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Models, Physics and Predictive Biological Oceanography:
KNOW Your Organism

by Marc Mangel

From its inception the U.S. GLOBEC program has rightlyfacultatively respond to their environments, often in unantici-
recognized that modeling should be an inherent concepated ways.

tual component, particularly if we want to connect biological In its early stages, our field benefited greatly from the
and physical oceanography. In fact, there is considerable use of “physical” mathematics (ordinary and partial differen-
merit to the argument that the harder it s (i@l equations) to describe biological

is to get the data, the more importantit . i i settings. For example, the Lotka-
is to do the modeling. Michael [b'0|09|ca| mathematlcs]...qwfer Volterra predator prey equations
Sissenwine (1983), considering the most importantly in recognizing illustrate how purely biological
Convention for the Conservation of the role of natural selection in interactions between predators and
i Marne Lvng Resoures. - shaping organisms...organismsPiey St D oselleione b |
wrote, : . ulati u . Similarly,

can facu!tatlvely respond _to theIrLotka—VoIterra two-species competi-

Modeling should be an integral part of environments, often in tion equations show how competitors

research on Antarctic marine living unanticipated ways might either co-exist or not, depending

resources. It is the process of formaliz- upon the strength of inter- and intra-

. ; |

g]fp:z(s):?g;ay iitzg:]nc?ggzlmrgoudnei\llsersal language...LIke specific interactions. Nonlinear

thinking, modeling is an ongoing process which is _reactlor?-dlffusmn equatlons_ show how Sp(—_}Cles-speuflC .
interactions such as predation or competition, melded with

stimulated by observations (i.e., data). Models in turn : ) .
stimulate additional data collection, usually followed by diffusion, can lead to spatial pattern. However, such models

modeling. The process of modeling forces consistent
thinking. This process is particularly important for

multi-disciplinary, multi-national situations where In this issue...
observations are made and ideas evolve independently.
A model is a synthesis of these observations and ideas.

(Cont. on page 2)

1  Modelling Biology

3  Georges Bank Study—Update
Simply put: before spending lots of time at sea, we should] 6  Technology Forum _
think carefully about the kinds of data that should be ? 3-D Bioluminescence Mapping

1

collected and what they can tell us; here models can play gn In Situ Behavior—Videography
enormously important role. 2 Growth and Nucleic Acid Probes

But, what kinds of models should be used? | differentif 14 Molecular Approaches to Identification and
ate between models based in “physical mathematics” and Physiological Status
those based in “biological mathematics.” The formerare | 15 Second Annual PICES Meeting
essentially rooted in classical mechanics, and assume large 16 U.S. GLOBEC Calendar

numbers of identical individuals. The latter differ most 17 U.S. GLOBEC Publications
importantly in recognizing the role of natural selection in 18  Cod and Climate Meeting
shaping organisms and, particularly, that organisms can 19 1994 Ocean Sciences Meeting

19 Ukraine Workshop—Arabian Sea

U.S. GLOBEC NEWS No. 4 -- August 1993 1



has said, “Variation is the core of (Marc Mangel is a professor in the
biology.” Removing diversity from Department of Zoology at the University of
are difficult to use as predictive tools if biological descriptions renders those ~ California, Davis).

they involve parameters that are fit it i ;
y parar > k descnpyons nearly de_v0|d _of meaning. raferences

from the data series which are being To include such diversity and
modeled (as is often the case). They dgeyelop means for predicting the Berry, R. J. 1989. Electrophoretic
not provide a means for predicting h(_)Wparameters in the equations of popula-studies: perspectives for population biology.
the parameters, and thus the dynamicsion gynamics, we must adopt the pp. 7-16 inElectrophoretic Studies on
will change in changed circumstances. principle “KNOW Your Organism” as Agricultural PestsLoxdale, H. D. and J.
An exception could be the situation in 5 guidepost for biological modeling, doe? Hc;)”ander (eds.), Clarendon Press,
which organisms are transported by 514 for counpli i i xiord.

i s pling of biological and
passive diffusion or currents (so that Wehysical models in the U.S. GLOBEC oyn Mangel, M. and C. W. Clark. 1988.

o amic Modeling in Behavioral Ecology.
understand the transport parameters program. The principle asserts that — princeton University Press, Princeton, NJ.

very well), but even simple organisms. oganisms can display a wide range of 308 pp.
can behave in complex ways and behaviors in response to their environ- ~ Mangel, M. and D. Ludwig. 1992.
modify their transport. ments and that we must thoroughly andPefinition and evaluation of behavioral and
Physical mathematics is especially yeeply understand the particular developmental programs. Ann. Rev. Ecol.
limiting, for two reasons, if we want to organism before constructing a Syst., 23, 507-536. _
predict the response of organisms 10 g antitatively predictive model. Sissenwine, M. 1983. Modelling: the
changed environments. First, the Approaches that focus on the state of application of a research tool to Antarctic
historical emphasis of physical math- the organism (Mangel and Clark, 1988 marine living resources. pp. 369-389 in

; : ; J00.5elected Papers of the Scientific Committee
ematics has lead to what might be Mangel and Ludwig, 1992) allow this  for the Conservation of Antarctic Marine

called "backward hypotheses™ work- 1 pe done. Furthermore, by consider- Living Resources, Vol, 2Commission for

ers often formulate a “null” hypothesis g the state, we link physics and the Conservation of Antarctic Marine
that is exactly contrary to what would biology in a natural way since physical Living Resources, Hobart, TAS, Australia.

be concluded by careful thinking about,ctors such as temperature, photope-
the biological situation. For example, riod, and flows generally affect and
the inappropriate assumption that the gnstrain (because of physical and
experimental subject and observer chemical laws) the physiological
share the same perceptions of the - qition of organisms. Physical

environment causes one to assume  athematics underlies these couplings

Modelling—(Cont. from page 1)

global information as a null hypothesis

The principle “Know Your

when, in fact, exactly the opposite  5rganism” is almost antithetical to
should often be the underlying assumpg,pat guides us in physics. After all,

tion. To illustrate this, a common the laws governing ocean physics are
assumption is that predators in a the same in the California or Benguela
spatially distributed system will Currents, or in the Antarctic or at the
aggregate in regions having highest  gqyator, And it is true enough that
prey densities. This idea is based on biological organisms must obey the

Ehe as”sumption that the predators laws of physics. But these laws merel
know” the global distribution of prey ¢ 45 a constraint on the main law of

and are wide ranging. When 0rganismg 5 selection that governs organ-
demonstrate such global environmentalg;,s  “know Your Organism” means
knowledge, the phenomenon needs t0 14t in general, we will not be able to

be explained, but it is not the starting - yeyelop highly predictive and general
point. This is particularly important if “z00plankton” or “fish” models

we want to use models of 0rganisms t0,though we should be able to develop
help identify the correct scales _of qualitative models which provide
measurement for physical studies.  jngight by using physical mathematics.
Second, because of the enormous g1y predictive models must treat the
numbers of particles usually studied in g 4anisms as ones which can behave
physics, diversity is notimportant. But ang respond to changed environments

one of the great attractions of biology is, novel ways, and it is here that

the enormous variation of living biological mathematics is needed. In
organisms. In fact, R. J. Berry (1989) ganeral, the challenge still awaits us.

20 <
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First U.S. GLOBEC Field Program Set to Begin on Georges Bank
by William Peterson

The U.S. GLOBEC Georges Bank as issued by the newly-established through a fundamental understanding
program was initiated in 1991 with NOAA/NSF Interagency Program of the mechanisms that control varia-
funding from the NSF (Biological Coordination Office, with a September tions in abundance in time and space.
Oceanography) for two modelling 1992 deadline. Two review panels  Our approach is to determine which
projects (described in U.S. GLOBEC  \yere convened in December 1992— (and how) physical and biological

News No. 1, Spring 1991) and with
funding from NOAA Climate and
Global Change, Marine Ecosystems
Response program for a pilot field
project and some retrospective data

one to provide advice on the long-term oceanographic processes control
research goals outlined in the North-
west Atlantic implementation plan, and abundance might be partitioned
the other to provide an evaluation of
the Northwest Atlantic proposals and causes. This will require:

populations, and how variations in

between natural and anthropogenic

analySiS (Summarized in USGLOBECthe”’ peer reviews. A total of 37

News No. 2, Fall 1991) An additional proposals, with over 100 Co_principa| .
investigators requesting $13,000,000,
were received and evaluated. Eighteen
projects have been recommended for o
funding (approx. $5,000,000) to 72
academic and NOAA scientists began scientists at 24 institutions in the U.S.
and Canada. Accompanying tables list
the projects by title and PI.

The goal of scientists working in
the physical and biological dynamics ofihe U.S. GLOBEC program is to
predict the effects of changes in the
global environment on the abundance, « to determine linkages and degree of
Plan was published in June 1992 (U.S.yariation in abundance and production
of marine animals (particularly

modelling project was added in late
1991 as were two biotechnology
projects.

In January 1992, a team of

meeting regularly at Woods Hole to
write a plan which would lead to the
implementation of a full-scale study of

Georges Bank. As a result, the
Northwest Atlantic Implementation

GLOBEC Report 6, 1992). Subse-

ocean physics to climate change

an understanding of how physical
processes control the biology and
ecology of zooplankton and fish
populations.

Thus the overall program goals for all

U.S. GLOBEC studies are:

coupling between atmospheric
forcing, and physical and biological

quently, a request for proposals (RFP) zooplankton and fish populations),

(Cont. on page 4)

RETROSPECTIVE ANALYSIS

Jim Bisagni, John O'Reilly (NMFS-Narr.)
Jim Y oder (URI)

Satellite-derived sea surface temperature and ocean color
variability on Georges Bank

Steve Bollens, Cabell Davis, Andy Solow (WHOI)

Georges Bank zooplankton and storm effects: historical data
analysis and comparison with model results

Carol Meise, Wallace Morse, John Green (NMFS/Narr)
Ted Durbin (URI)

Life history patterns of Calanus finmarchicus and Pseudocal anus
in the Gulf of Maine: effects of temperature and water column
structure

WATER COLUMN STRATIFICATION: PHYSICAL AND
BIOLOGICAL DYNAMICS

Bob Beardsley, Julio Candela, Jim Churchill, Cabell Davis, Scott
Gallager, Steve Lentz, Bob Weller, Albert Williams (WHOI)
Dave Mountain, Greg Lough,

Jim Manning, George Bolz (NMFS/Woods Hole)

Mark Berman, John Green (NMFS/Narr)

LewisIncze (BLOS)

Neil Oakey (BIO/Nova Scotia)

Dave Hebert (URI)

Charlie Flagg (BNL)

Brad Butman (USGS)

Seasonal development of stratified water on Georges Bank:
dynamics of zooplankton and larval fish

Ted Durbin, Ann Durbin (URI)
Jeff Runge (IML/Quebec)

Recruitment and production rates of Calanus finmarchicus and
Pseudocal anus on Georges Bank

Dian Gifford (URI)
Mike Sieracki (BLOS)
Scott Gallager (WHOI)

Phytoplankton and protozoain the diets of copepods and larval cod
on Georges Bank

John Stegeman, Michael Moore (WHOI)

Analysis of short-term growth in copepods and larval fish using
molecular markers of cell proliferation
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BANK-WIDE SURVEY S OF PHY SICAL AND BIOLOGICAL
PARAMETERS

Peter Wiebe (WHOI)

Dave Mountain, John Green (NMFS/Woods Hole)
Wallace Smith, Peter Berrien,

Michael Fahay, Wallace Morse (NMFS/Sandy Hook)

Ichthyoplankton and zooplankton in the Georges Bank region:
distribution, abundance, life history characteristics of zooplankton
and larval fish in relation to hydrography, and ecological and
climatic factors

Charles Miller (OSU)

Copepod population biology on Georges Bank

Pamela Blades-Eckelbarger (U.Maine)
Nancy Marcus (FSU)

Investigations of environmental cues and physiological processes
that regulate diapause in Calanus finmarchicus

Peter Wiebe, Tim Stanton (WHOI)
Charles Greene (Cornell)

Broad-scale and time-series acoustic measurements of zooplankton
and nekton in the Georges Bank region

Larry Madin, Steve Bollens (WHOI)
Barbara Sullivan, Grace Klein-MacPhee (URI)
Marv Grosslein,Mike Fogarty(NMFS/Woods Hole)

Effects of predation by fish and invertebrates on target species of
fish and copepods on Georges Bank

Ann Bucklin, Wendell Brown (UNH)

Biological and physical evidence of source regions and transport
patterns of zooplankton on Georges Bank

Georges Bank—(Cont. from page 3)

circulation driven by increased buoy-

them amenable for time-series study.

processes that control the populationgncy of coastal waters (due to warmingThus, we know that we can make

dynamics of marine zooplankton andgn jce melting), or shifts in the

fish

repeated cruises to the Bank and study

location of the core of the Gulf Stream.the dynamics of the same populations.

Other processes that could impact the Fourth, a 10+ year data base exists for

* to translate this understanding into
assessments and predictions of the
impact of climate change on marine
ecosystems.

Bank are changes in the frequency of interannual variations in cod and
severe storms that cross the Bank and copepod abundance, hydrography,
frequency of collisions of Gulf Stream circulation, and SST and ocean color
rings on the Bank. Another result of a from satellites. These records need to

shift of the faunal boundary could be be reanalysed in a climate change

These goals will be accomplished
through an interdisciplinary effort
involving physical and biological

that large schools of filter-feeding
mackerel (a southern species) would selected for study (the codfisBadus
arrive earlier than usual on Georges

context. Finally, the target species

morhug haddockMelanogrammus

oceanographers and fisheries biologistgank and severely impact larval fish ~ aeglefinusand the copepod3alanus

carrying out modelling studies, field

and copepod populations through

finmarchicusandPseudocalanysare

studies, retrospective data analysis angyredation. All of these topics are beingsubjects of intense ecological study by

long-term observations.

tors.
Why Begin With A Study Of

Georges Bank?

Georges Bank was selected for

several reasons. First, it is situated jus®f decline, which many scientists
believe can be attributed partially to

subtle changes in climate. Fishing
pressure may be a factor contributing tthrough a Calanusand Climate

north of a faunal boundary which
separates subtropical species from
temperate species. Global warming

studied by U.S. GLOBEC investiga-

Secondly, the Bank supports an
economically valuable fishery for cod. gives all scientists the opportunity to
Recently, all cod stocks along the
western Atlantic have fallen into a statestudies of these species in a basin-wide

many nations around the north Atlantic,
including Canada, Iceland, Norway, the
United Kingdom and Denmark. This

mount collaborative comparative
oceanographic context. Such activities

are moving forward through the ICES
Cod and Climate Change program and

could result in a northward shift of this the decline as well, so we need to sort Change” program recently proposed to

boundary, which would completely

out the effects of fishing vs. environ-

ICES.

change the species composition, and, mental influences on the observed
consequently, the ecosystem dynamicgleclines in cod stocks. Third, the BankThe Georges Bank Research

of the Bank. Such a shift would be
immediately detectable and would

is of sufficient size and has a physical Program (In A Large Nutshell)
circulation (an anticyclonic retention

serve as an early indicator of climate dyre) which enables distinct popula-
change. The shift could occur becauseions to develop and persist for long
of general warming, changes in coastaleriods (time scale of months), making

The Georges Bank Study contains
these components: retrospective data

(Cont. on page 5)

LONG-TERM MONITORING/IN SITU INSTRUMENTATION

Ken Brink, Jim Irish, Bob Beardsley, Richard Limeburner (WHOI)
Charles Flagg, Creighton Wirick (BNL)

Long-term moored and L agrangian measurements as part of the
Georges Bank study

Rick Pieper (USC)
Van Holliday (Tracor)

Applications and new technologies for bio-physical
interdisciplinary trophic studies [Moorings for monitoring biomass
of zooplankton using acoustics]
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NUMERICAL MODELLING

Dan Lynch (Dartmouth)
Francisco Werner (UNC)
Mike Sinclair, Peter Smith, David Greenberg, John Loder (BIO)

Importance of physical and biological processes to population
regulation of cod and haddock on Georges Bank: a model-based
study

lan Perry (DFO/Nanaimo)

Fred Page (DFO/St. Andrews)

Greg Lough (NMFS/Woods Hole)
Wallace Smith (NMFS/Sandy Hook)
Glen Gawarkiewicz, David Chapman,
Cabell Davis, Changsheng Chen (WHOI)
Don Olson (U.Miami)

Peter Franks (Scripps)

Glen Flierl (MIT)

Benoit Cushman-Roisin (Dartmouth)

Modelling studies of coupled physical/biological processes
affecting recruitment on Georges Bank

Numerical investigations of currents on Georges Bank
dynamics of overwintering populations.
Sampling during the broad scale
surveys will be sufficiently intense to
allow comparison of dynamics of
populations in the Gulf of Maine

Georges Bank—(Cont. from page 4) program.

An added value of the monthly
surveys is that they provide “snap-
shots” of the hydrography and the
distribution and abundance of plankton
which will aid greatly in the planning
of each of the fine-scale processes
cruises. The fine-scale studies planned
for 1995 will focus on the processes
controlling stratification of the water

analysis, fine-scale process studies,
broad-scale surveys, long-term moni-
toring/in situ instrumentation, and

numerical modelling. (GOM) with those on Georges Bank

Projects concerned with retrospec- :
tive data analysis are looking at a 1939(-GB)' Genetic structure of GOM, GB

1941 zooplankton data set from and otheCaIanuspopula_ltloqs living
around the North Atlantic will be

Georges Bank, the 1977- 1988 .

. compared to determine degree of
MARMAP data set on winds, hydrog- . lati f lati In addition t
raphy and plankton abundance, and at -0 a-on Of POpUlations. In addilion 10 ¢1ymn, seasonal evolution of stratifi-
the entire SST and ocean color data segge hygr%grabphy and zt(;lcl)plankton W(f)rkcation, and effects of stratification on
studies will provide both the climatol- ¢ (mackerel and herring) a};d y oceanographic work includes study of
0gy, and, importantly, the degree of invertebrate predators WilglJ rovide dataCurrentS using current meters, ship-
interannual variations to be expected " " Iapnkton redat(l)ar fields board ADCPs, and drifters, and
for winds, SST, salinity, phytoplankton This last Pk i P laborati ' & measurement of turbulence and mixing
and abundances of copepods and larval ' ‘25t Project is a collaborative effort, g, yithin the water column and in the

fish. Co-funded by the NOAA Coastal benthic boundary layer. Much of the
. Ocean/Coastal Fisheries Ecosystem
Broad-scale survey cruises and

] ? > (Cont. on page 20)
fine-scale process cruises will be

BIO Bedford Institute of Oceanography
conducted each month, from January _ .
through July 1995. Broad-scale cruises BLOS Bigelow Laborar[_ory of Ocean Science
f 16-dav durai foll dby 12 BNL Brookhaven National Laboratory
of L1b-Gay duration are followed by L2- Cornell Cornell University

day process cruises. Thus, at least one
ship will be on the Bank nearly
continuously for seven months. The

Dartmouth
DFO/Nanaimo
DFO/St. Andrews

Dartmouth University
Dept. of Fisheries and Oceans/Nanaimo
Dept. of Fisheries and Oceans/St. Andrews

broad-scale surveys provide informa- FSU Florida State University
tion on bank-wide variations in IML/Quebec Institut Maurice-Lamontagne
temperature, salinity, currents, phy- MIT M assachusetts | nstitute of Technology

toplankton, zooplankton and fish using NMES/Narr Nat?onal Mar@ne F?sher?es Serv@charragansett Lab
CTD, ADCP, satellite imagery, NMFS/Sandy Hook | National Marine Fisheries Service/Sandy Hook Lab
fluorometry, plankton nets and towed NMFS/Woods Hole | National Marlne_Flsht_an% Service/Woods Hole Lab
. OoSuU Oregon State University
acoustic sensors. The zooplankton - . .
. . - Scripps Scripps Institute of Oceanography
sampling contributes to the description Tracor Tracor Inc
and modelling of population dynamics U Mane Univer’sity of Mane
of copepods, larval cod and larval U.Miami University of Miami
haddock, a key component of the UNC University of North Carolina
overall program. A companion UNH University of New Hampshire
laboratory study of factors controlling URI University of Rhode Island
diapause irCalanus finmarchicusill usc University of Southern California
contribute to an understanding of the USGS United States Geological Survey
WHOI Woods Hole Oceanographic Institution
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Technology Forum

(Editors Note: Technology Forum is
intended to stimulate thought and
discussion on diverse oceanographic
technology issues. We welcome
contributions on technological issues
relative to ocean science, but particu-
larly to U.S. GLOBEC.)

the euphausiitleganyctiphanes particles, diffuse clouds); and the
norvegica Simultaneous estimates of coordinates of the point of impact.

krill abundance and patchiness were This information is then sent to the
made with a dual-beam acoustic luminous object data structure, where it
method. Comparison of abundance ani@ stored and organized into flash
patchiness estimates made with these categories. Densities of different flash
two very different mapping techniques categories are then calculated from the
demonstrated no significant differencesrolume scanned. Distances to nearest
between these estimates (Greene et alneighbors, etc. can then be calculated.

3-D Bioluminescence
Mapping

1992). In addition, the biolumines-
cence technique simultaneously
mapped a population of co-occurring
by Edith A. Widder ctenophores (Widder et al., 1992).
n intensified video transect
technique has been used to
identify and map bioluminescent

Data Analysis

Through a collaboration with MRJ,
organisms based on the spatial and  INC., image recognition algorithms are
temporal patterns of their stimulated  now being developed that will auto-
bioluminescent displays (Greene et al.,mate the identification of organisms
1992; Widder et al., 1989, 1992). based on their bioluminescent displays,
This technique evolved as a by-  and then map their locations in three-
product of an investigation of dimensional space. Using parallel
unstimululated background bioluminesprocessing, the video frames from a
cence levels in the Monterey Canyon. pioluminescence transect are stacked,

Advantages

1) Bioluminescence mapping is both a

high-frequency and high-resolution
technigue which samples a statisti-
cally significant volume. Using the
species-specific label of biolumines-
cence, dinoflagellates as small as 50
pm can be identified in real-time in a
field of view of one meter. There-
fore, multiple bioluminescent
species of sizes extending from 50
pm to 1 m can be mapped simulta-
neously with a single video camera.

The intensified video transect techniqu@ne on top of each other, to create a  2) Bioluminescence recordings are very

employed during that investigation,
using the single person submersible
DEEP ROVER, was originally de-
signed to measure the abundance of
potential luminescent sources in the  cent events are visible in three-

water column. During horizontal dimensional space. This volume data
transects, a video recording was madestructure is used to identify luminous
of bioluminescent displays from events and extract features such as
organisms which were mechanically  intensity; duration; size; kinetics (rise
stimulated to luminesce as they time, decay rate, pulsing rate, if any);
contacted a 1-meter diameter screen release of extracellular material if any
mounted in front of the submersible. (glowing particles, scintillating

An automated computer image-analysis
program was then used to count the
number of sources stimulated during
the transect. During the course of this

solid volume. With this data format the
high-contrast video images can then be
thresholded and the background made
transparent so that only the biolumines-

high contrast, thus edge detection is
much less of a problem compared to
illuminated video recording. As a
result, the algorithms for categoriza-
tion and identification of biolumi-
nescent signatures are extremely
simple compared to image recogni-
tion algorithms, which require much
higher resolution images and must
deal with issues like multiple

(Cont. on page 11)

B e

investigation, it became apparent that it
was frequently possible to identify the
sources of these displays, often to the
species level, based on the temporal

[ HARBOR BRANCH
[D JOHNSON-SEA-LINK

3

and spatial patterns of their biolumines-
cent displays (Widder et al., 1989). In
this initial investigation, identified
displays were limited to gelatinous
sources. More recently the technique
has been adapted for use on the
JOHNSON-SEA-LINK submersible

ISIT Video Camera
Transect Screen

Figure 1. Configuration of the JOHNSON-SEA-LINK submersible for making intensified

(Figure 1) and was employed to map video recordings of stimulated bioluminescence during horizontal transects.

the micro-scale distribution patterns of
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In situ Behavior of Deep-Sea Animals: 3-D camera
Videography from Submersibles and Motion Analysis

camera

by Peggy P. Hamner and William M. Hamner

M ovements of animals in three- ~ Video System for a SUBMERSIBLE
dimensional (3-D) space cannot g;pmersible video #1 video #2
be measured accurately with standard #1/\#2

two-dimensional (2-D) photographic camera

; T derstand the behavi ’ We use two monochrome video control
§ys_ e_ms. 0. understan . Ef' enavior % meras corrected for underwater box
individual animals and their interac-

parallax (Walton, 1988). The cameras

tions in a three-dimensional medium, it o fiseq with fixed-focus lenses and VERI™ i :'cmphone . VCR
is absolutely essential to use three- | .10 angle adapters and are perma- #1 | (audio#1 audio #2 | 42
dlmens!onal videography. We d_escrlbq1ently mounted in custom housings. video | #1 video | #2
a 3-D video system for use on either Wide angle adapters are necessary " . tim Y
manned submersibles or ROVs, and .. 56 the cameras on the submersibligensrator codz monitor
provide an example from the deep S€810e in toward each other so that their L video #1

that demonstrates the necessity for
three-dimensional measurements.

fields of view intersect approximately 2

) . m in front of the submersible. Each  Figure 1. Drawing of the 3-D video system
Animals recorded simultaneously on .o mera's field of view must be as wide on the JOHNSON-SEA-LINK submersible.
two videotapes as they swimwithina. ¢ possible because images outside théhe two cameras are mounted outside the
calibrated volume of water in front of |, e of water viewed by both submersible, on either side of the sphere,
the submer5|ble_are auto_mancally cameras are recorded on only one and are linked by cable to the video
tracked though time and in three- videotape, and are useless for 3-D equipment inside the sphere.

dlm_en5|onal space_wnh a COmmerc'ally::malysis. nized for subsequent identification of
available 3-D tracking system. The camera housings are rigidly identical frames. We use a time-code
. mounted on either side of the submersgenerator which lays down a time-code
Rationale for 3-D ible because the positions of the signal simultaneously on one audio
Measurement cameras relative to each other must  track of each VCR. When the original
remain constant to track an object tapes are dubbed onto work tapes, the
One obviously important facet of accurately. A control box remotely  auditory time code is transformed into a

every organism’s existence is its ————T SV oo e (SN [y W [ VSRS CToTely o ATy e
patterns of movement within its habitat, frame numbers at 30 fps, that appears
both in space and through time. Humans see the world with  on every frame. The greatest advan-
Ethologists routinely record animal stereo optics, and the tage of the time code over periodic

behavior optically in the field for later synchronizing signals, such as a strobe

analysis. However, the usual single ability to V'_eW three'dlmens_lonalflash or tone, is that the continuous
camera view provides only a two- events in 3-D would assist isiple code allows the user to be sure
dimensional image of behavioral us in understanding complex that identical sequences of frames on
phenomena that often occur in three- behaviors. multiple videotapes are selected for
dimensional space, particularly if the digitizing.

animal moves through the air or S We use Super-VHS or Hi8
through water. Tracking undisturbed videocassette recorders because of their
animals in 3-D provides far more powers both cameras and electrically high video resolution. For recording
accurate information about movementscontrols the irises. When operated from the JbnsonSea-Link, where

than do estimates derived from 2-D  inside a manned submersible, the space was limited, we used 2 portable
measurements. We have developed control box is connected to the camera¥CRs. The model we chose had 2
and tested a two-camera video systemvia a cable which penetrates the audio inputs, allowing the observer to

which can be mounted on a submers- submersible’s hull to transmit video  record commentary on the second
ible to record objects in the deep sea fand control signals (Fig. 1). Video audio track while the time code was
subsequent automated 3-D analysis ofrecording is controlled from two VCRs recorded on the first. A portable
behavior. inside the submersible. Sequences on

the two videotapes must be synchro- (Cont. on page 8)
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camera #1 (port) camera #2 (starboard)
Figure 2. The digitized calibration grid in
5 (0,71,0) 5 (0,71,0) (11,m,00| port and starboard camera views. White

(0,71,71) (71,71,0) 1 6 cubes at the 8 corners were used as targets.

7 6 One cube was not well illuminated and its
video image could not be digitized. Known
spatial coordinates for each target establish
the x, y, and z axis for subsequent 3-
(71,0,71) dimensional measurements. Any single

3 J 4 target may be selected as the origin and the
(0,0,71) i , remaining targets are then identified in
2 {0,0,0) relation to that target.
1 (71,0,0) 2
(0,0,0) (1,0,0)
Behavior—(Cont. from page 7) both cameras. The cameras were living in groups, is tedious. We found

calibrated at depth from the submers- a company, Motion Analysis Corpora-
ible by holding the stick box in front of tion, Santa Rosa, California, that sells a
the cameras with the claw. Calibrationthree-dimensional tracking system

at depth is easier than calibration on  (ExpertVision) that digitizes multiple
deck because of the uniform black target images in real time, automati-
background beyond the targets. We cally computes x,y,z coordinates from
recorded animal behavior with the 3-D their positions on synchronized frames
video system from th&ohnsorSea- of multiple tapes (Table 1), and plots
Link both in midwater and while the  their 3-D trajectories over time, using
submersible rested on the ocean floor. the digitized views of the calibration

In order to track identified targets, one example is presented below. cubes (Fig. 2) for spatial reference.
the spatial dimensions of the volume

under observation must be known. Fo
our automated tracking system,
discussed below, each camera view is
calibrated with a minimum of 6 non-
coplanar targets within the fields of
view of both cameras (Fig. 2). Calibra
tion provides information about spatial
relationships between the cameras an
the recorded targets which is used to
compute the 3-D trajectories of objects
moving through the calibrated volume.
For dives with theghnsorSea-
Link we calibrated the cameras with a
“stick” box made of 12 black rods, each
71.0 cm long, inserted into 8 white
plastic cubes which served as calibra- 1

tion targets on each corner of the box o
(Fig. 2). The cameras on tehnson \/_)
Sea-Linkwere positioned so that the

grid filled approximately 3/4 of the 2
monitor screen in each camera’s view
when it was held in front of the
submersible. The two cameras were
focused approximately 2 m in front of Figure 3. 2-dimensional paths of a sergestid shrimp (1) and a fish (2) as viewed from port
the submersible’s sphere. Once the and starboard cameras. Because of the camera angles the sergestid appears to lobstertail
cameras were positioned, the motion- at two different angles and the apparent paths of the fish are diametrically opposed, but
less calibration grid was recorded with when the x,y coordinates of the two animals' positions in both views were combined to
calculate 3-dimensional positions, the correct paths could be determined.

monitor attached to the outputs of the
two VCRs displayed what was actually
recorded and permitted the operator to
hear the time-code signal being
recorded on the audio tracks.

Photogrammetric Data
Collection

'Data Analysis Data Example

Once multiple, synchronized One example of target tracking,
images are recorded, they must be  from the LEO750 project in September
analyzed photogrammetrically. Manuall990, is presented to illustrate the
“computations for such temporal
dSequences, particularly of individuals (Cont. on page 9)

camera #1 (port) camera #2 (starboard)

—
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Table 1. Spatial coordinates for the location of a swimming sergestid oveIr

Behavior—(Cont. from page 8)

importance of using a 3-D rather than
two-dimensional system for measure-
ments of motion. On dive no. 2257 we

at about 710 m and recorded the
interaction between a sergestid shrimp
and a fish when their swimming paths
converged. The sergestid swam into
view from the port side and the fish
from the starboard side. The sergestid
was slightly above the fish when they
met, and from the original video it
appears that at least one of the
sergestid’s long, trailing antennae
touched the fish. The encounter
startled both animals and they both
abruptly changed course at increased
speeds.

The data presented encompass 45
frames of video, or 1.5 seconds. The
paths of both the sergestid and the fish
initially continued in the same direc-
tions they had been swimming since
they first appeared. Fig. 3 shows the 2-
D paths of the sergestid and the fish as
they were computed from each indi-
vidual camera angle. Note that the
computed path directions of the
animals are strikingly different in the
two views. Nonetheless, after the x and
y coordinates for these two views were
combined to track the animals in three-
dimensional space, the true paths and
other motion-related parameters could
be calculated.

Fig. 4 is a plot of the sergestid's
speed over 1.5 seconds, calculated by
the ExpertVision system from these
coordinates. For the first 17 frames,
the sergestid’'s speed averaged 12.2 cm
s-1. Its lobstertail response to the
proximity of the fish reached a maxi-
mum speed of 140.0 cmlsin 3 frames
(0.1 sec). In the same sequence, the
fish averaged 15.6 cmIsfor the first
17 frames. In response to the sergestid,
the fish abruptly changed course and
accelerated to a maximum speed of
90.8 cm sl in 5 frames (0.7 sec). By
frame 33, the last frame in which its
image could be digitized, the fish had
decelerated to 53.0 cmls

1.5s (45 frames at 30 frameY.s The 3-dimensional measurements were
calculated by the ExpertVision 3D tracking program from x,y coordinates
provided by two camera views of the shrimp. The cruising sergestid !
lobstertailed upward (between frames 18 and 25) when it encountered a fishset theJohnsorSea-Linkon the bottom
then resumed a slower swimming pattern.
Frame X Y Z
No. (cm) (cm) (cm)
1 -23.674 33.728 -3.529
2 -23.332 33.775 -3.5627
3 -22.915 33.855 -3.465
4 -22.522 33.922 -3.648
5 -22.013 34.024 -3.373
6 -21.799 34.094 -3.576
7 -21.346 34.153 -3.573
8 -20.932 34.219 -3.397
9 -20.597 34.257 -3.472
10 -20.208 34.317 -3.684
11 -19.734 34.434 -3.604
12 -19.342 34.575 -3.608
13 -18.831 34.685 -3.504
14 -18.472 34.799 -3.664
15 -18.031 34.830 -3.531
16 -17.784 34.825 -3.414
17 -17.427 34.880 -3.650
18 -17.045 35.067 -3.487
19 -17.264 37.135 -1.799
20 -18.547 40.211 2.131
21 -19.583 42.967 5.112
22 -20.325 45.316 7.038
23 -20.914 47.357 8.052
24 -21.318 48.640 8.432
25 -21.702 49.521 9.053
26 -21.583 49.934 8.914
27 -21.431 50.214 8.737
28 -20.764 50.424 8.179
29 -21.180 50.602 8.699
30 -21.293 50.761 9.373
31 -21.047 50.894 9.144
32 -20.783 51.057 9.456
33 -20.646 51.177 9.380
34 -20.027 51.427 9.266
35 -19.975 51.640 9.800
36 -19.649 51.807 9.617
37 -19.215 52.124 9.793
38 -18.815 52.313 9.660
39 -18.564 52.515 9.972
40 -17.979 52.729 9.900
41 -17.797 52.871 10.346
42 -17.455 53.105 10.328
43 -16.899 53.328 10.368
44 -16.704 53.541 10.789
45 -16.221 53.787 10.379

(Cont. on page 10)
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Behavior—(Cont. from page 9)

In this example of three-dimen- 140[
sional behavioral quantification, the -
inaccuracy of relying on 2-D measure- 120

ments is clear. When the swimming -
sergestid and fish converged, the fish < 100}
and shrimp reacted at almost the same
time, changing speeds and directions.
While each camera view individually
suggests that interaction affected the
two animals, taken separately they
provide conflicting information. Fig. 3
shows the paths of the sergestid and
fish calculated by the EV3D program
for each view. Because of the camera 20r
angles, the sergestid appears to dart i

upward vertically along 2 different — é - ']b' - ']'5' - '2'0' - '2'5' - '3'0' — '3'5' — 4'0 T
diagonals, and the fish actually appears
to swim in opposite directions. Any
behavioral measurements based on  Figure 4. Speed of the sergestid in cmcaiculated from its 3-dimensional spatial
either one of these 2-dimensional viewsoordinates in the calibrated volume of water in front of the submersible.
alone would be wrong.

80

60

speed (cm/sec

40

frame no.

proves the accuracy of measuring operating the 3-D video system. We
Recommendations for Future  coordinates along the axis perpendicu-thank Ms. Sadie Harrison for her help
Developments lar to the plane of the cameras. When in analyzing behavioral sequences. The
possible, additional cameras should bework described here was funded by
used to increase the probability of the NSF grant OCE 86-16487, NOAA/
target remaining in more than one NURP contract NA88AA-H-UR020,
view. With additional cameras, two  and NOAA/NURP subcontract SC
could be aligned side by side to provideéd2791.
a stereo view which could be projected
in 3-D. Humans see the world with  References
stereo optics, and the ability to review
three-dimensional events in 3-D would Hamner, W. M., C. T. Prewitt, and E.

assist us in understanding complex Kristof. 1988. Quantitative analysis of the
behaviors. abundance, swimming behavior, and

; interactions of midwater organisms. P. 307-
Correct lighting is important for In an e‘f’“"er report (Ha”.‘”er et al. 317in: Global Venting, Midsvater, and
subsequent digitization of recorded 1_988) we discussed thr_ee—dlmensmnal Benthic Ecological Processes (M. P.
images. The digitizing computer videography and.descrlbgd s_everal DelLuca and |. Babb, eds.). NURP Res.
outlines target images by systems of 3-D video projection. Oncerep. 8g-4.

“thresholding”, that is, setting the grey Fhe elements .of thr_ee-Q|menS|onaI
level transition that defines the edge ofimage collection, viewing, and com- Walton, J. S. 1988. Underwater

the targets against the background. If Puter analysis are combined, we will  tracking in three dimensions using the
lighting is uneven, the threshold level have an e_xtremely powerful new tool bDIreCé Hinear Tranls formation a.nS adwdeo-
will change from frame to frame for analyzing behavior in the deep .sea.WzStgr lmgt'?n” a(’[‘)a gs's ;?’Os\ffam' ed“) egPIE
because contrast between the target at(geggy and Bill Hamne_r are scientists Proceedin%gga San Diego gA 1.8.Aug
the background changes and the in the Department of Biology at UCLA) T '

1988. 3 pp. (unnumbered). AAA
computer is unable to digitize the target
throughout the sequence. Broad-beant \cknowledgments
lights are essential because the light
field must be as even as possible.

Cameras on the submersible

should be spaced as far apart as
possible. Increased separation im-

To obtain quantitativén situ
behavioral information about animals
that live in a three-dimensional
medium, 3-D sampling tools are
absolutely essential. In the deep sea
optical sampling is limited to short
distances because of lighting difficul-
ties; but where it is applicable, it is the
most accurate method available for
recording behavioral phenomena.

We thank the crews of tilhnson
Sea-Linksubmersibles for their able
and indispensable assistance in
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Bioluminescence—(Cont. from page 6)

possible orientations of specimens
and the identification of types and
numbers of appendages.

Disadvantages

1) Not all marine organisms are
bioluminescent. However, many of 3) Some mechanical disturbance is

the dominant species in the ocean
are light producers and virtually
every cubic meter of the ocean
contains some bioluminescent

organisms. These include all pelagic

krill as well as many species of

copepods, dinoflagellates, ostracods,

larvaceans, amphipods, mysids,
decapods, polychaetes, fish, squid

and most of the gelatinous zooplank4) Definitive identification of a

ton. Due to the enormous complex-
ity of the marine environment, it has
been suggested that investigators
should concentrate on a few key

species. Therefore, the fact that not

all marine organisms are biolumi-
nescent can be used to advantage.

2) Bioluminescence in some taxa, esp.

dinoflagellates, is inhibited by high-
light intensities and the majority of

bioluminescent zooplankton undergo

vertical migration, occupying
surface waters only at night.
Furthermore, bioluminescent

Figure 2. Examples of biolumines-
cence mapping.

Left Image. Bioluminescent flashes
recorded in a dinoflagellate layer.

Right Image. Bioluminescent flashes
recorded in a ctenophore layer. The
figure-8 at the top of the image is
characteristic of the lobate cteno-
phoreBolinopsis infundibulum. The
other bright displays are extracellular
emissions characteristic of the
cydippid ctenophor&uplokamis sp.
The field of view in these images is
0.74 m by 1.0 m.

displays provide the greatest contragkeferences

and are thus most easily detected

when it is dark. For these reasons, Greene, C.H., E.A. Widder, M.J.
three-dimensional mapping of near- Youngbluth, A. Tamso, and G. E. Johnson.
surface waters of the oceans is donel992. The migration behavior, fine

only at night or at dusk and dawn structure, and bioluminescent activity of

while followina miarating lavers. krill sound-scattering layers. Limnol.
g mig glay Oceanogr., 37, 650-658.

. . . . Widder, E.A., S. Bernstein, D. Bracher,
required to stimulate biolumines- 5 £ case, K.R. Reisenbichler, J.J. Torres

cence. However, because of the  and B.H. Robison. 1989. Bioluminescence
slow transect speed (0.6 kt) and the in Monterey Submarine Canyon: image
large mesh size of the screen (1800 analysis of video recordings from a

um), the pressure wave in front of ~midwater submersible. Mar. Biol., 100,

the screen is small, as evidenced by®41-551.

the lack of screen avoidance by krill

(Widder et al., 1992). Widder, E.A. 1992. Mixed light

imaging system for recording biolumines-
cence behaviors. J. Mar. Biol. Ass. U.K.,

: . . . 72,131-138.
particular organism with a particular

bioluminescent display must be Widder, E.A., C.H. Greene, and M.J.
based orn situmeasurements, since Youngbluth. 1992. Bioluminescence of
displays from captured specimens sound-scattering layers in the Gulf of
are often radically different from Maine. J. Plankton Res., 14, 1607-1624.
those recordeth situ Therefore a LAA
dual camera system, which records

high-resolution images of organisms

superimposed on their biolumines-

cent displays (Widder, 1992) is

being adapted fan situ work.

(Edith Widder is a marine scientist

at the Harbor Branch Oceano-

graphic Institution).
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Estimation of Zooplank- between incorpqration of . Th(_a third biochemical approach to
t d Ichth lankt bromodeoxyuridine (BrdU) into DNA assessing growth and production
on anda ic yop ar\' on (an index of cell proliferation) and rates—estimation of RNA content—
Growth and Condition growth of zooplankton, including larval has been under active investigation in a
Using Nucleic Acid Probe fish (see Moore and Stegman, 1992). number of laboratories and is the

) The activity of the respiratory primary topic of this article. The RNA
Techniques electron transport system in marine  content of any tissue or whole organism
by Lawrence Buckley and  zooplankton has been related to feedingonsists primarily of ribosomal RNA
Peter McNamara condition and other environmental (rRNA), the nucleic acid component of

variables. Currently, studies relating ribosomes. Ribosomes are the protein
zooplankton growth with the activities synthesizing complexes of the cell.
of specific enzymes comprise an activeRibosome number, and, therefore, the
area of research. Enzyme activities areconcentration of rRNA, at any given
I,}mown to be sensitive to nutritional time is directly related to the protein
status in adult fish, and to scale with  synthesizing activity of a cell. Since the
major goal of biological oceanography,t.’Ody Iengt_h. in both adult and Iarvgl DNA content of a somatic cell is
and a better understanding of these fish. Activities of the key metabolic ponstant, RNA levels may be .ngr_mal—
parameters as they may be affected bye_nzymes lactate dehydrogen_ase and ized to a per cel! value after dividing by
global climate change is a primary citrate synthase (representauvg of DNA concentratllon. The resultant
objective of the U.S. GLOBEC anaeropm and aerobic metabolism, RNA—to—DNA rq‘uo value has proven to
Program. Presently, a variety of respectlvely) have rgcently been be a useful |nd|cat9r of both. nutritional
approaches are being used to evaluatemeasu,red in Iar\(al fish anq appear to bstatqs anq growth in larval fish. The
copepod growth and condition includ- useful in assessing condition (C;Ia}rke emelatlon§h|p between RNA content and
ing cohort analysis, methods based on al., 1992). le[rate sy_nthasg .actlwty hagrowth in copepods, however, appears
estimation of egg production, molting also been estimated in individual to be more complex, due to the nature
frequency, feeding incidence, and zc_)oplankf[on and was found to correlateof the molt cycle. (Ota and Landry,
metabolic rates. None of these ap- W|th.f_eed|ng (Clarke and Walsh, 1.993).1984). o
proaches are entirely satisfactory due t@ddmonally, DNA polymerase activity _ The successful application of the
drawbacks associated with the requireds known to be responsive to chaqges |RNA?t_o—DNA ratio me.thod to eyaluate
handling and incubation of organisms growth rate ofArtemia salinanauplii, condition and growth in larval fish can
and may provide another useful marker
| of cell proliferation and growth in (Cont. on page 13)
copepods and larval fish.

One of the key biological processes
controlling population dynamics
of marine organisms is zooplankton
growth and production rate. Estimatio
of growth and productiom situis a

following shipboard collection. The
development of improved biochemica

or molecular techniques for estimation

of growth and production rates of Atlantic cod O

zooplankton would represent a signifi- "y A RNA (1) PCR (2) Insert into

cant improvement over existing pur}fied amplification Gene copy plasmid vector Recombinant

methods. plasmid
At least three main biochemical "probe”

approaches have been applied to the

study of zooplankton growth and (3) Label with

production: (1) incorporation or detection tag

metabolic uptake of a labelled precur-

sor, (2) measurement of the rate of a ‘  (5)Denature (00000000000 ﬂ

me_tabo_lic pathway or enzyme, aqd 3) — ] RNAandapply (0000000000090 (4) Hybridize /‘/—\‘
estimation of RNA content. The first M\ o membrane. (000000000000 ‘ “% RNA on blot i\*J)
approach has been used to evaluate 000000000000

both primary production and secondary Larval fish Slot Blot Labeled
production. The incorporation dfic- extract containing probe
labeled carbonate by phytoplankton hastotal RNA (6) Detect using

served as a functional definition of chemiluminescence

primary production and uptake &fcC- (7) Expose to film

and quantify i
labeled algae by zooplankton has also nd quantily image

been investigated. Currently efforts are

. . Figure 1. Flow diagram showing the production of DNA probes for use in the quantitation
underway to determine the relation

of specific RNA levels in larval Atlantic cod.
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Growth—(Cont. from page 12) 10

be attributed to several factors. First, there is a direct link
between RNA concentration and growth which, in larval fish,
mvolves primarily the generation of muscle tissue (Houlihan et

I, 1988). A relationship between the ratio of total RNA to
DNA and the growth of a wide variety of temperate marine figh
larvae reared in the laboratory has been established (e.g. ¢
Buckley 1979). A general model relating RNA-to-DNA ratio
and water temperature to larval growth rate was developed
from data on 8 laboratory-reared fish species (Buckley, 1984).
Second, the larval period in fish is a single, well-defined life 0 2 4 6 8 10 12
stage characterized by rapid growth. Analysis of growth and
nutritional condition in fish larvae, therefore, has been rela-
tively free of complicating factors such as age, gender and NORMALIZED TO DAY 0
reproductive status. Finally, extensive laboratory experiments 2
have been conducted to calibrate the method. Consequently,
the RNA-to-DNA ratio method (with refinements and varia- RIBOSOMAL RNA
tions) has become widely accepted and utilized for the estimas
tion of short-term (days) growth in larval fish. In a recent E
study, for example, a variation of the approach employed flon8
cytometry to estimate the RNA and DNA content of individualg
brain cells from fish larvae (Theilacker and Shen, In press). ~
Two distinct fractions of cells were identified in which RNA
levels were sensitive to either feeding or growth.

Growth, as gauged by the weight of fish larvae, is expo-
nential through the larval period, with the majority of protein
synthesis directed toward the accretion of muscle tissue.
Unlike other life history stages in fish, little metabolic energy i
spent in building energy reserves or in reproduction during th
larval stage. A consideration of zooplankton growth and
physiology as a whole, however, presents a much more
complicated picture. Even when considering a single specie
such as the copepdthlanus finmarchicysone net haul taken
in the field might contain multiple life stages of the organism.
Complicating the problem are discontinuous growth and the . . . )
molt cycle that accompany each developmental stage. These
factors can have a profound effect on the biochemical composi-
tion of the organism.

] 5. X TOTAL RNA

AJL
©C 4 N W AR OO N @ O

DAYS AFTER HATCH

ORTENT

ACT\%\?mRNA c

P =)

NT

The Potential for Nucleic Acid Probe Techniques

N mRNA CONTE

Production and growth are a function of gene expression...
Techniques are currently available to estimate the concentrat@n ;
of individual RNA molecules, including rRNA and specific 5
MRNAs. The use of nucleic acid probes can provide informa-

tion on the identity, growth rate, physiological status and 0 ' : ‘ ' *

. i . .o . . 2 4 6 8 10 12
reproductive condition of individual organisms. In addition,
information on the genetic relationships among individuals, DAYS AFTER HATCH

cohorts and populations is available using this approach Figure 2. RNA levels in first-feeding Atlantic cod larvae.
(Powers, 1993). Doug Crawford and Lew Incze, for example,Starved fish (dashed line) had food withheld since hatching.
are currently using the polymerase chain reaction (PCR) to Solid lines were fed fish. Total RNA measurements were made
quantitatively amplify mRNAs from the copepGalanus using standard fluorometric methods. Ribosomal RNA, along

finmarchicuswhich encode enzymes that are indices of with actin and myosin mRNA levels, were determined using
specific DNA probes as described in the text. Because these data

(Cont. on page 16) sets represent single measurements, no error bars are shown.
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Molecular Approaches to combine these two seemingly disparateelectrophoretically. And, finally, many
. . technical goals, that is, to be able to individuals may be assessed simulta-

Identlfy_a Spec[es and both (1) identify specific species or neously without any sorting at all. In a
ASSess Its PhySIOloglcaI populations and (2) quantify specific mixed species sample, the number of

Status In genes or their products as an index of Calanus finmarchicusould be
: physiological status. My laboratory is determined by measuring the concen-
OceanicPlankton currently working toward this goal by tration of a nuclear gene (this is really a

by Douglas L. Crawford utilizing quantitative PCR to both identify measure of the number of cells), and
the copepodcCalanus finmarchicusand to  the average physiological condition
M olecular techniques are useful forquantify its expression afpecific genes. could be assessed by measuring the
identifying species and defining The level of enzyme expression from aconcentration of an enzyme’s mRNA.
distinct populations and for quantifying Single species is determined by Both nuclear DNA and mRNA can be
cellular or physiological status. A isolating nucleic acids from these assayed in the same reaction because
variety of molecular methods, sequenc€opepods, converting its mMRNA into  their PCR products are of different size.
analysis, and Restriction Fragment cDNA, and quantitatively amplifying  The ratio of these two measures may
Length Polymorphism’s (RFLPs) have the cDNAs that code for key metabolic vary due to changes in recent feeding
been successfully applied to marine  enzymes. The PCR products for eachconditions, temperature, developmental
problems. Carlton and Geller (1993) enzyme’s mRNA are of different size state or other physiological conditions.
demonstrated that many bays and and are electrophoretically separable. By grouping of many individuals, one
estuaries are constantly invaded by ~ As a first step, we have cloned and loses information concerning inter-
plankton carried in ship ballast water. characterized genes that code for individual variability in physiological
Finnerty and Block (1992) demon- several key metabolic enzymes and  condition but gains the ability for rapid
strated that although marlin are found used them to design species specific survey of many populations. Where
world wide, they are not panmictic—  primers. This research makes the populations (samples) differ, individual
i.e., different ocean basins consist of assumption that mRNA concentration organisms would need to be analyzed

genetically distinct populations. is highly correlated to the concentratiorusing the same methods outlined for
These studies are only a few of the enzyme they encode. Although mixed populations to determine the

examples of how molecular techniquesthis has to be verified experimentally, itsource of the differences.

can be used to address important has been demonstrated in a number of  This goal of simultaneously

biological and conservational questiondaboratory studies. For example, diet- identifying a species and quantifying

in the ocean. Quantitative molecular related changes in enzyme concentra- gene expression faces many hurdles.
analysis is similarly useful. A few tions in rabbits can be accurately There are obvious molecular and
researchers have used gross measuresletermined by measuring mRNAs biochemical assumptions to be tested
of RNA and DNA concentrations to (Granner and Pilkis, 1990). Addition- (e.g., the relationship between enzyme

ascertain an index of growth or ally, enzyme concentration in the smallconcentration and its mRNA, the
physiological status (see article by minnow Fundulus heteroclituss a correlation between dry weight and
Buckley and McNamara). More function of its mMRNA concentration,  nuclear DNA concentration, etc.). Just
specific measurements, e.g., determinaand both of these measures of enzymeas important are problems arising when
tion of specific gene products, are expression are sensitive to environmentaking a basic laboratory technique into
almost exclusively performed on tal temperature experienced by these a field setting. To design probes that
culture organisms where there is little fish (Crawford and Powers, 1989). are species-specific yet inclusive of all
or no problem with identification. Thus, by designing the proper molecu-individuals within a species, one has to

These endeavors have been applied lar probes, it will be possible to identify know the sequence variation both
most successfully to the identification a specific species and determine its  within and between species. Thus, it is

of developmentally specific gene physiological status by quantifying not adequate to sequence a single clone
expression, growth-specific gene mMRNA expression. from an individual. One must measure
products or genes characteristic of This approach has several advan- the sequence variation within the
disease states. For cultured oceanic tages over other methods. First it doesspecies and compare this variation to
species, Clarke et al (1992) were able not depend upon identifying and the phylogenetically most similar

to demonstrate that the amount of sorting adults; the level of enzyme species. If a good phylogeny is not
certain enzymes is indicative of the ~ expression can be measured in any  available, one must be determined.
recent feeding regimes and, therefore, stage of the life cycle, even the most Fortunately, foiC. finmarchicughe

likely linked to growth or other difficult to identify. Second, many most closely related species have been
important physiological indices. gene products can be measured
What is needed is a way to simultaneously, each separated by size (Cont. on page 15)
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Molecular—(Cont. from page 14)

identified, and the relationship between Second Annual PICES Meeting

these sister groups is reasonably well

established. Theoretical consideration®|CES (The North Pacific Marine Science Organization) is holding its second

suggest that much of the genetic annual meeting October 25-30, 1993, at the NOAA Western Regional Center in

variability will be observed if approxi- Seattle, Washington. The program is being organized by the Science Board and

mately ten individuals are sequenced contains sessions on the following topics.

for each gene. Aligning these se-

quences will identify species-specific Ocean Circulation and Climate Variability in the Subarctic Pacific.

oligo-nucleotide that will be used to  Convenors for this session are Prof. Paul LeBlond, Dr. James E. Overland, and

design primers. Another challenge is t®rof. Stephen C. Riser. This session will focus on formation of subarctic interme-

make sure the molecular probes do notdiate water, absorption of CO2 and its circulation in the subarctic, status of

exclude genetic variants that may existnumerical modeling, long-term variation in the water properties and circulation,

in different populations. Primers couldand characteristics of the subarctic gyre and their impact on climate.

be too specific and may not work on all

the allelic variants at a locus. If the  High-Resolution Paleoecological Studies in the Subarctic Pacifid®rof.

molecular probes did not assess all  Michael M. Mullin will convene this session, which will consider studies of

alleles, one might find a variation in  foraminifera and fish scales in sediments, isotope analysis, tree rings and other

gene expression due to a change in  proxy techniques to reconstruct ocean conditions, species dominance and biologi-

allelic frequency. This can be ad- cal productivity in the North Pacific over the last millennium.

dressed by examining the sequence

variation between widely dispersed  Priority Chemical and Biological Contaminants in the North Pacific Ecosys-

populations and by judiciously choos- tem. This session, convened by Dr. Ushi Varanasi, will include national over-

ing molecular probes that are unlikely views and new approaches to assess impacts of sewage discharge, waste dumping,

to vary between populations (sites).  anthropogenic chemicals, fisheries and agricultural processing wastes, and ballast
By melding two fields of molecu- water contaminants in the North Pacific. Impact of transport of these contami-

lar biology—molecular population nants from nearshore to offshore waters, and on natural biogeochemical processes

genetics and molecular physiology— and cycling, will also be considered.

we hope to streamline the assessment

of zooplankton physiological status.  Shifts in Fish Abundance and Species Dominance in Coastal Se&onvenors

There is a vast potential in such an  for this session are Prof. Qi-Sheng Tang and Dr. Alec D. MacCall. The session

approach, but caution must be taken towill emphasize low frequency, long-term fluctuations in plankton and fish stocks,

verify all the assumptions. Applying rates of resource production, and coincident changes in their ecosystems. These

known molecular techniques to field  fluctuations may last for decades, and may be punctuated by sudden changes,

problems shows promise, but one mustreating unmanageable “boom-and-bust” cycles with severe social and economic

understand the underlying premises  consequences. Relationships to ocean and global climate will be discussed.

inherent in these techniques before  Problems of prediction or detection, and strategies for adaptive resource manage-

applying them to questions in the field. ment may also be explored.

(Douglas Crawford is an Assistant

Professor in the Department of Long-Term Monitoring from Platforms of Opportunity . Dr. Charles B. Miller

Orgam.small Blology_and Anatomy at il convene this session, which will address possibilities for long-term monitor-

the University of Chicago) ing of physical and biological conditions in the subarctic gyre and North Pacific

References coastal ecosystems. This monitoring would utilize satellite remote sensing, X-

CTD mapping, drifting buoys, pollution monitoring, collection of trans-Pacific

Carlton, J. T. and J. B. Geller. 1993. continuous plankton recorder data from ships of opportunity, and other potential

Ecological roulette - the global transport of monitoring sources, along with associated statistical and data management issues.
nonlndlgenOUS marine organisms. Science,

261, 78-82. L . - Lo . .
Clarke, M. E.. C. Calvi, M. Domeier, Scientific sessions will include invited and contributed papers on these topics,

M. Edmonds, and P. J. Walsh. 1992. as well as contributed papers on other subjects of interest to the committees.
Effects of nutrition and temperature on  Contributed papers will be selected for oral or poster presentation. Registration
materials may be requested from the PICES Secretariat c/o Institute of Ocean
Sciences, P.O. Box 6000, Sidney, B.C., Canada V8L 4B2 (Phone: 604-363-6366;
(Cont. on page 18) FAX: 604-363-6827; Omnet: PICES.SEC; Internet: pices@ios.bc.ca). Deadline
for registering is September 24, 1993. AAA
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U.S. GLOBEC Calendar

1993 Sidney, BC, Canada V8L 4B2 (Omnet: PICES.SEC; Phone: 604-
363-6366; FAX 604-363-6827).

13-15 September: U.S. GLOBEC Workshop on Dynamics of O
Ocean Populations, Woods Hole, MA. Contact: L. Madin, WHG],
Woods Hole, MA (Omnet: L.Madin; Phone: 508-548-1400; FAX:
509-457-2169)

4 November: California Cooperative Fisheries Investigation
hnual Meeting, Lake Arrowhead, CA. The symposium will deal
with the genetics of California Current Organisms. Contact:
George Hemingway, Marine Life Research Group, Scripps
Institution of Oceanography, UCSD, 9500 Gilman Drive, La Jglla,
CA 92093-0227 (Internet: ghemingway@ucsd.edu; Phone: 6{9-
534-4236; FAX 619-534-6500)

22-24 September: Marine Technology Society meeting on
Technology Requirements in the Nineties., Long Beach, CA.
Contact: MTS '93 (Phone: 703-631-6200; FAX 703-818-9177)

7-8 October: U.S. GLOBEC Scientific Steering Committee 1994
meeting, Woods Hole, MA. Contact: H. Batchelder, Division of ; ) i
Environmental Studies, University of California, Davis, CA. 21-25 February: AGU/ASLO Ocean Sciences 1994 Meeting, $an

(Omnet: H.BATCHELDER or T.POWELL; Phone: 916-752-41632i€go, CA. Contact: E. Hofmann, Old Dominion University,
FAX 916-752-3350). Norfolk, VA. (Omnet: E.HOFMANN

21-23 October: Eastern Pacific Oceanic Conference Annual ~ 15-18 August: ICES Symposium on Zooplankton Production

Meeting (EPOC), Fallen Leaf Lake, CA. Contact: G. Lagerloef Measurement and Role in Global Ecosystems and Biogeochemical

(Omnet: G.LAGERLOEF; Internet: lagerloef@frazil.nw.saic.com§ycles, Plymouth, U.K. Contacts: R. P. Harris, Plymouth Marjne
Laboratory, or J. C. Gamble, Sir Alister Hardy Foundation for

25-30 October: Second Annual Meeting of the North Pacific ~ Ocean Science, Prospect Place, Plymouth PL1 3DH, UK (Oninet:
Marine Science Organization (PICES), Seattle, WA. Contact: PML.UK or J.GAMBLE.CPR; Phone: + 44 752 222772; FAX 444

PICES Secretariat, Institute of Ocean Sciences, P.O. Box 6000, 752 670637).

Growth—(Cont. from page 13) day 6 to day 10 (Figure 2). After day 8, the total RNA
content of fed larvae is significantly greater than that of
larvae which have been starved since hatching. No appre-
ciable difference, however, is evident in the levels of 18S
rRNA from fed and starved fish until day 10. Messenger
. ) : : RNAs from the actin and myosin genes each reach a mini-
finmarchicus even in a mixed sample. . h . :
) o . mum at day 6, after which levels increase relatively rapidly
We are using quantitative RNA slot blots to estimate the

. . : compared to the levels of 18S rRNA and total RNA over the

concentration of rRNA and selected mRNAs in larval fish

and copepods. Nucleic acid probes have been developed same time period. Actin and myosin mRNA levels also

X increase more rapidly in fed than in starved larvae from day

which are complementary to selected RNA target sequences. .
. . . . 610 day 10. It should be noted that these experiments are

These have either been synthesized directly (oligonucleotide

obe) o producec sig he PR reaction and aelec wifo 170 L S relore promars o sess e
a nonradioactive tag. Extracts containing the RNA from 9 PP - ng ' ’

individual copepods or larval fish are blotted and fixed ontodoes not appear that the patterns of 18S rRNA and actin and

. myosin MRNA abundance differ greatly from that of total
a nylon membrane and the labeled probe is allowed to RNA over the time course studied
hybridize to the immobilized target RNA molecules. The )

. o ) oo An interesting observation made during the course of
amount of bound probe is quantified using a chemilumines; . . .
) . this work is that the probe for myosin mRNA produced from
cent detection procedure followed by film exposure and

densitometr cod muscle RNA does not hybridize with haddock RNA.
Y. . : .This specificity for cod may be useful in distinguishing
In a preliminary analysis we have examined changes "Between cod and haddock eggs that co-occur on Georges

the levels of a small subunit rRNA and two abundant Bank (and other spawning grounds) and cannot be distin-
MRNAs, coding for the muscle proteins actin and myosin in P 99

Atlantic cod larvae. Since growth in larval fish is primaril guished by microscopic examination until just before
; - oince g . P y hatching. This finding highlights one of the major advan-
accomplished by protein synthesis and accumulation as

muscle tissue, we reasoned that the levels of these RNA tage_s of _the nucleic acid hybridization gpproach to estimation
. of biological rates (growth, egg production, etc.) and

n;.§:]1”|ysiological status (nutritional, reproductive, developmen-
tal, etc.) of marine organisms. With the appropriate probes
available, and the optimal hybridization conditions known,

metabolic flux (see Crawford article, this newsletter). It is
anticipated that PCR primers specific for this copepod will
be identified, allowing the indirect quantitation of enzyme
concentration (through mRNA concentration) from ddly

conditions and growth rate. Results with first-feeding cod
larvae reared in the laboratory indicate that levels of 18S
rRNA follow a pattern similar to that of total RNA—peaking

around day 4 and then remaining relatively constant from (Cont. on page 17)
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U.S. GLOBEC PUBLICATIONS

Theory and Modeling in GLOBEC: A First Step. February 1991.
Initial Science Plan. February 1991. Report Number 1.

GLOBEC: Northwest Atlantic Program. GLOBEC Canada/U.S. Meeting on NLW.

Atlantic Fisheries and Climate. February 1991. Report Number 2.

GLOBEC Workshop on Biotechnology Applications to Field Studies of Zooplafhk-
ton. February 1991. Report Number 3.

GLOBEC Workshop on Acoustical Technology and the Integration of Acoustidal

and Optical Sampling Methods. September 1991. Report Number 4.

GLOBEC: Southern Ocean Program. GLOBEC Workshop on Southern Ocean
Marine Animal Populations and Climate Change. November 1991. Repart
Number 5

Northwest Atlantic Implementation Plan. June 1992. Report Number 6.

Eastern Boundary Current Program: Report on Climate Change and the Calif
Current Ecosystem. September 1992. Report Number 7.

Optics Technology Workshop Report. March 1993. Report Number 8.

Implementation Plan and Workshop Report for U.S. GLOBEC Studies in the
Arabian Sea. May 1993. Report Number 9.

Copies of these reports are available from:

U.S. GLOBEC
Scientific Steering Committee Coordinating Office
Division of Environmental Studies
University of California
Davis, CA 95616-8576

Phone: 916-752-4163
FAX: 916-752-3350
Email: T.POWELL (OMNET)
Internet: SELYNCH@UCDAVIS.EDU

Growth—(Cont. from page 16)

induced or enhanced during starvation

varying degrees of specificity can be
obtained from nucleic acid probes.

nucleic acid probes lies in identifying a
target MRNA that is responsive to
feeding conditions and growth rate.
We are presently in the process of
preparing a subtracted DNA library (& methods. The use of biochemical and

in cod. We will use this and other

_ that are responsive to changes in food
One of the challenges of using  availability and growth rate.
growth and condition are currently

of both biological and biochemical

:)rnia‘ii

Questions concerning zooplankton

being addressed through the applicatioBres

single gene or gene produdgt.arry
Buckley is a marine researcher at the
National Marine Fisheries Service
Laboratory and University of Rhode
Island and Peter McNamara is a post-
doctoral fellow at the University of
Rhode Island)
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collection of DNA fragments copied  molecular biological techniques offer
from mRNAs) that should be enriched the advantages of unparalleled sensitiv-
for genes from which transcription is ity and specificity at the level of a
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Summary of Cod and Climate rings and fronts, which have effects due to localized aggrega-

Meeting in Lowestoft tion, retention and enhancement of plankton production.

by Keith Brander Small-scale processes include water column stability and

turbulence, which affect plankton production and encounter

rates of predator and prey. The working group attempted to
identify key interactions between physical and biological
processes at all of these scales. The intent was to strengthen
the rationale for physical and biological oceanographers and
fisheries biologists to work together from an early stage in
developing models and observation programs. The categori-
meeting. zation by scale is not rigid, because, for example, large-scale

The question being investigated by the working groupﬁve_nts_’_SUCh as anticyclones, are often a major source of
the effect of climate variability on cod stock fluctuations—is’ anlabflhtyt at smallerr] scafles,tand mogels of |_r:_ternt1e(;|ate-d
simply stated, but involves many different scientific subdis-sc"clde_t_ea ures, Su? dast Iron S, ma{ € sensitive to boundary
ciplines and scales of investigation, from the effects of smaiR" Tlrllons g((ajntera € % arg%r _scte;]es. text of the full multi
scale turbulence on encounter rates between individual fish € need to consider cod in the context ot the full muti-

larvae and their prey, to the effects of interdecadal changegpeCies (_eco_syste_m and possib!e models and methods_for_ .
in windfields on large-scale circulation and transport of heaqccompllshmg this task were discussed. Although variability

and young fish. In spite of the complexity of the processe§n cod stocks is the principal issue, there are compelling

by which variable physical forcing may affect cod stocks, gfgasons to |_nclu_de other SPecies in Fhe Investigations Wh?n
effects of climatic variability on fish abundance has been their dynamics interact with cod, or if they are more sensitive

demonstrated for several cod stocks. For example, periodg]dmﬁ:ors ofkgcosystem change th:n dC?hd.t w il
of low temperature cause stock decline at the northern limits € working group recommenced that two specia
of the range (Barents Sea, Greenland); particular hydro- v_vorkshops be held n 199410 plan e_md carry out retrospec-
graphic and wind conditions result in unusual transport of tive a_l(rj]alysefhof phy3|fcal ant?_ blologlcgl ((jjata,dmct::ll_um?g
eggs and larvae (Iceland-Greenland) or flush and re-aerat¢ONSI0€rNg the case for setting up a od an imate

deoxygenated basins where cod spawn (Baltic). These databasr:a. k(])_tr;]err:ec?dmbmendat}gns grop?ﬁe topu;s f(f)rt
examples combine empiricism, an increasing understandi g earch which should be considered as themes for future

n - : .
of ocean/climate variability, and detailed knowledge of }%orkshops, or joint sessions of committees at ICES Weet'
ngs. There are also a number of proposals for specific

. . . . . . |
rocesses during the life history (mainly early life history) of =~ . ) . .
P g v ( y y Y) action in relation to existing monitoring programs (e.g., the

cod. They provide reason for believing that the question is PR proaram). or the initiation of new reaional broarams
not wholly intractable, and that we may be able to predict ar. programy, . Y programs.
nally, the consensus of the meeting was that the activities

least the broad direction of changes in stocks under differen, . ) .
physical regimes. otkthe working group could be carried forward effectively by

The GLOBEC approach provides a conceptual frame- the special workshops in 1994, and that the group should

work within which studies at different scales can be nestedr.neet next in 1995 to review progress and carry out further

It is obvious from the reports of work in progress or in coordination, if required. Copies of the discussions held at

: this meeting can be obtained from Ms. Amy Freise,

glannmg _(for U.S. GLOBEC, see Report by W Peterson, PGLOBEC. International Secretariat, Chesapeake Biologicall

of this issue) that a great deal of research is already Laboratory. P.O. Box 38. Solomons. MD 20688. USA
underway that is very relevant to Cod and Climate Change(lnternet' %lr;ais.e@cbl um('j edu) ' ' AAA
because of the focus on cod recruitment and studies of ' ) ' '
copepod dynamics. The challenge for this working group
was to identify themes and approaches which strengthen awdiecular—(Cont. from page 15)
facilitate the scientific programs being followed at indi-
vidual, laboratory or national levels, and to propose and me_tabolic enzyme activities in larval ar_ld juvenile re_d drum,
initiate relevant regional or international studies which can S¢i2enops ocellatuand lane snappdrutjanus synagris Mar.

. - Biol., 112, 31-36.
be better implemented within ICES and GLOBEC. Crawford, D. L. and D. A. Powers. 1989. Molecular basis of

A number of qnn‘ymg themes were discussed relauve tQvolutionary adaptation at the lactate dehydrogenase-B locus in the
the scale—large, intermediate, small—of the physical fish Fundulus heteroclitus Proc. Natl. Acad. Sci., 86, 9365-9369.
processes affecting them. Large-scale processes range from Finnerty, J. R. and B. A. Block. 1992. Direct sequencing of

global to regional (e.g., Georges Bank, the North Sea) andmitochondrial DNA detects highly divergent haplotypes in blue
include long-term changes in atmospheric and oceanic  marlin (Makaira nigricang. Mar. Mol. Biol. Biotech., 1, 206-214.
dynamics which affect cod stocks through changes in heat ~ Granner, D. and S. Pilkis. 1990. The genes of hepatic glucose
and transport. Intermediate-scale processes include eddiggetabolism. J. Biol. Chem., 265, 10173-10176. AAA

The Cod and Climate Change Working Group of ICES
met for the first time June 7-11, 1993, in Lowestoft, to
address the terms of reference described earlier (U.S.
GLOBEC NEWS No. 3). Thirty-five scientists took part,
and the fact that this was a joint ICES/GLOBEC group
broadened the geographic and scientific boundaries of the
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GLOBEC Related Ocean Sciences 1994 Sessions

One contributed and two special sessions at the February 1994 Ocean Sciences Meeting in San Diego (see Calendar) will be
of particular interest to marine scientists investigating potential effects of Global Climate Change on marine populations.

U.S. GLOBEC Pilot Study of the Effect of Stratification on Larval Fish
and Zooplankton Populations on Georges Bank

Results of the 1992-1993 pilot study of the effect of seasonal stratification on the growth and survival of larval fish on
Georges Bank will be presented. Variations in water column structure have been shown to affect larval growth and condition
through changes in availability of zooplankton prey. This project also involved the application and intercomparison of a
variety of new instrument systems and biochemical technigi@senors for this contributed session are David G. Mountain,

Northeast Fisheries Science Center, 166 Water St., Woods Hole, MA 02543; Phone: 508-548-5123; FAX: 508-548-5124; Omnet:
D.MOUNTAIN; Internet: dmountai@whsunl.whoi.edu and Peter H. Wiebe, Department of Biology, Woods Hole Oceanographic Institu-
tion, Woods Hole, MA 02543; Phone: 508-548-1400 x2313; Omnet: P.WIEBE; Internet: pwiebe@cliff.whoi.edu.

Modelling Physical-Biological Couplings In The Ocean

Many biological processes in the ocean, operating at a wide range of spatial and temporal scales, are affected by fluid motion.
These processes include nutrient uptake, feeding and metabolism by planktonic, nektonic and benthic organisms, and
dispersal, settlement and recruitment. This session will feature predictive, quantitative models of links between these
biological processes and the physical processes that may govern them. This session will include, but not be limited to,
reports from the U.S. GLOBEC (GLOBal ocean ECosystem dynamics) progtanvenor for this session is James E. Eckman,
Skidaway Institute of Oceanography, P.O. Box 13687, Savannah, GA 31416; Phone: 912-598-2467; FAX: 912-598-2310; Omnet:
J.ECKMAN; Internet: eckman@skio.peachnet.edu

Decadal-Scale Variability in the Ocean, Lakes and the Atmosphere

This session solicits papers that discuss low-frequency fluctuations in oceanographic, limnologic and atmospheric variables,
in the Pacific Ocean and lakes influenced by Pacific weather patterns. Papers may be based on retrospective analysis of long
time series of physical and biological (including paleoceanographic and paleolimnologic) data sets, on modelling and/or
theoretical work. Results should be discussed in the context of climate change. Our overall goal is to identify linkages
between atmospheric forcing and ocean/lake response, and to determine if (and how) aquatic ecosystems respond to low-
frequency changes in the physical environm&mtavenors for this session are Tim R. Baumgartner, CICESE, P.O.Box 4844, San

Ysidro, CA 92073; Phone: 011 52 667 45053 (Ensenada) or 619-534-2171 (Scripps); e-mail: trbaumgartner@ucsd.edu and William T.
Peterson,U.S. GLOBEC Interagency Program Coordination Office, NOAA/NMFS-F/RE3, Room 6276, 1335 East West Highway, Silver
Spring, MD 20910; Phone: 301-713-2367; Omnet: W.PETERSON. AAA

; : U.S. scientists, and, second, to provideArabian Sea and in other ocean regions
Workshop in Ukraine the opportunity for U.S. scientists to ~ of mutual interest. The workshop is

to Discuss Arabian Sea describe to FSU colleagues the currentbeing funded jointly by NSF, ONR and
U.S. and other international interests inNOAA as part of the JGOFS, ONR/
The Woods Hole Oceanographic the forthcoming Arabian Sea initiatives Arabian Sea, and U.S. GLOBEC
Institution (Joel Goldman and Hugh  of JGOFS, ONR, and GLOBEC. Thesdrograms. Those attending from the
Livingston) will co-host a workshop in interactions will greatly aid planning ~ U.S. GLOBEC program include Drs.

Sevastopol, Ukraine, together with the efforts underway in the U.S. for Sharon Smith, Charles Miller, David
Marine Hydrophysical Institute and the research in the Arabian Sea in 1995 angtein and Bill Peterson, representing
Institute of Biology of the Southern ~ 1996. zooplankton and myctophid fish

Seas, September 20-24, 1993. The The workshop will afford the interests. For details on the results of
purposes of the workshop are, first, to opportunity for FSU scientists to the workshop and information on future

disseminate data and literature from establish scientific contacts with their research opportunities, contact Bill
previous research activities of Former U.S. counterparts, and to form connec-Peterson at the U.S.GLOBEC Inter-

Soviet Union (FSU) oceanographers intions which will hopefully lead to agency Program Coordination Office at
the Arabian Sea and Indian Ocean to scientific cooperation both in the (301) 713-2367, Omnet: W.PETERSON.
AAA
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Georges Bank—(Cont. from page 5)

three mooring sites: in the center of thedance of zooplankton. Modelling
biological work will involve following Bank, at the northeast corner apd alongprojects inglu'd.e both finjte-element and
drogued patches of water for a numberthe s.outhem. flank. Currents will be spectral—pnml_tlve equgtlon approaches.
of d% < é)urin which larval fish and monitored with bottom-mounted, These modelling studies are a prelude
zoopl);r;kton a%e sampled for study of upward-looking ADCPs (operating at for the fine-scale process studies
birth, feeding, growth and mortality 300 kHz) With.sevgral VMCM cyrrent planned fo'r 1997 which Wi|| focus on
rates: i relati<,)n to hydrographic meter's for c_:ahbratlon. There will be sources, sinks and retentlon'mec'ha—
features. Growth rates of copepods anmo b.lo—optlcal packages on eac.h nisms of water and planktoplc an!mals
larval fish will be estimated using ooring as well. Zooplankton biomasson the Bank. Most of the circulation
. will be obtained from the ADCP data, studies carried out at the long-term
moleculgr telchnlﬂu_es, as well ﬁs by but will also be provided by several  mooring sites, and during shipboard
f;tr;\;efgtr'%ga ete;: dgfqoligﬁtgr;%l;rg?s for dual beam/dual frequency and eight- surveys, have the goal of producing
fish Iarvae)p [?etailiad studies o%/ frequency acoustic sensors developed dynamic descriptions of the mean and
vertical dist.ribution of larval fish in by Tracor, _Inc. . __~ vanance of the around-bgnk flow
relation to their prey field—copepod Mode.lllng §tudle§ focus 'prlmarlly patterns. An unde'rstan'dlng qf the
d lii and other on numerical simulation of circulation processes controlling circulation

?ngi'grsoigo T;#ﬁon are planned usin patterns on the Bank, particularly on  patterns must be gained before we can

lankton pum s. nets agoustics andg the dynamics controlling the observed reliably predict the effects of climate
\F/)iggo glarﬁ)ktorﬁ) c’amer:as anticyclonic gyre which persists on the change on dynamics of animals

Long-term monitorin.g of circula- Bank. 'Modelling studies inclgde ' populations on the Bank, and_provide
tion, phytoplankton and zooplankton a}naIyS|s of the e_ffects of varying wind ac_:curate assessments of the impact of
bior,nass will be accomplished with fields on circulation and the effects of climate change on the Georges Bank
X L storms on the distribution and abun-  and other Northwest Atlantic bank

continuousn situmeasurements at ecosystems. AAA

U.S. GLOBEC Scientific Steering Coordinating Office
Division of Environmental Studies

University of California

Davis, CA 95616-8576

ADDRESS CORRECTION REQUESTED
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