NYSGI-W-86-001 C2
Proceedings of LOAN GOFY GiilY

The Emergency Conference on

“Brown Tide” and

Other Unusual Algal Blooms

Sponsored by: ' October 23 and 24, 1988

+ New York State Interagency Committee on Hauppauge, New York
Aquatic Resources Development

» Living Marine Resources Institule of the Marine Sciences
Research Center, State University of New York at Stony Brook

*  Port Authority of New York and New Jersey

CIBCULATING CO™
Sea Grant Deposites




PROCEEDINGS
OF THE
EMERGENCY CONFERENCE ON "BROWN TIDE"™ AND

OTHER UNUSUAL ALGAL BLOOMS

October 23 and 24, 1686

Hauppauge, New York

Sponsors: * New York State Interagency Committee on Aquatic Resources
Development

# Living Marine Resources Institute of the Marine Sciences Research
Center, State University of New York at Stony Brook

%  The Port Authority of New York and New Jersey

The Conference was funded in part through a federal grant from the Office of
Ocean and Coastal Resource Management, National Oceanic and Atmospheric
Administration under the Coastal Zone Management Act of 1972, as amended.
Federal Grant No.: NA-82-AA-D-CZ068.



TABLE OF CONTENTS

INTBODUCTION ------- tevwr (A RN I B I R RN B A I I S A IR A B A B A B B B B I B B B A RO N R R A 011

October 23, 1986

ABSTRACTS OF BACKGROUND INFORMATION PRESENTATIONS

Characterization of Aureococcus Anorexefferens
Gen, Et Sp. Nov. (Chryscphyceae); The Dominant
Picoplankter During the Summer 1985 Bloom in
Narragansett Bay, Rhode Island
John McN. Sieburth, Paul W. Johnson and Paul E. HargravesS.........04..5

Culture Analysis
Edwa[‘d J. Car‘penter and Elizabeth Ml Cosmr.l.GIOOOOOIOCOQCIOQOOODCODOG

Occurrence and Distribution of the 1985 Brown Tide
in Narragansett Bay
The‘wore JI Smayda'IIIIIIIIII.!.‘.I..I....l.lllII.".“.....'......I.O?

The Distribution and Occurrence of Brown Tide in
New York Waters
Robert NUZZi. oot ininarnesaniacsasnnesnsanssnsassonsanarssassnssassesns 9

Occurrence and Distribution of Brown Tide in New Jersey
Paul olsenc'tl.-l.tl.llalﬂ aaaaaaa 4 % & 4 4 R ErE A l'.'.....'o.t..".‘...10

Meteorologlcal Studies
Scott E. Siddall. ... rvernnensssansnsonensosssnsnascanns staasmnsnaans LA

Impact of the "Brown Tide™ on Shellfish
V. Monica Bricelj and Scott E. Siddall............... P -

Effect of Brown Tide on Eelgrass Distribution and
Abundance: Possible Long Term Impacts
Hilliam c. Denmaonll'..'..l'..lI.Il.ICII..II...III.I.'IIII.'III.Il.l1"

Economic Issues Assoclated with Brown Tides and Simjilar
Environmental Perturbations
James P. Kahn.......... cttearrenn teneann “eraraa 1

Qotober 24, 1986

REMARKS OF NEW YORK STATE SECRETARY OF STATE GAIL S. SHAFFER. .v.eveesaovocsnel]

SUMMARY OF BACKGROUND INFORMATION
Hilliam“l Hiae..ll....l‘.'.....I.‘Il.'I.....".l'.I‘.l.ll...-.l..llll'...zo

DRAFT RESEARCH/MONITORING PLAN
Domld F. Squims-.ollonl.nalloll.ao.no..ocalllo..l..on.o........o..o--.lnza



CLOSING REMARKS
D.m‘ maﬁwskitov.oooo.lt...lD-.-..00.-ln-ooooo...-'-c'..l. lllll ..l'.l‘3u

APPENDICES
co“m' mm‘.I.........l.........Illll..lll.ll....'...t'.
u“wmImsmp‘mc:’ms'............'.....O.ll.lll.“l.ICOOOOA-B




INTRODUCTION



INTRODUCTION

On October 23 and 24, 1986, the Emergency Conference on Brown Tide and
Other Unusual Algal Blooms was held in Hauppauge, Long Island, New York.

Impetus for the conference came from the appearance in 1985 and 1986 of
brown tide algal blooms in Peconic Bay and other bays of Long Island, New York,
and in Narrasgansett Bay, BRhode Island, as well as an intensification of a
similar bloom in Barnegat Bay, New Jersey. These blooms had serious ecological
and economic effects in two of the states: in Rhode Island, the bloom was
blamed for a severe mussel die-off; while in New York, the effect of two years
of bloom incidence in Peconic Bay effectively destroyed the bay sScallop
population, a commercially valuable resource. Additionally, eel grass, a
crucial element Iin seashore ecosystems, was severely affected by the blooms.

The specific purpose of the conference was to bring together scientists,
mostly from the affected states, with expertise in a variety of relevant areas,
and representatives of 1nvolved government agencies, to discuss the possible
causes and effects of the brown tide and other blooms, and tc formulate a
coordinated research/monitoring plen needed tco understand and respond more
effectively to such phenomena in the future.

The first day of the conference was attended only by members of the
research community, and was devoted to the exploration and evaluation of the
sclentific 1issues involved. Governmental agency representatives Jjoined the
neeting on the second day, for discussions on how best to develop, coordinate
and implement socientific programs and projects addressing these algal blooms.
The conference agenda 1is attached in the appendix along with a list of the
conference Invitees and participants.

The conference was sponsored by the New York State Interagency Committee
on Aquatic HResources Development in association with the Living Marine
Resources Institute of the Marine Sciences Research Center, State University of
New York at Stony Brook, and the Port Authority of New York and New Jersey.
The Interagency Committee, chaired by Secretary of State Gail S. Shaffer, is
comprised of the New York State Department of State, the N.Y.S. Urban
Development Corporation, the N.Y.S. Department of Environmental Conservation,
the N.Y.S. Department of Commerce, the N.Y.S. Department of Agriculture and
Markets, and the N.Y.S3. 8Sea Grant Institute.
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CHARACTERIZATION OF AUREOCOCCUS ANOREXEFFERENS GEN. ET SP. NOV.
(CHRYSOPHYCEAE); THE DOMINANT PICOPLANKTER DURING THE SUMMER
1985 BLOOM IN NARRAGANSETT BAY, RHODE ISLAND

John McN. Sieburth, Paul W. Johnson and Paul E. Hargraves
Graduate School of Oceanography
University of Rhode Island Bay Campus
South Ferry Road
Narragansett, Rhode Island 02882-1197

A Dbloom of a golden alga, 2 um in diameter, at populations of one billion
per liter was associated with a general anorexia in filter feeding animals and
a marked mortality in the blue mussel Mytilus edulis. This picoplankter lacked
a flagellum or any other morpheological feature useful in discriminating it from
other similar sized forms with either phase contrast or epifluorescence
microscopy. Natural populations of picoplankton obtained from the height of
the bloom until its decline, when examined in thin section with transmission
electron microscopy, implicated a cell with a single chloroplast, nucleus, and
mitochondrion and an unususl  exocellular polysaccharide layer. The
ultrastructure of this alga 1s consistent with that of the Chrysophycege, and a
new genus and species, Aureococcus anorexefferens is presented. Cells of A.
anorexefferens with virus particles occurred throughout the bloom, while both
achlorplastidic and chlorplasidic¢ phagotrophic protists capable of grazing this
alga, only became frequent when the bloom waned and minute diatoms also become
common. Populations of the usually dominant photosynthetic picoplankters, the
cyanobacteria, were depressed during the bloom. Attempts to grow this
previously undescribed picoplanktonic alga as an obligate phototroph failed,
and only yielded cultures of previously described micrcalgae. Causes for the
dominance of this species in the summer of 1985, as well as conditions required
for its culture, are unknown.




CULTURE ANALYSIS

Edward J. Carpenter and Elizabeth M. Cosper
Marine Sciences Research Center

State University of New York at Stony Brook
Stony Brook, New York 11794-5000

During the summer of 1986 attempts were made to isolate the Long Island
"brown tide"™ alga into culture. A successful culture was made from material
collected from Great South Bay on June 6th. We compared light and electron
nicroscope sections of field samples from the bloom with those from cultured
material. The bloom organism could be discerned from other similar sized (2-3
um) species (ecyanobacteria, small diatoms, etc.) using fluorescent stains and
epifluorescent miscroscopy. These observations indicated that through the
summer the bulk of the phytoplankton biomass in Great South Bay and other
coastal embayments on Long Island was a chrysophyte, similar to the bloom
species in Narragansett Bay during the summer of 1985, Aureccoccus
ancrexef ferens. Electron microscope studies on the cells in culture have
indicated that the isolate is also similar to A. anorexefferens.

The isolate exhibits fast growth rates, as high as three divisions per day
at 20 degrees Centigrade. Growth is more rapid in enriched filtered seawater
collected from bloom areas as compared with enriched artificial seawster. This
suggeats that there are either growth factors present in the natural seawater
in which blooms formed or that some inhibitory substance is in the artifiecial
seawater.

Isolating this small phytoplankton species into culture is an important
step in allowing us to understand factors which promcte recurrent blooms of
this organism over wide and non-contiguous coastal areas. In addition, an
underatanding of the life cycle of this species will be critical in suggesting
control measures. Research on these factors is now being planned.



OCCURRENCE AND DISTRIBUTION OF THE 198%
BROWK TIDE IN NARRAGANSETT BAY

Theodore J. Smayda
Graduate School of Oceancgraphy
University of Rhode Island
Kingston, Rhode Island 02881

The "brown tide"™ development was evident in early May 1985 at the
permanent station sampled weekly in lower Narragansett Bay near Fox Island.

Beginning on July 25, 1985, coverage of this bloom event in lower
Narragansett Bay was extended baywide to weekly analyses at 7 stations
extending from the Providence River to the Jamestown Bridge. This study was
initiated at the request of the Rhode Island Department of Enviromnmental
Management. This study has continued to evaluate potentially anomalous
plankton dynamics during the 1985 winter and 1986. The following observations
are being made at three depths at each of the seven stations: temperature,
salinity, NO3, NH4, PO4, 5102, chlorophyll, ATP-carbon, phytoplankton species
composition and abundance, and nitrate reductase activity. Water column light
transmission is also measured, and a sample pooled from the 3 sampling depths
is used to determine carbon-ii-based primary productivity at 5 light levels. A
zooplankton net tow i1s made to determine zooplankton and benthic larvae species
composition and abundance, dry weight, carbon and nitrogen; ctenophores are
also collected to determine their abundance in 4 different size classes.

The principal findings to date are:

1. Major "brown tide" bloom abundance occurred in Greenwich Bay and
extended into lower West Passage. Abundances in upper Narragansett

Bay (north of Patience/Prudence Islands) were lower. Up to 1.2
billion cells per liter were found.

2. A significant bloom of red tide dinoflagellates co-occurred with the
"brown tide" north of Patience/Prudence Islands.

3. Maximm abundance occurred in nutrient-poorer waters; hence, the
fhrown tide® bloom does not suggest & response to eutrophication.

4, The causative species grew at divisicon rates of about 1 doubling per
day.

5. The normal summer diatom flora and the flagellate Olisthodiscus
luteus were insignificant.

6. The "brown tide"™ began to collapse in September prior to Hurricane
Gloria. In situ events, therefore, rather than washout, appeared to
be responsible for its decline and disappearance.

T. Following the demise of the "brown tide", an extensive, prolonged
bloom of Euglenids occurred throughout Narragansett Bay. This bloom
was also extremely anomalous relative to the historical phytoplankton
data set. 8. By November 1985 the euglenid bloom terminated
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throughout the Bay.

The winter-spring diatom bloom began in December. Its species
composition, sbundance and dynamics were quite normal relative to
previous years in contrast to the ancmalous summer "brown tide" and
euglenid blocas.

Ctenophores, which normally disappear in October, persisted
throughout the winter in high numbers; notably, north of Patience/
Prudence Islands. Zooplankton populations were more or less normal.

A significant die-off of the edible mussel Mytilus edulis occurred
during the "brown tide", accompanied by serious impairment of
fecundity prior to mortality. Zooplankton grazing was also reduced,
as was their fecundity, in experiments.

Failure of the scallop population in local coastal salt ponds, where
the *®brown tide®™ also bloomed, alsoc occurred. In contrast, the

quahog Mercenaria mercenmaria appeared quite hardy based on its
"ocondition index".

Several other inimical ecosystem effects appeared to have occurred .
based on anecdotal observations, but these require validation.

Two aerial [flights revealed that the "brown tide®™ bloom continued
into Rhode Island Sound, contrailed around Bloek Island Sound,
continued to Montauk Point and then extended along the southern Long
Island shoreline. ’

A shortalived "brown-tide™ development re~cccurred in May 1986, but
failed to develop and collapsed scon after.



THE DISTRIBUTION AND OCCURRENCE OF
BROWN TIDE IN NEW YORK WATERS

Robert Nuzzl
Bureau of Marine Resources
Suffolk County Department of Health Services
County Center
Riverhead, New York 11901

Microscopic analysis of water samples collected from Suffolk County's
south shore bays and from the Flanders-Peconic~-Gardiners Bay system during
1985-86, and aerial surveillance in both years revealed the occurrence of brown
watera from May through September. The causative organism, which appears to be
identical to the Chrysophyte Aureococcus anorexefferens described by Sieburth
et al., was widely distributed throughout the bays.

Differentiation of the diatom Minutocellus polymorphus, which was found in
many of the samples but never assumed dominance, waa possible with careful
microsoopic obaservation.

A smaller (less than 2 micrometers) organism, likely a c¢yanobacterium,
appeared during the latter stages of the bloom. As differentiation of this
organism from A. anorexefferens, using phase microscopy, has proven difficult,
it is hoped that future monitoring can inelude the use of an epiflucrescent
systenm.



OCCURRENCE AND DISTRIBUTION OF
BROWN TIDE IN NEW JERSEY

Paul Olsen
Divislon of Water Reaources
New Jersey Department of Environmental Protection, CN0O29
Trenton, New Jersey 08625

Brownish or yellowish-brown colored water attributable to algal blooms has
become conspicuous over the past two summers (1985-1986) in the New Jersey
intracoastal aysten. Blooms apparently began in June in Bamegat Bay, a
relatively shallow barrier-island embayment with a lack of tidal flushing and
with extensive development around its shoreline; from there the bloom(s)
extended southward at least to Great Egg Harbor. The brownish water persisted
through September with peak cell concentrations in August exceeding 1,500,000
per milliliter. = Thé species responsible, having coccoid cells approximately 2
um in diameter, under 1light microscopy could not be distinguished from
Aureococcus anorexefferens, as described by Sieburth et al, or Nannochloris
atomus Butcher, N. atomus has been dominant in the region, responsible for
the recurrence of greenish-colored water in Raritan Bay and adjacent New York
Bight apex waters and, in 1985, was' detected offshore and subsequently
southward along shore to Cape May County. (The Hudson/Raritan estuary and
adjacent N.J. northern coastal waters also have long .been affected by
phytoflagellate red tides, of several species, for which we have monitored;
the ascuthern N.J. shore, recently by brilliant green tides of Gyrodinium
aureolum, which were the subject of our study in 1986.) There was some evidence
of washout or overlap in the vicinity of tidal inlets, where a distinet color
contrast was observed between the intracoastal brown water and coastal green
bloom water. Depletion of our shellfisheries is apparently not a problen,
since our primary resource in the bay system is the hard clam (Mercenaria sp.)
which 13 not as affected as other shellfish; however, shading may have sone
adverse effect on the eelgrass and local sport fishing.
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METEOROLOGICAL STUDIES

Scott E. Siddall
Marine Sciences Research Center
State University of New York at Stony Brook
Stony Brook, New York 11794-5000

The regional nature of the picoplankton blooms of 1985 and 1986 suggest
that regional envirommental features such as short-term weather patterns or
long-term climetological trends may have directly or indirectly promoted the
blooms. Two types of climatological records have been examined to date:
long-terx reocords (1827-1985) with low resolution in time (monthly) applicable
to Long Island as a whole, and short-term records (1984-1986) with daily
resolution applicable to five stations adjacent to the Peconic-Gardiners
estuary (Bridgehamptoh, Brookhaven National Labs, Greenport, Patchogue, and
Riverhead). Parameters being examined include air temperatures, precipitation,
insolation, summer wind velocities and the Palmer Drought Hydrological Index
(calculated by the National Climatic Data Center). The objective of these
initial studies is to estimate aimple correlations between events and trends in
the meteorological record and the appearance and disappearance of the blooms.
No attempt 13 being made tc deseribe the possible mechanisms linking = weather
and bloom events but the information may indicate appropriate areas for further
study.

The study to date indicates that 1984 was the wettest year on record for
Long Island and that 1985 was the second driest year. Moderate drought
conditions have peraisted through August, 1986. There is a consistent (but
statistically insignificant) correlation between reductions in bloom cell
concentrations and rainfall one to four days preceding. While the 1986 bloom
first appeared at different times throughout the Peconic-Gardiners eatuary,
cell concentrations at zll stations monitored by the Suffolk County Department
of Health Services were reduced for the first time following a period of
rainfall in late June, 1986, however the period of time from precipitation to
cell reduction was too long to be acocounted for by simple runoff or groundwater
effects. It is possible that the frontal system which spawned these rains had
other effects on such parameters as flushing in the estuary, a topic which
these metecrological studies indicate is of principal comcern.
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IMPACT OF THE "BROWN TIDE™ ON SHELLFISH
I

V. Monica Bricelj
Marine Sciences Research Center
State University of New York at Stony Brook
Stony Brook, New York 117945000

Bay scallops, Argopecten irradians, have been the commercial species most
severely impacted by the "“brown tide"™ in New York State waters. This is
attributable to the scallops' short life cycle and unique feeding biology.
Aureococceus caused recruitment failure of the 1985 year class, and 76%
reduction in mean muscle weights of adults {1984 cohort) in the Peconic
estuary. Post-spawning survivors of the 1985 bloom showed remarkable recovery
in tissue weight after the bloom receded in the fall, suggesting that the
impact of the bloom is age/size specific. Adult scallops also showed an
approximately two month delay in the winter perliod of mass natural mortality,
so that it is estimated that 30% of the population could have potentially
survived to a second spawning in 1986. Natural recovery of stocks was
precluded however, by reappearance of the bloom in the summer of 1986.

Pctential nmechanisms explaining the impact of the blcocom on shellfish
include: poor retention of small (less than 5 um) particles by the animals!'
feeding apparatus toxicity effects, poor nutritional quality of Aureococcus
and/or inefficient feeding at high algal densities. Our laboratory grazing
studies wusing field collected water samples demonstrate that bay scallops
retain the =algas with low efficiency (ca. 31%) relative to blue mussels (ca.
585 retention efficiency). Low retention efficiency is, however, insufficient
to account for the effects observed, given the high algal densities present
during the bloom. Other hypotheses are currently being tested using scallops
and mussels as test organisms.

Physiological data obtained 1n the laboratory can be lntegrated using the
energy budget equation, in order to predict the age-specific effects (e.g.
rate of weight loss) experienced by shellfish at field algal concentrations.
This information would be useful to hatchery operators and fishery managers,
e.g2. 1n assessing the need and benefit of temporarily transferring stocks from
impacted to unaffected areas, or in selecting the optimum size of animals for
transplant programs.

Il

Scott E. Siddall
Marine Sciences Research Center
State Univeraity of New York at Stony Brook
Stony Brook, NY 11794-5000

The major economic impact of Long Island's picoplankteon blooms was felt by
the area's multimillion dollar shellfisheries. Landings in the hard c¢lam
fishery of Great South Bay were depressed temporarily as meat weights of this
species dropped as the animals starved during the peak of the 1985 bloom. The
longevity and reproductive adaptations of the hard clam prevented the bhloom
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from having any long-term impacts on the fishery. Cultivated oysters being
grown to market size in the Peconics-Gardiners estuary did not fare as well
with as much as one million dollar losses reported following high mortalities.
The bay scallop's unique reproductive strategy - to grow rapidly, to mature
very quickly and to spawn only once before dying - is particularly lethal in
the face of such widespread envirommental perturbations, and in fact Long
Island's bay scallop landings have been virtually wiped out along with nearly
all of the reproducing population of scallops which could rebuild, albeit
slowly, harvestable stocks.

While only adult bay scallops are harvested, it is the bay scallop larvae
which are the crucial weak link in the perpetuation of harvestable stocks.
Adult and even juvenile scallops can withstand brief periods of starvation
without dying, yet the minute larvae must feed effectively during their short
planktonic 1life in order to survive and grow to the point where they can
metamorphose into juveniles. In the presence of the 1985 bloom, virtually all
bay scallop larvae in the Peconic-Gardiners estuary died prior to settlement
and metamorphosis into juveniles. This represents a complete failure of larval
recruitment ir 1985. Unfortunately, larvae produced by the few surviving two
year old adults 1in 1986 faced a similar bloom and did not survive either.
Therefore twoe consecutive year classes of bay scallops have been lost as a
result of the bloom. Without the hatchery-based scallop replenishment programs
being conducted by state, county and local town officials, it is likely that
the bay scallop Tfishery would require several years to recover based on the
reproduction of the now extremely rare surviving adult scallop.

The same underlying mechanisms proposed as causes of mortalities in adult
scallops are being investigated as causes of larval mortalities. There is no
theoretical reasom why a bivalve larva could not capture such very small
phytoplankton cells, however the bloom species might lack specific nutrients
essential for larval growth and survival, or possess a structural feature which
impedes digestion, or produce a toxic metabolite. It is also possible that bay
scallop larvae are not adapted to deal with very high cell concentrations,
however short-term absorption efficiency experiments and longer-term growth
studies (using M. polymorpius isolated from the 1985 bicom) indicate that the
larvae can handle cell concentrations as high as 2 million cells per
milliliter. Studies of Aurecoccus annorexefferens as food for larvae are
needed.
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EFFECT OF BROWN TIDE ON EELGRASS DISTRIBUTION AND ABUNDANCE:
POSSIBLE LONG TERM IMPACTS

Williem C. Dennison
Marine Scienoces Research Center
State University of New York at Stony Brook
Stony Brook, New York 11794-5000

Light attentustion by dense algal blooms (“brown tide®) during 1985 and
1986 has dramatically reduced the distribution and abundance of eelgrass
(Zostera marina) in Great South Bay and the Peconic Bays. The maximum depth
that eelgrass can survive 1s roughly equal to the Secchi diso depth, and bloom
conditions have resulted in Secchi depths less than 1 meter. Underwater
surveys have confirmed that the maximum depth penetration of eelgrasa has been
reduced, translating into large areas of bay bottom which cannot support
eelgrass growth. These eelgrass declines have profound and long-ranging
ecological impacts in the ooastal ecosystenm. Eelgrass meadows influence
sedimentation patterns, nutrient cycling and water flow, and provide crucial
habitats for shellfish (e.g., bay scallops) and Juvenile fish. Natural
recolonization rates of eelgrass are relatively siow and ful)} recovery from a
massive decimation could take many years. The possibility of preventing an
algal bloom is remote, yet prevention of long-term effects due to 1loss of
eelgrass meadows may be possible. Scallop reseeding efforts can be enhanced if
located in eelgrass meadows, and reestablishment of eglgrass can be enhanced
with eelgrass transplants. In conclusion, 1) massive decimation of eelgrass
meadows have ocourred, 2) loss of eelgrass affects subtidal communities (e.g.,
bay scallops), and 3) adversive effects of the bloom can be mitigated with
eelgrass surveys and transplants.




ECONOMIC ISSUES ASSOCIATED WITH BROWN TIDES
AND SIMILAR ENVIRONMENTAL PERTURBATIONS

James P. Kahn
Department of Economics
State University of New York at Binghamton
Binghamton, New York 13901

One of the primary problems assoclated with the determination of the
economic impacts of the "brown tide"™ is a lack of information. This 1s a
problem both from an ecological and economic perspective. Specifically, before
any economic T"bottom lines"™ can be reached, information must be developed on
the causes and ecologic consequences of brown tides, and we must also be able
to predict how people will react to the change in the quality of the marine
environment.

The need for this stems not from mere academic curiosity but from
practical policy perspectives. If research shows that it is possible to
prevent brown tide or to mitigate its damages, then policy makers must be able
to determine whether the benefits of such actions exceed their costs.

From an economist's perspective, an area where preliminary research must
be done 1is in the modelling of behavioral responses to changes in marine
environmental quality. For example, in order to ascertain the economic losses
from the destruction of bay scallops, one must know more than just the effect
on the market for bay acallops. There may be indirect effects as well on other
markets. For example, it 18 necessary to be able tc predict what the displaced
fishermen will do, as one possibility is that they might fish other fisheries
mere intensely, causing depletion of those stocks and lowering other
fishermen's income. Alternatively, they may leave fishing altcgether. Similar
types of behavioral models need to be estimated for recreational users of the
marine resources. For example, if the Peconic Bay systems waters remain a
muddy brown in color, how will tourists respond? Will their activities merely
transfer to ocean beaches, 3o the Peconic Region's losa will be the South
Shaore's gain, or will there be a net reduction in tourist activities in
general? It is important to examine these changes in the context of a system
S0 that it is possible Lo determine both the direct and indirect effects of the
ecological change and so that one can distinguish between transfers of economic
benefits and net losses of economic benefits.

In addition to these detailed models of the economie behavior of the users
of the marine resources, it is necessary to develop detailed models of the
regional economies so that one can predict the ripple effects of changes in
expenditures on resource related activities. In the development of these
models, it may be possible to build upon existing models such as the Port
Authority's input-output model of the New York metropeolitan area.
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Good morning, ladies and gentlemen. To our guests from other states I extend a
warm welcome to New York and greetings from Governor Mario M. Cuomo. On
behalf of the cosponsors of this conference, I offer our appreciation to all of
you == distinguished scientists and Federal, State and 1loeal government
representatives -- for joining us today.

Let me give you a little background on the genesis of this conference. The
primary driving force for us in New York is, of course, the "brown tide". In
its most grave manifestation, the algal bloom effectively wiped out the scallop
population in the waters of Peconic Bay in 1985 and tock its toll of newly
transplanted bugs this year. These events have had serious effects on the
fishing industry, one already hard hit by new regulations banning the
harvesting of satriped bass. The news headlines tell it all - "Baymen Face
Toughest Winter" and "Long Island Fishing on Disastrous Times". You will also
hear today of other posible negative impacts of algal blooms.

Those events were occeurring as we at the state level were responding to a
recognition by Governor Cuomo of the desirability of increasing New York's role
as a fish producer. As a result of our disgussions, the New York State
Interagency Committee on Aquatic Resources Development has been formed. In
addition to myself as chair, the members include Commissioner Henry G.
¥Williams of the Department of Environmental Conservation, Commerce Commissioner
Ronald J. Moss of the Department of Commerce, Commissioner Joseph Gerace of
the Department of Agriculture and Markets, and Vincent Tese, Fresident of the
Urban Development Corporation, as well as Bruce Wilkins, Acting Director of the
New TYork State Sea Grant Institute. The principal goals of the Committee are:
to assure the existence of abundant aquatic resources for lomg-term balanced
use and public benefit; to enhance economic development within the aquatic
resources industry; and, to eliminate barriers to economic growth in the
industry and ensure long term maintenance of the aguatic resources base.

When the brown tide struck again this summer, the Committee decided rapidly
that this phenomencon must be addressed. As we started ocut on the venture, we
had 1in mind a local meeting, one devoted solely to the interests of our state.
However, as we cast our nets for scientific and agency expertise to assist us,
other brown tide events in Barnegat Bay, New Jersey and in Narragansett Bay,
Rhode Island were revealed to us by some of the participants in today's
session, Further, speculation arose that New Jersey's "green tide", may be
part of a larger problem. Thus, encouraged by scientists and federal and state
agency representatives in Massachusetts, Rhode Island, Connecticut and New
Jersey, the Committee has no difficulty in expanding the purview of the
Conference to encompass both a regional perspective and other unusual algal
blooms.

The Committee was also pleased to be able to expand the support for this effort
by having our eminent cosponsors join us: the Living Marine Resources
Institute of the Marine Sciences Research Center at Stony Brock, and the Port
Authority of New York and New Jersey. I thank these two bodies for their
contributions to achieving the Conference's goals.

What are the goals of this conference? First, to give the research community a
forum for the presentation and discussion of scientific data on algal blooms
and for the formulation of a research and monitoring plan. I understand that
the distinguished experts worked long and hard yesterday well intc the evening.
We governmental policy makers and administrators eagerly look forward to
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hearing the results of your labor this morning. Let me congratulate all of you
for your diligence and persistence. I particularly want to recognize the
speakers and moderators in both yesterday's and today's sessions. Your
willingness to undertake the job of edifying and guiding us is greatly
appreclated.

The secomd goal of the Conference is to review the recommendations of our
scientific colleagues, and to discuss how we in government can best develop,
coordinate amd implement scientific and other programs and projects to deal
with the brown tide and other unusual algal blooms. Without unduly influencing
the outcome of your deliberations, I hope you will agree that, in an era of
scarce resources at all levels of government, we must constantly seek to
maximize the return on our investment in research and resource management.
Through this Conference, I ask you to consider also how we can attain the
widest possible flow of benefits from these investments. By this I suggest
perhaps helping to develop a way to continue our dialogue on the algal bloom
phenomena so that sclentific findings and research and management decisions in
this area are widely communicated and, where possible, integrated, more
effectively. How this might be done I leave to your discussions.

A recent article in The Wall Street Journal opened with the statement, "Algae
don't get much respect®™. Let me say now that this Conference has the most
profound respect for algae and that we intend to leave here today with an
agenda for action which reflects that position.
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SOMMARY OF BACKGROUND INFORMATION

William M. Wise
Living Marine Resources Institute of the
Marine Sciences Research Center
State University of New York at Stony Brook
Stony Brook, New York 11794

[What follows i3 a summary of current information on the "brown tide"
phenomenon as presented on the opening day of the conference. Not all those
individuals investigating aspects of the brown tide made presentations at the
conference. An attempt was made to include in this summary the important
aspects of work not reported on, although this proved difficult because little
of the research on the brown tide has been published in the open literature.]

Introduction

The brown tide phencmenon is caused by a rapld increase in the abundance
of one species of phytoplankton. Phytoplankton are minute, single-celled
plants that drift passively 1in marine and fresh waters. Phytoplankton
constitute an important element of the inshore marine food web, utilizing
carbon dioxide and various salts (nutrients) dissolved in seawater to build up
their protoplasm amd food reserves and passing this energy along to other
trophic levels in the marine food web, particularly the zooplankton and the
community of bottom.dwelling, or benthic, organisms. There exists a normal
seasonal oycle of phytoplankton abundance in which blooms of varicus apecies
are triggered by variation in environmental parameters such as photoperiod, sea
temperatures, seawater nutrient concentrations, and internal mixing of the
water column. In the areas in which it has occurred, particularly on Long
Island, the brown tide has clearly represented an aberration in this normal
cycle of phytoplankton abundance, invelving the dominance of phytoplankton
populations by a single species in large bodies of water over extended periods
of time, with yet-to-be-determined ecologic and economic consequences.

University research on the brown tide phenomenon has been conducted mainly
at the Marine Sciences Research Center (MSRC) of the State University of New
York at Stony Brook through its Living Marine Resources Institute, and at the
University of Rhode Island's Graduate School of Oceanography (URI). Only
modest financial support has been available for brown tide research.
Monitoring programs to track the abundance and distribution of the brown tide
or other unusual algal blooms have been established on long Island by the
Suffolk County Department of Health Services, and in New Jersey by the State
Department of Environmental Protection in c¢ooperation with the U.S.
Environmental Protection Agency and the National Marine Fisheriezs Service.
Through the combined efforts of agency and university scientists, the bedy of
information relevant to understanding the causes, i1mpacts, and potential
control of the brown tide remains small but is growing. However, hypotheses
still greatly outnumber facts, and the significance of these few facts is
generally not well understood. Larger and more sustained financial support
than has hitherto been available will be required to develop research programs
capable of answering the salient questions surrounding the brown tide.
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Distribution/Oceurrence

The brown tide, or phytoplankton blooms that appeared very similar to the
brown tide, has been identified as occurring in the following areas and
waterbodies:

Rhode Island Narragansett Bay

New York Great South Bay, Moriches Bay, Shinnecock
Bay, Peconic Bays system

New Jersey Bamegat Bay

In Narragansett Bay and the bavys on Long Island, brown tide blooms first
appeared in May 1985 and persisted throughout the summer, dissipating by early
fall. Coastal New Jersey waters have regularly experienced blooms of brownish
phyteplankton for the past decade, although the phenomenon appeared to
intensify in 1985, especially in the waters of Barnegat Bay. In 1986, the
bloom reappeared with the same intensity and geographic range as in 1985 in
Long Island and New Jersey waters, but not in Narragansett Bay, which
experilenced much less severe brown tide conditions in 1986.

In 1986 in Long Island waters and in 1985 in Narragansett Bay, from its
first appearance in May the concentration of the bloom built rapidly to a June
peak, declined somewhat, rebounded to a second peak, and then gradually
declined through September. By October the event was effectively over.

Cell counts at the peak of the brown tide bloom range from 1,000,000 to
4,000,000 cells per milliliter. Cell counts of a normal, mixed phytoplankton
assemblage in these waters range from 100 to 10,000 cells per milliliter.

Classification/Identification

The predominant organism responsible for the brown tide is a amall (2-3
micron} chrysophyte assigned to a new genus and species, Aureococcus
anorexefferens, by Dr. John Sieburth at the University of BRhode Island
Graduate School of Oceanography. Among the identifying characteristics of
Aureococcus are 1ncluded an extracellular polysaccharide layer, cup-shaped
chloroplasts, and a frequently-irregular shape. The species apparently has no
flagellum. Electron microscopic analysiz indicates that this organism is
responsible for the brown tide events in Narragansett Bay and Long Island
waters. Pigment analysis on cultured material from Long Island confirm that
the organism is a chrysophyte, a small class of phytoplankters that only
recently has begun to attract attention from merine scilentists.

Aureococcus from Rhode Island waters was consistently infected with
viruses, whose role, 1if any, in the growth dynamics of the organism are
unknown, At no time have Long Island isclates of Aureococcus been observed to
have associated viruses.

Aureoccoccus is a member of the smallest fraction of the phytoplankton, the
picoplankton. Discrimination between it and other phytoplankters of similar
slze and shape, such as small diatoms and cyanobacteria, can be difficult with
standard microscoplc techniques such as phase microscopy. Improved techniques
are required for the easy and efficient identification of the brown tide
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organism. Development and perfection of an immuno-epifluorescent staining and
examination technique offers great promise in this area. Definitive
identification and ultrastructural analysis of phytoplankters the size of
Aureococcus requires the use of the electron microscope.

Field Studies

Carbon-14 incubations in Great South Bay and the Peconie Bays during peak
summer bloom conditions in 1986 indicated turnover times of from 3 to 8 hours,
but chlorophyll concentrations that were not greatly elevated (15-26 ug/ml).
Moreover, except for the tremendous initial spurt of growth in early June,
phytoplankton biomass 1levels 1n bloom-infected waters of Long Island were
relatively constant until the decline began in late July. This suggests a high
level of grazing by zooplankters.

Field studies of the onset and progression of the brown tide in
Narragansett Bay and eastern Long Island waters indicate some similarities and
some differences. In Narragansett Bay in 1985, the Aureococcus bloom was
synchronous with, and somewhat superimposed on the normal summer succession of
phytoplankton in the bay. Blooms of euglenids and dinoflagellates occurred at
the same time as the Aureococcus bloom, although there was evident spatial
separation. During brown tide events on Long Island, Aureococcus was the
dominant species (both in numbers end in volume) to be found in the
phytoplankton, although the similar-sized diatom, Minutocellus polymorphus, was
occasionally present, particularly late in the summer of 1985, but generally
constituting less than 10% of the total number.

No conclusive evidence exists that would 1link initiation and/or
progression of the brown tide to anthropogenic eutrophication of impacted
waters. Field work in 1985 in Narragansett Bay by the University of Rhode
Island found the abundance of the brown tide organism to be negatively
correlated with nutrients and other measures of eutrophication. Nutrient data
for New York waters have not been worked up as of this workshop. This may
suggest that some unidentified micronutrient, vitamin, trace metal, ete., may
play a major rele in the onset and maintenance of the brown tide. Recent work
at the Marine Sciences Research Center, SUNY at Stony Brook indicates that
organic phosphorous may be capable of stimulating growth of Aureococcus.
Additional work on the growth requirements of this species is reported on in
the Lab Culture Studies section below.

There is speculation that one trigger for the brown tide phenomenon may
lie in a disruption in the grazing pressure exerted on the smaller-sized
phytoplankton by small flagellates, small ciliates, tintinnids, and other
micro-zooplankton. Field work in Narragansett Bay in 1985 indicates a relative
absence of zcoplankton predators at the time the Aureococcus bloom began.

Lab Culture Studies

Controlled experimentation using cultured stocks of Aureococcus are
necessary to identify the environmental conditions required for this species?
accelerated growth, It has proven a difficult organism to culture. The
species was successfully established in laboratory culture by scientists at
MSRC in June 1986, using both Instant Ocean and natural seawater from Great
South Bay, each enriched with f/2 nutrients. Under both high and low light
levels, initial rates of division as high as 3x/day were recorded, subsequently
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slowing to a rate at which the cultures sustained themselves. Normally an
excellent media for culturing phytoplankton, the enriched Instant Ocean
consistently supported less rapid growth than did the Great Scuth Bay water,
agaln suggesting that an unidentified micro~constituent present in the natural
seawater is required for exceptional growth of Aureococcus.

The cultures are now maintained in volumes of 100 milliliters and will be
scaled wup to 2 liters. The cultures are unialgal but not axenic. Ridding the
system of asaociated bacteria will permit a c¢learer evaluation of the
physlological growth response of the brown tide organism to a variety of
environmental conditions, 1ncluding nutrients, salinity, temperature, light
intensity, etc. These experiments are underway.

Climatological Effects

The broad geographic extent of the brown tide phenomencn has suggested to
many that meteorologic foreing is important in stimulating the bloom, although
research thus far has been limited to Long Island.

Preliminary examination at MSRC of Long Island rainfall data reveals that
1984 was one of the wettest years on record, while 1985 and 1986 were unusually
dry compared with average rainfall in the 1949-1984 period. These anomalies do
not appear to correlate well with bloom density, except that in 1986 the
initial decline of the bloom at all stations monitored in the Peconic Bays
began 1-2 weeks after a significant rainfall event. This time lag is
substantially longer than the 2-3 days after which runoff from a rainstorm
would be expected to influence conditons in inshore areas.

Trends in precipitation are probably indicative of large scale
meteorological events which could be related to the bloom. While examination
of possible rainfall/runoff impacts continues, other mechanisms by which
meteorologic events could contribute to the brown tide are being examined. One
such mechanism is the increased flushing and mixing of inshore bays brought on
by changes i1n the hydrodynamic exchange between the ocean and bays as a result
of the passage of meteorologic systems through the region. These systems have
been demonstrated to force water up onto the shelf, raising tidal elevations
along the shore for as long as a week. This results in a long-period exchange
being superimposed on the normal astronomically-driven tidal exchange between
the ocean and inshore bays. A preliminary examinatlon of tidal elevation data
at Sayville on Great South Bay indicates that mean residual sea level for the
period January to May (astronomical tide removed) for the past 3 years 1is
40-60% below the corresponding level in 1981. These observations will be
coupled with hydrodynamic models of the Great South Bay and the Peconiec Bay
system tc assess the extent to which altered circulatory regimes at critical
times in these waterbodies may have played a role in the onset, progression,
and decline of the brown tide.

Impact of Shellfish

High densities of the brown tide organism had an apparent and asometipes
catastrophic impact on shellfish populations in affected waters. The specific
name of the brown tide organism, "anorexefferens®, connotes the primary
impact--weight loss or starvation.
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Anecdotal information from Narragansett Bay and Great South Bay indicates
that hard clam populations did not suffer detectable, long-term damage,
although the average weight and quality of clam meats were temporarily reduced
during brown tide events. There is some indication that clams in Great South
Bay delayed spawning until after the peak of the brown tide, at which time
substantial numbers of hard c¢lam larvae were observed In the water column.

The c¢rop of market oysters held by a company on private leased bottom in
the Peconic Bay system suffered high mortalities by the brown tide bloom of
1085,

The shellfish most clearly and drastically impacted by the brown tide has
been the bay scallop, the objJect of an intense, seasonal fishery in the waters
of the Peconic Bay system. The bay scallop has a short life span of 18-22
months; adults generally spawn only once in their lifetime, in late spring and
early summer. Work at MSRC found that the development of the bloom in 1985
resulted in Ilower adductor muscle weights (by 75% relative to the previous
year) in adult bay scallops. Once the bloom had dissipated, however, adult
scallops experienced rapid increase in weight during the fall. Long Island bay
scallops generally experience mass natural mortality during mid-winter of their
second year. Adult survivors of the 1985 bloom showed a delay in the period of
natural mortality, allowing a higher-than-usual percentage of the adult
population to spawn again in 1986. Mortality rates of adult scallops
coincident with the bloom have not been determined.

While the direct impacts of the bloom on adult bay scallops were perhaps
temporary, such was not the case with bay scallop larvae. The occurremce of
the brown tide in Peconic Bay waters caused total mortality of larval bay
scallops in 1985 and 1986. This may reflect a greater ability of adults to
sustain starvation for a longer period than larvae. The brown tide event of
1985 in Narragansett Bay produced massive mortality (in some areas greater than
95%) of mussels, Mytilus edulis, as well as a variety of sublethal effects.

The few adult scallops that spawned in 1985 and survived to spawn again in
1986 have now died; no recruits are available to replace them. The prospect
of complete extinetion of a population of so valuable a shellfish has led to
the initiation of attempts by State and local governments in New York to reseed
areas of bay bottom with Juvenile bay scallops in an attempt to rehabilitate
the natural population. It is hoped that seeded individuals will grow to
maturity, spawn, and recolonize the Peconlc Bay system with bay scallops.
Numeric simulations of the hydrodynamic regime of the system have been used to
identify areas in which to locate these "spawner sanctuaries®. These initial
transplant programs will be completed by November 1986.

Several mechanisms have been suggested to explain the direct and
deleteriocus physioclogical impact of the brown tide or brown tide organism on
larval, juvenile, and adult shellfish. These include:

o poor retention of small particles by the filter-feeding apparatus of
shellfish;

o] inefficient feeding (e.g. depressed pumping raftes; low absorption
efficiency) at high algal concentrations;
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o) the nutritive quality of Aureococcus is insufficient to sustain shellfish
growth;

o) the organism and/or associated microflora produce a toxin that inhibits
shellfish feeding; and

o the organism possesses structural features which impair its digestion by
bivalves.

One or more cof the above mechanisms may be operating simultaneously. Work
to date has demonstrated that adult bay scallops are poor retainers of
Aureococcus when compared to blue mussels, which are relatively effective
retainers of small particles. However, work at the E.P.A. Environmental
Research Lab in Narragansett, Rhode Island, indicates that feeding rates of
mussels were greatly depressed upon exposure to high cell concentrations of
Aureococcus. Absorption efficliencies of bay scallop larvae were reduced by
20-30f when larvae are fed Minutocellus polymorphus, a diatom that is similar
in size to Aureococcus, as compared with Isochrysis, an alga frequently used to
sustain laboratory cultures of larval shellfish. These reduced absorption
efficiencies have vresulted in poor growth of larval bay scallops fed
Minutocellus, even at concentrations very much less than those present in the
.field during peaks of the ©brown tide. Preliminary experiments using
field-collected =amples indicate that Aureococcus is also inefficiently
absorbed by adult scallops. Absorption efficiency determinations must be
carried ocut with cultured Aureccoccus toc confirm results obtained with field
samples,

Impact on Eelgrass

Eelgrass {Zostera marina) is a rooted, submerged aquatic plant that plays
an important role in inshore marine ecosystems. Felgrass displays a high level
of productivity, 1s an important pathway for the movement of nutrients between
sediments and the water column, serves as habitat for varicus 1life history
stages of important finfish and shellfish (particularly the bay scallop), plays
a role in sediment depositional patterns in inshore waters, and forms the base
of the detrital food web in many areas.

Eelgrass abundance and health is controlled by light availability in the
deeper areas of bays in which it is found. The brown tide reduces the depth
penetration of 1light in affected waterbodies, cutting off much of the light
required by eelgrass for photosynthesis. Secchi disk depths of leas than 0.5
meters were common in Long Island waters during the brown tide events of 1985
and 1986. Work has begun to assess the effect of brown tide-induced shading on
the abundance, distribution, and health of eelgrass beds on Long Island.
Observations along depth transects in Great South Bay and the Peconic Bays
system in 1985 and 1986 confirmed that reduced light penetration was correlated
with substantial die-off of eelgrass. Depth penetration by eelgrass in some
areas of Great South Bay in 1985 were reduced from 7 to 2 feet; reductions
from 12 to 6 feet were observed in parts of the Peconic Bays system. More
recent fleld data reveal that shading by the brown tide has reduced the density
of eelgrass shoots at a station near Shelter Island in the Peconic Bays system
from about 1800 shoots per square meter in 1984 to little over 200 shoots per
square meter in 1986. The period in which the brown tide has been most
prevalent coincides with the peak of the eelgrass growing season.
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Because it plays an important and multi-faceted role in inshore coastal
ecosystem, the long-term reduction of eelgrass populations as a result of
continued occurrence of the brown tide must be viewed with great concern.
Should this occur, natural recolonization or regrowth of eelgrass beds by
rhizomes would proceed slowly -- a few meters annually. Many areas of the
Northeast that once sustained substantial eelgrass beds are now deveild of
eelgrass, the species never having returned after its disappearance during the
famous "wasting disease™ incident of the 1930s. Experimental plantings of
eelgrass 1In attempts to reestablish eelgrass populations have been carried out
with some success, Whether this approach would be feasible on a much broader
scale remains uncertain.

FEelgrass beds serve as principal setting areas for bay =secallop larvae.
Long-term reduction in the abundance and distribution of eelgrass would vitiate
efforts to reestablish bay scallop population through transplant programs cof
tlie type described above.

Economic Effects

The economies of areas impacted by the brown tide rely heavily on the
inshore marine resources threatened by these incidents. Commercial and
recreational fishing, swimming, shoreside recreation, tourism, and supporting
service industries such as lodging, retail foods, and restaurants are major
components of the economic systems of these regions that have been impacted by
the brown tide.

Little is known about the direct and indirect economic consequences of the
brown tide. Such determinations require first a elearer documentation and
understanding of the ecologic effects of these incidents than is now available.
Additionally, knowledge of the workings of the local and regional
resource-hbased economies in areas affected by the brown tide i=s not adequate to
predict how those economies will respond to alterations in the resources caused
by the bDrown tide. These responses may not be straightforward; the loss of
income and economic activity from a decimated scallop fishery may be somewhat
offset by increased harvests of other shelifish species. This is cccurring in
the Peconic Bays system of Long Island, where baymen are increasing the amount
of fishing effort directed at conch. The assessment becomes more complex as
the effects of this increased fishing effort on conch stocks are considered.

The need to compile information on the werkings of the local and regional
marine resource-based economies and to incorporate this information into
predictive mocdels of economic behavior is further detailed in the section of
these Proceedings dealing with research/monitoring needs,
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DRAFT RESEARCH/MONITORING PLAN

Donald F. Squires
Marine Sciences Institute
University of Connecticut

Storrs, Connecticut 06268

[This research/monitoring plan was developed by the invited participants
on the opening day of the Conference. Following a full discussion of the
status of knowledge of the recent "brown tide" blooms in Rhode Island and New
York and the "green tide"™ bloom in New Jersey, working groups of the invited
participants were c¢onvened. These working groups determined research and
monitoring requirements in:

1. Field and laboratory studies of phytoplankton;
2. Effects on aquatic organisms; and
3. Economic effects.

The plan was presented to those attending the second day of the
Conference.]

Introduction

The research/monitoring plan is based upon the presumption that there will
be another bloom of picoplankton ("brown tide"™ or anorexia-causing blooms) in
the northeastern coastal region which will incur severe economic dislocations
among marine industries. It is not now possible to state with autherity the
causation of such blooms, or their initiating or controlling factors. Indeed,
a major uncertainty facing the workshop participants was whether the
picoplankton blooms of the past several years are the result of some human
activity disturbing the ccastal ecosystem or, alternatively, if the blooms are
a consequence of some larger scale climate change, or some combination of these
factors.

It 1s o¢lear that the brown tide blooms are cccurring on a regional scale.
To effectively deal with the menitoring and research required to understand the
causes of these blooms necessitates unparalled coordination among governments
at federal, state and local levels. The academic community must become broadly
involved under circumstances requiring close commnication between laboratories
and research participants. There will alsc be a continuing need to 1identify
for agencies, 1legislatures and the public the nature and scale of the impacts
of these brown tide blooms on ecosystems and of the economic impact of their
occurrence. From these stems the first recommendation of the conferemce.

Recommendation: Regular meetings of involved research and monitoring
personnel should be held. The Sea Grant programs of the participating states
might provide the required coordinating and sponsoring group for these
meetings.

In the limited time available to participants in the workshop, it was not
possible to develop a strategic research plan setting forth activities,
priorities and costs. Rather, the conference identified understandings that
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could be achieved within three time frames: immediate —- 6 months to one year;
mid-term -~ three to five years; and longer term -. five to ten years. It was
assumed in making these projections that appropriate support and coordination
would be available. Without financial support, most research activities will
be sporadic and uncoordinated, responding to availlable financial resources. It
is therefore ecritical that those agencies potentially contributing to the
required research program continue to participate in coordination conferences
so that there 1is an even development of neceasary knowledge. From the
near-term research results should arise those understandings that will permit
the development of conceptual models of the picoplankton bloom phenomenon at
subsequent meetings. Such models will further assist and refine the research
agenda.

Understandings Achievable in the Immediate Future
{6 mo. £to 1 year)

1. A summary of existing data on the brown tide or anorexiec blooms and a
catalog of resear¢h and monitoring personnel and resources.

2. A retrospective analysis of climatic data on possible forcing factors of
the blooms.

3. Development of an understanding of the mechanisms of brown tide bloom
impacts on both shell and fin fisheries including:

a) identification of targe% specles based on commercial value, indicator
value, or ecological role;

b) identification of stress indices at species/community/ecosysten
levels specifically related to brown tide bloom events; and

c) an assgsessmeni of the effects on fin fish and zooplankton other than
the high value target species.

L An increase in the number of isclations of anorexic bloom causing species
and greater characterization of those cultures as to the biological
similarity or diversity.

5. New identification technlques developed providing quick and replicable
identification of hloom organisms.

a) Fluorescent dyes techniques may provide a tool to distinguish among
photosynthetic picoplankton.

b) Fluorescent antibody techniques may be used for the same purpose.

c) Inter-laboratory exchanges initiated to assure comparability in the
use of these techniques.

6. New means of detecting picoplankton blooms and monitoring their
development on a regional basis will be developed.

a) Use of remote sensing techniques from aircraft or satellites will be
investigated.
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b) Specifications and techniques for making measurements of
environmental conditions both before, during and after blooms should
be noted: temperature, salinity, light, nutrients, ete., will be
determined.

1) Rate measurements of nutrient uptake, primary productivity, and
grazing on the bloom must be determined. The frequemcy of these
measurements must be greater because of the short-lived
character of the pilcoplankton blooms.

2) Examination of sediments for cysts of bloom species must be
undertaken.

3) Measurements of meteorological conditions (wind, rain,
ingsolation) as 1indices of embayment flushing rate, a possible
initiating factor in blooms, will be required. .

Monitoring programs will be redefined to include appropriate environmental
data, a determination of rate processes, and a monitoring of impacted
fisheries, benthic communities, mortality rates, physiological indices,
ete. :

Understandings Achievable in the Mid-Term (2 to 5 years)

1.

Understanding of factors causal to the Dbloom and related to its
continuance:

a) laboratory studies designed to understand factors which lead to the
explosive growth in brown tide isolates -- unique nutrient, chemical
and physical requirements of the bloom;

b) measurements of absolute maximal growth rates in laboratory cultures;
¢} inter-specific comparisons between similar bloom species (1.e.

comparison of Nannochloris and Minutocellus with Aureceocecus) as
related to growth dynamics;

d) release of ectocrine compounds or those others which may 1inhibit
competitors or grazers on bloom organisms;

e) release from grazing pressure due to the absence or reduction of
normally present herbivores;

f) life cycle studies on cyst and other stages which may relate to the
persistence of the species;

g) experimental manipulation of field populations to understand factors
which astimulate or repress the bloom {this work could be done in the
field or, alternatively, in the MERL tanks at the University of Rhode
Island)}; and

h) cycling rate of major nutrients (C, N, P) from the brown tide to
herbivores, then their excretion.
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Understanding factors controlling the bloom.

a) laboratory studies on predation by microzooplankton, including rates
and potentizl herbivore organisms;

b) occurrence and significance of viruses as possible controlling
mechanisms of bloom; and ¢) observations in the field of factors
which may limit and cause the decline of blooms.

Understanding the trophodynamic effects of the bloom:

a) cycling of the major nutrients -- nitrogen, phosphorus and carbon as
af fected by bloom organisms;

b) fate of carbon-fixed in photosynthesis; and

¢} effects of alteration of the food web on carbon flow as a result of
the brown tide blooms ~-~ where does the fixed carbon go?

Understandings of the phytoplankton/herbivore interactions {the coupling
between water column and benthos):

a) determination of the grazing pressure of different herbivores on
bloom algae;

b) determinration of the relative contribution of planktonic versus
benthic grazers; and

c) the feeding biology of herbivores, including shell fish, to develop
indices of focd value of  phytoplankton specles. (Stress the
importance of experimental/laboratory approaches focusing on
interspecies differences.)

Mitigation

Possible steps which may be taken to mitigate the effects of blooms in the

midterm include:

1.

control measures such as abatement of any stimulatory factor such as
unique nutrients or eco-factors which may have been introduced
anthropogenically;

careful  examination and evaluation of possible biological control
mechanisms such as viruses or predators;

delineation of seed or cyst regions which could be used as sites for the
implementation of control measures;

notation of prime bloom areas and times which should be avoided 1in
transplant or other culture processes;

determination of the recolonization potentizl of different animal and
plant species in different areas; and

determination of the coriteria for optimum restocking efforts, including
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‘site selection and timing of stocking programs.

Understandings Achlevable in the Long-Term (5-10 years)

1. The ecological implications of recurrent brown tide events, such as shifts
in major fisheries, food web interactions, consequences of long-term
shifts from macro to plcoplankton, disappearance of eel grass, ete.

2. The geographical, spatial and temporal scale of brown tide bloom
phencmena.

3. L predictive model of the system, allowing for the prediction of bloom
events and the effects of their occurrence.

Mitigation

Mitigation strategies which might be adopted in the lomg term include
development of preventive and management strategies, lncluding aquaculture, new
fishing wmanagement systems, and utilization of new species not affected by the
blooms.
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CLOSING REMAFRKS

Dennis Suszkowski
Marine and Wetlands Protection Branch
U.S. Environmental Protection Agency, Region II
26 Federal Plaza
New York, New York 10278

[These remarks followed a general discussion by the participants about
the proposed Research/Monitoring Plan and after invited agency representatives
described their past efforts and potential future activities and funding
regarding brown tide type algal blooms.]

I'm going to try to be as brief as possible; I think it's beenr a long
day. I'm not going tc go beyond what's been discussed today, only make a
couple of personal observations. I think it's been a tremendously successful
meetling.

I am contrasting my own thoughts on the brown tide with some of the work
that we had done with the green tide in New Jersey; there are a couple of
interesting similarities and a couple of interesting differences. The brown
tide strategy highlighted by Don Squires is remarkably similar to what we laid
out for the green tide, except, I guess, that New Jersey took a little longer
to get to this point. There are some quality researchers here. That gives me
a good feeling that should this program proceed, and I really think that it
will, there are a 1lot of very qualified people that would be involved,
hopefully over the next months or years. I'd like to talk in terms of the
legacy that's to be left from this meeting. I really see three products
coming out. The first of them was accomplished yesterday -- an assessment of
the state of the knowledge of brown tide. The second element that has already
been accomplished is the development of a draft plan of attack which Don
Squires went through earlier today. However, I think my task here today is to
be the catalyst for a third task, and that is to address "Where do we go from
here?™ or, better yet, "How do we get this plan moving?". Let's accept for
the time being that we can all come to a basic agreement that the plan is one
in which we all can concur. I suaspect that as we move ahead, the plan will be
greatly revised and updated accordingly.

I would like to present my recommendations on where we ought to be going.
I'd like to open up a discussion and hopefully leave today with an
understanding of the steps that would be necessary to implement a plan. The
first thing we've got to do is form a coordinating committee. As we saw
happening with green tide, we have to have a way of communicating with each
other, discussing our ideas, and getting them moving. One thing that has been
accomplished 1in that regard is the volunteering of the New York State Sea
Grant Program to assume the leadership reole.

I suspect that the first order of business would be formzlizing who's
geing to be the actors; who's going to be talking to onhe another over the
next several months. I don't know whether we need to go into any detall, but
I suspect most of the agency people here today will be involved. How the
academic institutions are involved will have to be handled. Regarding the
green tide, the group that was continually invelved represented several
government agencies. A peer group was also set up. People such as Dr.
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Harold Haskins generously donated their time and assistance along the way.
How this brown tide group constitutes itself, either with a peer review group
or with a direet tie to the academic community, is not really important so
long as all those represented here can be part of an ongoing plan. This draft
plan presented by Don Squires, and I'll call it a plan, needs to be finalized.
I don't think what we have before us is going to help anyone. It's not going
to help the agencies that may provide the funding. It does not fully explain
the work that is needed, the costs, and who is responsible for it. Also, I'm
not sure whether it's going to help the academiec community in providing enough
insight into what really needs to be done. I think there were a number of
comments raised: "have all the questions been answered, are we really truly
addressing the right questions?™, I'm not sure of the answers. However, I
think it's important that all of the gquestions that have come out during the
last two days be addressed within the plan.

The next thing that I would propose would be putting some "meat on the
bones” of that plan and identifying as best as can be defined, what those
phrases actually mean in terms of the kinds of work that needs to be done.
Then it would have to be decided who the agencies are that have responsibility
for these types of activities. I think that things will begin to fall out at
that point, For 1instance, EPA may be a funding source and maybe Sea Grant,
maybe National Fisheries Service, the State of New York, whomever.

Then we get to a key point: We have a wish list right now of things to
be done. However, it may be a reality that much of this work cannot be
accomplished for a variety of reasons. We therefore need to be very clear as
to what the priorities are going to be, and establish those up front. The
plan should then foecus on how they are going to be pursued.

I think that a lot has been accomplished at this Conference. Frankly, I
was surprised to see that such a varied group of pecple managed to put their
heads together and come up with something that's both c¢redible and
scientifically valid, and will have some usefulness to the government agencies
that have to go back and discuss 1t.
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EMERGENCY CONFERENCE ON "BROWN TIDE" AND

OTHER UNUSUAL ALGAL BLOOMS

DATES: October 23 and 24, 1986
LOCATION: Heliday Inn of Hauppauge
1740 Express Drive South

Hauppauge, Long Island
New York

SPONSORS: * New York State Interagency Committee on Aquatic Resources
Development

* Living Marine Resources Institute of the Marine Sciences Research
Center, State University of New York at Stony Brook, NY

% Port Authority of New York and New Jersey
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EMERGENCY CONFERENCE ON "BROWN TIDE"

AND OTHER UNUSUAL ALGAL BLOMMS

AGENDA
OCTOBER 2
1:00 p.m. I Opening Remarks
George R, Stafford, N.Y.S. Department of State and N.Y.3.
Interagency Committee on Aquatic Resocurces Development
1:15 p.m. II Background Information: FPresentations

Moderator: Donald F. Squires, University of Connecticut

A, Classification and Identification
John Sleburth, University of Rhode Island

B. Culture Analysis
Edward Carpenter and Elizabeth Cosper, State
University of New York, Stony Brook

C. Distribution and Oc¢currence
1. Rhode Island:
Theodore Smayda, University of Rhode Island
2. New York:
Robert Nuzzi, Suffolk County Department of
Health Services
3. New Jersey:
Paul Olsen, New Jersey Department of
Environmental Protection

D. Meteorclogical Factors
Seott Siddall, State University of New York,
Stony Broock

E. Effects on Shellfish
Monica Bricelj and Scott Siddall, State University
of New York, Stony Brook

F. Effects on Eel Grass
William Dennison, State University of New York,
Stony Brook

G. Economic Effects
James Kahn, State University of New York,
Binghamton

3:00 p.m. CCFFEE BREAK
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3:15 p.m.

5:00 p.m.
6:00 p.m.
7:30 p.m.

8:30 p.m.

9:1% p.m.

IIT Research and Monitoring Priorities: Short-Term and
Long-Term'
Moderator: Domnald F. Squires
A. Working Group Discusslons

1. Field Studies
Leader: Elizabeth Cosper and Edward Carpenter

2. Effects on Aquatic Organisms
Leader: Monica Bricel j

3. Economic Effects
Leader: James Kahn

B. Presentations by Working Groups

C. Discussion {(all participants)

D. Synthesis of Priorities intc a Research/Monitoring
Plan

ADJOURN
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OCTOBER 24

8:30 a.m.

B:45 a.m.

10:00 a.m.

10:15 a.nm.

I Welcome and Opening Remarks

Gail S. Shaffer, Secretary of State, State of New York,
and Chair, N.Y.S5. Interagency Committee on Aquatic
Resources Development

ITI Background Information

Al

B.

COFFEE

Moderator: Gerhardt Muller, Port Authority of New York
and New Jersey

Summary of Day 1
William Wise, Living Marine Resources Institute of
the Marine Sciences Research Center, State
University of New York at Stony Brook

Questions

BREAK

IIT Research and Funding Priorities

Moderator: George R. Stafford, Department of State and

N.Y.3. Interagency Committee on Aquatic
Resources Develupment

Presentation of Research/Monitoring Plan, Short Term,
Long Term
Donald F. Squires

Agencies Describe and Discuss Their Priorities and
Possible Roles

Potential Agency Respondents

Federal

Environmental Protection Agency
Region I and II

Estuarine Programs Office, NOAA

Natlional Marine Fisheries Service
Milford, CT
Sandy Hook, N.J.

National Sea Grant

New York State

Department of Agriculture and Markets
Department of Commerce

Department of Envirommental Conservation
Department of Health

Department of State

Urban Development Corporaticn

Long Island Regional Planning Board

Nassau County Department of Health Services
New York Sea Grant Institute

Suffolk County Department of Health Services
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New Jersey

Department of Envirormental Protection
Division of Coastal Resources
Division of Water Resources

Sea Grant Program

Rhode Island

Department of Envirommental Management
Sea Grant College Program

Connecticut

Department of Envirommental Protection
Department of Agriculture -

Sea Grant

Interstate

Interastate Sanitation Commission
Port Authority of New York and New Jersey

12:30 p.m. LUNCH
1:30 p.m, IV Summary and Recommendations
leader: Dennis Suszkowskl, Envirormental Protection
Agency, Region II, New York
3:30 p.m. V Concluding Remarks
William Wise
3:40 p.m. ADJOURKN
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BROWN TIDE PARTICIPANTS/INVITEES

Robert Abel

New Jersey Marine Science Consortium
Bullding 22

Fort Hancock, New Jersey 07732

Honorable Henrietta Acampora
sSupervisor

Town of Brookhaven

205 S. Ocean Avenue
Patchogue, New York 11772

John Aldren .
Department of Environmental Resources
Town of East Hampton

159 Pantigo Road

Fast Hampton, New York 11637

Donald M. Anderson

Department of Biology

Woods Hole Oceanographic Institute
Woods Hole, Massachusetts 02543

Aldo Andreoli

Division of Environmental Quality

Suffolk County Department of Health Services
225 Rabro Drive East

Hauppauge, New York 11787

Robert L. Bendick, Jr.

Rhode Island Department of Environmental Management
9 Hayes Street

Providence, Rhode Island (2908

Walter Blogoslawski

National Marine Fisheries Service
Milford Laboratory

212 Rogers Avenue

Milford, Connecticut 06460

Philip Bradway

New York State Department of Agriculture and Markets
1 Winners Circle

Albany, New York 12235

Randy Braun

U.S. Environmental Protection Agenocy, Region II
Woodridge Avenue

Edison, New Jerzey 08837
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(201)

(516}

{516)

(617)

(516)

(1301)

(203)

(518)

{201)

872-1300

654-7806

2678462

548-1400

348-2782

217-2771

783-4235

hsT7-8879

321-6687



V. Monica Bricel]

Marine Sclencea Research Center

State University of New York at Stony Brook
Stony Brook, New York 11794

Budewi jn Brinkhuis

Marine Sciences Research Center

State University of New York at Stony Brook
Stony Brook, New York 11794

Elissa Brown

New York Sea Grant Institute
37 Elk Street

Albany, New York 12246

Elsa J. Brunn

Department of Environmental Control
Town of Islip

401 Main Street

Islip, New York 11751

Stuart Buckner

Department of Environmental Control
Town of Islip

401 Main Street

Islip, New York 11751

Thecdore B. Burger

Nassau County Department of Health
240 0ld Country Road

Mineola, New York 11501

David Caron
Woods Hole (Oceanographic Institute
Woods Hole, Massachusetts 02543

Edward Carpenter

Marine Sciences Regearch Center

State University of New York at Stony Brook
Stony Brook, New York 11794

Jerry Churchill

Biology Department

Adelphi University

Garden City, New York 11530

Karen Chytalo

Division of Marine Resources

New York State Department of Envirommentsal Conservation
Bullding 40, State University of New York

Stony Brook, New York 11794
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(516)

(518)

(516)

(516)

(516)

(617)

(516)

(516)

(516)

632-8663

632-8703

436-0701

224-5648

224-5648

535-3642

548-1400

632-8696

294-8700

751=7900



Andrew Clark

New York State Department of Commerce
99 Washington Avenue

Albany, New York 12245

Rowland Clark

Town of Shelter Island

Ferry Road

Shelter Island, New York 11964

Gordon Colvin
Division of Marine Resources

New York State Department of Envirommental Conservation

Building 40, State University of New York
Stony Brook, New York 11794

Elizabeth Cosper

Marine Sciences Research Center

State University of New York at Stony Brook
Stony Brook, New York 117¢4

Kathryn Cousins

Office of Ocean and Coastal Resource Management
Naticnal Oceanic and Atmospheric Administration
Universal Building South

1825 Connecticut Avenue, N.W.

Washington, D.C. 20235

Frank Csulak

U.S. Environmental Protection Agency, Region II
26 Federal Plaza

New York, New York 10278

DeWitt Davies

Long Island Regional Planning Board
H. Lee Dennison Building

Veterans Memorial Highway
Hauppauge, New York 11788

Christopher Deacutis
Division of Water Resources

Rhode Island Department of Envirommental Mansgement

83 Park Street
Providence, Rhode Island 02903

Mary Dempsey

Bi-State Seafood Development Conference
One World Trade Center, Room GUE

New York, New York 10048

William Dennison

Marine Sciences Research Center

State University of New York at Stony Brook
Stony Brook, New York 11794
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(516)

(516)

(516)

{202)

(212)

(516)

(401)

(212)

(516)

4TU-3641

T49-0015

751=7900

632-8745

673-5152

264-5170

360-5189

277-3165

466-8536

632-8705



Charles deQuillfeldt
Division of Marine Resources

New York State Department of Environmental Conservation

Building 40, State University of New
Stony Brook, New York 11794

Bruce DeYoung

New York Sea Grant Extension Program
39 Sound Avenue

Kiverhead, New York 11901

Linda Duguay
Marine Sciences Research Center

York

State University of New York at Stony Brook

Stony Brook, New York 11794

David Emiiita

Teown of Southampton

115 Rampton Road
Southampton, New York 11668

Jennifer Epp

Office of New York State Senator Owen Johnson

23-24 Argyle Sguare
Babylon, Kew York 11701

David Fallon
Division of Marine Resources

New York State Cepartment ¢f Envirommental Conservation

Building 40, State University of New
Stony Brook, New York 117934

Kenneth Feustel

Department of Eprvironmental Control
Town of Babylon

19C Farmers Avenue

Lindenhurst, New York 117657

Brendan Filmanski
Town of Riverhead
200 Howell Avenue
Riverhead, New York 11901

Anita Freudenthal

Nassau County Department of Health
240 01d Country Rcad

Mineola, New York 11501

Jeffrey B, Frithsen

Graduate School of COceanography
University of Rhode Island
Narragansett, Rhode Island 02882

York
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(516)

(516)

{516)

(516)

{(516)

(516)

{516}

(%01)

751-7900

727~-3910

632-8661

283-6000

669-9200

751=7900

957=-3153

727-3200

781-7373

792-1000



Howard Golub

Interstate Sanitation Commission
311 Weat U43rd Street, Room 201
New York, New York 10036

Richard Hanley

Town of Riverhead

200 Howell Avenue
Riverhead, New York 11901

Paul Hargraves

Graduate School of QOceanography
University of Rhode Island

Bay Canmpus

Narragansett, Rhode Island 02882

Harold Haskins

Rutgers University

Shellfish Research Laboratory
P.0. Box 687

Port Norris, New Jersey 08349

Charles Heatwole

Department of Geology and Geography
Hunter College, 695 Park Avenue

New York, New York 10021

Roland Hemmett

U.8. Environmental Protection Agency, Region II

Woodbridge Avenue
Edizon, New Jersey O0B837

Eva Foffman

Narragansett Bay Project

83 Park Street

Providence, Rhode Island 02903

Honorable Judith Hope
Supervisor

Town cof East Hampton

159 Pantigo Road

East Hampton, Mew York 11937

Honorable Joseph F. Janoski
Supervisor

Town of Riverhead

200 Howell Avenue
Riverhead, New York 11901

Janice Jijina

Nassau County Department of Health
240 014 Country Road

Mineola, New York 11501
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(212)

(516)

(401)

(609)

(212)

{201)

(401)

(516)

(516)

(516)

582-0380

727-3200

792-6240

785-0074

T72-%000

321-6687

217-3165

324-4140

T27-3200

781-7373



James K. Kahn (607) T77-2000
Economics Department

State University of New York at Binghamton

Binghamton, New York 13901

Jeffrey Kassner (516) 698-5400
Division of Envirommental Protection

Town of Brookhaven

3233, Route 112

Medford, MNew York 11763

Maureen D. Keller (207) 633-2173
Eigelow Lab for Ocean Science

McKowan Point

West Boothbay Harbor, Maine 04575

Cary Kessler (516) 654-0u14
Office of New York State Assemblyman William Bianchi Jr.

25 Orchard Road

Fast Patchogue, New York 11772

Peter C. Knickerbocker (516) 334-2500
New York State Department of Commerce

55 Jerichoe Turnpike

Jericho, New York 11753

Kenneth Koetzner {516) 751-7900
Divisgion of Marine Resources

New York State Department of Envirommental Conservation

Building 40, State University of New York at Stony Brook

Stony Brook, New York 117904

Lee Koppelman (516} 360-5189
Long Island Regional Planning Board

H. Lee Dennison Buillding

Hauppauge, New York 11788

Susan Kuenstner (516) 632-8T700
Marine Sciences Research Center _

State University of New York at Stony Brook

Stony Brock, New York 11794

Honorable Martin Lang {516) 283-6000
Supervisor

Town of Southampton

Town Hall

Southampton, New York 11968

Larry Liddle (516) 283«4000

long Jsland University
Southampton, New York 11968
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Honorable Michael LoGrande
Supervisor

Town of Islip

655 Main Street

Islip, New York 11751

Michael Ludwig

National Marine Fisheries Service
Miiford Laboratory

212 Rogers Avenue

Milford, CT 06460

Neil MacCormick

Division of Coastal Resources and
Waterfront Revitalization

New York State Department of State

162 Washington Avenue

Albany, New York 12231

John B. Mahoney

Sandy hBook Laboratory

Northeast Fisheries Center
National Marine Fisherles Service
Highlands, New Jersey 07732

Brooks Martin

Narragansett Bay Project

83 Park Street

Providence, Rhode Island 02903

Garry Mayer

National Sea Grant College Program

National Oceanic and Atmospheric Administration
Sea Grant, R/SE1 .

6010 Executive Boulevard

Rockville, Maryland 20852

Larry McCormick
Long Island University
Southampton, New York 11968

James McMahon

Community Development Department
Town of Southold

53095 Main Road

Southold, New York 11971

Robert Melter

Department of Natural Sciences
Soutnampton College
Southampton, New York 11968
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(516)

(203)

(518)

(201)

(401)

(301)

(516)

-(516)

(516)

2245500

T83-4200

4743643

872-0200

277-3165

443-8926

283-4000

765-1892

283-4000



Vito Minei

Suffolk County Department of Health Services
225 Rabro Drive East

Hauppauge, New York 11788

Jame=z Miftchell

Marine Sciences Research Center

State University of New York at Stony Brook
Stony Brook, Mew York 11794

Edward €. Monahan

Connecticut Sea Grant Progranm
University of Connecticut
Avery Point

Groton, Connecticut 0634¢C

Rosemary Monahan
Estuarine Programs Office

National Oceanic and Atmospheric Administration

F/EPO
1825 Connecticut Avenue NW
Washington, D.C. 20235

Gerhardt Muller
Planning Development Department

The Port Authority of New York and New Jersey

One World Trade Center, 48E
New York, New York 10048

Honorable Francis J. Murphy
Supervisor

Town of Southold

Town Hall

Southold, New York 11971

Alan Mytelka

Interstate Sanitation Commission
311 W. 43rd Street

New York, New York 10036

Christopher Nelson

Marine Sciences Research Center

State University of New York at Stony Brook
Stony Brook, New York 11794

Scott Nixon

Sea Grant College Progiram

Marine Resources Building
University of Rhode Island
Narragansett, Rhode Island 02882
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(516) 632~8780
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(212) 582-0380

{516) 632-8700
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Honorable Anthony Noto
Supervisor

Town of Babylon

200 East Sunrise Highway
Lindenhurst, New York 11757

Robert Nuzzi

Suffolk County Department of Health Services
County Center

Riverhead, New York 11601

Jon Obert

New York State Department of Agriculture and Markets
P.0O. Box 551

Riverhead, New York 11901

Paul Olsen

Division of Water Resources

New Jersey Department of Envirommental Protection
P.0. Box CNOZ29

Trenton, New Jersey 08625

dohn E. O'Reilly

Sandy Hook Laboratory

Northeast Fisheries Center
National Marine Fisheries Service
Highlands, New Jersey 07732

Candice Oviatt

Marine Ecosystems Research Laboratory
University of Rhode Island

South Ferry Road

Narragansett, Rhode Island 02882

Judith Pederson

Massachusetts Coastal Zone Management Program
100 Cambridge Street, 20th Floor

Boston, Massachusetts 02202

John Petito

Town of Islip

L01 Main Street

Islip, New York 11751

Donald Phelps

Environmental Research Laboratory
U.&. Environmental Protection Agency
South Ferry Road

Narragansett, Rhode Island 02882

John Poole

Division of Marine Resources

New York State Department of Environmental Protection
Building 40, State University of New York

Stony Brook, New York 11794
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(516}

(516)

(516}

(609)

(201)

(401)

(617}

{516)

(401)

(516)

957-3072

548-3330

369-1544

292-0427

872-0200

792-6132

727-9530

2245648

789-1071

751-7900



Donald Porteous

Water Quality Branch

Environmental Protection Agency Region I
JFK Federal Building

Boston, Massachusetts 02203

Jan C. Prager

U.S. Environmental Protection Agency
South Ferry Road

Narragansett, Rhode Island 02882

Nancy D. Rosan

New York State Urban Development Corporation
1515 Broadway

New York, New York 10036

Nat Rosenfeld

New York State Department of Commerce
55 Jeriche Turnpike

Jericho, New York 11753

David A. Ross

Sea Grant Coordirator
CGeceanographic Institution

Woods Hole, Massachusetts 02543

Pat Roth .

New York State Department of Health
300 Motor Parkway

Hauppauge, New York 11787

Robert Runyon
Division of Water Resources

New Jersey Department of Environmental Protection

P.0. Box CNO29
Trenton, New Jersey 08625

Cornelia Schlenk

New York State Urban Development Corporation
1515 Broadway

Kew York, New York 10036

John Scotti ,

New York Sea Grant Extension Program
39 Sound Avenue

Riverhead, New Ycrk 11901

Honorable Gail S. Shaffer
Secretary of State

New York State Department of State
162 Washington Avenue

Albany, New York 12231
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(401)

(212)

(617)

(5186)

(609)

(212)

(516)

(518)

565-3514

789-1071

930-0490

S48-1400

231-1880

292-0427

930-0260

727-3910

474.6453



Lynda Shapiro

Bigelow Laboratory for Ocean Science
McKown Point

W. Boothbay Harbor, Maine 04575

Frederick Short

Jackson Estuarine Research Laboratory
University of New Hampshire

RFD 2, Adams Point

Durham, New Hampshire 03824

Scott E. Siddall

Marine Sciences Research Center

State University of New York at Stony Brook
Stony Brook, New York 11794

John MeN. Sieburth

Graduate School of Oceanography
University of Rhode Island
Narragansett, Rhode Island 02882

Al Siegal
Long Island University
Southampton, New York 11968

Honorable Jeffrey Simes
Supervisor

Town of Shelter Island

Town Hall

Shelter Island, New York 11964

Richard T. Sisson

Division of Fish and Wildirfe

Rhode Island Department of Environmental Management
150 Fowler Street

Wickford, Rhode Island 02852

Theodore Smayda

Graduate School of Oceanography
University of Rhode Island
Kingston, Rhode Island 02881

Christopher Smith

New York Sea Grant Extension Program
39 Sound Avenue

Riverhead, New York 1191

Robert Smith

Water Compliance Unit

Connecticut Department of Environmental Protection
122 Washington Street

Hartford, Connecticut 06106

- A-19 -

(207) 633-6326

(603) B62-2175

(516) 632-8668

(1401) T792-6478

(516) 283-4000

(516) T49-0015

(401} 294-452y

(401) 792-6171
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Donald F. Squlres

Marine Sciences Institute
Graduate Center, Box U-6
University of Connecticut
Storrs, Connecticut 06268

Paul Stacey

Water Compliance Unit

Department of Envircnmental Protection
122 Washington Street

Hartford, CT 06106

George R. Stafford

Division of Coastal Resources and
Waterfront Revitalization

New York State Department of State

162 Washington Avenue

Albany, New York 12231

Dennis Suszkowski

Marine and Wetlands Protection Branch
Envirommental Protection Agency, Region II
26 Federal Plaza '

New York, New York 10278

R. Lawrence Swanson
National Sea Grant Progrem
6010 Executive Boulevard
Rockville, Maryland 20852

Stephen Tettelbach
Long Island University
Southanpton, New York 11068

John Tiedemann

New Jersey Sea Grant Extension Service
South Ocean Resource Center

Recovery Road

Manahawkin, New Jersey (8050

Rocbert Tudor

Diviszion of Coastal Resources

New Jersey Division of Envirommental Protection
P.0. Box CNi01

Trenton, New Jersey 08625

Pieter VanVolkenburgh

Division of Marine Resources

New York State Department of Envirommental Conservation
Building 40, State University of New York

Stony Brook, New York 11793
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(203)

(518)

(212)

(301)

(516)

(609)

(609)

(516}

486-2363

566-2588

4TH-3643

264-5170

hy3-8341

283-4000

597 -1500

292-9762

751-7900



Maric E. C. Vieira

Marine Sciences Research Center

State University of New York at Stony Brook
Stony Brook, New York 11764

John Volk

Aquaculture Division

Connecticut Department of Agriculture
P.0. Box 97

Milford, Connecticut 06460

Alice Weber
Division of Marine Resources

New York State Department of Envirommental Conservation

Building 40, State University of New York
Stony Brook, New York 11794

Roberta Weisbrod

New York State Department of Environmentsl Conservation

Hunters Point Plaza
Long Island City, New York 11101

Ral Welker
Long Island University
Southampton, New York 11968

Niels West

Department of Geography and Marine Affairs
University of Rhode Island

Kingston, Rhode Island 02881

Alen White

Sea Grant COffice

Woods Hole Oceanographic Institute
Wocds Hole, Massachusetts 02543

Gary H. Wikfors

National Marine Fisheries Service
212 Rogers Avenue

Milford, Connecticut Q6460

Bruce Wilkins

New York State Sea Grant Inatitute
37 Elk Street

Albany, New York 12246

Wendy Wiltse

Water Management Division

Environmental Protection Agency Region I
JFK Federal Building

Boston, Massachusetts 02203
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(203)
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(718)
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(401)

(617)

(203}

(518)

(617)

632-8742

874-0696

751-7900

482-4992

283-4000
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