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Woods Hole 

eanographic Institution 

HOI) Sea Grant Program 

supports research, education, and 

extension projects that encourage 

environmental stewardship, long-term 

economic development, and responsible 

use of the nation's coastal and ocean 

resources. It is part of the National Sea 

Grant College Program of the National 

Oceanic and Atmospheric Administration 

(NOAA), a network of 30 individual 

programs located in each of the coastal 

and Great Lakes states, to foster 

cooperation among government, 

academia, industry, scientists, and the 

private sector. 

Sea Grant's affiliation with WHOI 

began in 1971 with support for a number 

of individual research projects. In 1973, 

WHOI was designated a Coherent Sea 

Grant Program and, in 1985, was elevated 

to its current status as an Institutional Sea 

Grant Program. The Woods Hole Sea Grant 

Program has made great strides to channel 

the expertise of world-renowned ocean 

scientists toward meeting the research and 

information needs of users of the marine 

environment. Public and private 

institutions throughout the 

Commonwealth of Massachusetts, and the 

northeast region, participate in the Woods 

Hole Sea Grant Program. 

Cover photo s top, Roger Hanlon, M arine BiologKal Laboratory; 
m1ddle, Tom Klelnd•nn., WHOI~ lower, Tracey Crago, Wooch Hole Sea Grant 

~t:Jf:tlrCfov During the 2002-2004 funding cycle, the W oods H ole 

Sea Grant Program w ill suppo rt 15 concurrent research projects and ~everal sm alle r 

" new initiative" effo rts aimed a t taking the first steps in to p ro mising new areas. 

To gether, these proj ects fit in to the fo llowing theme areas: Environmental 

Tech nology, Esw arine and C oastal Processes, and Fi ~heries and Aq uaculture. Many 

of these projects address local and regional needs, whi le others have natio nal or 

even global implications. 

In addi tio n to research , Woods H o le Sea G rant supports a marine 

extensio n program and a communications, public o utreach , and educatio n 

program . During the 2002-2004 biennium, the program w ill suppo rt addi tional 

research efforts funded under peer- reviewed regional and natio nal competitio ns. 

M <Uo r by- products o f the Woods H o le Sea G rant proj ects include publicatio ns, 

wo rkshops, and p resentatio ns. Since 1971. progra mmatic support has re~ulted in 

over 761 publica tio ns, includingjournal articles, theses, books, maps, fact sheets, 

pamphlets, new sle tters, and web-based products. 

R esearch and o utreach efforts involve the fo llowing academic institutio ns, 

as well as private industry: Woods H ole O ceanographic Institutio n , Marine 

Bio logical Labo rato ry, Boston U niversity M arine Program , llarvard University, 

Universiry o f M assachusetts at Amh erst, R oskilde University (Denm ark). Northeast 

M assachusetts Aquaculrure Center, Sou theast M assachmem Aquaculture Cen ter, 

and M artha 's Vineyard Shellfish Group, as well as numerous federal, state, and local 

agencies and partners, and private individuals. 

Woods Hole 
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Ligand Screen for Orphan Receptors in Marine Animals 
Mnrk C. Hn/111 nnd. "ihel 1. Knrdmer, 11/c>ods Hole Occnll<~(!mphic ltwit111ion 
The ocean ~ arc a sink for many types of chcmical polluta nts, including numerous highly 
toxic compounds such as polynuclear aromatic hydroca rbons (PA I 1), halogcnated 
aromatic hydrocarbons (HAH), and planar HAH (PH AH). These 
chemicals an; found ~t high concentra tions in sediments at many coastal 
sites, and can accumulate to extremely high levels in marine animals 
inhabiting those sites. The toxicity of many such pollutants occurs 
wholly or in part through interference with receptor-dependent 
signaling pathways. While much is known about such receptors in 

vertebrate animals, knowledge of toxicologically relevant receptors in 
invertebrates is extremely limited. Investigators will establish an assay 
that can be used to characterize the ligand (or chemical)-binding 
specificiry of receptors in invertebrates and early vertebrates. The assay 
will be emblishcd initially using the aryl hydrocarbon receptor (A HR). A 
screening as~ay for receptor ligands would serve two fun ctions: to identi fy 
toxicologically importan t ligands among known environmental contaminants, and to 
identify novel receptor-active compounds. including those of natural origin , in sediments 
and o ther environmental matrices. Idenrifying compounds that act as receptor ligands is 
important for understanding the impact of organic contamin:Jnts o n marine invertebrates. 
Accurate ecological ri sk assessment for contaminated marine sites depends on the 
selectio n of appropriate "sentinel" species that arc most at risk. While data from toxicity 
testing in selected species can provide some guidance for the choice of target species, the 
most Jccuratc risk assessments w ill require a funda mental understanding of molecular 
mechanisms in various taxa. aUmving prediction of the most sensi tive species at 
contaminated ites. This project will contribute to such an understanding. (RJP-66) 

Contaminants and Aquatic Animals: A Biomarker to Assess Species Differences 
in Susceptibility to Dioxin-like Chemicals 
Mnrk E. Hnlm, I I bods Hole Ocenll<~((mphic lnsrirwion 
Planar halogenated :noma tic hydrocarbons (PHA Hs) 
arc widespread contaminants of the mar ine 
environment. Th is group of chemicals, which 
includes chlo rinated d ioxins, certain chlorinated 
biphenyls, and certain other halogenated com pounds, 
is highly toxic to mo~t vertebrate animals. Certain 
marine mammals contain some of the highest levels of 
PHAHs reported in :111y wildlife species, but the 
magnitude o f that risk is controversial because there is 
little information on the sensitivity of these animals to 
P HAH. Despite numerous studies about PHAH 
accumulatio n in marine mammals and circumstantial 
evidence for adverse effects of contaminants, a ca use­

and-effect relationship between PHAH 
contamination and reproductive abnormalities or 
other effects in most marine mammals remains .A Grey seals (Halichoerus grypus) photographed bet ween North and South 

Monomoy Island, Chat ham, MA. 
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speculative. PHAHs arc thought to produce toxicity through changes in the expression of 
genes involved in the control of cell growth and differentiation. These changes arc 
initiated by the binding to the aryl hydrocarbon receptor (AHR), a ligand-dependent 
transcription factor. Researchers will investigate the mechanistic basis for PHAH toxicity 
in three species of marine mammals that either arc known to accumulate high levels of 
PHAHs or are highly sensitive to the toxic effects of these compounds: harbor seals, 
mink, and polar bears. To do this, they will clone and characterize the AHR, an 
intracellular protein that is responsible for dioxin effects. These will test the hypothesis 
that the characteristics or expression of the AHR can be used as a biomarker of 
susceptibili ty to dioxin toxicity in marine mammals. This research bu iJds on the 
investigator's previous Sea Grant work on the comparative biochernisn·y and molecular 
biology of the AHI<.. in marine species including beluga whales by expanding this work to 
other groups of marine manunals for which effects of contaminants are better known. 
The work in marine mammals will complement another study to examjnc the AHR in 
several species of birds and past work in fi sh to allow a broader comparative perspective 
concerning the characteristics of the AHR and its role in determining PHAH sensitivity. 
(R/P- 67) 

Development of a Carbon Isotopic Method for Quantifying Groundwater Inputs 
to Estuaries 
Da11iel C. McCorkle, Woods H ole Oceanogmpllic l11sritutio11 
The contribution of groundwater to the coastal ocean and to estuaries is not well 
understood , primarily due to the difficulties associated with identifying and distinguishing 

between groundwater inputs and other freshwater inputs, such as 
surface river flow and surface runoff In the first year of this project, 
investigators developed a carbon isotope-based method for 
estimaring groundwater inputs to estuaries and applied the method 
to field sites in coastal North and South Carolina. Current sampling 
methods for estimating submarine groundwater discharge along the 
coast include seep meters and piezometers and gcochctnical tracers 
such as radium, radon and 14C. This project, now in its second year, 
will attempt to use dissolved inorganic carbon (D IC) isotopes to 
distinguish between two freshwater sources-groundwater and tidal 
inputs-to the North Inlet in SC. Investigators have also sampled 
the surface waters and groundwaters in the region to document the 
range of carbon isotopic compositions; this will provide essential 
context for upcom ing studies. Results to date have shown that in 
the NC{SC study region, the D IC in groundwater from confined 
aquifers is character ized by low radiocarbon content (low t.14C 
values), while the ore in both surface seawater and surface 
freshwater (rivers, streams, and water table or surficial aquifer) has 
high t. 14C values. Isotopic analyses of groundwater in the same areas 
and of the known D I C sources to these tidal creeks (seawater, 
stream water, and C02 from salt marsh decomposition processes), 
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show that confined aquifers arc the only significant low b. 14C source to these estuaries. 
U sing carbon isotopic tracers to identify and quanrify groundwater inputs to coastal and 
estuarine systems will help to show the influence such inpu ts have on water quali ty and 
the transport of nurrienrs from land- based sources. This proj ect, combined wi th H./M-46 
(described below), could provide im portant tools with which to estimate groundwater 
fluxes- and the associated fl uxes of nutrients and contaminants-in a variety of settings. 
(H.JM-47) 

Application of Radium Isotopic Approach for Water Mass Age: Implications for 
Estuarine Phytoplankton Blooms 
Matthew A. Charette, Woods Hole Oceano~mphic lnsrirruio11, Gabrielle Tomasky and lva 11 Valiela, 
Bosto11 U11iversity Mnri11e Program 
Building on previous Sea Grant-supported projects that looked at biological and chemical 
processes in Waquoit Bay (Cape Cod , Massachusetts) , this project w il l usc radium 
isotopes as tracers of water residence times (Tr) in estuaries to 
understand the relationship between residence times and 
phytoplankton bloom dynarn.ics. The key question guiding th is 
research is " H ow is it possible to have phytoplankton blooms in 
shallow estuaries if water residence times arc of similar duration to 
planktonic cell division rates?" Water residence times arc important 
to the ecological, chemica l, ~nd biological processes of shallow water 
estuaries. In Waquoit Bay, the residence time has been reported to be 
relatively short (less than two days) and it has been shown that 
phytoplankton respond to local nutrient conditions. T hese results 
imply either calculation of whole system water residence time is in 
error, o r that different water parcels within the estuary differ 
sufficiently in age to allow blooms to develop. To address this, 
researchers will usc radium isotopes to determine (1) whether the 
w hole estuary T r truly represcnrs water age, and (2) if T r for specific 
parcels of water have suffi ciently d ifferent water ages. To obtain 
evidence of the plankton response to both differences in T r and 
nitrogen (N ) loads, investigators will assess the composition and 
structure of phytoplanktOn in the water parcels of the Waquoit Bay 
estuarine system. Investigators hypothesize that in estuaries with high 
N loads but short residence rimes, phytoplankton populations ';viii 
shift toward taxa wi th short generation times, thus allowing them to 
take advantage of the nutr ient enrichmen t. This shift in 
phytoplankton commun ity structure could be the mechanism 
allow ing the significant differences in biomass and production 
previously measured in the Waquoit system. W here N loads arc low, 

.A Data f rom seepage meters are used to 
quantify groundwater rad ium f lux t o the 
estuary and are used in t he water mass age 
caluclation. 

the hypothesis is that the phytoplankton community merely reflects the composition, 
biomass, and production of the itinerant assem blage that enters and leaves the es tuary via 
tidal exchange. Understanding more about how land-derived nutrient inpu ts and water 
renewal rates interact within a system has useful implications for coastal zone managers 
who need information about the relationship betwee n nutr ient concentrations and 
biological changes. (lZ/M-46) 
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Effects of Anthropogenic Nitrogen loads on Commercially Important 
Bivalves 
ll'a/1 Valiela and Rutll H . Carmidrael, Bosto11 Uni11ersity Marine Projimlll 

.A. Juvenile soft-shell clams and quahogs 
are planted in modified aquaculture 
cages then deployed in estuaries with 
d ifferent nitrogen loads. Investigators 
monitor the animals for growth and 
surviva l in response to eutrophication. 

In many coastal regions, land-derived nitrogen loads have increased as a result 
of increased wastewater associated with residential sprawl. This often leads to 
eutrophication and can al ter the features of the receiving estuarine ecosystems. 
Commercially important bivalves that grow in shallow coastal habita ts arc 
susceptible to the effects of nitrogen enrichment, including changes in food 
quanti ty and quality and habitat degradation. In some areas, abundance of 
commercially important bivalves appears to have decreased in recent years as 
anthropogenic nutrient enrichment has increased. In this proj ect, investigacors 
will quantitatively define how land-derived nitrogen loads alter food supply and 

benthic habitats used by shellfish and how populations of shclJfish are affected 
by these changes. By looking at eight Cape Cod, Massachusetts estuaries with 
varying nitrogen loads invcstigacors w ill determine the potential food supply for 
bivalves (specifically, quahogs, 1\1ercenaria merce11aria; soft- shell clams, i\Iya 
are11aria, and bay scallops, Argopectm irmdimrs), measure changes in sediment 
properties due to eutrophication-related processes, measure the growth and 

survival of shellfish, directly link changes in shellfish growth and survival to amounts and 

sources of anthropogenic nitrogen load, and characterize food processing by bivalves co 
determine how e utrophication-related changes in food quantity and quality may affect 
the ir growth and surviv::1 l. By providing a quantitative understanding of the relationships 
between nitrogen loading rates co estuaries and bivalve growth and survival, project resul ts 

will be useful to coastal managers and policy-makers as they manage areas of promising 
habitat for commercial and recreational shelJfishing and practices such as harvesting, 

seeding, or relaying shell fish. (l~M-51-PD) 

Effects of Varying Freshwater Discharge on Nitrogen Dynamics in the 
Oligohaline Regions of Estuaries 
Anne E. Giblin and Charles S. Hopkinson, Jr., Marine Biological Laboratory 
This field and laboratory-based project will examine how changes in salinity alter 
nitrogen proces~ing and release from sediments. Previous work by the investigators looked 

at how salinity affected nitrogen dynamics in subtidal 
sediments in the ol igohalinc, or low salinity, zone of 
estuaries. They found that, while subtidal benthic 

nitrogen fluxes arc important in controlling 
productivity in the overlying water, the surrounding 

fresh and brackish water tidal marshes may be equally 
important. Because of cvapotranspir3tion and less 
frequen t flooding, marshes tend to experience greater 
changes in salini ty compared to subtidal sediments. 
Investigators hypothesize that although marshes may 
be considered a net sink for nitrogen due to 
denitrification and burial, they may act as a source of 
nitrogen in summer. In spring, la rge amounts of 

nitrogen entering a system during spring runoff may 
be stored in scdimenrs and marsh plants. In summer, 
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when river d iKhargc is low, eleva ted sediment salinities may cause the marsh to release part of 
it~ scored ni trogen back to the estuary, thereby contributing to the mid-summer algal bloom 

observed in rhc o ligohaline zone in many estuaries. Marshes occupy greater than 10 rimes the 
area relative ro rhe subtidal sediments sampled in previous work. This project wi ll conrinuc 
rhe sampling of subtidal sediments while al ~o moving into the intertidal marsh to assess the 

effects of fl ucruaring salini ty o n rhc whole estuarine ccosy~rcm and ro accurately model the 
system 's nitrogen dynamics. (R/M-50) 

The Recycling of Anthropogenic Metals in Massachusetts Bay Sediments: Assessing 
the Impact of the New Outfall (Phase II) 
I Vi/limn R. Mnr1i11 n11d Ro,!!<'r Fm11cois, 11-'<>ods Hole Oceallo.f!mphic lllstillltioll 
This project begins its second phase by examining rhe behavior of a suite of trace metals in 
surface sediments in Massachusetts Bay. Sewage discharge can be an import::mt 
source of metals to the coastal environment. In 2000, sewage d ischarge into 
Boston Harbor was rerouted to a site 1-+ km o ffshore in Massachusetts Bay. 
The effect of the change is to decrease o rganic matter and nutr ient loading in 
Boston Harbor and increase it in rhc vicinity of the new ewagc outfall. These 
changes affect the input of organic matter and metals in sediments at both 
locations. O nce released, metals arc pcr~isrcnt, since they neither decay nor 
decompose. T hus, their rc idence time in coastal waters is determined largely 
by their association with parricularc phases and by particle t ransport processes. 
In the initial pha~e of th is study. begun in 2000, investigators looked at trace 
metal behavior at a site of fin e-grained sediment accumulation near the new 
our fa ll sire just a~ the site became operational. T hi s study phase will look at 
the effect of rhe recent increase in sewage output on metal accumulation in 
local sediments. Investigato rs will examine the processes that determine 
whether anthropogenic metals chat rain to the seafloor with o rganic matter 
and iron and mang:mcsc ox ides arc either returned to the water column via 
reminera lization reactions or sequestered in the sediment column . This 
project will benefit from related studies, by the investigatOrs and others, of 
sewage inputs at anorhcr site-Inner Harbor in H ull Bay, Massachusetts, 
where sewage inputs have recently decreased. This wi ll allow investigato rs to 
study the po tential release of metals from sediments accumulated earl ier 

.t. Investigators recover push cores collected by 
divers at the Hull Bay f ie ld site. 

(Hull) as well as those arriving at the sediments now (M assachusetts Bay). The sites also o ffer 

contrasting chemical characteristics char may play a ro le in metal cycling. A key characteristic 
of coastal sediments is strong seasonal variabili ty in rcmineralization reactions as well as o lid 
phase and solution phase transport by bio turbation, driven by variabi li ty in o rganic matter 
inputs and water temperarure . To d istinguish long-term trends due to changes in human 
activi ties from natural, seasonal variability, investigato rs will measure benthic fluxes and 
porcwater profiles over rhc duration o f the proj ect. (R.jB-164) 
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Developmental Effects of Contaminants on Salinity Preference and Seawater 
Survival for Atlantic Salmon: Integrating Physiology and Behavior 
Stepheu D . J\IcCor111ick, Darrell T Lemer, aud Emily !1/ouossou, Uuil,ersil y C!f Massnd111serts, Amherst 
O ver the last 20 years populatio ns of Atlantic salmon (Sn l111o salar) in northern New England 
have decreased ten-fold , resulting in their recent li sting as an end:ll1gered species in Maine. 
Although the reason for the decline is unknown , contami nan ts arc a leading candidate. The 
parr-smolt tran formation is a critical and highly sensitive life history stage of Atlantic salmon 
that coincides with downstream migration and seawater entry. No nylphcnol (NP) and PCBs 
arc common contaminants found in the effluent from sewage treatment plants, industrial sites, 
and storage facilities. In addition to possible impacts on wild Atlantic salmon, contaminants 
arc also an important issue for the salmon aquaculture industry. This project will investigate 
the possible effects oflow-lcvel contamination, particularly the effects of known endocrine 
disrupto rs on key developmental stages in salmon, such as the parr-smolt transformation. 

Specifically, investigators will determine the capacity of 
contaminants to act as endocrine disruptors of the parr-smolt 
transformation by adversely affecting salinity preference and 
rolcrancc of smolts following exposure at different developmental 
stages; determine how contaminant exposure affects smolt capacity 
to cope with stressfu l events (swimming fatigue, dam passage, 

capture or handling); and investigate the mechanisms by which contaminant exposure affects 
seawater survival. The results of this study should be broadly applicable to other aquatic 
vertebrates and may indicate a need for improvement and modification to sewage treatment 
plants, commercial waste protocols, pesticide applications, and remediation efforts. (RjB-165) 

larval Spread and Population Mixing Between Onshore and Offshore lobster 
Populations 
Stepheu R . Pnlu111bi, S tmiford Uuiversily nud C. Samh Coheu aud Colleeu J\1. Cnvnun11gh, Hnnmrd 
Unir1ersity 
The American lobster {Hcmrnr11s nnrericnuus) produces more fisheries income than any other 
species in the M id-Atlantic and New England states. In recent years, record landings have 
been reported. O verall, 80 percent of the landings are caught inshore, within three miles of 
the coast. As fishing effort has increased , an offshore fishery has developed in both nearshore 
federal waters and in distant deepwater areas. The fishery is considered 'growth ovcrfishcd,' 
meaning that a high perc en t:Jgc of lobsters are taken just after rc:Jching minimum legal size, 
leaving few ani mals to reproduce. So how can the fishery sustain record landings yea r after 
year? One possibility, say lobster researchers. is the presence of 'refuge populations' in deeper 
offshore waters that may produce eggs and larvae that replenish inshore populations. If such 
populations exist, it remains unclear how significantly local populations oflobsters arc 
replenished by the import oflarvac. To better understand lobster larval population mixing and 
adult migration. investigators will conduct a series of genetic analyses for di ffe rent life-history 
stages of lobsters south of Cape Cod, Massachusetts, in both inshore and offshore populations. 
Working with lobster fishers and managers, the researchers wi ll collect lobster larvae across 
inshore areas starting in N ew Bedford, Massachusetts. ew Bedford Harbor, closed to lobster 
fishi ng since 1979 due to contaminated sediments associated with the EPA Superfimd sire, is a 
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known lobster marine reserve. The large and reproductive source 
populations there produce ' larval clouds' fi·om which larvae can be 
genetically marked and their dispersion mapped. Findings may help 
determine the usefulness of lobster reserves as a management tool. 
Researchers will investigate whether stage I larvae arc well mixed in 
inshore areas or if there is genetic patchiness. Evidence of patchiness 
would indica te that local management of the population may be 
called for. The same question \vill be investigated for stage IV larvae. 
At this stage, genetic patchiness would indicate that the larval supply 
is not constant o n a regional scale and that lobster recruits do not 
come from a single larval pool as assumed in most fisheries models. 
Lastly, investigators vvill determine whether adult lobsters sampled 
from inshore versus offshore areas differ in gene fi·cquencies. While 
sample size limitations preclude a definitive answer to this question, 
genetic differences, if apparent, could be used to predict the degree 
of onshor(.~offshore larval mixing by using maximum likelihood 
mixed-stock techniques. (R./0-3-J.) 

Tidal Exchange Among Soft-shell Clam Populations Using Natural Tags 
Laure11 S. Mulfi11eaux and Sirnon R . Thorrold, Wc10ds Hole Oceanographic Institution 
T hough most adult coastal benthic invertebrates, such as clams, are sedentary, they arc mobile 
during a planktonic larval phase. Adult clams harvested in one area may not have originated in 
that area. Researchers, shell fishers and fi shery managers could benefi t fi·om knowledge of the 
source of the larvae, how they disperse fi·om one habitat to another, and how this dispersal 
affects regional recruitment. Most models of population dynamics assume that recruitment 
into the population is related di rectly to the reproductive capacity of the local population. In 
species with dispersive larvae, th is can lead to substantial errors in modeling population 
growth and stability over generations. A more useful approach-using site-specific 
geochemical signatures (natural tags)-has proven effective in other migratory species, 
including birds, fish , butterflies, and some marine invertebrates. This project builds on a Sea 
Grant laboratory-based study (Mullineaux aud Hart, 1~0-32) and will adapt techniques 
developed for fish otoliths and apply them to study the larval dispersal of soft-shell clam (Mya 
arena ria) populations in the coastal regions of M assachusetts. Soft-shell clams arc locally 
common, economically important, cover a wide geographic range, and tolerate a broad range 
of environmental conditions. Investigators will conduct field studies to: characterize 
geograph ic variation in the geochcnustry of Mya armaria shell material (shells will be measured 
from sLx locations to detcrnune the unique combination of elemental composition and 
environmental conditions of each habitat); characterize interannual variation in the 
geochemistry of the shell material (elemental composition of post-larval shell material in 
newly-recruited individuals will be measured in t\:VO separa te years at each site to detcrnune if 
temporal variation in shell elemental composition is sigtuficant); and measure the 
geochemistry of the initial larval shell in newly recruited individuals for comparison to 
location-specific elemental signatures (to distinguish bet\:veen recruits from local sources 
versus remote sources) . (R./0-35) 
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en vi ron ment 

genes 

Resolving Population Structure with Molecular Genetics to Enhance 
Management of the Highly Exploited Squid Fishery 
R oger T Ha11lon and Kendra M. 811resch, Marine Biolo,t?ica l Laboratory, and Jon K. T Brodziak 
and teve Cadrin, 1atio11al Nfari11e Fisheries emice Northeast Fisheries Sciwce Cwter 
The long-finned squid, Loligo pealeii, is a commercially valuable and heavily exploited 
resource in the northeast U .S. Boats fi sh squids in in hore summer grounds along Cape 
Cod, Long Island, and Rhode Island , and, increasingly, in offshore winter grounds. 
According to the National Marine Fisheries Service (NMFS), current Loligo catch levels 

have exceeded max imum sustainable yield. 
Investigators in this project will build upon previous 
Sea Grant-supported work on the Lol(t?o mating 
system and preliminary work on generic diversiry to 
determine if the population structure is a single 
genetic stock or if Loligo represents more than one 
distinct population throughout its fished range (N ova 
Scotia to North Carolina) . These data wi ll be useful 

in assessing the current stock management plan, which assumes a single unit stock for the 
entire fishery. Employing molecular genetic techniques-DNA fingerp rinting using 
microsatellites as genetic markers-a research team of fisheries biologists, fishermen, and 
molecular biologists wi ll determine the Lo/igo stock structure within the fished population 
along the Atlantic coast. R e earchers will compare samples from nine inshore spawning 
site~ to deternune geographic population strucn1re along the Atlantic coast. They will also 
compare population samples from three offshore locations to detemune if genetic 
differentiation exists among the offshore si tes. Finally, they will compare inshore 
population amples with offshore population samples to determine if inshore and offshore 
squid represent more than one single unit stock. If the genetic data indicate evidence of 
multiple populations, then the currenc squid exploitation model must be altered to ensure 
genetic variation within Loligo populations. If the evidence does not show multiple stocks, 
then impacts of the grO\>.ri ng offshore fishery shou ld be addressed. (R/B-166) 

The following project is part of a Na t ional Strategic Investments (NSf) competition in 

Marine Environmental Biotechnology, funded through the National Sea Grant College 

Program. 

Estrogen- and Aryl hydrocarbon-receptor Mediated Reproductive Effects and 
Adaptations in the Marine Environment 
Gloria V Callard, Bosto11 Unir1ersity 
By comparing killifish (Ft111d11111s lrereroclirlls) populations from polluted New Bedford 
Harbor (NBH), Massachusetts with a nearby, unpolluted estuarin e environment (Scorton 
Creek (SC) in Sandwich, M as achusetts), this study seeks to understand the ongoing, 
long-term effects of pollutants on reproduction and development in marine fish. Using 
sensi tive, ti ssue- specific, mechanism-based markers of endocrine disrupting chemical 
actio n and effect, together with standard methods of reproductive endocrinology, this 
study will extend the researcher's findings in laboratory fish (zebrafish, goldfish) to wild 
fish populations. Killifish arc non-nl.igratory, estuarine fish that are considered to be 
reliable indicators of environmental quality. The N l3H killifish population is an extremely 
valuable resource for understanding long-term, multi-generational effects of pollutants on 
a wild fi h population in a natural environment. The hi tory of pollution in NBH 
indicates that the killifish population there has survived exposure to high levels of PCBs, 
metals, and other contaminants for over 50 years, or 15-20 generations: unequivocal 
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evidence that they survive, reproduce, develop---even thrive-in that environment. For 
all that is known about the NBH ki llifish population, relatively little is known about 
endocrine disruption and reproductive adaptation in killifish at NBH or at other polluted 
si res. This study wi ll at tempt to gather direct scientific evidence for a mechanism-based 
cause-and-effect relationship between pollutants and endocrine disruption in nature, and 
to begin to understand how a population mjght adapt and evolve mechanisms for 
sustaining reproduction under conditions of human induced adversity. U sing a molecular 
endocrinological approach, th is study seeks to increase the degree of certainty in 
formulating sound regulatory and policy decisions relating to endocrine disruption in a 
natural marine environment and can serve as a n1.odel for additional studies of aquatic and 
terrestrial species. (R/P-68) 

The following project is part of a National Strategic Investments (NSI) competition in 

Aquatic Nuisance Species, funded through the National Sea Grant College Program. 

Aquatic Nuisance Species: Assessments of Economic Impacts and Evaluations of 
Rational Management Alternatives 
Porter Hoagland III, Hanke L. Kire-Polflell, a11d Dijin, I!Voods H ole Ocea11ographic Instiwrio11 
Although thousands of non-native aquatic nuisance species (ANS) are known to exist in 
U.S. aquatic systems, the U .S. Congress has estimated the economic "disruption" to 
communities from the introduction and spread ofjust one-the zebra mussel, Dreisswa 
poly111orpha-at $5 billion. To date, only a few analysts have attempted to publish estimates 
of rhe economic impacts of ANS introductions in to freshwater and marine ecosystems 
and these estimates may differ by as much as two orders of magnitude. As such , it has 
been difficult for policymakers, natural resource managers, industry officials, scientists, 
and the public to make well-reasoned decisions about how to !1Utigate ANS 
introductions. This project seeks to develop an economjc framework for making rational 
decisions about the introduction and spread of non- indigenous ANS on regional and 
national scales in the U.S. Investigators will focus their assessments of the econo!1Uc 
impacts of such introductions on sport, commercial, and tribal fi sheries; the recreation 
and tourism industr ies; the shipping and navigation industries; and municipal and 
industrial water uses. Investigators will develop estimates of output and 
employment impacts and changes in value-added, measured in both 
dollars and jobs. These estimates can be used to improve our 
understanding of the scale and distribution of economic effects across a 
wide range of activities in the economy. Investigators will document 
methods for data collection and analysis, model building, data table 
updating, and relevant documentation for the fu ture application of 
the model for assessing policy responses to ANS events. (R/M-48) 

Mich1gan Sea Grant 
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The following project is part of the Sea Grant Industry Fellowship Program, 
funded through the National Sea Grant College Program. 

A Scanning Electron Microscopy Study of Epidemic Shell Disease of 
the American Lobster, Homarus americanus 
Roxa111m Smololflilz , Mari11e Biolosu'cal Laboratory, n11d A11drea Hs11, Bosto11 
U11ir,ersiry A!fariue Program 
In recent years, shell disease in lobsters (Homanrs americm11rs) has been found in 

high levels from eastern Long Island Sound to Buzzards Bay, 
\ Massachusetts, and most recently in Cape Cod Bay, 

Massachusetts. As the region's most lucrative fishery, the 
health of rhe lobster population is of great concern. While iris 
widely believed d1ar shell disease etiology is bacterial. no 
studies thus far have presented results. Preliminary scanning 
electron microscopy (SEM) imaging of diseased lobsters from 
Vineyard Sound, Massachusetts, presenrcd viable proof that 

shell disease etiology is bacterial, "vith specific bacterial 
mechanisms involved to initiate lesion formation. T his study . 

pairs a pathologist and aquatic veterinarian with a graduate 
student to usc SEM to examine lesions of epizootic and 

impoundment lobsters from sires along the New England 
coast to verify preliminary findings and examine the 
migration and transmission qualities of the causa rive 

shell disease bacteria. To do this, norm al lobster and lobsters with 
impoundment or epizootic shell disease will be acquired with the help 

of industrial partners and taken to the laboratory for analyses. 
While previous studies oflobster shell disease have focused 

primarily on impounded lobsters, this project will focus on 
epidemic shell disease in w ild lobsters to understand the 

causes and implications and to learn more about the biology 
o f the animal and the economics of the fishery. (R/B-167) 
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Se-tt {jrtutf Public Outrtficlt, 
tiucfititJx, fixi t;ctt?tJitJx PrtJjtctr 

WHOI Sea Grant Communications, Public Outreach, and Education 
Tracey /. Crago, Sheri D. DeRosa, n11d Katherine A. C. Mndin, Woods Hole Oceanographic l 11Stirwio11 
Disseminating Sea Grant research results requires the effective translation and tr:msfer of those 
findings to those in need of the information . The Woods H ole Sea Grant conununications 
program reaches out to its audiences in an attempt to answer questions, increase 
envi ronmental awareness, improve ocean science literacy, and bridge the gap between 
marine scientific re earch and an informed and knowledgeable public. 
Audiences w ith w hom we interact on a fi-equent basis include educatOrs, students, 
scientists, members of coast:ll outreach organizations and local regulatory agencies, coastal 
decision- makers, visitors to the Woods Hole Oceanographic Institu tion, members of the 
general public interested in marine and coastal issues, commercial ::1nd recreational 
fishermen and boaters, and local marine business owners, among others. Some of the ways 
W HO I Sea Grant reaches its audiences include: 
• Woods Hole Sea Grant's sponsorship of the ::1nnual public lecture series, 

"Oceans Alive" 

. ' . • Web-based accessibility to Woods Hole Sea Grant 
information and resources and pointers to other useful 
information at www.whoi.edu/seagrant 

marinecareers. net 

• Access to current marine science careers information at 
www.marinec areers .nct. This site, a collaboration with 
New H ampshire Sea Gram. has been fea tured in numerous 
national publications and websites about science careers and 
attracts over 230,000 hits per month 

• Co-sponsorship of professional development workshops 
("Topics in O ce::1nography") for middle- and high school 

Ill! ... CI»'Ur 
lll'lttwllllla"''rrCitetiK,., 
v ...... ttwrifl'ttpllttf ----­··------­--~-------. :=:-....::::.-:== ................ __ _ ___ ...... ._.. .. _...,. .... _____ ...... ....,_ ___ ......,. __ ........ ___ _ 

science teachers in the spring and fal l, and distribution of a WHO I teacher 
packet 

• Participation in the Mas achusetts Coastal Training Program (MA CTP), a 
partnership of the W:tquoit Bay National Estuarine Research R eserve, 
Massachusetts Coastal Zone Management, and WHO! Sea Grant, to foster 
sound science-based coastal decision-making at the state and local level 

• Sponsorship of"Sca Urchins," an annual, hands-on, educational summer 
program for children ages 5-7, emphasizing exploration of the 111arine and 
coastal environment 

• Dissemination of Sea Grant and other marine-related publication and videos, 
and theavailability of an online Woods H ole Sea Grant publications catalog 

• Co-sponsorship of the joint WHOI/M lT Sea Grant newsletter, T111o [{ by Sen; publication 
of numerous fact ~beets, Fowl Poi11ts fact sheets and Mnri11e Exre11sio11 8111lcti11s, brochures, 
and contributions to various marine educational newsletters and magazines 

• Sponsorship of a low-power radio broadcast, Olllldl,flm,es, targeting Woods Hole-Martha 's 
Vineyard ferry passengers as they wai t for their ferry. The 3 1-mi nute, con tinuous loop 
broadcast feamres information about the Wood~ Hole scientific community, local history, 
and facts and figures about the ferry. 

• Involvement in several annual educational events, including local science and technology 
fa irs, career days :lt area high schools, conferences, and symposia. 
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WHOI Sea Grant Marine Extension Program 
Dale F. Lea11itt a11d) ames F. O 'Co11 11ell, Woods H ole OcemJOgmphic 111stilll tio11 a11d Cape Cod 
Coopemti11e Ex rwsio11 
Transferring the rcsulcs of research and providing general marine- related information arc 
important componencs of the Woods Hole Sea Grant Program. The following examples 
demonstrate how Woods Hole Sea Grant's Marine Extension Program facili tates 
communication among users and managers o f marine resources, including members of 
the fi shing community, local officials. envi ro nment:ll regulatory agencies, and the public: 
• Establi shment of two series of fac t sheets, one designed for coastal decision-makers and 

the general pub]jc (Focnl Poims); the other designed for technical users (Mari11e Exte11sio11 
B11lleti11s). 

• D irectory cf Cape a11d lsla11ds Coasral 0 11treach Orga11izario11s is a compilation ofloca1 
priva te and public organizatio ns that regularly deal \vi th issues pertaining to coastal and 
marine management. T he Directory is a handy reference tool that serves to encourage 
collabo ration among these groups; it is updated annually. 

• Establishment of tv.ro shell fish-related electronic mail grou ps to facilitate 
communications among the shellfish growers and among the local shellfish regulatory 
agencies within southeastern Massachusetts. 

• W orkshops, courses, tours, and site visits provide an opportunity for local users and 
producers of marine resource information to share their knowledge and concerns, 
thereby producing a more efficient and effective re ource management system. During 
the past year. Sea Grant has co-sponsored o r participated in the follmving: shellfish 
culture techniques (course), fish fanning within a cranberry bog (workshop), 
restocking programs (pilot proj ects). new aquaculture techno.logy (demo nstration 
projects), eelgrass restoration (workshop & demonstration proj ects), QJ>X research , 

dune and beach profiling techniques (field trips), bioengineering 
and coastal plants for shoreline stabiliza tion (workshop), Northeast 
beaches (conference), hazard mi tigation strategies (workshop), and 
others. 
• Woods H ole Sea Grant Marine Extension Program provides 

assistance by conducting litera ture searches, offering training 
programs, assisting in management and regulatory decisions, and 
helping to transfer the newest technology being developed \vi thin 
the scientific research program . 
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TII'O areas cf partiwlar interest iu rhe regio11 luwe serr,ed as rhe 111ai11 fows areas cf rhe IM>ods Hole 
Sea Grant Mari11e Extension Pm,Rmlll: 

Fishing and Aquaculture-Our fi sheries and aquaculrure outreach focu es on 
buildi ng partnerships and resource net\;vorks within the region to cover topics 
that the industry deems important. Working with the aquacul ture indu stry and 
municipal shellfish management agencies in Massachusetts, the program has co­
hosted workshops, courses, and tours of facil ities to showcase the latest research 
and technology. R ecent pilot projects aimed at assisti ng towns and private 
growers are focusing on increasing harvestable stocks of a variety of commercial 
shell fis h species; restoring stocks that arc suffering fi·om declines, due to a variety 
of reasons; and improving fisheries habi tat to provide appropriate condi tions for 
shellfish to flouri sh. 

Coastal Processes-Our coastal processes outreach focuses on the 
management of the region 's coastal landforms: bluffs, beaches, dunes, barrier 
beaches, salt marshes, and tidal fla ts. Together, these landforms fi.mc tion 
nawrally to serve as the region's coastal hazards defense system, in addition to 
important recreational , wildlife habitat, aesthetic and economic values. 
H owever, these landforms have been and contin ue to be altered to 
accommodate coastal development. Our objective, 
therefore, is to assist the region in understanding, and 
thus sustaining, the beneficial functions of these 
landforms while accommodating human activities. 
Taking a hands-on approach. we work wi th 
individuals, groups, and government offi cials to 
gather baseline data to (1) docum ent long- and short­
term. as well as storm-induced changes to coastal 
landforms, (2) assess the effects ::md effectiveness or 
erosion control alternatives, and (3) usc this 
information for improved resource and coastal 
development management. Our methods include 
one-on-one discussions, field visits 
and training, and workshops. 

£ Bay scal lop restoration efforts o n Cape Cod 
require collaborat ion between Woods Hole 
Sea Grant Extensio n, Barnstable County, and 
town resource managers. This collabo ration 
ensures that t he latest technica l information is 
appl ied to solve local problems. 

£ Sea Grant's work with coasta l residents 
and local officia ls t o maintain beach and 
dune cond itions contributes to more effective 
shoreline management in Massachusetts. 
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