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hgency Problem

bA's Office of Water (OW) has primary regulatossponshility for protecting the
ological integrity of the Nation's aquatic restes and ecosystems. Afthough the
ency has not traditionally focused its regulatgmlicy and research efforts on habitat
bration as a stressor, a number of factors agev justify a new EPA emphasis on
bitat issues. These include the mandate of BenQVater Act (CWA) ‘to restore

ld maintain the physical, chemical, and biologiatlgrity of the Nation's waters” and
bt habitat atteration is a commonly-cited cawsedilure of aquatic systems to meet
signated uses. In response to is need to qeeelogical criteria to assess the role
essential habitat in maintaining heathy popota of fish, shelfish and aquatic-
Ipendent wildife, NHEERL'S Habiat Ateration reseh is providing approaches and
bthos to assess critical habitats and the itpbiisustain fish, shellfish and aquatic-
[pendent wildite.

esear ch Goals

e Aquatic Stressors Framework describes reseausitlerstand the refationships between
Jy stressors of concen for EPA's Office of Wattad responses of populations of fish,
ifish, and aquatic-dependent wildife. Thelgas this research program are:

pevelop methods for predicting biological effeotshabitat ateration
betermine how populations of fish, shelfish, amiatic dependent wildife respond to
jabitat alteration

hditionally, bay scalloprgopecten irradians) habitat research and restoration efforts have
used on the scale of the habitat patch, mostafelgrass. These efforts have met with
ited success, and the question arises as tohehéhtese efforts have been conducted at the
propriate scale and level of complexiy. Thiemrch project is developing habitat models
the bay scallop. We are interested in deteingithe abilty of models to quantify scallop-
bitat interactions; data for incorporation irhte models are being collected at the scales of
bitat patch (smallest scale), SAV bed (intermedizale), and whole water body (largest
ale). Currently the main scallop modeling effsrdirected at three levels: a habitat

tabilty index (HS1), a matrix population modahd a systems model. Bay scallop larval
nsport is being modeled in conjunction with seallop-habitat models.

uestion Being Addressed:

can we use the knowledge of scallop-habitatimiships to guide habiat criteria
velopment and inform and evaluate restoratioorisf? Or put another way, i the Designated
e is self-sustaining populations, then whatkattes of habitat must be maintained or

btored?

bsults

Methods/Approach

Habitat Suitability Index

9 The habitat sutability index model quantiies vidationship between various
habitat atributes and scallop abundance.

© Field surveys (in conjunction with other scallopicSAV restoration projects)
are examining the habitat attributes importantap rallop populations in
Martha's Vineyard, MA and Peconic Bay, NY (Fig. Data from surveys in
Nantucket, MA, conducted by an ouiside contraatae being incorporated into
the models (Fig. 1).

@ Surveys and field experiments also are examinaisjtét effects on life hslury

Methods for Modeling Scallop-Habitat Interactiondviultiple Levels of Complexity

Stage-Based Population Model Systems Perspective of Scallop Habitat

9 The life history ofArgopecten irradians was divided into five classes to capture the
developmental stages of the bay scallop.

@ The Town of Oak Bluffs and Martha's Vineyard Corssion are interested in
determining the impacts of habitat akeration op gllop populations and the
minimum population size needed to maintain thejations. They are assisting with
the dive surveys and data collection.

9c from the Peconic Bay Estuary ProgimRegion 2 are conducting

9 This model links habitat alteration effects onlisgapopulations with
ecosystem-scale environmental atributes (FigT3)e population model is
embedded within the systems modeL

9 The model includes ecosystem linkages at all iojsivels and all habiat

types, and evaluates scallop survival in relatialimate, watershed land use,
water qualty, refugia, food availabilty and préida
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Figure1. Map of the Northeast United States showing location the three main areas of
sampling for data collection. Data are being tsed three scallop-habitat modek.

experiments to determine the survivorship of bayleps in different habitat types and
to determine the extent to which movement is imgurin scallop populations.

 Rate coefficients are being used to describe tians between stage classes (Fig. 2).
Transttion rates in the scallop model are assumd tconstant with respect to time,
density, and general environmental conditions fieriase model, but can be varied as a
function of habitat loss in future modes.

# The model will be run both over time and in spatentext and uses data
coliected from historic lierature, dive surveyeld experiments, and other
models such as the larval transport model.

Hladils 2ads

b juerilson benthic
SAV

0a7smm <1030mm  15S5mm SS90 mm S590mn

Figure3. Ths simplfied version of the model demonstratescomplex pathways
and potential indirect effects of population resyfo multple stressors, and
shows how different habitat components can medisaesponse.
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Historical Assessment of Bay Scallop Abundance
and Eelgrass Habitat

Historical data is being examined to see i thera ¢orrelation between eelgrass
habitat and bay scallop abundance in the past. sBajop catch records are
available by town in Massachusetts from the 198qwesent. Bay scallop catch
records for particular shellfish siteise{ pond, harbor, bay) are rare. Al the catch
records are considered estimates, not exact cdutae useful for looking at
trends. The catch records compiled by the towessaparated into commercial
and recreational catch. The commercial catch dcare considered more reliable
because the towns generally used written repants the commercial fishermen,
whereas different methods have been used to estiirarecreational catch.

Digital maps of historical eelgrass extent in Ma$ssetts exist for 1951 (not
complete), the 1980s (not available for Nantucket Bartha’s Vineyard), 1995,
and 2001 The next step s to determine the bagttwlook at the relationship
between bays scallop catch data and eelgrass extent

Physical Modeling of Larval Transport

9 Bay scallop larval transport and dispersion aragenodeled for Lagoon Pond because
preliminary resuts indicate that something othenthabitat might be controling
juvenie scallop abundance.

9 Inthe model, flow field is modeled with two-dinsional numerical models and first
order death rate is calibrated to account for &idarvae after spawning (Fig. 4).

9 Dispersion coefficients are being studied ancbeated, and patterns of larval
distribution will depend on the point of larvaleae (ie., location of spawning aduts)

> Larvae
X, Deatn
aclot + d(u; clax; ) = a(D 3c/3x )ox - S
K Time RSpace

Figured. Ths is the equation for the 2-D numerical matiebtrating the hydrodynarmic
parameter in red, the transport parameter in gaedihe larval parameters in biue.
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bitat Suitability Index & Dive Survey Results

sed on surveys of scallops and habitat in Lagtomd, MA, we developed models for
h juvenile and aduk scallops.

e models' predictive abilty for juvenile scallepundance was poor, suggesting that
ething other than specific habitat controls fukescallop abundance (Fig. 54).
esence or absence of scalops was correctlygieekB3% of the time.

e models' predictive abilty for adut scalloputlance was relatively good, with aduft
Jundance correlating posttively with submergediqwegetation and negatively with

e sediments (Fig. 5B). For the adult modelspreze or absence of scallops was correctly
dicted 94% of the time

A. Juvenie Scalops

Atnges 244208 Plant Cover 2006

ures. Predicted vs. actual bay scallop abundance for
Lagoon Pond. Predicted values are based on araselg
Jalgae model calculated with muttple finear regess

Figure6. Vegetaton type and location of juveniie
bay scallops in Lagoon Pond in 2005 and 2006,

Most significant findingsfrom dive surveys:
9 Most scallops found in 1-5 m depths (Fig. 6) irtypes of habitats (Fig. 7).
9 Larger scallops found on northern & eastern sijeond Fig. 6).
2 Highest abundance and smallest sizes of scallepe mot necessarily
associated with vegetation (Fig. 6)
8 Local circulation patterns might be important efide scallop locations in
Lagoon Pond.

Stage-Based Population Model &
Systems Perspective

9 The population and systems models are being amistt
at the same time.
9 Initial conceptual models have been deve lope dfier
pulation and systems models. We are currently
determining important pathways and values for tie r
coefficients that will be used in the modets.

in Peconic Bay had lated
problems i the il expariments oo
A second round of experiments s being conducted th
year and data from those experiments will be inomated
into existing models.
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Figure7. During the dive surveys in Lagoon Pond, bay scallop
were found in a varety of habitats.
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Historical Assessment of Bay Scallop Abundance and
Eelgrass Habitat

Examples of the type of data available are showivio towns in Massachusetts,
Wareham and Marion.

Physical Modeling of Larval Transport

9 An initial, unrefined larval transport mode! haeln developed for
Lagoon Pond based on a transport mode| that waslajesd as part of
the Nutrient Effects Research effort at AED.

9 When scallop larval release is at the southernoétide pond, the highest
concentration of larvae appears to stay at theheontend of the pond
(indicated by the blue color in Fig. 11)

Commercial Bay Scallop Catch in two
Massachusetts Towns

Wareham

arion 9 When scallop larval release is at the northemaiittie pond, then the
highest concentration of larvae is found in theteztarea of the pond
(indicated by the dark blue color in Fig. 12)

Figure1l ofscalop farvae of f0arvae from
the stamed location. Arrows mark water velociytdow direction and indicate fiood tide.

o
Figures. bay scalop catch Marion, N

Massachusetts. For both towns, scallop catch paakbet 19705 and declined
dramatically to presentday. (No bar indicatesdeere not reported.)

Point of larval release

ws that eelgrass beds covered a considerablpsma

area in 2001 (207 hectares) than in the 19805 (912

hectares). (In the 19805 coverage, we excludetass!

beds with less than 30 percent cover) Figure10. Map of eelgrass beds in Marion, MA

ters shows that the beds in the 19805 are

simiar in location and area (297 hectares) to
those mapped in 2001 (206 hectares). (n the
19805 coverage, we excluded eelgrass beds with
less than 30 percent cover)

Historical References:
19805 Elgrass: Costa, J.E. 1983 Eolgrass In BBy Distibuton, Production, and Historcalaies
i Abungance. £ A SO4/56.002 204 pp. b bzardebey.org eelras. i dta him
2001 colgrass: MassGiS: Eclgrass DEP. February 2008l mass. govlmaileclgras. hm
By Scallop Catch Records: Massachusetis Divisiaaine Fisheries, South Shore Feld Sston, Bast MA

Figure12 ofscallop larvae 72 foarvae from the
starred locaton. Armows mark water velocity aladirection and indicate flood tide.

| mpacts and Outcomes

Future Directions

EPA Regions and State managers lack tools to regidbitat alteration, and habitat akerations are
dificult to reverse. Therefore, there is a nepéprove assessment methodologies, dagnostic
capabilities and ecological crieria for managerbe able to protect and restore habitats to meet
designated uses. This research s producing therleaige of scallop-habitat relationships needed to
guide criteria development and inform and evaluestoration efforts (Fig. 13). The three-tiered
modeling approach will allow us to represent coretfiiteractions of all scallop-habitat
relatonships, ik habitat aferation wih demagie atrbutes of the population and combine
habitat akeration effects on with trbutes. Similar
approaches can be applied to other species amhamereby enhancing population sustainability
as affected by habiat alteration.

ion abundance

Habitat quantity/quality

HOEVTS il B DB i U 1 B B S i
relationship These types of be used
to determine the impacts of it akeratiomastablishing restoration benchmarks.

@ Verfy the larval transport model and relate thede to bay scallop restoration activities
@ Incorporate data being collected from the varidive surveys and experiments into the
& Examine watershed-level factors that might beuiiting scallop distribution and explore

9 Quantity ecosystem services bay scallop beds eidassociated habiats provide to people.
© Determine how readily this approach could be @gpfo other locations and adapted for other
species.

currently underway in Lagoon Pon

conceptual modes to further develop the populeaiod systems modes.

the use of terrestrial techniques for analyzingtabonnectiviy.
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