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RORC Tank Experinents | nvestigate Larval and Particle
Accumul ationinlinternal Bore Fronts

t t omdwel | i ng coastal na-

rine ani nal s face a conpl i ca-
tionontheir vay toestabl i shing
new col oni es and repl eni shi ng
o dones. Theearlylifestages of
or gani sns such as cl ans, oysters,
abal one, coral's, and barnacl es
livesuspendedinthevater, drift-
ing at the nercy of ocean cur-
rentsinalarva phasethat gener-
alylasts afewweeks. A the end
ofit, thelarveenust findasui t-
abl e habi tat where t hey can na-
tureintoadul ts and conpl ete
their lifecycl es. Because ocean
currents dispersethel arvae far
fromtheir birthpl aces, they can
easi |y be transport ed severa
ml es of f shore i nt o deep wat er
just vhenthey areready to settle
inthe shal | owcoasta water—a
vast e of | arvae because they w l |
not surviveinthissituation In
fact, out of thethousands tonil -
lions of juveniles produced by an
indvidd shellfishdringitslife
tineonlyaveryfew if any, wlil
survi ve t o repr oduce.

Ater several weeks of drifting,
theprobability of alarvareturn
ingtoits birthpl ace nust be very
smal | . The abundance of col o-
nizersa agvensiteisun
coupl ed fromthe |'i vi ng condi -
tionsof theadults. Asitewthno
natural enemies and richin food
nay be vacant because currents
donot bringlarvae. nthe
ot her hand, a sub-optina habi -
tat wth scarce food nay contai n
nunerous organisns i f currents

by JesUs H nedaand Karl HH frich

bri ng nany | arvae. These situa-
tionsarerareinother species
whose j uveni | e st ages do not di s-
perseaswdey. Terrestrid plants
are a good exanpl e of speci es
wthrestrictedd spersd ; infact,
di fferencesindispersa are prob-
abl y the nost i nportant contrast
i nthe ecol ogy of nari ne and ter-
restrial environnents.

Know edge of ocean currents
that returnlarvaetocoasta habi-
tatsisthereforekey tounder-
standi ng t he nai nt enance and
dynanics of coastal species. Lh-
derstandinglarva transport is

a soinportant for nanagi ng fi sh-
eries and desi gni ng nari ne re-
serves. For exanpl e, it woul d be
futiletopreserveacoestd site
that contains nany adultsif their
larvae are a | wast ed because cur -
rent circuationat thet sitecarries
dl thelarvee dfifshore.

Internal tides and vaves are
nechani sns that can transport
| arvae back t o shal | owcoast al
habitats. Internal waves are sin-
lar tothenore fanliar surface
vaves, but instead of travelingon
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WHO Recei ves Fundi ng for SWATH Vessel

4 ‘F 1

The SMATH (Sl | Veter-A ane Area Twn Hill) concept offers an above-vater platform
restingonstruts syported by tvo subnerged parall @ fulls, anarragenet that
adranatically reduces shi p noti on by decouydl i ng the shi p fromsurface vaves. TS 1s an
artist’'s coceotion of thep aved VA 105 foot caastal SMTH (e story onpage 2.)
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AMssage fromthe ROIRCO rector:

WHD oceanographers goto sea. That is
probabl y t he nost WHD -1 i ke t hi ng about
WA . That is al sowy we are cel ebrating
agft fromGatia“Topsy’ R nehart
Mbngonery that w il support the construc-
tion of anewcoastal vessel for WO . Qi
commit nent to excel | ence i n seagoi ng
oceanogr aphy i s nowal i gned w t h our
commtnent tothe coastal frontier in
ocean sci ence. The 100-f oot coastal vessel
wll fill anichethat has not been occupi ed
at W for nany years, increasi ng our access to the coastal
ocean and of f eri ng new appr oaches t o underway sanpl i ng and i n-
strunent depl oynent i naw de range of sea conditions.

WHD' s access to the coastal ocean does not just occur on
shi ps, however. Adirectional drill throughthe dunes on Mrtha s
M neyard' s Sout h Beach has j ust provi ded us wth another linkto
thesea, thisonewthafiber-optic cable. The Mrtha s M neyard
(bservatory i s a newki nd of access tothe seaw th trenendous
pronise for coastal research-a newway to do oceanography, wth
possi bilities only beg nningto beinagi ned.

WHO al so accesses t he sea t hrough a punp on M neyar d
Sound, whi ch carries seawnater toour flunes at the Qastal Re-
sear ch Lab. Sone ki nds of oceanography require alittle nore hu-
nan control than nature al | ows, so we create a nore hospi tabl e
approxi nationof natureinthel ab.

Wiat ever it takes, W scientists aregettingat the ocean,
and coast al research has never | ooked better.

oy

Anards resul ting from2000 RORCGal | for Proposal s

M ke CGaruso and S eve Anderson: | npl enet ati on of an At nospheri c
Mesoscal e Mdel inthe Gul f of Mine

Kat ri na Eowar ds, John Hayes, and Andreas Teske: Radi ocar bon Anal y-
sis of 16SrRNAfromEnvi ronnental Sanpl es—A New Appr oach t o
I sot opi ¢ B ochemstry wth Applicationsto Gasta Systens

Rob BEvans: Wsing Hectrical Resistivityto Mp Fresh Vdter D scharge

Larry Madi n and Sonke Johnsen: Eutrophi cation i n Véquoit Bay—
Efects on M sual Predation

Gene Terray, Vdde MG 11is, and Chris Zappa: Surface Processes Gon-
trolling Aguati c- A nospheric Gas Transfer i n Estuaries

VWHO Recei ves
SWATH Fundi ng

ofds Hol e Gceanogr aphi ¢
Institution' s pl anned

coastal research vessel is nuch
closer toreditywththean
nouncenent of a $5-nilliongift
from ong-tinefriend, Trustee,
and supporter Gati a“Topsy”
R nehart Montgonery. Her 1996
gift of $nllion has benefited
near shore coastal investigations
significantlyandal lonedthe I n-
stitutiontoestadishthecoastd
research center i nher nane.
“Mor e and nor e peopl e are nov-
ingtothe coast, and, as asoci ety
i ncreasi ngl y dependent on the
sea, We nust use t he coastal zone
wsely. | vant future generations
toenjoy our coast as nuch as |
have, ” M's. Mnt gonery sai d.

Previ ous donations of $1 nil -
l'i on supported desi gn of the
SWTH (Sval | Vdter-H ane Area
TwnHI) vessel, and Ms.
Mont gonery’ s gift, alongwth an
anonynous $1 mil liongift, all ow
WHD to proceed with construc-
tionplansfor the $10 ml | ion ves-
sel . Gosten Associ ates, experi-
enced i n oceanogr aphi ¢ vessel
desi gn, and B ue Sea Gorporati on,
experts i n SWATHt echnol ogy and
the of fshore i ndustry, worked
wth W staff onthe design,
and i nput was solicited fromthe
coastal research user community.

SWATH shi ps are extrenel y
stabl e and provi de a saf e wor ki ng
environnent at sea. The WO
SMITHi s speci fical |y designedto
vork year-round i n not ori ousl y
rough New Engl and coast al wa-
ters. It wll confiortabl y accom
nodat e 16 peopl e (usual Iy 6 crew
and 10 sci enti sts) for 15 days at
sea and of fer alarge working
deck and at | east 500 squar e f eet
of 1abspace. Odlivery of theves-
sel isestinatedfor summer 2002.



D ssol ved Garbon D oxide i n Gastal Vters
by Véde M@ | 1i s and M chael De@ andpre

Rrimary obj ective of narine
carboncycl eresearchisto
determne the flux of carbon di-
oxi de (G3) between t he ocean
and at nosphere. Athoughlittle
i s known about the spatia and
tenporal variability of QQin
ocean nargi n areas, gas ex-
change i n t hese regi ons n ght
have aninportant roleintheg o
bal carbon cycl e. The naj or
physi cal and bi ogeocheni cal
processes control |ingthe G
content of coastal watersinclude
photosynthesi s, respiration, heat
and gas exchange w t h t he at no-
sphere, and mixi ng of estuarine
and narinevaters. GQQisadis-
sovedgasthat isgenerdlyre
portedinterns of pressurewth
uni ts of ncroat nospher es
(patm. Seasonal G3 levelsin
coastal areasarehighly variab e,
rangi ng from100 to nearly 1, 000
pat mconpar ed to 200 t o 400
pat mfor nost open ocean wa-
ters. Ingenerd, estuaries and
near shore nari ne wat ers are su-
persaturatedinGQ. Thisis
t hought to be caused by respi ra-
tionof organic natter exceedi ng
phot osynt heti ¢ productionin
t hese syst ens.
Short-termvariability of G5
cana sobequitelargeinocean
nargins duetotida cyc es,
vhi ch cause mixi ng of est ua-
rine, nearshore, and offshore
vat ers and di urnal bi d ogi cal
product i on. Through cont i nuous
noni toring of G5 and rel ated
paraneters, we night beginto
under st and and nodel t hese
conpl ex, and changi ng, phe-
nonena and per haps predi ct fu-
turetrends. Long-termstud es
incoasta vaterswll asohel p
us det er m ne whet her t hese
zones are anet si nk or source

for at nospheric G3. Further-
nore, because coastal waters are
easi | y accessi bl e and showhi gh
potentia rates of air-seaex-
change,

42°

experi -
nents in
t hese
vt ers
can al so
serve as
test beds
for the
devel op-

'Woods Hole
Cuttyhunk /
uttyl u.na -~

Buzzards Bay

ok Martha's Vineyard

Observatory

Jack Qook

nent of
new net hodol ogi es for studyi ng
air-sea Q3 fl uxes.

To better understand the pro-
cesses gover ni ng gas exchange i n
ocean nar gi ns, | ong ter mobser -
vations of the dynanmics of coastal
Q3 and ai r-seafl uxes are cur-
rently underway at the Buzzards
Bay ast Guard Tower (see nap).
Itssuperstructureis approxi-
natel y 21 neters high and 7
neterstoaside \dter depthis
approxi natel y 20 neters, and the
structureissited6.6kil oneters
fromt he nearest shore
(Quttyhunk I'sland). Thetower is
unobstructed by land i nthe
sout herly direction, sow ndand
waves fromt hat quandrant have
essentia lyunlimtedfetch. Qher
advantages of thissiteincludeits
close proximty toWI—t is
reachabl e by t he WHJ boat
Mii/usinless than 1 hour—and
t he supporti ng net eor ol ogi cal
and oceanogr aphi ¢ neasur e-
nent s nade at the tower by the
National QGeani c and A no-
spheric Adnini stration Nati onal
Dat a Buoy Genter (NDBQ. These
neasur enent s, rel ayed fromt he
tower by tel enetry and avai | abl e
onthe Internet, include the nean
w nd speed, wnd direction, rel a

The Rizzards Bay ast Quard tover
SYparts [ nstrunets for ar-sea carbon
d oxi ae studl es. The nap shovs t he
tover’s | ocati on near Vidods Hl e and
the Mrtha's U nevard Qbservat ary.

tive humdity, baronetric pres-
sure, air andwater tenperature,
and wave hei ghts. A t hough our
pl at f ormneasur enents are still
i nthe devel opnental stage, the
ultinate goal of thisnewcoastal
vat er observatory wll betopro
vi de cont i nuous esti mates of GO,
ai r- sea exchange vi a a hunfoer of
di fferent net hodol ogi es. The
tover alsoallows author MGl1is
and col | eague Ji mEdson a pl at -
formfor aut ononous noni tori ng
of hurricane condi ti ons.

To dat e, we have i nst runent ed
t he Buzzards Bay Tower with at -
nospheric fl ux instrunents | o-
catedat aheight of 15.6 neters
andorientedtofacetheprevai l -
i ng summer wi nd. Wnd speed
there general |y ranges fromOto
15 net er s per second. To cal cu-
latedrect air-seafluxes of no-
nent umand heat, we have an ul -
trasoni ¢ anenonet er ext ended
on a netal boom4 neters from

July 2000 ~ 3



t he edge of the tower and operat -
i ng continuousl y to obtai n hi gh-
frequency w nd and t enper at ure
i nfornation. Thi s neteorol ogi cal
syst emwas confi gured by
Jonat han Vdre and Jay S ssonto
all owdatacd | ecti onand st orage
locally onthetover. Thus, the
syst emcan performessential |y
unt ended, except whendataisre-
tri eved about once every nont h.

Addi ti onal aut ononous i nstru-
nentati on at the tower observa-
tory i ncl udes a Q3 i nst runent,
SAM - GO, desi gned and bui | t by
aut hor DeG andpre and Terry
Hanmar . Thi s subsur face i nst r u-
nent i s routinely depl oyed bel ow
t he bott ompl at f ormof t he t oner
at 2 neters depth. The SAM-G0,
neasures GO, concentration vi a
a pHindi cat or and gas per ne-
abl e nenbr ane. The nenbr ane
isdirectly exposedto anbi ent
seawat er and has a copper
screenfor protecti onand anti -
foulant. It cantake neasure-
nents every 5 mnutes and has
an endur ance of 50 days.

Thel ower figureat right shows
t he surface wat er Q3 concentra-
tiontine series | ogged fromt he
Buzzar ds Bay Tower in July and
August 1999. The at nospheri c
Q3 was near 374 patmin the
area; thus the water was super-
saturated wth G3, for about one-
thirdof therecordedtine period.
Q her researchers have shown
that sunmer supersaturationin
the Mdd e Alantic B gnt prina
rilyresults fromheating and net
respiraiond terrestria organc
natter. The upper figure shows
that diurnal heating, wiichin
creases the A3, concentrati on by
about 4 percent per degree
Q@ cius, isofset by daytine pro-
duction, resultinginanet de-
crease i n G3 duri ng t he day.
However, the G3 content rises
agai nduringthe night, probably
duetothenet respirationof the

organi ¢ natter produced duri ng
the day. These trends are com
binedwthvariabilityarising
fromthetida nixi ngand epi -
sodic stormand | ul | events, asre-
corded i nthe w nd and t enper a-
ture data. The overal | dowward
trend evident inthe G signal s
| ogged during thi s period mght
ari se fromexport of organic nat -
terintheregonor aslovedre-
pl eni shnent of water inthese
coastal waters duringlate sum
ner, perhaps due to reduced
freshvat er i nput.
Variabilityinthecoastal GQ
systemcan be i nportant on al |
space and ti ne scal es. Thelarge
seasonal variationin Q3 shown
inthefigureis evidencethat
nore detai | ed tenporal and spa-
tial coverageis neededfor accu-
rate annual air-sea @ flux esti-
natesincoasta waters. In
particul ar, care nust betakento
i ncl ude wi nt er neasur enent s
when reporting annual air-
seafluxes, because coastal
waters oftenexhibit awnter
ni ni numi n Q. On the ba-
sis of the seasondl variation
inQQfoundinthis study,
ve stress the i nportance of

Wind (meters per second)

Surface Water CO, (microatmospheres)

July 1999

pCO, (atm)
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conpl et e tenporal coverage
vhen reporting annual inte-
grated G3 fluxes intenperate
coastal waters. A though our
workinthisareaisjust starting,
Ve anti ci pat e exci ti ng newop-
portunitiesinnonitoringsurface
water Q3 at bot h t he Buzzar ds
Bay Tower and the Mrtha' s

M neyard (bservat ory. These
neasur enent s nay reveal sone
of the nesoscal e carbon di oxi de
characteristicsincoastd vaters
and, si mil taneously, showthe
di ff erences between ai r-sea GO
fl ux behavi or i nthe surface zone
and coastal waters.

\Vdde MG |is and Ji mEdson are
Associ ate Si entists, Terence Hanmar
i s a Research Associ at e, Jonat han Vire
isanbBng neer, andJay SssonisaRe-
search Assistant inthe WO Applied
Qean Physi cs and BEngi neeri ng Depart -
nent. Mchael DeGandprei s an Asso-
ciate Rrofessor i nthe Ghemistry D&
partnent at the Lhi versity of Nontana.

O co
[ Temperature 25
— Wind

Temperature (°C)

August 1999

Jack Cook

1 5 7 9 11 13 15 17
August 1999

7 ne series of surface vater d ssol ved carbon df oxi de alri ng summer 1999, The dat a
showl og- ad shaort-termvariabi ity of carbond oxi de/evel s incaastal vaters. The
yper figueproviaes ali girrresa ution/ ook a afive-aay tine series showmng the
effects of surface tenperature av wmds on carbon d oxi ce / evel s.
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New Pr obe Provi des Measur e of Har bor

C(;t aminants of hurman ori -
i nare ubi qui tous constitu
ents of coastal waters. Mre and
nore frequent |y sci enti sts and
regul at ors ask, “Hownuch of a
gi ven cont amnant i s accept -
abl e?’ “Acceptabl e,” arather sub-
jectiveterm isoftendefinedas a
| evel of contamnant that
does not poseathreat tothe
swstarebilityor stability of
an ecosystem I npractice,
thi s usual |y neans denon-
stratingthat the contam-
nants do not harmkey, sen-
sitive species, oftenby
conparingtoxicity datawth
concentrati ons neasured i n
thefield Hwever, aswe

| earn nore about coastal en-
viromants, itisclear that
such si npl e predi cti ve nea-
surenent s are conpl i cat ed
by avariety of factors. These
included fferencesinthe
physi ol ogy of organi sns
used i n cul ture experinents
and those present inthe
fied, effectsof water chem
istryonbicavailability of the con
tamnants, whi ch nay vary from
placetopl ace, and spatia and
tenpord variabilityinthedstri-
buti on of contaninants.

N group s particul ar interest
isvaiadlityinthed stribution
andhid ogical availabilityof cor
tamnants i n dynanic coastal en-
vironnents. Gastal regi nes are
conpl ex physi cal systens, wth
M Xi ng processes that canleadto
consi der abl e spati al and t enpo-
ra variabilityincontamnart dis-
tributions, presentingarea chal -
I enge for ecol ogi cal assessnent
stud es. Mreover, suichvariability
leads tostrong gradi entsinather
chenical paraneters that nay af -
fect toxicity. For exanpl e, copper

by Janes Mffett

i stoxictonany organi sns, but
itstoxicityisaniorated by high
| evel s of nanganese and iron
(whi ch conpet e wi t h copper for
uptake sitesonce | surfaces),
whose di stributi ons are a so
highly variad eincoasta waters.
Grrently, regu atory atention

Acrylic base

Protective filer
over gel “window™

These snal | passi ve sanml 1 ng probes cd'/ ect trace netal s
frombarbor vaters. Mtals d ffuse across a seni-perneabl e
gel nenbrane and accunil ate on a netal bi nai ng resin
Because reactive forns of netal s pass through t he probe
but [nert orgari ¢ conpl exes ard ot her norreact i ve forns ao
mx, theprabes provide ausefu imexof bicava/abi/ity. The
probes are aepl oyed using 17/ it vey gt neori ng gear.

i s focused on epi sodi ¢ i nput s of
contaminant s i nt o harbors and
estuaries. Dring everts|ike
floods or harbor dredgi ng, pul ses
of contaninants nay be i nj ected
intothewater col unm, raising
concentrationstotoxicleve s.

Rai nst orns i n urban areas gener -
ate | arge vol unes of cont an-
nant -1 aden runoff. Véste | oad al -
| ocati on nodel s, based on hi gh

| evel s of contaninants neasured
i ndischargevat ers, indicate seri-
ous probl ens for such recei vi ng
vatersasrivers, estuaries, and
har bor s, wher e t hese conpounds
end up. Applications of such
nodel s by regul at ory agenci es of -
tenleadtocostly rened ation
neasur es.

Cont am nant s

Interestingy, therearefew
neasur enent s i n har bors show
i ng howcont ami nant concentra-
tions change duri ng such events,
sonany critical questions are
now addr essed onl y i n nodel s.
For i nstance, howfast are cor-
tamnant pul ses di ssi pat ed by
physi cal nmixi ng processes?
For howl ong are sensi tive
organi sns exposed t o hi gh
| evel s bef ore di ssi pati on oc-
curs? Were, in conpl ex
urban envi ronnents, are
t he wor st sour ces?

Inorder toanswer these
questi ons, sciertists need
| arge data sets to deternine
how cont amihant s vary at
nunerous | ocations w thin
an estuary or harbor during
stormevents. 9 nce cal | ec-
tionof discretesanplesis
costlyandl og sticd lydffi-
cul t, we have been wor ki ng
wthaninsitu, passivesam
pling probetostudy the dis-
tributionandbicavai ladlity
of traceneta sinharbors.

Wiat isan“insitu passi ve sam
plingprobe? Besicdly, itisa
snal | obj ect contai ni ng a speci al -
izedsoidnateria that absorbs
trace netal s or other chemcal s
fromthe surroundi ngvater. It in
vol ves no nechani cal process,
only di ffusi onand t he chenical s’
affinity for the sol i d phase-hence
the termpassive. Therate at
whi chthe target chenical s di ffuse
intotheprobeis proportiona to
their concentrationinthevater,
and can be cal i brated. Thus, de-
pl oynent of the probes for afixed
period of tine (fromsevera hours
to several days) provi des a nean
concentration of acontannant at

Mchael Tw ss

\
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D ssol ved Qganic Nutrients inthe Qoastal Gean

yt opl ankt on, the phot osyn-

thetic organi sns at t he base
of the narine food web, can
readi |y consune di ssol ved i nor -
ganicnutrients, suchasnitrate
and phosphat e, tosatisfytheir

by Kat hl een Rutt enberg

nutrients, and exanined their
roe(particuarlythat of D) in
supporting bi ol ogi cal producti v-
ity. This study was supported by
the Gfice of Naval Research,
w thadditional fundingfor rapid

grovt h requi renent s.
However, adapt ati ons

al so al | owt hemt o access
abher, lessread lyaval -
ablepod s of nutrients,

gi vi ng t heman i nport ant
advant age when concen-
trationsof nitrate and

Area of
Detail

California

phosphate drop to
gonhlintingleve s.
For exanpl e, phyto-
pl ankt on enpl oy enzy-
nati c neans t o access
di ssol ved organi c nutri -
ents, whi chthey cannot
assinlatedrectly. Gn
centrations of di sso ved
organi ¢ nitrogen (DN
and di ssol ved or gani ¢
phosphor us (DCP) can
act ual | y exceed t hose of
ni trate and phosphate i n
Sone i nst ances, suggest -
ingthat these pod s can
play aninportant rolein
supporting prinary pro-

2
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dativity. \&ylittleis
known about di ssol ved
organicnutrientsinthe
ocean, hovever, soit is
dfficdt toevd uaethar
roe Hrst order questions
that have yet to be an
swered i ncl ude: Wiat are typi cal
DON and DCP concent rat i ons?
Howbi cavai | abl e are t hese

pool s? Do concentrati on and

bi cavai | ability vary seasona |y
and/ or geogr aphi cal | y?

I nastudy on Northern
Glifonask Rver 3df (see
nap), we studi ed t he seasonal
dynanics of di ssol ved or gani ¢

124°30'

Locat i on nap show ng vat er col umm sanpl ing gri d on the F&/ H ver
Se/f. Ritteberg’'s grayp occyy ed si x shore-perperd cul ar transect s
generdlly taki ng sanwl es every 10 neters fram30to 70 neters.

Qe deegper vater stations vere sanpl ed as vel /. [ata show i n
figures onquosite page are framstati ons aenared wih qoen ci rcl es.

response sanpl i ng fromt he

R nehart astal Research Gen-
ter. Aprinary goal of this study
was to det ernmine the i npor -
tance and seasonal variability of
the DONand DCP pool s. | n ad-
dition, the a kal i ne phosphat ase
enzynatic assay al l oned us to
docunent phosphate linmtation
and phyt opl ankt on’ s use of DCP.

Sormdrivenriver runoff
domnates the Eel Rver Shelf in
wnter and early spring, and up-
vel i ng donminates in summer. I n
spring and surmer of the 1996
fieldseason, DONand DCP com
prised 26 and 38 per -
cent, respectivey, of
thetota disso ved nu-
trient poolsintheva
ter col unm. | n summer,
di ssol ved organi c nutri -
entsinsurfacevaters
often exceeded their in-
organi c counterparts
(topfigure opposite).
The sunmerti ne sur-
face maxi numi n DCP
concentrationtypical ly
coincidedwththe
chl orophyl | - a naxi -
num Chl orophyll-ais
t he doninant phot o-
syntheti c pi gnent of
narinealgaeandis
therefore auseful
proxy for al gal biom
ass. These coi nci di hg
naxi na suggest t hat
bi o ogi cal processes,
probabl y excretion and
m crobi al deconposi -

" tionof organic natter,
areresponsiblefor the
surf ace-wat er DOP
bui | dup i n surmer .

DCP concent rat i ons

di spl ay nar ked sea-

sond variability (bottom
figure opposite). Those observed
duri ng the hi ghl y producti ve
sunmer season exceeded spring

and wnter concentrationlevel s

shel fw de. A though spring and

wnter concentrationlevel s are
sinlar, the source of DOPin

t hese t wo seasons nay be di ffer-

ent. Bdogca productivityis ex-

trendly lowinwnter, anditis

41°15'

41°00'

40°45'

Jayne Doucet te
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nore likely that the DOP present
inthevater colummat thistine
o vear isterrestridly derived,
fromriver runoff. Inspring, fairly
highlevels of chl orophyl | -ai ndii -
cate substantia bidogcd pro
ductivity, and associ ated bid og -
cal processes likely contributeto
the D3P pool . The trends i n DOP
and chl orophyl | -a observed i n
sunmer | eave little doubt that
bidogcd activityisresposib e
for the hi gh DOP concentrati ons
insurface water, andthe | owDP
| evel s deeper inthe water col unm
i ndi cat e that upwel | ed deep wat er
cotansverylittle DO

The presence of the enzyne
al kal i ne phosphat ase, observedin
surfacevaters at sone stationsin
sunmer, indicates that the phyto-
planktonare utilizing DdPtoful -
fill their phosphorus require-
nent, and sustaintheir growth.
Thi s enzyne hydrol i zes DP, pro-
duci ng di ssol ved i nor gani ¢ phos-
phorus (O P, whi ch can t hen be
assi nl at ed by t he phyt opl ank-
ton. Because al kal i ne phos-
phat ase i s an i nduci bl e enzyne,
neani ng t hat phyt opl ankt on onl y
synthesizeit whenthey are
stressedby lovlevdsof DP, itis
avery poverful too for detecting
phosphate | i mitation. The pres-
ence of al kal i ne phosphat ase ac-
tivityinsurfacewaterswth
l owD P and hi gh DOP i ndi cat es
that conditions of phosphate
linntationarepresent inthese
waters. Lhder these ci rcum
stances, the degree to whi ch DOP
can be render ed bi cavai | abl e wi | |
dctatetheleve of productivity
these vat ers can sustai n.

Incoasta areasthat support
highbid ogical productivity, con
centrations of DONand DCOP can
be quite el evated during ti nes of
hi gh producti vity. @ gani sns abl e
to access di ssol ved organi ¢ nutri -
ent pool s whenthe avai l abi lity of
di ssol ved i norgani c nutrients

Summer 1996: DOP @ and DIP © Profiles

Dissolved Phosphorus (micromoles)
0 05 10 15 20 25 0 05 10 15 20 25 0
1 ] J I I I I I 4
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Jayne Doucette

Station C40 Station C30

I
0 5 10 15 20 0 5 10 15 20 0
Summer Chlorophyll-a (micrograms per liter) V¥

Quimer di ssol ved orgarni ¢ phosphorus (OB, d ssdl ved 1 nor gari ¢ phosphiorus (O B, and
chagryll-aprdfiiles for raresataivestaios onthe 8 Rver Se'f. Mtetha

d ssal ved organ ¢ phosplor us exceeds d ssal ved 1 norgani ¢ phosplor us 1 n surface vat ers,
and 't he col nci dernce of the df ssal ved orgarv ¢ phosplior us and chl orqoly! 1 -a naxi na. The
i gh df ssal ved i nor gari ¢ phosplfior us corcerttrat i ons | over 1 the vater col um ref/ ect
ywvelled nurier-rich deewaters, typically observed duri ng the summer ywvel /1 ng
season Hohactivities of Akaline Fiosphat ase (Asse) vere cetected intheparticu ate
fraction neasuri ng nore than O 7 microns (and correspond ng to phyt gol ankt on) from

surface vaters ina nunber of stations auri ng the sunmer season. The A kal i ne
Rospratase activities observedinstations Gllad @aregiveninthe figure

Dissolved Organic Phosphorus (micromoles)
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10
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Jayne Doucette

15 20

Summer Chlorophyll — a (micrograms per liter) ¥

Seasonal di ssal ved or gani ¢ phosphorus profiles for the sane three stati ons showninthe
toppane . Theserdfi/esil/ustratethe seasorda varialr /ity ind ssa ved orgar c
prosphorus concentrati ons and aeoth d st ri bue i ons observed shel fwi ae. The exparnaed
Pcocentrationscal e i ghl 1 gt s t he col ol derce of the surface-vat er naxi na i n

P ard chl orgohyl 1 -a ari ng t he sunmer seasorn.

drops bel owacceptabl e | evel s

w |l be at an advant age under

t hese ci rcunst ances. Qe conse-
guence of seasonal |y evol vi ng
nutrient pool s, such as those ob-
servedonthe Bl Rver Shel f dur-
ingthisstudy, nay beto provoke
ashift inspecies conpositionto
favor organi sns adapted for uti -
l'izing DOPduringthe highly pro-
ducti ve surmer season. Vérk
conti nues on t hese and addi -

tional sanpl es fromsubsequent
crui ses and rapi d response sam
piingtripstothe Eel Rver Sl f
t o addr ess t he nany unanswer ed
quest i ons about di ssol ved or gani ¢
nutrient dynanics, their
bicavailability, andthei r i npact
on coast al ocean ecosyst ens.

Kathl een Ritt enberg i s an Associ -
ate Sientist i nthe Mrine Gemstry
and Geochemi st ry Depart nent .
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that | ocationover that tine period.
Such a devi ce has severa im
portant features. It i s cheap(no
novi ng parts or e ectronics), soit
can be depl oyed i n subst an-
tia nunbersina harbor,
provi di ng suffi ci ent cover-
agetobe useful toa physi-
cal oceanographer. It canbe
tail oredtothe cont aninant
under investigation,
through sel ectionof sdid
phase nat eria s wth spe-
cficproperties. Frdly, the
devi ces can be coupl edw th
sophi sti cat ed shor e- based
net hodol ogi es for anal ysi s.
For i nstance, sanpl es col -
| ect ed usi ng our devi ce can
be anal yzed by i nducti vel y
coupl ed pl asna nass spec-
troscopy, enabl i ng over a dozen
el enent s t o be neasured on a
singl e sanpl . Thus, we can track
variabilityinsevera contam-
nants as wel | as other netal s that
i nfluence bi cavai | abi lity such as
nanganese and i ron.
Mchael Tw ss, a postdoctoral
fell owpartial |y supported by
RORC eval uat ed t he probes for

JUSIPEIS UOIRIIUSIUOD [BISIN 9]IgeT]

g

Bgandsnall visitors enjoyedthe R nehart astal Research
Center’ s annual open house on June 16. RORCi nvesti gators
assentol ed posters on their work, and nany of t hemwere on

neasur enent of copper, zinc,
cadmum and | ead i n harbor s of
Fal routh, M\ San D ego, CA
and Norfol k, VA He showed t hat
i n cont ani nat ed har bors t he
probes yi el d hi ghl y reproduci bl e

Cross Section Through Probe
N

Metal

Jayy wrl 640

196 anisnya

E0)
uisal Bulpuig-fe1s

0.0 0204 06081012141.6
Distance from base of probe (mm)

Theflwof netal intotherabers usedtodetermne the
coxeatraiond “free” neta inthe aqeous evirone.

neasur enent s consi stent wth
neasur enent s of reacti ve net al
speci es by ot her techni ques. The
Gficeof Naval Research, one of
the sponsors of thisresearch, is
particu arlyinterestedin copper,
because it poses an i nport ant
regul atory probl emfor naval in-
stalaions, particdarlyduing
epi sodi ¢ evert s.

RCRC Open House

handtodi scuss coastd researchwthvisitors. Aspecia taste

M Bulk solution
(aqueous environment)

/ Concentration

treat vas ahig, steamngkettle of bl ue nussel s (Mtil us
edul i s) harvested fromthe I nstitution' s “Siubnerged @astal -
Qean Missel Aquacul ture Systemi i n Rhode | sl and Sound.

Severa other groupsinthe
M T-WHJ communi ty have ac-
tiveprograns inthis type of
work, and sone i nteresting col -
| aborati ons nay devel opinthe
future. For exanpl e, Roger
Francoisand B Il Mrtin
(Mari ne Chemistry and
Geochemistry Depart -
nent) are usi ng siml ar
devi ces to obtai n hi gh
resa utionprofiles of
netal s i nsedi nent pore
vaters, and Fhil
Gschwend (M T) and
Rocky Geyer enpl oy a
conceptua |y si ml ar
probe to study organi c
cont aninant s i n har bor s.

| ampl anni ng t o use
t he probes to st udy netal
nobi | i zationin Boston
Har bor and surroundi ng
areas duri ng such epi sodi c events
as conbi ned sewage overfl ows
and dredgi ng activities, wthsup
port fromthe Environnental Pro-
tecti on Agency and i n cal | abor a-
tionwththe Mssachusetts
Vet er Resources Authority.

Jim\effett i s anAssociate i ent
tist inthe Mrine Ghemstry and
Geochenii st ry Depart nent .

Dave G ay
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Nar-shore ocean resear ch of -
ten requi res naki ng t he sane
neasur enent s and t aki ng t he
sane ki nds of sanmpl es needed f or
bl ue vat er research. Because
coastal processes generd |y func-
ti on on conpressed scal es of tine
and space, frequent accessto
oceanresearchsitesisessentia to
coestd scetists vark

The R nehart Gastal Research
Gnter naintains afleet of snall,
out boar d- pover ed, sci enti st - oper -
atedboatsthat areavail -
abl e on request to neet
thi s need. These
trailerableboats dl ow
WD Scientific and Tech-
nca Saf adstudentsto
occupy coastal stations at
al nost any | ocati on on
schedul es dictated by the
research prgj ects.

The fl eet serves a broad
spect rumof needs from
i nstrunent testing and de-
pl oynent tofiel dsurveys,
scuba di vi ng, and the oc-
casi onal rescue of vay-
vard equi prent . Gonsi d-
eraions o cost,
conveni ence, and saf ety
al factor intothe nake-up
and nanagenent of the fleet.

Qe of the RRChoats, Mrt//us,
i S supporting ai r-sea gas exchange
researchinloca vaters. Wti/us
provi des a speedy and easi | y
schedul ed boat for transporting
gear and personnel tothe Buz-
zards Bay Tover (seearticle, page
3. Wt/i/usd soserves as anat-sea
pl atformfor naki ng i nstant a-
neous gas fl ux neasurenents to
conpar e W t h t hose col | ect ed by
tover-insta |l edinstrunents. Inte
gaiond thegasfluxrate, over a
range of space scal es nay be im
portant tothe understandi ng of

by Bruce Tri pp

sone exchange processes, and t he
snal | boets al |l owsci entiststo
sanpl e easi | y and qui ckl y across a
range of sca es.

The RIRCfl eet of sci enti st-op-
erat ed boat s conpl enent s
Ateras, WO'sorigind coasta
resear ch vessel . Aster/asrenains
an essential conponent of the at -
seapart of WO coastal research
and occasi onal | y works i n concert
wththe snal | er vessel s when
prgectscal for twop aforns.

Jay 9sson, Qriszgua an Ga gJovsontest the Qrface
Rocesses [nstrunet Hatform(SA R Ffromiytilus. H Puas
aesi gned by engi neers G enn MLonal d and [on Reters wih

sci et/ sts Vaoe MG/ 11s and John Lacey t o neasure carbon
dodaceaddnetylsuficeverycasetothe seasurfaceinbah
thear avvaer. Recause SHPIA/ovs the sea surface and
ceadesmina wmddstatio it sadvessared thed fficuties
of neasurenent's froml arge boat's, whi ch tend to surge yovard
ad o ve back / nt o t he vaves.

Dave Q nst ead, captai n of
Asterias, works cl osely wth RIRC
staff toensurethesafety of the
snal | boat operationandthe ad-
equacy of operator training In
sone cases, suchaswthair-sea
exchange resear ch, neasure-
nent s nust be nade at tines
when saf ety consi der at i ons be-
cone i ncreasi ngly i nportant such
as under conditions wth col d
tenperat ures or highwnds. A
suchtines, atask that mght nor-
nal |y be perforned froma snal |
out boar d can be acconpl i shed
nor e saf el y and confiortabl y from

Boat s Provi de Access to the Grastal CGcean

Ataias Atarasisdsothedter-
nat i ve of choi ce when t he nunier
of essential personnel increases o
the si ze and wei ght of gear out-
grows asnal | er boat.

A23-fot inflatableZodiacis a
recent newadditiontothe snal |-
boet fleet. It iscurentlyoperated
by the WO Qreanogr aphi ¢ Sys-
tens | aboratory i nsupport of the
coastal observatories onMrtha' s
M neyard and at the Rt gers Mr
rineFeldSation(RMS in
Tuckerton, NJ. Thi s Zodi ac
isusedinloca vatersfor
equi pnent testing and at
t he RWS LEG 15 (Long-
t er mEcosyst embser va-
toryinisneters of wa-
ter) sitefor REMB
depl oynent s and for nak-
ing anci | | ary neasure-
nentsinthefied
(RBMB stands for Re-
not e Envi r onnent al
Moni toring LhitS which
arerobaticdatacdlecting
instrunents.) Asolocdly,
the Zodi ac i s used for
quicktripstoMrtha s
M neyardinsupport of the
desi gn and const ructi on
stages of the observatory's
under wat er node. Qnce t he
Mrrtha s M neyard observatoryis
functional, al o thesnal | -boat
fleet wil servethe at-sea observa
tory research operati on.

Mre detail edinfornation
about schedul i ng and vessel speci -
fications of the RIRCfl eet canbe
found on the RIRCwebsite at :
virwv whoi . edw/ coast al resear ch.

Inall cases, boat schedu ers
attenpt to acconmodat e users’
requests and wl | adj ust sched-
ul es toneet indivi dual needs
wher e possi bl e.
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TANK EXPER MENTS — frompage 1

theinterface between vat er and
air, interna waves propagatein
the body of the oceanduetothe
density stratification They can
be thought of astravelingonthe
inefaces of layers of different
density. Just as surface waves
break as they nove i nt o shal | ow
vater, internal waves nay al so
break as t hey shoal and produce
aninternal surf.

Recent observationsinGlifor-
niashowthat largeinterna tides
canresul t i nthe exchange of
war mi nshore wat er w t h col der
offshorewvater. This dranati c ex-
change brings | arvae of coastal
speci es shoreward and occurs i n
two phases. Frst theinternd tide
transports col der water found at
dept h t ovar ds t he shore, di spl ac-
i ng the war ner near shor e
vater of fshore. Afewhours
later, inthe second phase,
the heavier coldvater re-
cedes offshoreandisre
pl aced by war ner of f shore
surface water. Thiswarm
vater oftenreturns as a
“gaitycurent,” orinter-
na bore. Afront at the sea
sufaceidentifiddeasa
lineparale totheshore
I'i ne nar ks t he boundary
bet ween col d and warm
vater. Thefront isfoll oned
by ather lines, o slicks,
whi ch are surface expres-
sions of theinternal waves
that foll owthe “nose” of
thegravity current. These
surface slicks are character-
i zed by hi gh concentrati ons
of floatingoeris, surf
grass, and vari ous speci es
o lavee

The col d and war msi des
of thefrontsareinhabited
by di fferent assentl ages of
| arvae. To predict which

gravity current nose -/

Atthas Kl O frich /eft, arJesus A neda contetedthe'r 1 vestigati os of | arva
avparticleaccumiarionininera borefronsinanisneter-logtaka the

Hnetart Qastal Research (rter.

|ated and transportedin those
frots, it isnecessarytoestadish
vwhether thelarvaeinthefronts
origi nateinthe col d onshore

SALT WATER

turbulent mixing region

The experi nert begr nis when t he / nvest / gat or s adtl fresh
vater belv nd a tenporary dam and then renove t he damt o
rodice asurge of freshvater adown the/ength of the tark,
simlarmgagaitycurar. Waeagnmngth's evet alos

si de, thewarmoffshoreside, or
bot h. For exanpl e, gooseneck
bar nacl es and ot her cr ust aceans
are abundant i n t he war msi de of
thefronts, arehighly con
centratedat thefronts, and
arerare onthe ca dsi de of
thefronts. This suggests
that theoriginof thefrota
larvaeis offshore. Asthe
fronts propagat e onshor e,
| arvae approachit fromthe
war msi de and accunul at e
at thefront. Howvever, any
accuml ation of |arvae at
thefront requiresthe cur-
rents behindthefront tobe
faster thanthe speed of the
frotitsdf, asituiontha
may onl y occur if vi gorous
mxi ng t akes pl ace at the
frat.

V¢ are currently eval uat -
i ng t he nechani sns of ac-
cunul ationin propagati ng
fronts wth fundi ng from
the Rnehart astal Re-
search Genter. Qur nai n
god istotest theideathat
| arvae and ot her particul ate
natt er accunul at e near the
nose of agravity current.

Jayne Doucette

Jayne Doucette

themt o anal yze t he not / on and accurnl at f on of buoyant
seespacedinthefreshvater toreresat / arvae

types of | arvae are accunu- TANK EXPER MENTS — page 11
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Martha' s M neyard (bservat ory
(onst ruct i on Progr esses

der ground fi ber-optic
cablestolink ashorel ab,

constructed over thewnter, wth
aneteorol ogi cal nast and of f -
shoreinstrunents wereinstall ed
inMy at the newWHd Martha' s
M neyard (nservatory. Wiileit
was possi bl e to | ay upl and por -
tionsof thecableinalongtrench,
an approach cal | ed di recti onal
drilling (seephoto) providedan
envi ronnent al | y saf e net hod of
instalingthecabl e beneathfrag
ilehabtatsontheisland s shore-
linewthout disturbingthem

“Véarevery sensitivetothe
siteandtake every opportunity to
preservethearea,” Frincipa |nves-
tigator JimEdsonsaid. “ V&
wor ked cl osel y wi t h nany | ocal
andstateagenciestogainall the
necessary approval s and pernit s.
& are not di sturbi ng any new
surface areas. Wienthe trenching
addillingareconpl ete, visitors

tothesitewl|l
not see anyt hi ng
but asnal | cover,
about the si ze of
a nanhol e cover,
pratectingthe
under gr ound
junction box t hat
linksthecad es.

They w il d so
seethe

@
<
k=]
1<
ko]
b4
5
i3

Atechmiquecalled “drectiod drilling ” uxervay herein My,

all oved coection of the shore/ab amd ot her observat ory

net er ol ogi cal
nast, where we
plantoput asnal | signexplaning
the doservatory.”

The 25-f oot net erol ogi cal
nast and two of f shor e oceano-
gr aphi ¢ nodes are under con-
struction, andthe observatoryis
expect ed t o be operational by
eaxrlyfal. Researcherswll cdlect
data 24 hours a day and post it
onthelnternet for studies of
coastal neteord ogy, air-seainter-
action, sedi nent transport,

coporets wthot dsturbing frag/ e caastal habitas.

bent hi ¢ bi ol ogi cal processes, and
gestransfer.

The Mart ha’ s M neyard (bser -
vatory is funded by the Nati onal
i ence Foundat i on and cost
sharingfromW. It isacd -
| dborati onof scientists, eng -
neers, and support staff headed
by Edson and Véde MG | | i s,
both Associ ate Sientistsinthe
Appl i ed Qcean Physi ¢cs and Engi -
neeri ng Depart nent .

TANK EXPERI MENTS — frompage 10

Qur experinents mmc the

war mvwat er advanci ng over

col der vater wthalight, fresh
water gravity current novi ng
over heavier saltwater inan 18
net er -1 ong experi nental tank
(see draw ng opposite). The tank,
locatedat RIG isfilledtoa
dept h of about 40 centineters
wthsalt vater. Véinsert adam
at one end of thetank and care-
fullyadd 14 centi neters of fresh
vater ontop of thesalt water be-
hi nd t he damto create a pool of
freshvater. Thi s freshvater pool
i s then seeded w t h buoyant
spheres 4 nil | ineters in di aneter
that serve as crude nimcs of
passi ve, buoyant | arvae. The ex-
perinent begi ns when we re-

nove t he damand t he fresh wa-
ter surges down the tank. M deo
caner as | ooki ng fromt he si de
and top record t he spheres’ no-
tionduringthe surge.

The t apes showt hat parti cl es
ori gi nati ng behi nd t he nose of
thegravity current sweeptothe
nose as the front propagat es
down t he tank, and once t hey
reach the nose they renai n there.
As not ed above, thi s accuml a-
tion occurs because of turbul ent
nmxi ng at theinterface between
thefreshandsat vater. This
i ng causes t he fresh wat er
near thefreesurfacetofl owto-
war ds t he nose when vi ened i n
the franme of t he novi ng nose.
Qe the particles reachthe
nose, their buoyancy prevents
t hemf r ombei ng dr ann down be-

l owthe surfaceintothe nmxi ng
regi on. Hence t hey accumul at e at
thefreesurfacejust behindthe
gravity current nose.

V& ar e pursui ng ot her ques-
tiosrd aedtoinernd tidd
bores. Inthefuture, vew!|l con
duct fiel d observations tocom
parewthour labresults. Further
st udy shoul d el uci dat e t he physi -
cal effects andeco ogica conse-
guences of interna tida bores, a
process wth prof ound yet | argel y
unexpl ored i npl i cati ons for
coasta popul ati ons.

JesUs A neda i s an Associ at e i en
tist inthe VMO B o ogy Depart nent ,
and Karl H frichisanAssociate i -
entist inthe Physica Qeanography
Depart nent .
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