influenced by the activity state (e.9., feeding, migrating,
etc.) of the individual (\,lueller-BItnkle et al.. 201 0). Other factors that
influence detection distances include background noise levels, water
depth, and sea bottom type (lIahlber3 rntl \Ycsterhcrg. 2()05). One

flatfish that has been tested for response to pile driving noise is the
Dover sole Solea solea, which increased its swimming speeds in response

to recorded pile driving sounds in mesocosm experiments (\luclltrr-
Illenklc t't al.. 2010). The lower winter flounder abundances durinS pile
driving, therefore, could reflect flight from all areas, whereas other
flatfish (summer flounder and windowpane) did not appear to respond
to pile driving activity. Low winter flounder abundances during pile
driving and relatively high abundances in all areas in the spring when

undersea cables were being installed, also are consistent with possible

regional population fluctuations that included the entire study area.

Other spatial differences in flatfish abundances, such as higher spring

and early summer windowpane abundances at the REFS and lower
winter flounder abundances in the REFE in the winter for all time
periods, are consistent with known habitat preferences and appear

unrelated to wind farm activities. For instance, windowpane are more

commonly collected on sandy bottom habitat (Hanson and \\ilson.
2014), which was prevalent at the REFS, whereas winter flounder
spawn over sandy habitat (Schtrltz et al., 2007; lYilber et al.. 2013a),
making the siltier REFE area less preferred in the winter, although re-
cently-spawned females (low condition indices) were collected in all
areas.

There was no indication that the presence of turbine structures at-

tracted flatfish to the BIWF, either increasing flatfish abundances
compared to the reference areas or the baseline time period. It is pos-

sible that bottom trawl sampling in the vicinity of BIWF turbines was

not conducted close enough to the foundations to collect flatfish at-
tracted to the structures. Higher fish abundances around wind turbines
reported for pelagic species are sampled using hook and line and fuke
nets (e.9., Couperus ct a1..2010; Retrbens et a1..2011; Krone et al..

201 3; Stenberg et al.. 201 5). Attraction of fish that aggregate near the
new hard structures may result in no net increase in the local popula-

tion or fish production may be increased by the addition of new habitat
that enhances fish settlement, survival and growth. These atftaction/
production mechanisms are not mutually exclusive (Bohnsack. 1989;
Brickhill et al.. 2005) and may be less relevant to understanding flatfish
population responses to windfarm structures, because flatfish have
more limited interactions with the turbine structures, primarily ex-

periencing the structures near the bottom. Demonstrations of impacts of
European wind farms on flatfish are equivocal. For instance, higher
flounder (Platichtys flaus), as well as other fish, abundances were de-

tected at the Lillgrund wind farm in Sweden during its operational
phase compared to the baseline period using fyke net sampling, how-
ever, fish abundances also increased at reference areas, suggesting a

larger regional trend in fish population fluctuations (Bergstronr et al..
201 3). At the O\AIEZ wind farm (Netherlands) a tagging study revealed
t}tat sole were neither attracted to nor avoided the wind farm turbines
(Winrer et;r1.,2010). Another study at OWEZ using gillnets and
DIDSON sonar documented higher abundances of Atlantic cod (Gadus

morhua), pouting (Triioptenr luscus), and crab (Cancer pagwus) near the
turbines and higher flounder (Platichthys fiesus) and whiting (Merlangius

merlangus) abundances in sandy habitat away from the turbines (ilrr
Hal et al.. 2017). At the Homs Rev. wind farm (Denmark), seven years

after construction, pelagic fish densities decreased at both the wind
farm and control sites (l,urnhrrrcl et al.. 20i 1), indicating interannual
variation in fish populations more strongly influenced abundances than
any attraction effect of the wind farm.

Although flatfish size differed among reference and BMF areas,

there was no indication wind farm operation was related to these dif-
ferences. Juvenile winter flounder were collected in all three areas

during baseline sampling. Inshore winter flounder populations once

were tlought to spawn exclusively in estuaries and shallow embay-
ments, where juveniles would spend their first year before migating to
offshore habitat (lSigclow :rntl Schroeder. 1953). More recently, how-
ever, nearshore coastal winter flounder spawning has been reported for
New Jersey (\1'uensclrcl et al.. 2009) and the Gulf of Maine (DeCtlles

and Cadrin, 2010; Iiairchild t't al.. 2013; Fairchild. 2017). Juvenile
winter flounder movement within estuaries is limited (Bucklel' t't al..

2008; \hnderson. 2008; Sagrrrese and lrrisk. 201 1) and a positive cor-
relation between egg and juvenile production within an estuary (\\ rlber

et al.. 20113b) further indicates estuarine populations are localized.

Therefore, juvenile winter flounder collected near BIWI (smallest

TL = 70 mm) were most likely spawned near this offshore habitat.
Other differences in flatfish size suggest the R-EFE area is preferred by
juvenile windowpane and the REFS byjuvenile fourspot flounder.

Flatfish condition indices can be a sensitive metric that reflect en-

ergy depletion and accumulation in adults related to relative habitat
value (Pereira et 1i.,2012) or spawning activity (\\uctrschel et al..

2009). During a non-reproductive period (fall), female winter flounder
condition was similar among areas and exhibited inter-annual varia-

tion, with higher condition during the baseline time period. Condition
can be affected by prey availability. The introduction of wind farm
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turbine structures to sedimentary environments can be beneficial to
pelagic fish by increasing prey via colonizing invertebrates, such as

mussels, amphipods, and polychaetes. Food availability for fish around
Danish offshore turbines was estimated to increase by a factor of 50
following wind farm construction (l.indchoonr et al., 201 I ). In-
vertebrate colonization of turbine structures tends to be high near the
surface (r'aar et al.. 2009; Kerckhof et al.. 201 2) and thus, these prey
organisms are more accessible to pelagic fish predators. Flatfish, feed
on benthic invertebrates, therefore their dietary habits are less likely to
be affected by vertical habitat created by wind farm structures. How-
ever, benthic prey availability may be temporarily increased during
wind farm constuction and cable laying as bottom habitat is disturbed
and prey are suspended. Seasonal fluctuations in mature female winter
flounder condition are consistent with spawning activity in all areas in
the winter and sprinS, which coincides with their spawning season. The
lower spring condition for females during baseline time period may
result from later spawning during the winter of 2014, which was colder
than other years examined. A longer time series, however, is needed to
more fully understand potential factors influencing spawning activity.

This study provides the first direct examination of potential impacts
from offshore wind energy on biological resources in North America.
Although no changes to flatfish communities were observed, further
studies are needed to effectively manage coastal construction while
protecting valuable marine resources.

Acknowledgments

We greatly appreciate the commitment of the captain of the F/V
Virginia Marise, Rodman Sykes and his crew, James Nelson and Jerry
Babcock to the Block Island Wind Farm Demersal Trawl Survey. Dave
Buetel provided invaluable insight into survey design and execution
and Deepwater Wind Block Island LLC supported the demersal fish
trawl survey study.

References

Andensn, M.lI., Ander$on, S., Ahlren, J., Andereson, 8.L., tlammar. J.. Pesson, L.K.G.,
Pihl, J., Si8ray, P,, Wikstritm, A., 2017. A framework for reSulating undemater noise
during pile driving. In: A Technical Vindval Report. Stockholm, Sweden, Swedish
Environmental Prctection ASency (ISBN 97 8-91 -620-6775-5\,

Bailey. H., Senior, B., Simmons, D., Rusin. J,. Piclien, c., ]'hompsn, P.M., 2010, A$essing
undem'attr noise levels during piledriving at an offshore windfam and its potential
effec(s on marioe mammals. Mar. Pollut. Bull. 60. 888J97.

Bailey, ll., Brookes, K.[.., Thompson. P.M.,2014. Assessing environmental impacts of
offshore wind fams: lessom leamed and recommendations for the future. Aqu(tic.
Biosyst. 10, l-13.

Bcrgstrom, 1,., Sundqvist, !., Bergstrom, U.. 2013. Effects of an olfshore rvind farm on
temporal and spatial pattems in the demersal fish community. Mar. Ecol. Prog. Ser.
485. 199-210.

Bigelow, I{.8., Schroeder, W.C., 1953. Fishes of the culf of Maine. U.S. !'ish and Wildlife
Senice !-ishery Bulletin. vol. 53 (577 pp.).

Bishop, N{.J., Maycr-Pinto, M., Airoldi. L., Firth,1..8., Moris. R.L., Loke, L.l{.L.. Hawkins,
S.J., Naylor. L.4.. Colemm, R.A., Chee. S.Y., Daffom, K.A., 2017. Effects of ocean
sprarvl on ecological connectivity: impads md solutions. J. Exp. Ivlar. Biol. Ecol. 492,
7-30.

Bohnmck, J.A., 1989. Are high-deroities of Rshes at artificial reefs the result of habitat
limitarion or behavioural preference? Bull. Mar. Sci. 44, 63'l-645.

Brandt, M.J., Diederichs, A., Betke, K.. Nehls, c., 201 l Responses of harbour porpoises ro
pile driving at the lloms Rer ll offshore rvind famr in the Danish North Sea. Mar.
Ecol. Prog. Ser. 421, 205-216.

Brickhill. M.J., l,ee. S.Y., Connolly, R.M.,2005. Fishes ass{iated with artificial reefs:
aftributing changes to attraction or production using novel apprmches. J. l-ish Biol.
67, 53-7t.

Rucklcy, t..J., Collie, J,, Kaplan. L.A.E., Crivello, J., 2008. Winrer flounder lan'al genetic
population struchrre in Nanaganrett Ba,. R[: recruitment to juvenile young-of-the-
vear. Ilstuar. Coasts 31,745-754.

Clarke, K.R., Gorlcy, R.N., 2015. PRIMER v7: User l\tanual/Tutorial. PRIMER,I] l,td.,
Plymouth. Unitrd KinSdon.

Clarke, K.R., Gorley, RN.. Somerfield, P.J., Waruick, R.M..2014. Change in Marine
Communjties: An Approach to Staristical Analysis and lnterpretation, 2Dd edition.
PRIMER-!], Plymouth, United Kingdom.

Couperus, 8., Winter, U., van Keeken, O., van Kooten,'1., Tribuhl. S., Burggraaf, D., 2010.
Use of tligh Resolution Sonar for Near-turbine Fish Observations (DIDSON) -We@Sea
2OO7-OO2. s.l.: IMARES WageninSen UR, 20r0. pp. l-29. Cl38/lO.

Dahne, M., Tougaard, J., Castensen. J.. Ro*, A.. Nabe-Nielsen, J.,2O17. Bubble cunains

attenuate noise from offshore wind fam consfuctioD and reduce temporary habitat
los for habor porpoises. Mar. Ecol. Pro8. Ser. 580, 221-237.

Decelles, C.R., Cadrin, S.X.. 2010. Nlolement pattems of winter llounder
{Pseudopleuronect* mencan6) in the southem Gulf of Maine: obseruations with the
use of passive acoustic telemetry. Fish. Bull. 108, 40&419.

Demeduwen. J., Vandendriessche. S.. Willems, 'f., Hostens. K.. 2012. The diet of de-
mersal and semi-pelaSic fish in the Thomtonbaok wind fam: racing chmges using
stomach analyses data. lD: DeSraer. S.. Brabant, R., Rumes, B. (Eds.), Offshore Wind
Fams in the Belgian Pan of the North Sca: Heading for an Understuding of
Environnrental Impacts, pp. 73_84.

Fairchild, E.A., 201 7. IndicatioDs of offshore spawning by southem culf of tvtaine winter
Ilounder. MariDe Coastal Fish. 9. 493_503,

Fairchild,8.A.. Siceloll. 1,.. lluniling llowell, W.. Llo(tnan, B., Amstrong, M.P.,2013.
Coastal spawning by winter flounder and a reassessmdrt of essential fish habitat in
the GulfofMaine. tish. Res. I4l. 118-129.

Gemano, J.D., Rhoads, D.C., Valente, R.M.. Carey, D.A., Solan. M., 201 t. The use of
sediment profile imaging (SPI) for environmental impact assessments and monitoring
studies: lessons leamed fronr the past four decades. OceanoSr. Mar. Biol. Annu. Rev.
49. 235-298.

Gill, A.B., 2005. Ollshore renewable energy-: ecological implications of generating elec-
tricity in the coastnl zone. J. Appl. tlcol. 42. 60S615.

Hmson. J.il't., Wilson. T., 2014. Abundance, distribution, and diet of a small-bodied
ecotype of windolt?ane. 'frans. Am. Ijish. Soc. I 43, 650-659.

Heery, E.C., Bishop, M.J., Critchley, L.P., BuFot, A-8., Aircldi, L., Mays-Pinto, M.,
Sheehe, E.V., Colmall' R.A", Loke, L.H.l., Johnston, E-L, Komyakova, V., Moris,
R.L, SEai& E.M.A-, Naylor, L.4., Daffom, KA., 2017. Idotifyingthe omqumcc of
aem spnwl for sdimentary habitsts. J. Be. Mrine Biol. Ecol. hrtp:,/,'dx.doi.org.
10. 1016{,jembe.201 7.01.020.

Jakob, E.M., Marshall, S.D., Ucrr, G.W., I 996. Estimating fitness: a comparison of body
condition indices. Oikos 77, 6l-67.

Kerckhof, t'., Rumes, 8.. Noro, A., llouziaux, J.S.. Degraer, S., 2012. A comparison of the
fict staSes of biofouling in two offshore wind fams in the Belgian part of the North
Sea. In: Degraer, S., Brabant, R., Rumes, B, (Eds.), Offshore Wind Fams in the Belgian
Part ofthe North Sea: Heading for an Undentanding ofEnvilonmental Impacts. Royal
Belgian Institute of Natural Sciences, Management Unit of the North Sea

Mathenutical Models, Marine Ecosystem Managemenr Unit (155 pp. + annexes).
Krone. R.. Cutow, 1,., Rrey, I', Dannheim, J.. Schroder. A., 20t3. Mobile demersal

megafauna at artificial structures iD the Geman Dight - likely effects ofoffshore wind
fam development. Estuar. Coast, Shelf Sci, 125, 1-9.

Le Cren, E., 1951. The length-wei8ht relationship and seasonal cycle in gonad weiSht ard
condition iD the perch (Pcrco Jhflatilis). J. Anim. Ecol. 20, 201-219.

Leonhard, S.B., Stenb€rg, C., Stottrup, J., 201 l. Effects ofthe homs rev I offshore fam on
fish communities: follow'up rven years after construction. lnt DTU Aqua Report No
246-2011, {99 pp.).

l,indebom, [{.J., Kouwenhoven, IU., Bergman, M.J.N., Bouna, S.. Brasseur. S., Daan, R.,
Fijn, R.C., de Haan, D., Dirk*n. S., van Hal, R., Ilille Ris Iambe6, R., rer Hofstede, R..
Kri-igsveld, K.1,.. t€opold, M.. Scheidat, M., 201 1. Short-tem ecological effects of an
offshore wind lam in the Dutch coastal zone: a compilation. Eoviron. Res. Lett.6,
1-13.

Maar, M.. Boldirrg, K.. Peterrn, J.K., Hansen, J.[,.S., Timmemano, K.,2009. Lsal effects
of blue mussels aroud turbile foundations in an ecoslstem model of Nysted off-
shore wind fam, Denmark. J. Sea Res, 62, 159-174.

Malek, A.J.. Collie, J.S., Gartland, J.,2014. fine-scale sparial patteru in the demeEal fish
and invertebrate community in a northwest Atlantic ecoqstem. Estuar. Coast. Shelf
Sci. 147. l-10.

Manderson, J.p., 2008. The spatial scale of phase synchrony iD winter flounder
(Pseudoplewonectes qmeicanu.) production increased among southem New fingland
nureries in the 1990s. Can. J. Fish. Aquat, Sci. 65, 340-351.

Mueller-Blenkle, C., McCregor, P.K., Gill,4.8., Andersson. M.H., Metca]fe, J., Bendall, V.,
Sigray. P., Wood. D.T., 'Ihomscn, 1., 2010. Elltcts of pile-driving noise on the be-
haviour of marine fish. In: COWRIE Ref: Fish 06-08, Technical Reporr 3lst March
2010.

Ohman, M.C., SiSray, P., Westerherg. H., 2007. Off$hore wind fams and the effects oI
electromaSnetic lields on fish. Ambio 36, 630-633.

Pereira, J.J., Schultz, E.T., Auster, P.J.. 2012. Geospatial analysis ofhabitat use in yel-
lowtail flounder Linnnda femgineo on Georges Bank. Mar. Ecol. Prog. Ser. 468,
279-290.

Reubens, J.T., DeSraer, S., Vincx, M., 201 l. Aggregation and feeding behaviour of pouting
(T.isoperu l6cur) at wind turbins in the Bclgim part of rhe North Sea. Fish. Res.

108, 223-227.
Reubens, J.T., Vandendriessche, S., Zenner, A.N., Degraer, S., Vinq, M., 2013a. Offshore

wind fams as productive sites or ecological traps tbr gadoid fishes? - impact on
Srowth, condition index aod diet composition. Mar. Environ. Res. 90, 66-74.

Reubens. J.T., Braeckman, U., Vanaverbeke. J., Van Colen, C., Degracr, S., Vincx, M.,
201 3b. Aggregaiion at windmill artificial reefs: CPUt of Atlantic cod (God6 morrruo)
md poutinS (7h.eprmr lucu) at different habitats in the Belgian pan of the North
Sea. Fish. Res. 139, 28-34.

Reubero, J.T., De Rijcke, M., l)cgraer, S., Vinq, M., 2014. Diel variation in feeding and
movement pattems ofjuvenile Atlantic cod at ofi'shore wind farms. J. Sea Res. 85,
274-221.

SaSarese, S.R., Frisk, M.G., 201 l. Movement pattems and residence of adulr winter
flounder within a Long lsland cstuary. Marine Coastal Fish. 3, 295-306.

SchulE, E., Perein, J.J., Asts, P.J., 2007. Detminint Winter Flouds Spamiry Sits
in TWo Com8ticut Estuilie. EEBAnicls. Paper 19. http:,/,/digitalcommons.uconn.
eduleeb_articles,/1 9.

Stenberg, C., Stottrup, J.c., van Deu6. M., Berg, C.W., Dinesen, G.8., Mosegaard. H.,

I

3



I

L.,r, ll., P ur .r ,-n c B ..' t-, r, j .\ ./Ol ' . h."/.
rntrll5paral5cnlc. an rlJc(r ol rn.r.r:rll hrhnd.omplix,l) ht n ollrhorc rvnl
lun 11. tn\ i ,n R(

wilbe., D.H., Davis, D., clarke, DG, Alcoba, C.J., Gallo, J., 2013b. whter tlounder
\P*tdopl.Lme.Es wi.anw).suarinc habital u* and rhe asdiarion bcMccn
s?nns Ffrpe..ture and subsequent )'ed cl.ss sre.Sth [sruar. Coarl. Sh.liS.i. 133.
251-259.

wilhelnsson. D., Maln.1-.,200S t.uling $$nrbll8.s on oflsho.€ s'ilrd powcrplanls and
adjaccnr *bnrara. tstlrar. Codst. Shcll Sci 79, 459 466.

wilhclhsor. D., Maln, T., Ohm.n, M.C.,2006.l he influence or ofasnore {Ddporcr on
d.nrersl 6sh. ICls J. Mni Sci 63,77s 744,

wintcr, H.v.. Aans- C., van (eekd. O.A.. 2010. Residtn e Tioe md Behaviour ol solc
and cod in thc Otr$or. wand F.mr ESoond am z€e (owEz). Noordk€wind,
llvIARLlS wagcningm- ,Jouider. NI (UR, 2010).

Winron, M.V., Wue6chel. It{.J., McBrde. R.S., 2014. lr{Bti8aring spatidl variatun.nd
remp?orure elrecB on mtui_v of f€mal. Finter flonder (PseldoPleomn€.rcs

ahcricanus) {sin8 Sem.raliTrd additive models. ca". J. Fish. Aquat. S.i. 71,
12711290.

wu€nrhrl. Nl-J., Able. ( W, Byme, D..2009 S.asnal pattems of winrc. flound.r
PiudqlcnMA mdic@6 abundancr and ,cproductile.ondi(ion oh tie Nes
Yo* AiShr .onrinent.l \h€lf J Fish Biol. 74. rs0&1s24.

z



I

Studying Local
Lobster Populations
ln preparation for construction of the first offshore US wind farm, Deepwater
Wind conducted a series of monitoring studies designed to assess effects on

the environment, including potential impacts on lobster populations.

From the start, Deepwater Wind partnered with Rhode lsland lobstermen
and the local scientific community to study the issue. lt was clear that local

knowledge of lobsters and lobstering was essential to designing solid, scientific
studies that are now adding to our understanding of local lobster populations.

These studies allow an unbiased assessment of effects related to construction
and operation of the wind farm.

Deepwater Wind hosted a series of public meetings and workshops and
adopted an approach to:

Partner with local lobstermen to collect data
Provide lobstermen with support to engage in the survey design and
analysis process

lnvite peer review and input from state and federal agencies
Provide a fishing liaison to work with lobstermen

BLOCI(TSLAND
WIND FABTV
America's First Offshore Wind Farm
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What have we learned?
After collection and analysis over four years (May-october) before and during
construction, the data indicate that lobster populations near the wind farm
remain similar or have grown. Lobsters were found near the wind farm during
construction at similar rates to their occurrence during pre-construction baseline
years. Additionally, no consistent differences in abundance, bycatch, or size
composition of lobster were found at sites near the turbine foundations during
construction activities compared with pre-construction baseline years. similar
results were found at sampling sites identified by lobstermen as important
lobster fishing grounds in Rhode lsland Sound found at a distance (14 miles)
from the wind farm.

The Block lsland wind Farm has become a model and source of knowledge
for future offshore wind projects in the u.s. A hallmark of Deepwater Wind,s
approach is an ongoing commitment to working collaboratively with local
lobstermen and to a rigorous scientific monitoring program. The data collected
for this wind farm will be used to inform the next generation of U.s. offshore
wind projects.

How do we know this?
our data comes from sampling before, during, and after construction with local
commercial lobster boats, scientific sampling gear, and at locations important to
lobstermen. The sampling was designed to ensure that results can be compared
with other lobster fishery studies in New England. Existing data were used to
develop robust sampling designs capable of detecting effects of wind farm
construction and operation on lobster populations. post-construction monitoring
will continue through 2018. Reports of our scientific results will be published at
the conclusion of the study.

Lobster catch by year and location

Number of Lobsters Sampled per Year:
-7,gi4O Lobsters
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BOEM Lease Area

Skipiack Wind
Fam Areaffi
State Waters (3

miles ofishore)

Data Sources: BOEM, NOAA (2007)
Proj@tion: NAD 83 UTM Zone 18N
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