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SUMMARY

Title XII Collaborative Research Support Program
A Search for New Methods in Fisheries Stock Assessment
Program Overview

Ratioaale

Small scale fisheries are an important source of food and employment in
many coastal regions of the world, and represent a significant source of pro-
tein for domestic consumption in developing countries. Fisheries stock as-
sessment techniques employed by third world countries often do not provide
information needed to manage these small scale fisheries effectively. This is
particularly true in tropical regions where many different species are fished
simultaneously by a variety of fishing gear.

Goals and Objectives

The five-year USAID-funded Fisheries Stock Assessment CRSP will develop
stock assessment methodologies for use by fisheries managers in developing
countries. Specific objectives for this project include the rollowing:

o Production of a stock assessment handbook for fishery managers in
tropical countries - a manual that will provide a guide for optimal
fishery stock assessment and management.

o Test.ng of existing methodology for stock assessment as it applies to
tropical fisheries.

o Development of new methodologies for stock assessment in tropical
developing countries.

o Development. and testing of multispecies fishery assessment models.

Participating Institutions

The Fisheries Stock Assessment CRSP research program is managed by the
University of Maryland-College Park. The research is being performed by the
University of Maryland-Center for Envirommental and Estuarine Studies, the
University of Washington, the University of Rhode Island, and two host country
institutions: the Universities of Costa Rica and the Philippines. Other par-
ticipating instituticns include the Universities of Delaware and Miami and the
International Center for Living Aquatic Resources Management.

Intended Impact

Research projects at participating institutions will be coordinated to-
ward the achizvement of overall project objectives. Ultimately, results of
this research will be applied to improve fishery management practices so that
maximum benefits may be derived from fisheries resources in tropical develop-
ing countries.
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TITLE XII COLLABORATIVE RESEARCH SUPPORT PROGRAM
A SEARCH FOR NEW METHODS IN FISHERIES STOCK ASSESSMENT
A PROGRAM OVERVIEW

July 1, 1985 - June 30, 1990

Program Rationale

Small-scale fisheries are an important source of food and
employment in many coastal regions of the world. Artisanal fish-
eries, common throughout the developing world, are characterized
by low technoclogy, labor intensive, usually family-run, fishing
operations which provide food for both the family and the market.
These artisanal fisheries supply more than ten percent of the
world's fish catch to the people of the developing countries,
where fish provide 40-50 percent of their protein consumption.
In recent years improved fishing technology and increased fishing
intensity and effort have led to a state of over-exploitation of
the fish stocks in many artisanal fisheries, sometimes contribut-
ing to severe social problems. This situation has long term im-
plications for a country's employment and ability to feed itself.
Fisheries stock assessment techniques employed by the developing
« 'untries often do not provide information needed to manage these
small-scale fisheries effectively. This is particularly true in
tropical regions where many different species are fished simul-

taneously by a variety of fishing gear.

The application of standard approaches to fisheries manage-

ment has not materially extended stock assessment knowledge in

recen* years. New methods of fisheries stock assessment are



needed. The five-year USAID-funded Title XII Fisheries Stock
Assessment Collaborative Research Support Program (CRSP) is
designed to improve fisheries stock assessment methodology, to
provide stock assessment advice to fishery managers who operate
under diverse conditions, and to train U.S. and host country
scientists. This research project is particularly concerned with
improving stock assessment methodology in small-scale single and

multiple species tropical fisheries.

Management of fisheries in tropical environments is enor-
mously complicated by the paucity of biological knowledge of
tropical marine ecosystems. Such facts as the complex patterns
of reproduction and recruitment and a high number of interacting
species present mecke prediction and management difficult and
sometimes counter-intuitive. Mathematical models of such inter-
actions are cften the only way for scientists and managers to
-eépresent the multiple complex processes involved. Quantitative
expressions must, however, be based upon firm biological, fielgq,
and capture data. This research program encompasses both field
and modeling analyses directed at the key aspects of single and

multiple species tropical environments.

Collaborative research by leading U.S. and host country
scientists and researchers will extend fisheries stock assessment
knowledge, methodologies and techniques to contribute to the
development of effective management techniques for tropical
small-scale fisheries. 1In addition to improving fisheries man-
agement in the developing countries, the research will contribute

to improving fishing yields in the tropical and semi-tropical



environments along the coasts of Hawaii, southern California, and
the Gulf of Mexico, as well as in the U.S. territories in the
South Pacific and the Caribbean Basin. Improved stock assessment
and management techniques will be applicable to other U.S. ar-
tisanal fisheries. Improved scientific understanding of fish
ecology and viable management practices of multispecies fisheries
will further the development of temperate fisheries sciences as
well. Systematic study of stock assessment methodologies, par-
ticularly in small-scale multispecies environments, has been ex-
tremely limited, and there is great promise that this collabora-
tive research program will make significant developments in the

global understanding of fisheries management.

Goals and Objectives
The Fisheries Stock Assessment CRSP will develop stock as-
sessment methodologies for use by fisheries managers in develop-
ing countries. Specific objectives for this project include the
following:
o Production of a stock assessment handbook for fishery
managers in tropical countries - a manual that will pro-

vide a guide for optimal fishery stock assessment and
management.

o Testing of existing method. ; for stock assessment as
it applies to tropical fishe..es.

o0 Development of new methodologies for stock assessment in
tropical developing countries.

o Development and testing of multispecies fishery assess-
ment models.
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In the process of carrying out this research program, the
CRSP will provide extensive training to U.S. and host country
scientists and researchers, along with strengthening the host
country fisheries research institutions in both Costa Rica and
the Philippines. Specific efforts will be made to contribute to
the development of a Latin America regional stock assessment

research and training center in Costa Rica.

Participating Institutions

The Fisheries Stock Assessment CRSP research program will be
managed by the University of Maryland-College Park. The research
will be performed by the University of Maryland-Center for En-
vironmental and Estuarine Studies, the University of Washington,
the University of Rhode Island, and two host country institu-
tions: the Universities of Costa Rica and the Philippines. Cos-
ta Rica will be the prime host country for the Universities of
Maryland and Washington, and the Philippines will serve as
primary host country for the University of Rhode Island. Aaddi-
tional research collaboration is being provided by the Universi-
ties of Delaware and Miami in Costa Rica and by the International
Center for Living Aquatic Res urces Management in the

Philippines.

Program Description
The Fisheries Stock Assessment CRSP has been established to
develop new methods in fisheries stock assessment. The research

program is composed of the following eight interrelated projects:



0 Multiple Species Fisheries Research

0 Economic and Probabilistic Extensions of Standard
Fishery Models

0 Age and Size Dependent/Independent Modeling

0 Sampling Catch and Abundance

0 Age and Size Relationships ani Consequences of Errors
0 Shallow-Water Hydroacoustics

0 Empirical Analyses and Modeling

0 Multispecies Field Studies

Research projects at participating institutions will be

coordinated toward the achievement of overall project objectives.

This research will be applied to improve fishery management
Practices so that maximum benefits may be derived from fisheries
resources in tropical developing countries. The results of these
projects will be incorporated into a stock assessment manual that
will be usable by the local fisheries manager. Ideally, a fish-
ery manager who has enough information to categorize the charac-
teristics of a fishery will be able to select the stock assess-
ment techniques in the manual which are most appropriate and most

effective for managing such a fishery.

Each of the eight research projects is briefly described

below.



MULTIPLE SPECIES FISHERIES RESEARCH

Principal U.S. Institution: University of Maryland-Center for
Environmental and Estuarine
Studies
Principal Host Country Institution: University of Costa Rica,
Centro Investigacion en
Ciencias del Mar y
Limnologia
Other Participating U.S. Institutions: University of Miami
University of Maryland-
College Park
Project Ratiorale
Although predictive understanding of marine fish populations
is increasing, little is understood about biological cemmunity
structure in general or abocut species interactions within the
community. This is a critical problem in tropical small-scale

fisheries where many species are fished simultaneously or where

effort switches among species throughout the year.

Project Objective

The objective of this project is to develop an investigatory
strategy that will lead to a better understanding of multiple
species fisheries and how they relate to community and population
dynamics. Emphasis is placed on designing the components of a
decision support system, incorporating some expert system fea-
tures, to study the population dynamics and management of tropi-

cal and subtropical multispecies fisheries.

Project Description
Addressing fishery/fish ecology problems requires a sys-

tematic and analytic study of what is known with respect to this



complex system. The research plan for accomplishing this invol-
ves both exploring the bounds of what can be learned about com-
plex systems and systematically evaluating the current fisheries
system to try to achieve a better understanding of the way the
system works. This approach is expected to contribute to advanc-
ing stock assessment theory, particularly as it relates to
variability in fish stocks, recruitmen“, natural mortality and

multiple species interactions.

The project will design and develop a unique, canonical,
fishery management system, which will be applicable to both small
and large fisheries ir single and multiple species contexts. The
decision support system/expert system will explicitly link
tugyether sampling, optimization, and simulation techniques which
arz sometimes implemented independently. The linkages are devel-
oped from recent advances in artificial intelligence, primarily

expert or consultation systems techniques.

The first task of this research project is to investigate
system complexity. This will include an analysis of simple and
complex ecosystems, systems architecture, problem definition and
formulation of analytic approaches for these studies. Operations
research methods will be employed, including artificial intel-
ligence, expert systems and decision support systems, as well as
the more conventional repertoire of management science tech-
niques. An initial task will be to survey the wide range of ap-
plications of operations research to fisheries management,
resulting in detailed synthesis and categorization of approaches.

Based upon this first task, promising directions for further



research will be identified and evaluated mid-way through the
project. Following a thorough evaluation process, several of

these approaches will then be pursued during the remainder of the

project,



ECONOMIC AND PROBABILISTIC EXTENSIONS OF STANDARD FISHING MODELS

Principal U.S. Institutions: University of Maryland-Center for
Environmental and Estuarine
Studies
Principal Host Country Institution: University of Costa Rica,
Centro Investigacion en
Ciencias del Mar y
Limnologia

Other Participating U.S. Institutions: University of Delaware

Project Rationale

Standard fishery models are often criticized because they do
not take into account important management questions that relate
to the future state of exploited stocks. These questions often
involve aspects of the multiple species nature of fisheries, the
stochastic properties of fisheries, and the relationship of

economic value to the catch size or the species composition.

Project Objective
The objective of this study is to extend standard fisheries
models to increase their utility to managers of tropical small-

scale fisheries,

Project Description

Emphasis will be placed on developing feasible techniques
that have minimal information requirements. The multiple species
nature of fisheries will be addressed by examining variability in
recruitment and species interaction in terms of parameter defini-
tion and estimation. The stochastic properties of fisheries will

be approached through the study of the empirical probabilities of



recruitment and production function. In developing economic ex-
tensions of currently available models, the utility of these mod-
els for small-scale fishery stock assessment will be evaluated.
Where these models fail to be beneficial, new methodologies for
providing useful bioeconomic information will be developed using

a decision theoretic model.

The developments in this project will be integrated into the
canonical decision support system/expert system being developed

in the Multiple Species Fisheries Research Project.

Existing data and contextual information will be collected
to support the initial modeling phase. Then, formal modeling
efforts will be initiated. As a model is developed and tested,
and as new data needs are discovered and areas in which inade-
quate data exist are exposed, data collection methods will be
modified. These activities will continue through the life of the
CRSP and will be developed in a collaborative mode by Costa Rican

and United States researchers.



AGE AND SIZE DEPcwuUENT,/INDEPENDENT MODELING

Principal U.S. Institution: University of Washington,
School of Fisheries z2nd Center
for Quantitative Science
Principal Host Country Institution: University of Ccsta Rica,
Centro Investigacion en
Ciencias del Mar y
Limnologia
Project Rationale
Management models are normally an integral part of fisheries
management. Existing management models as applied in tropical
fisheries, however, are much less successful than tnu2 samne nodels
applied to temperate zone fisheries. This is often said to be
caused by the multispecies nature of tropical fisheries. The
analyses proposed rest upon recognition that multispecies manage-
ment modeling is still primitive and that, even in tropical en-
vironments, more progress may be made by judicious use of single
species models. Another common explanation for the failure of
management/assessment models in tropical fisheries centers on the
reported quasi-continuous spawning of fish. These difficulties
can be overcome to some extent by the appropriate choice of mod-

els, but guidelines on what can be accomplished, and at what cost

in terms of data requirements, need to be formulated.

Project Objective

This project will first examine traditional single species
fisheries models for their applicability to tropical small-scale
fisheries. The aspects of the model that are useful will be com-

bined with new formulations based explicitly on the biological



and harvest realities. Further, the research will develop a
general framework, methodology, and validation techniques for
understanding and predicting the abundance and growth of selected

fish and invertebrate stocks in tropical environments.

Project Description

The project will examine single species models currently
used for management and assessment for their applicability to
tropical environments. The traditional single species management
models have something to offer because they are the substance of
existing fisheries management, which is most familiar, and be-
cause of the comparative value they bring. These models are of
two types -- those where age or size is explicitly represented
and those where it is implicitly present. The group of models
where age, size, or growth is explicitly involved contain most of
the new ideas, concepts and theories today, and thus even in tem-
perate fisheries has only begun to receive extensive application.
Within this group are models that require large amounts of
detailed data and those which are readily applied without costly
data collection. Usually, however, those requiring large amounts
of data provide higher quality predictions. The trade-offs
between costs of collecting a large amount of data and the poten-
tial costs of less refined management information will be evalu-
ated. Trade-offs of one type of model for another will be

evaluated.

The most straight forward and inexpensive models of the ex-
plicit type are those that use size rather than age. Some use

has already been made of these to investigate recruitment and



spawning behavior in tropical waters. These models raise pos-
sibilities for new conceptual developments with associated mathe-
matical and statistical analyses. Models that explicitly involve
age or size can be discrete or continuous, and can deal with
quasi-continuous spawning problems. 1Initial modeling efforts
will be based on an age specific cohort model in current use
which will provide a stand: :-d against which to judge new and cur-

rently known length-specific models.

Field experiments will seek to estimate: 1) age/size dis-
tributions of stocks per species, 2) age/size specific rates of
mortality, 3) fecundity, and 4) growth. The theoretical frame-
work and software written for this project will integrate these
estimates with data from other projects to allow fishery managers
to follow the status of an exploited fish stock and to predict
the consequences of changes in a stock's environment or in the
harvest regime, such as gill net mesh size, changes in effort,

etc.

Criteria will be developed for making value judgements about
the optimal model to apply, from the simple to the biologically
complex, and clear ways of predicting the costs of collecting the
corresponding appropriate data will be developed and made acces-

sible for LDC applications.

The interactive natu=e of the modeling between the biology,
the mathematics, and the computers will continue over the dura-

tion of the project, requiring scientists from Costa Rica to come



to the University of Washington for collaborative work and train-
ing. Gradually, scientists from Costa Rica will take over the

use of the management models.



SAMPLING CATCH AND ABUNDANCE

Principal U.S. Institution: University of Washington,
School of Fisheries and Center
for Quantitative Science
Principal Host Country Institution: University of Costa Rica,
Centro Investigacion en
Ciencias del Mar y
Limnologia

Other Participating U.S. Institutions: University »f Delaware

Project Rationale

Catch and effort information is critical in stock assess-
ments for estimating fishing mortality and variations in abun-
dance, as well as for providing management advice. The vast num-
ber of fishermen in small-scale fisheries and the difficulties
associated in contacting them make it especially difficult to
collect this information. Standard sampling designs usually will
not provide the level of precision necessary for management.
Therefore, new designs taking into account the realities of ar-
tisanal fisheries need to be developed. Furthermore, the con-
cepts of decision theory need to be investigated as a means of

utilizing whatever informat:~n can be collected.

Project Objective

This project will undertake a comprehensive field study for
sampling tropical small-scale fisheries. Appropriate existing
data and the information collected in this and other Fisheries
Stock Assessment CRSP projects will be used to design a monitor-
ing program which will provide host country scientists with the

kinds of catch and effort data needed to manage the fisheries,
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Project Description

The field study for sampling tropical small-scale fisheries
has two components. The first component is a dockside sampling
program to address: (1) the selection and statistical weighting
of ports and vessels to be sampled, (2) the temporal distribution
of sampling, (3) the selection of samples from the catch (ani-
mals), (4) specification of sampling rates, (5) the derivation of
a system to estimate the cost, precision, and accuracy of the
sampling program a priori, and (6) the investigation of several
different sampling methods to estimate catch and effort from
large stretches of coastlise. The second component in field sam-
pling will help determine what is available to be caught in con-

trast to what the fisheries are catching.

These two components will be used as the basis for develop-
ing new sampling designs and a decision theoretic framework to
enable a manager to deal with low quality :ample data. Such data
in combination with experience with the fishery will facilitate
management decision making. The principles of decision theory
will provide a new context in which to view situations where a

management plan contains elements that are the "best guess."

The methodology being developed will allow for improvements
in sampling designs using Bayesian and decision theoretic tech-
niques. Statistical analyses ang computations will have aspec‘:s
of an expert system software package for transfer to Costa Rica.
An economics component of this project will evaluate the utility

of current stock and recruitment models for small-scale fisheries



stock assessment and develop economic extensions of these models

to provide essential bioeconomic information.

The sampling programs will begin in year one and continue
over the life of the project. Costa Rican personnel will visit-
the University of Washington for training, and the entire program

will eventually be taken over by host country statisticians and

scientists.



AGE AND SIZE RELATIONSHIPS AND CONSEQUENCES OF ERRORS

Principal U.S. Institution: University of Washington,
School of Fisheries and Center
for Quantitative Science
Principal Host Country Institutions: University of Costa Rica,
Centro Investigacion en
Ciencias del Mar y
Limnologia
Project Rationale
Age determination of tropical fish is a difficult and impre-
cise process because growth typically does not follow the regular
seasonal patterns that characterize fish growth in temperate
zones. The degree to which assessment biologists in the develop-
ing countries will be able to =ake usc of relationships that ex-
ist between age and mortality rates depends upon their ability to
reliably age fish in their region. The inability to consistently
separate the mature from the less fecund ages contributes to an
inability to recognize overfishing before it is in an advanced
condition. The results of an increased capability to age fish
and to relate age and the distribution of length will be inte-

grated with the age explicit modeling in the Age and Size

Dependent/Independent Modeling Project.

Project Objective

This project will develop methods of ageing tropical fish
species based on new techniques, as well as on the extrapolation
of techniques used in temperate zones. The project will develop

age and size relationships for various species to construct age-



size keys to draw inferences about recruitment, growth, and mor-
tality. Efforts will contribute to the development of an age
determination laboratory at the University of Costa Rica that may
later serve regional fishery agencies in Central and Latin

America.

Project Description

This study will focus on the following approach to ageing
tropical fish species: (1) Techniques currently used in the tem-
perate zone will be explored for their applicability to tropical
species. (2) New methods of age determination will be sought and
validated. (3) Indirect methods of estimating age and size
specific natural mortality coefficients from age and size com-

position data will be explored.

Age and size relationships will be developed for the
corvina-like species in the Costa Rican Gulf of Nicoya to con-
struct age-size keys for drawing inferences about recruitment,

growth, and mortality,

During the first part of the investigation, research will
focus on Costa Rica. During the final phases of the project,
opportunities to test methodologies in the Philippines will be

explored.



SHALLOW-WATER HYDROACOUSTICS

Principal U.S. Institution: University of Washington,
School of Fisheries and Center
for Quantitative Science
Principal Host Country Institutions: University of Costa Rica,
Centre Investigacion en
Ciencias del Mar y
Limnologia
Project Rationale
The stock assessment information necessary to manage a com-
mercial fishery can be obtained by two general approaches. One
approach is to rely on analysis of catch and effort statistics
from the commercial fishery itself; the other is through direct
measurement by means of hydroacoustics or direct capture gear.
Hydroacoustics has the highest sampling power and the lowest cost
of all direct population assessment techniques. It isf usually
employed in conjunction with direct capture techniques (trawls,
nets, traps) for species identification. However, hydroacoustics

techniques are not well developed for shallow-water or multispe-

cies environments.

Project Objective
This project will develop methods of rapidly assessing the
population size of fish stocks in shallow-water multispecies en-

vironments based on hydroacoustic (echo location) techniques.

Project Description
Comparisons of population abundance estimates will be made
between hydroacoustic techniques and (1) assessment techniques

traditionally used by scientists in the collaborating councries,



(2) other direct capture techniques appropriate for particular
environments, and (3) the actual artisanal catch. The first step
is to work with the scientists of the collaborating host country
to demonstrate the hydroacoustic techniques and compare results
with extant assessment methods. This will be followed by ex-
perimentation with additional techniques that have been success-
ful in shallow-water environments. Finally, since a considerable
portion of the overall CRSP program will deal with catch data of
the artisanal fisheries themselves, this project will work close-
ly with other projects in the research program to compare the

hydroacoustic observations with the corresponding fishery data.

The results of hydroacoutsic estimation will be introduced
as auxiliary input for artisanal fisheries catch and assessment

analysis.

Efforts in the first four years will include exploratory
field studies and comparisons with other fishery data in Costa
Rica. The models developed in the Costa Rican situation will be

tested in the Philippines in the final pPhases of the project.



EMPIRICAL ANALYSES AND MODELING

Principal U.S. Institution: University of Rhode Island,
Graduate School of Oceanography
and School of Resource
Development

Principal Host Country Institution: University of the

Philippines, College of
Fisheries, Visayas
Other Participating
Host Country Institutions: 1International Center for Living
Aquatic Resources Management and
Bureau of Fisheries and Aquatic
Resources
Project Rationale
A very important and as yet poorly understood problem in
tropical fishery stock assessment involves a determination of the
quantitative relationships among yields, effort and species com-

position for multispecies fisheries.

Project Objective

The objective of the Empirical Analysis and Modeling Project
is to contribute to the development of relatively simple stock
assessment models and computer programs which address relation-
ships among yield, fishing effort, species composition, and

stability, and which can be effectively tested and evaluated.

Project Description

The methodology for this project consists of a strategy for
analyzing distribution patterns (in time and space) of demersal
fish assemblages in the Sunda Shelf region of Southeast Asia.

The results of the distributioin analysis will be correlated with



environmental and fisheries data in an effort to develop alter-
nate multispecies assessment techniques and to provide an under-
standing of the basic causal mechanisms for changes in relative
species composition. A simple predictive mod=l for this mixed
species fishery will be developed, as will a complementary
package of user-friendly fisheries programs to aid in the analy-
sis of tropical multispecies fisheries. These models will be
based on existing and ongoing demersal fisheries surveys in the

Philippines, Thailand, Malaysia, and Indonesia,

The first stage of this project will consist of gathering
and entering existing survey data on microcomputer diskettes and
formulating a data management system. Stage two will be devoted
to running classification and ordination analyses. 1In stage
three, the environmental data base will be developed and tested
for associations with species groups. During the final phases of
the project, practical Operating empirical models will be devel-
oped, field testing of the models will be conducted, user-
friendly microcomputer programs to facilitate the use of the mod-
els will be developed, and the transfer of technology will take

place.



MULTISPECIES FIELD STUDIES

Principal U.S. Institution: University of Rhode Island,
Graduate School of Oceanography
and School of Resource
Development

Principal Host Country Institution: University of the

Philippines, Marine
Science Institute,
Diliman
Other Participating
Host Country Institutions: 1International Center for Living and
Aquatic Resources Management and
Bureau of Fisheries and Aquatic
Resources
Project Raticnale
Because coralline areas are highly productive and often
easily accessible fishing grounds, they are especially critical
to small-scale fisheries, single-person boat operators, and food-

gatherers. Hence, these areas provide a protein source for a

large segment of the population for which no realistic alterna-

tive sources exist. The need to understand the population
dynamics of fish in both coralline and non-coralline shoreline

areas is critical because of the importance of the fisheries to

developing country coastal regions throughout the world.

Project Objectives

The two general objectives of this field project are (l) to
develop and validate techniques for the estimation « £ fishery
productivity in reef and shore-line fisheries, and (2) to apply
the resultant methodology to the estimation of fishery potential

within the study area.



Project Description

Several approaches to attaining these objectives will be
taken. Visual assessments will be made to determine the composi-
tion and variability of the fish communities., 1In addition fish
trapping will be undertaken to supplement existing information on
the fish community and to assess the limitation of trap sampling
and harvesting, as well as that of gill net and beach seine sam-

plinc for non-reef shore-line fishery analysis.

Specialized techniques will be developed to tag reef and
non-reef fishes with a view toward establishing home ranges, and
growth, mortality and recruitment parameters. Protocols for es-
tablishing long-term monitoring and sampling sites will be es-
tablished. Attempts will be made to assess recruitment dynamics

through field experiments.

Efforts will be made to develop objective methods for effec-
tively reducing some of the complexities of multispecies fish-

eries data to permit further analysis and interpretation.

The validation of visual, trap and shoreline sampling tech-
nigues will be done during the first year. During the remaining
four years, community monitoring of reef and non-reef areas will

take place.
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MANAGEMENT STRUCTURE

Board of Institutional Representatives

Dr. Gerald Donovan, Chairmen, University of Rhode Island

Dr. Peter Larkin, University of British Columbia

Dr. Tan Morris, University of Maryland~Center for Environmental
and Estuarine Studies

Dr. Robert Stickney, University of Washington

Technical Committee

Dr. Vincent Gallucci, University of Washington

Dr. ZIdgardo Gomez, University of the Philippines

Dr. Manuel Murillo, University of Costa Rica

Dr. Brian Rothschild, University of Maryland-Center for
Environmental and Estuarine Studies

Dr. sail Saila, University of Rhode Island

Program Director

Dr. John Rowntree, University of Maryland-College Park



