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stratum were assigned to that survey stratum (Figure 1B).
The survey was based on tows distributed throughout the
simulated Atlantic surfclam stock in a stratified random
design. The simulated survey uses the Atlantic surfclam
density for each TMS and samples every TMS in the
domain. The abundance estimate assumed the same uncer-
tainty as the federal Atlantic surfclam survey (coefficient
of variation = 0.24; NEFSC 2022).

The federal assessment survey is the basis for setting
the annual Atlantic surfclam quota based on a quota cap
established by the fishery management plan (MAFMC
1986), the BRPs established in NEFSC (2017), and typical
allowable biological catch (ABC) control rules. Annual
catch limits cannot exceed the ABC; if it is exceeded, then
fishing stops for the remainder of the year. However, the
fishery operates under a quota cap of 3.5 million bushels
of Atlantic surfclams that is imposed by the fishery man-
agement plan (MAFMC 2020), which the simulated
SEFES catch never exceeds. Thus, the ABC does not
affect the simulated fishery, as is true in the actual fishery.
Calculation of the simulated ABC provides verification
that the simulated catch is within the specified quota cap.
The simulated survey also provides a biomass estimate
similar to what is obtained under current survey condi-
tions (Munroe et al. 2022).

Simulated tows were allocated to survey strata to
acquire approximately 150 stations for a survey. However,
the federal assessment survey is unlikely to be able to
operate within wind energy lease areas because of safety
and vessel handling restrictions (Methratta et al. 2020).
Therefore, TMSs that include wind energy lease areas
were excluded from the simulated annual assessment sur-
vey. Excluding these areas also reduced the area available
for estimating the simulated Atlantic surfclam stock bio-
mass. The inclusion of wind energy call areas increased
the spatial footprint of offshore wind energy development
by about 106%, effectively doubling the area in the simu-
lations with imposed fishery and survey restrictions.

Simulations
Three scenarios were simulated to assess potential

impacts of offshore wind energy development on the
Atlantic surfclam stock assessment. The first scenario
included no restrictions on survey vessel access or fishing
activity in wind energy lease areas. This simulation pro-
vided a baseline for assessing the effect of restrictions in
wind energy lease areas on the stock survey. The second
scenario excluded survey vessel operation and fishing in
current wind energy lease areas. The third scenario
excluded survey vessel operation and fishing in current
wind energy lease areas and in wind energy call areas.
The simulations do not account for habitat loss due to
other wind farm infrastructure, such as submerged cables
(array or export) and scour protection. The model

assumes that impact-producing factors caused by wind
energy development, such as habitat modification, modi-
fied hydrodynamics, and changes in predation due to reef
effects, will not affect the distribution and abundance of
Atlantic surfclams.

Each scenario consisted of a set of 200 simulations,
with each simulation run for 300 years. The first 100 years
of a simulation included no fishing, which allowed the
Atlantic surfclam population to reach a stable equilibrium.
Fishing was enabled in the second 100 years of the simula-
tion without wind energy lease area restrictions to allow
fishery dynamics to come into equilibrium with the fish-
able biomass. The conditions specific to each scenario
were imposed in the last 100 years of the simulation. The
last 50 years of the simulation were used for analysis. This
period represents a stable realization of the Atlantic surf-
clam fishery because the population biomass is adjusted to
fishing pressure and associated random variability, which
was introduced by weather restrictions, captains’ choices
regarding fishing locations, variability in recruitment, and
wind energy lease area restrictions in the relevant simula-
tions, as discussed by Munroe et al. (2022) and Scheld
et al. (2022).

Atlantic surfclam biomass initialization.— Implementa-
tion of the Atlantic surfclam population dynamics model
was based on data and observations that describe the cur-
rent conditions (2016–2019) of the stock and fishery
(Munroe et al. 2022). Initialization of the population
dynamics model with current conditions allowed the simu-
lations to reflect the current stock, preventing introduction
of bias by the shift in Atlantic surfclam range over recent
decades (Hennen et al. 2018; Hofmann et al. 2018).

Atlantic surfclam biomass calculation.—Atlantic surf-
clam biomass was calculated from the simulations to pro-
vide a total stock biomass for each year. This total
fishable biomass (shell length > 120 mm) was derived out-
side of the survey to allow for examination of the fishable
biomass throughout the whole stock (including biomass in
wind energy lease areas that cannot be surveyed) under
conditions of fishing restrictions.

A shell length–meat weight relationship was used to
convert the number of Atlantic surfclams from the survey
catches to meat weight equivalents (NEFSC 2022), which
are used in the stock assessment models to estimate stock
biomass. The Atlantic surfclam population dynamics
model uses 18 length-classes, specified at 10-mm intervals
between 20 and 200 mm. The average length for a cate-
gory is the average of the lengths on either edge of the
length-class (Munroe et al. 2022). The average wet weight
(W; g) for Atlantic surfclams was obtained from an allo-
metric relationship of the form

W ¼ aLb, (4)
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