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Executive Summary
 

The Fisheries Stock Assessment Title XII Collaborative Research Support

Program (CRSP) is a global reseaLch program designed to develop new
 
methodologies for stock assessment and management for small-scale multispecies
 
tropical fisheries, funded under a five year grant by USAID/S&T. This
 
document reviews the first three years of CRSP research accompiishments and
 
presents the plans for the 
final two years of the current grant and a proposal 
for continuation of CRSP ac-tivities in a three year grant extension. 

The principal participat ng institutions include the University of
 
Maryland. the University of tWashingUtn, the University of Rhod& island, the
 
University of Costa Rica. an! thy University of the Philippines. Altogether,
 
there are about 60 r~sear ,.>-fr a dozen research institutions in five
 
countrites ngagoi in ,R.P actla. tins.
 

Salect edscraykh a. pl ish::nts to date include the foilo.ing: 
1) i';ersity if Maryland and Univrsity of Costa Pica reseachers have a) 

developed the ftrst stags 4 a state-of-the-art export system' decision support
 
system for analy-zng fish:-y n .ra predicting future harvests, and pro'v ding
 

1s
advice to fishe managers on -ptimal .anagmant strategieso f fsh stoc s, 
and b) :ad snbstanta progess in :,tmnding standard fishary To.:ls to Qi7=
advice to .angcrag n idhari, "e..s whe" and a . 

2) Uni,:rsity of ishingtn and Univ' Costa Rica rrsity of 'shai hna;a 
a) arplied new nd in .v. 7, staistical met.hods t. the probian of sz:W, 
assessment sampling uin artisanal fi sher ,es, ) developed a new theoretical 
framework for 1ngth-based stock assessnent analyses, N dE.:onstrated that 
some tropical fish can b aged by microscopic xamination or .:elected hard 
structures of fish and ) de-monstrated new techniques fNr us,.c:
 
hydroacoustics tor fish dnction in sb.llo, vaters 

3) llni7,isty of ,hcd isand and Un v;,rsity cf the Phil:p ines 
researchers hay= 0 V7',- op a ne empirical mitispecies :l-:i! for analyzing 
observed changes in th, catch ratio of s:iilar species and for prdicting th' 
stability and hangs in multispeciaes f.ish assemblages, b) d-gelvcpe. new 
multivaraat, techniu, s for analyzing fish community structure. and c) 
initiated unique e;rnsiv long-term coral reef ecological, fish rrotent 
and reproduction, and fishing impact field studies.
 

Initially platnned as a 31 million per yvar researh program, the CRSP has 
been obligated and has sp~nt only 32.3 million in AID funds over its initial 
three years. The commitment by U.S. and host country institutions to this 
program is demonstarted by their matching contributions which have added an 
additional 35 percent to the 
total AID funding, bringing total CRSP spendrng
 
to more than 3 million. U.S. uniirsitiEs have contributed matching funds of
 
about 40 percent of th, contractually matchable AID funds.
 

A first version of a handbook for stoak assessmant and manaca:rent 
methodologies and techniq s fot devluping ccuntry fisheries managers wil1 be 
completed by the nd of the first fiv.a y',-rs of the CRSP. Ac..eratcd funding 
over the ne::t two yuars is r-qulstd. Promising MveloOmants _ugmst that a 
three year grant externsion, to 199.9 at a proposed cost of S2.5 rilliDn, will 
further contrihute to incroeasing tht developing country fash catch with new 
and improved fishery stock assess:ent and management methodologies.
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The State of the World's Fishery Resources
 

"The present ... [world fish] catch totals some 76 
million metric tons annually.' 

"The most generally accepted estimates of
 
conventional resource potential are on the order of 100
 
million metric tons.'
 

"It is highly unlikely that the actual catches will 
ever approach this potential figure. .... [Tjhis estimate 
of potential assumes that each stock is exploited at its 
optimum level." 

"The outlook for marine fisheries is not bright. The 
factors that have caused recent problems-- limited 
resources and excessive eYploitation of these resources-
are likely to continue." 

"Overcapa:ity will remain a threat to many 
resources .... It will also be a major cause of conflict 
and reduced prosperity among fishermen, especially small
scale fishermen of developing countries." 

"At the mirimum, better management will require 
better trained people in stock assessment, economic 
analysis, and ... fisheries management. If tie world 
fisheries are to be managed on a sustainable basis, much 
more work is going to be required." 

--From Chapter 9, "oceans and Coasts," World
 
Pesources 1986, World Resources Institute
 
and International Institute for Environment
 
and Development. Basic Books, New York, 1986.
 
Technical editorial advisor: John Gulland, FAO.
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Triennial Review and Continuation Proposal Introduction
 

Fisheries Stock Assessment CRSP
 

TRIENNIAL REVIEW AND CONTINUATION PROPOSAL
 

I. Introduction
 

The Fisheries Stock Assessment Title XII Collaborative Research Support
 
Program (CRSP) is a global research program designed to develop new
 
methodologies for stock assessment and management for small-scale multispecies
 
tropical fisheries. Funded by the United States Agency for International
 
Development, Bureau for Science and Technology, under Grant No. DAN-4!46-G-SS
5071-00, the CRSP is a five year collaborative research program extending from
 
July 1, 1985 to June 30, 1990.
 

This document reviews the firs; three ye ars of CRSP research
 
accomplishments, presents the objectives and work plans for the final two 
years of the, cqrrant grant, and makes a proposal for the continuation of the 
CRSP research activities for an additienIal three years, until June 30, 1993. 

The "RSP is approaching the end of its third year of operation. An 
elaborate ntwork of international collaborative research linkages have been 
established and research efforts are underway at many institutions in nany 
countries. The scientific development of new methodologies and techniques for 
fisheries stock assessment is a long and complex task. Preparing this 
triennial review and continuation proposal was a valuable e::ercise for 
CRSP participants. The research is on-going, however, and this status report 
and assessment of the future of the CRSP describes the dynamic and evolving 
nature of this scientific research program.
 

A. Goals, Objectives, and Rationale
 

The CRSP is developing stock assessment methodologies for use by 
fisheries managers in developing countries. Specific objectives for the 
program include the following: 

1. Production of a Stock Assessment Handbook for fishery managers in 
tropical countries--a manual or manuals that will provide a "key" for 
optimal fishery stock assessment and management given the problm and 
available resources. 

2. Testing and/or extension of exist:ng methodology for stock assessment 
as it applies to tropical fisheries. 

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

4. Development and testing of multispecies fishery assessment methods.
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Triennial Review and Continuation Proposal . -' -, Introduction, 

The CRSP is not formally engaged in stock asso-sement, rather-it is . 
engaged in developing new methodclogies for:stock a'ssessemnt'. The program is 
one of developing new methods, new approaches, new technologies and new 
techniques of stock assessment in small-scale multispecies tropical fisheries 
which are typical along the coasts of the developing countries. Researchers 
are taking the science ofstock'assessment in new directions. The rationale 
ff o- tor-rd cl ar:The-trae- ire €t ios onale !!in---of 
fisheries management has not mate iAi'lly extended stock assessment knowledge in 
recent years and new methods of fisiheries stock assessment are needed.
 

The CRSP is focused, on a global problem. The world's fisheries are
 
immensely important in providing food and employment. In fact, the annual
 
world fish catch tonnage exceeds the combined annual world production of beef
 
and poultry. With the developing countries being responsible for almost half
 
of the world's fish catch, small-scale fisheries are an important source of
 
food and employment in many coastal regions of the world. Artisanal
 
fisheries, common throughout the developing world, are characterized by low
 
technology, 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 30 - E) percent of their animal
 
protein consumption.
 

In recent years, however, 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. This situation has long term
 
implications for a country's employment and ability to feed itself. Fisheries
 
stock assessment techniques employed by the developing 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. The CRSP is designed to
 
address these global problems. It is focused on improving fisheries stock
 
assessment methodology, providing stock assessment advice to fishery managers

who operate under diverse conditions, and training U.S. and host country
 
scientists.4
 

Improved methodologies for fisheries stock assessment in tropical

multispecies environments combined with improved fisheries management which
 
raise the yields of the developing countries' fisheries by 10 percent could
 
increase the animal protein consumption of their populations by almost 50
 
percent. Alternatively, increased fish catches could be exported to earn
 
valuable foreign exchange.
 

Improving stock assessme', methodologies can make a substantial
 
contribution to generating incomes for and improving the nutrition of people

in the developing countries. However, stock assessment- is also concerned with
 
the long run 
future of the fisheries resources of the world. It is at the
 
core of the evolving science of sustainable resource development 
 " t
 

Management of fisheries in tropical environments is enormously

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 make ediction and 

- , managment difficult. Mathematical niodels of such interact)2ons are often the
 
'only way for scientists and managers to represent the multiple complex
 

er s ,m~ltin.h ,.!."Ci! i.4 .............. ii !~~~~~... ~~~~~~~~~...................................
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processes involved. Quantitative expressions must, however, be based on fir:m
 
biological, field, and capture data. The ORSP 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 are xending fisheries stock assess nt theory, methodologies and 
techniques to develop effective managemert techniques for tropical small-scale 
fisheries. The research will also contribute to improving fishing yields in 
the tropical and sami-tropical environments along the coasts of Hawaii, 
southern California, Wad the Gulf of Mexico, and in the U.S. territories in 
the South Pacific and the Caribbean Basin. Imoroved stock assess:r.ent and 
management techniques will also be applicable to other U.S. a sranal and 
multispecies fisheries. I:proved scintific understandingQ fish -olgy and 
viable :.anage:mEnt practices of multispecies fisheries will futh,r t4 
development of t emrporate and bor-eal fsheries scinc as . Ss.:.atic 
study of stocka ssoss:i-t :ethod lcogies, particularly in small-s'.le 
multispecies environments. nhs been e.tren, y li ro,. and thei is groat 
promise that this col laborative r ach program will..mak *-i 

developments in the l<ba1 undr.standing of fish r 't.a, 

The . "n-1... - r nprt will show the progress that his alr-ady been made in
 
addressing 1o ,l probloms. it will also prEsnt tW cbjct:.es anud
 
plan of :i r !' awothar five years of research effort designed to solve these
 
fundam , "' . .... in fish ry sci iuce and manageme nt.
 

B. Participating Institutions 

Five U.S. an:d grant aaricultural universities have joined forces with 
USAID!S&T an! so E<rol host country institut~ons to collaborate on the 
Fisheril' Stoct Ass,'ssmnt CRSP, which is th- eighth and most recently created 
Collaboritit Res arch Support Program under the Title XII mandat,. The 
Offic & nt rnat :nal2 roqrias, College of Agricultur,, Univrsity if 
Maryland-C l. . ark (U") ) r7es as the Nanagerant Entity for r. Fisheries 
Stock Ass ssrtt COP. Th, r:chnical rescarch efforts in night s p- r 
projects, ld by th. Univ',rsty of Haryland-Centr cr Environ:nt.l :and 
Estuarine Studis (UNJEES), the Univ,rsity of Rhode island (URI), and the 

7 . University of Washington (UP) . ar hing conducted collaborati wy h the 
University of Costa Ric. (UCR) and th, U7 vrsaty of rh P tilippines (UP). 
Collaboration is K-ng pruvid,d bv th. Univsity 3f 'aryland-C '.' Park-
College of Businass and anagaenr (U.CP-CB ).. th- Un '-rsity of m ' awar
(UDelawar, thn Uni.irsity of Ria:i ,L ia') and the Int':rna' na' Centel 
for Living A ua 1tic R, souar a s Man ag::onrt (IChAR .. 

In add.tion to thor principal institution-s participating in the CRSP 
research efforts, thr: ire many othr fishery scientists, rrseatchers 
managers, and administ-rators from a variety if institutions and countries who 
are contribating to this wor:. For xal:nepl, th, gc4.e-nment fishery 
departments in Costa Rici th Philippinos, indoi-1,sia and Thailand are 
contributing po-rsonn 1and r-sourcs to th CRSF fforts. The U.S. National 
Hariri Fisheries S'.icL an'd the Canadian Department of Fisheries a". 
contributing p:rtsonnr 1 to .'_r - on the CRSP's External EValuation Panel. :any 
others are involved in various ways in this global research program. (See 
Section IX concerning participating institutions and scientific personnel.) 
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The funding for th CRSP activities derives principally from the grant by

the United States Agency for Int~rnational Development, Bureau for Science and
 
Technology. However, the collaboration by U.S. and host country universities
 
is financial as well 
as scientific. U.S. university matching contributions
 
are 
running at about 40 percent of tihe matchable AID funds, significantly

beyond the required 25 percent. The host country univrsitiz: are 0l3n making 
substantial matching contributions to th CRSP. During the first thro, years
of the CRSP, U.S. uniw;rvities and host country institutions have contributed
 
about 35 p<rrint to the total AID fuvding and aimost 50 percent to the
 
contriclually :atchable AID funding. (See Section VIII concerning financial
 
contributions to th CEOP.) Lastly, many individuals 
and CoCprtino
 
institutions have ma:e contrybutions to the CRSP actiti.,'ti 2 s without CRSP
 
financial support. Wcoq nizing the import-ance of the CREP's global r,ssarch
 
agqda , the iish:r.S russarch community has shown its c-:::iut :r to support
 
th:s vitl rrz:. ftlhanclally is well as intellectually.
 

C. Program Description
 

The CRSP is composed of eight interrelated research projects, listed
 
below in assoc.at-ion with 
the names of the lead U.S. and host country
 
institutions.
 

The Univrsity :f .aryland-Cenrer for Environmental and Estuarine Studies 
and
 
The Univorsizt, of Costa Rica (U.CEES,'UCR):
 

i. Multiple Specias Fisheries Rosearch 
2. Ecanomc and Probabilistic Ex: nsions of Standard Fishery Models
 

The Un. versity Of ashinw'n and The Unrversity of Costa Rica (UW/UCR).
 
l. Sampling Catch I Ahundancm.:
 
2. Age and Sn.n'.:nnd:..t Modeling 
3. Ago and W- of
Si:, Rlat-nshps .Consequences Errors
 
4. Shallon t Hydraq, sic," 

The University -f Rha, Islind i: Th University of the Philippines (URI/UP):
 
1. Empirical Analyss and And'lcng
 
2. Multspcis Fm.!d Studls 

Research cn the eight projects at participating institutions is being 
coordinated toward th, achlov>mrnt of overall program objectives under the 
guidance of th, CRSP T.chnicl Cocmitt in cooperation with the '.a.agement 
Entity. Sao Suction V! concernicng CRSP program coordination and integration 
efforts. 

D. Structure of This Report
 

Section II presents an overview of the research accomplishm.ents of the 
first three yais of thi CRSP, followed by su:.aries of th,: resaarch 
objectives for tho fn:il tua. years of th, initmal grant and for a three year 
c:tnsion grant. This section is a summary of th, highlights of the rcserch
 
efforts, and Navas the details t- b, addrssad in the 
foll,ing s ctions.
 

Sections III, IV, 
and V of this report present detailed summaries of the
 

4 
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triennial review and continuation proposal with work plans for the coming
 
five years for each of the three principal collaborative teams, Maryland/Costa
 
Rica, Weshington/Costa Rica, and Rhode Island/Philippines.
 

Section VI brings together in a single shurt section issues of program
 
coordination and integration, addressing the concerns of how all the pieces of
 
this complex research program are being linked together.
 

Section VII reviews the activities of the Management Entity, University 
of Maryland-College Park, and its respective offices and institutions, the 
Program Director, the Board of Institutional Representatives, the Technical 
Committee, and the External Evaluation Panel. This section also provides a 
list of all of the CRSP working papers and publications and summarizes the 
international travel undertaken by CRSP participants. 

Section VIII prese nts CRSP budgets, expenditure history, and the 
financial plan tor the coming fi'ne years. 

Section IX presents project overviews, highlighting the participating 
institutions and research personnel. 
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Research Overview Accomplishments--The First Three Years
 

II. Research Overview: Past Accomplishments and Future Objectives
 

The following preserts the highlights of the accomplishments of the first
 
three years of the collaborative research and the objectives and plan of work
 
for the remaining two years of the initial grant and for a three year grant
 
extension. This overview focusses on the resrarch and the science, leaving
 
the institutional, adminitrative, financial, and technical details to later
 
sections of the report. Issues addressed in this section are dealt with in
 
greater detail in Sections IT - VI of this report.
 

A. Summary of Accomplishments--The First Three Years
 
(July 1, 1935 - June 30, 1933)
 

1. The University of Maryland-Cente." for Environmental and
 
Estuarine Studies and The University of Costa Rica Program
 

In advancing the fields of fisheries stock assessment and management, The 
University of Maryad-C tr for Environlrtal and Estuarine Studios and The 
University of Costa Rica (UCEES"UCR) rs,arch progriT his tht s far ,,lped 
a state-of-theoart *<pvrt syst m 1d-csionsupport system for rishary 
management, adv'ncd '1 id .cn, ic fisha ry models, and cnt]ribtL dbi'l gica l 
to the biodynamncs of thn si thory. The efforts hW: -- o n onduczod in t:;o 
projects, 1) th ut' i,. Sp:c shari s Research Project.s and 2) the 
Economic and Probabilisti c Extensions af Standard Fishery Aodels P:cject. 

a. The Multiple Species Fisheries Research Project
 

The overall objectives of this project are to develop a better 
understanding of multispeci,s fishcries, to explore how they relate to 
community and populati dyna:ics, and to contribute to fishery management in 
tropical small scale fishri:es.
 

The res car-h into expert systems and decision support systems as a guidz 
to understanding the complexity of mutispacies fishery syst,:s !ed to the 
development nf CAINOFISH. a uniqua, first-stage canonical fishery :'.ingent 
syste:n whichLs applicabli to both small and large fisheries in singl. in] 
multispecies cont .ts. This expert syst. ,/lacisi. a app ci r sy'.- (ES./DSS) is 
designed to analyze fishery data, pre=dict future hirvusts, and p cd:1 d-ice 
to fisherics managers on optimal management strtegies of fish so c s. 

The first-stag, working version of ih, CHOFISH ESiDSS has -n deavlopcd 
for use on a microcomputer. A stock assessment compctt library has ben 
converted for u-e on a microcomputer, 2omplete with Spanish and English 
documentation, and has boen distributed to the various CRSP rsarchrs. 
Advances hav, b en made in the dov-iop'ict uf a thr,-s, ctr si:-amtn - del, 
which is comprised of fishi ry, rintitttional, and populationa s-_ ors. 
Rasearnh coi'pltd to data i da l , spawnign andaiview; of tirmant 
patterns of tropicl oarina fish stocks and an vslasticn of techniques used 
to assess the tropical fishery system. The r-se r ch,is hav;-e d ,-lopd a 
recruitment pattern simu1ator and a continuous recruitmcent si:ulation model 
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2. The University of Washington and
 
The University of Costa Rica Program
 

The University of Washington and The University of Costa Rica (U4/UCR) 
are working collaborativel on four CRSP projects: 1) Sampling Catch and 
Abundance, 2) Age and Size Dependent/Independent Modeling, 3) Ag; and Size 
Relationships and Consequences of Errors, and 4) Shallow-Water Hydroacoustics. 
The sampling catch and hydroacoustics projects deal principally with the 
collection and analysis of data, while the the other two projects deal mainly 
with modeling and interpretation. Together, the four projects make up an 
integrated inveastigation of stock assessment and involve various field, 
laboratory, and theoretical studies. 

a. The Sampling Catch and Abundance Project 

Substantial progress was imade by acquiring and coding data from on-going 
and past sampling projects. flew sampling projects have begun employing off
the-shelf data management soft.are to organize the data. Sampling designs 
using these data have been compared to evaluate ba3ic questions of variability 
and cost sam Gill and trawl experiments been begun toof ui.pling. net have 
address quest i ns about net selectivity, recruitment and early grow:th. A 
computer soft war, package to assist a user in the selection and us'_ of;an 
optimal sampling d'Vsiun has been assemblegd anc is in the final stage of 
comp!etion. rt!iiariate analyses of data alt eady coded show a useful 
"biological dj:.tnsiorn that allowis prediction of catch statist. cs with 35 
percent accuracy. The comparison of old and recent catch data appears to 
reflect changes in effort. 

b. The Age and Size Dependent/Independent Modeling Project 

Accomplishments in tbis project include the development of new theory and 
software surrounding length cohort analysis, the derivation of a new length
based catch equation, and an analytical treatment of error in length conort 
analysis. Reporrs have been written presenting the sensitivities and dai.qers 
associated with the ie of length cohort analysis, now very popular ir. 
tropical countries. These reports demonstrate the p.-)blems, present software 
suitable for use in .leveloping countries for doing the analysis so thaC the 
errors or dangers :tr - minimized, and develop for the first time a lenoth-based 
cohort equation. A stohastic model for doing catch-at-size analysis (CASA) 
has been written. The model reduces to other "well-'nown catch-at-size 
analysis models when age data is entered, and compares favorably. Thus, stock
 
assessment computations based on length data can now be carried out with 
increased confidence.
 

c. The Age and Size 'lelationshipsand Consequences of Errors Project
 

This project, ihich has a natural interface with the Age and Size 
1M!odeling Project, is focused on the ageing of tropical fish and the
 
development of age-length 1:eys. Researchers have demonstrated that the 
tropical corvina-complex of species (the principal market species in the Gulf 
of Nicoya, Costa Rica) call be agud herr using otoliths and have written 
training materials to share the techniques. The new ififormation indicates 
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extremely rapid growth of 
the primary corvina species in the first year. The
 
development of associated biological information about fecundity will point
 
the way toward the specification of management criteria to forestall either
 
growth or recruitment overfishing. Further, the establishment of an age
 
determination facility at the Univer.ity of Costa Rica is underway.
 

d. The Shallow-Water Hydroacoustics Project
 

This project has completed the initial development, testing and
 
application of hydroacoustic systems for fish detection and abundance
 
estimation in shallow water marine environments such as those associated with
 
most artisanal fisheries, thus adding a new dimension to stock assessment. It
 
has also beer, shown that fish movement is about equal to current speed, 
suggesting tidal :ovement of fish, and the dependence of fish upon diel
 
chah, Further reseai 4 will use tLese behavioral characteristics to help 
explain harvest susceptibility, spaw~ing and feeding patterns, and in the
 
interpretation of acoustic signals.
 

3. The University of Rhode Island and
 
The University Df the Philippines Program
 

The University of Rhode Islnd nnd The University of the Philippines

(URI/UP) coliaboration is focused orn two projects, 1) the Empirical Analyses
 
and odeling Project nd 2) the ultisp.cics Field Studies Project.
 

a. The Empirical Analyses and Modeling Project
 

One of highlights of this project in this first triennial review period
 
was the successful conceptual development, testing, and formal publication of
 
a new empirical multispocies model. Specifically, a method was developed for
 
the analysis of observed changes in catch ratio of similar species or species
 
groups over time from the Thailand data and from northwestern Atlantic
 
groundfish data. Aggregated time series of research vessel data were teated
 
as Markov chain models after a transition probability matrix was derived from
 
them by quadratic programming. The matrices were projected to provide
 
information about 
the stability and changes in multispecies assemblages. The
 
model developed provides some short-term or tactical information, as well as
 
longer-term or strategic management-related information. Further testing of
 
the model and its utility are in progress, and extensions of this model are
 
expected to be developed over the remainder of the project's life.
 

Other accomplishments by this project component include the application
 
of geometric programming to solve a more realistic optimum harvesting problem
 
than is possible using the standard linear programming approach. The specific
 
case which can be handled only by gu'metric programming is the case where a
 
constant proportion of all individuals above a certain limiting size are
 
harvested while none below this 
value are taken. This work was extended to
 
consider the relationship betieEn optimal harvest ing strate ies and
 
reproductive valurs. V b,]i~vw that further work or: the relation berwen
 
reproductive value and optimal harvesting strategias is justifid and is
 
included in future project ictivities. Implications of this work relate to
 
harvesting strategies and the relative value of restrictive regulations for
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highly fecund, short-lived species, which are typical of many tropical
 
environmerts.
 

An excellent overview of the Philippine demersal stocks has been
 
developed by the Philippine counterparts which puts into perspective the
 
significance of the fishery and the effects of uncontrolled development in
 
some sectors and shows the need for fisheries management. In addition to the
 
overview document, some substantial contributions have been made to optimum
 
mesh size selection for multispecies trawl fisheries.
 

b. The Multispecies Field Studies Project
 

This project has involved the use and development of multivariate
 
techniques for the analysis of multispecies fisheries data, and a field
 
program 1) to develop and 7alidate techniques for the estimation of fishery
 
productivity in ref and shore-line tropical fisheries, and 2) to apply the
 
resultant methodology to the estimation of the fishery potential within the
 
study area.
 

A strategy for the objective intercomparison of fish communities in time 
and space is being dvnelopd. A pilot study of community structure in the 
Samar Sea (Philippines) fishery has been completed and is now in press. It 
has been demonstratcd that a c.i tical water depth of approximately 30 :.nters 

can be used to optimalily divide the tropical demersal fish assemblages into 
two relatively homogeneous sub-communities, Ordination of mean times by 
species revealed that variability over time seemed to decrease over the study 
period. Variability was measured as the mean Euclidian distance aw..ong 
community states. Analyses are also in progress on the community structure of 
Indonesian shelf and northw.,est Australian shelf fisheries, and new 
multivariate techniques are being tested. 

Considerable progress has been mad, in developing user-frindly 
microcomputer programs for multivariate analysis of ecological data. 

A comprehensive review of Philippine trawl surveys has been conducted and
 
evaluation of the effects of management and a-er-fishing have begun. This
 
work provides a baseline study for potential yield estimates and exploitation
 
effects, as well as providing a realistic appraisal of the relative importance
 
of th, Philippine demersal fisheries.
 

A significant highlight of the first triennial project period is the
 
establishment of a permanent field laboratory at Bolinac, on the Lingayen Gulf
 
about 300 km. north of Manila. The facility has been modestly equipped
 
through CRSP support to include a 19-foot research boat and an ultralight
 
aircraft, as well as laboratory supplies and computing equipment. This has
 
resulted in an extensive but realistic field program, which is in progress and
 
which is expected to continue over much of the CRSP's proje:cted life. Indeed,
 
these facilities will become a permanent field station for use by the
 
Uni;,arsity of the Philippines and others.
 

Severai of the field activities which are underway are: 1) Studies in
 
comparative yields and efficiencies of major fishing gears on a coral reef
 
complex; 2) Comparisons of size and species distributions obtained by visual
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assessements and those obtained by fish traps on 
a reef flat; 3) Studies on
 
the recruitment and reproductive patterns of coral reef fishes, aimed at an 
empirical evaluation the ELEFAN (length-based) programs; and 4) Fishery 
sampling surveys.
 

B. Objectives and Expected Accomplishments--Years Four and Five
 
(July 1, 1988 - June 30, 1990)
 

Th's section highlights the objectives and expected accomplishments of
 
the collaborative research program over the final 
two years of the current
 
grant period.
 

1. UMCEES/UCR
 

a. The Multiple Species Fisheries Research Project
 

The objectives of this project are to develop a better understanding of
 
multispecies fisheries and how they relate to community and population

dynamics, and to contribulna to advancing fishery management in tropical small
scale fisheries. Follnwinq :hj reek arch direction established in the first 
three yars rf th ooect wor} ii y, ,ars four and five will focl,,s on 1) th 
continued inv stigatio-,n of s ie i sfu shery system ccpex.tt, 2) the 
continued d-vilIopmeint of multispt:c is fishery theory and 3) the continued 
developnnt and refinemenlt of stock issssment teedniques that are 
particularly applicable to s:'a.l-sc-il, subt ropical and tropi al a-rtisanal 
fisheries. 

Future re-search will! empha.z:ire further enhancement of CAUOF!SH, a
 
functional, tirst-stage, canonical ex,-pert syste, /.!decision support system
(ES/DSS) for fishery manageimeInt. The primary objective of the ne?::t version, 
CANOFISH II, is to continue the integration of sampling, esti:ation, 
optimization, and simulation that ras begun in CANOFISH 1. Emphasis will be 
placed on system design in years four and five. 

The intent of CANOFISH II is to provide a tool which can be used to 
assess a fishery as cost-effecthvely as possible and to evaluate complex
fishery managvment schemes. The conceptual framework of CANOFISH II will 
continue to serve as the focal point for the CRSP research program, and as a 
means for integration of the various projects. The emphasis will now be 
directed towards examining the interactions between a real and simulated 
fihery, developing the concept and structure of a metasystem, incorporating 
more multispecies concepts and models, and adoptiing a modular expert system
development approach. The research goals for the devel)opment of CAFOFISH II 
are as follows: 1) incorporate a wide variety of sampling strategies, fishery
and bioeconomic models, and optimization procedures into the appropriate 
components of the CANOFISH II system, 2) further enhance the simulation models 
and use th,=m to test the performance of the various system components, and 3)
expand the use of expert system technology in linking system components 
together in a omple: neto.;rk. 

Further development of new stock assessment techniques and enhancement of 
extant models for applicability to tropical and subtropical small-scale
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fisheries will continue. Research in the area of multispecies fishery theory
 
will continue the study of the factors which drive recruitment processes and
 
multispecies interactions.
 

b. The Economic and Probabilistic Extensions of
 
Standard Fishery Models Project
 

The overall objectives of this project are to continue to develop stock
 
assessment techniques and to extend standard fisheries models to increase
 
their utility to managers of small-scale fisheries. Research in years four
 
and five will be directed towards 1) the completion and implementation of
 
economic models that addrss the fixed and variable ecruitment problem, and 
2) the develop.ent of a m.etasyst m for fishery management utilizing the 
analytic hicrarhy process (AHP). 

A major focus of the wo.rk on both the economic and stochastic fishery 
models in years four and five will be to complete the design and testing 
phases of model d-velopm-nt and to incorporate Gulf of Hicoya corvina fishery 
data into the nodels. The models ail! then be used to evaluate harvest 
policies and manageunt alternatives for this Costa Rican fishery. 

The devlopment of a mtasystae, for fishery manaelent wi. prov id a 
powerful too! for managers of fisheri,s for which little or no data exists. 
This metasyst em will coitain info rma tion on the well-studied fish stocks and 
populations of the world. A search of the metasystem and its data base, using 
the analytic hi .rarchy process, will locate other "siilar" system s and 
provide guides for stock assessment and fishery management, even as an actual 
data base on the actual fishery is evolved. Information obtained from this 
fishery management :netasystem would also be used to elucidate past approaches 
and methodologies which were eitrAr successful or unsuccessful in assessing 
fish stock abundance, predicting future yields, det urmining mortality rates 
due to fishing, etc. Thus a fishery manager of an unstudied populitian is 
provided useful information on both designing and managing a stock assessment 
program.
 

Economic models that address the fixed and variable recruitment problem, 
stochastic models, and the fishery-management metasystem will all be 
incorporated into the CANOFISH II ES/DSS being developed in the Multiple 
Species Fisheries Research Project.
 

2. UW/UCR
 

The overall objective of the UW/UCR collaboration is to develop stock 
assessment and management concepts and methodology suitable for application in 
artisanal fisheries. The Gulf of Nicoya is the point of application and in a 
sense the laboratory in which experiments are carried out. Nevrtheless the 
viewpoint is that accomplishme.nts should have regional and international 
implications. The U/UCR efforts will continue on all four projects. with the 
inclusion of Iditional methods and the modification of methodology as a 
result of what was learned in years ono to three. 
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a. The Sampling Catch and Abundance Project
 

The data in-hand was collected by the management agency, often with UCR-

CIMAR assistance. Only a small part of these data have been entered onto
 
floppy disks, so this activity'iwill continue. Various sampling designs will
 
be tested to determine the optimal combination of information transfer, in
 
terms of cost and efficiency. A modified multistage systematic-stratified
 

comparable to universe (population) estimators.,.'The enlarged daI base will
 
be used to test other hybrid designs, such as probability proportional to
 
size, to evaluate the cost/efficiency ratio. Bayesian designs will be applied
 
to simulated data with introduced variability and missing elements to evaluate
 
the relative properties of Bayesian estimators. Box-Jenkirs time series
 
methods will be applied to take advantage of their ability'to identify

periodicities and trend in the data. This permits a greater focus on the
 
statistical nature of the processes generating the data, as well as predicting
 
expected catches with standard errors. In addition to predicting and
 
understanding the processes that generate catch, investigations of species
 
assemblages will provide spatial and temporal information on species

abundances in the Gulf. Small mesh gill nets will be used to gain information
 
about selectivity, growth, time of recruitment, and fecundity.
 

b. The Age and Size Dependent/Independent Modeling Project
 

Length-cohort analysis on successive years of data will be applied to
 
cbtain initial parameter estimates. The CASA (catch-at-size analysis) model
 
will be applied using these estimates to develop a fuller picture of the
 
relationships between catch, effort, and abundance. Additional programming is
 
needed to make CASA user friendly and more easily transferable. The
 
distribution of effort over time will be examined to clarify the relationship

between net selectivity, catchability, and effort. Recruitment to the fishery

will be examined from the viewpoint of fishing mortality reference points.
 
Although the determination of harvest levels should be set on the basis of
 
recruitment strength the choice should depend upon more biological criteria
 
than is behind F(O.1) or F(msy). Such criteria will be sought and a
 
theoretical framework constructed. A part of this framework will be an
 
age/length Leslie multistage model with harvest matrix and stochastic
 
,elements. A fishery management plan (FMP) for the Gulf will be developed and
 
tested. Work will continue un an interesting new physiologically based model,
 
especially with respect to parameter estimation and fitting.
 

c. The Age and Size Relationships and Consequences of Errors Project
 

The results from the ageing of the corvina species has raised concerns
 
about the level of effort,' in particular about mesh size. The ageing effort
 
will continue in conjunction with the UCR/CIMAR ageing center. Otolith
 
microstructure analysis will be carried out with the collection of fecundity
 
data. This should clarify the growth relationships and lead to biomass
 
productivity and turn-over rates in the Gulf. While this is the theme for the
 
years six through eight, the initial research will be done at this stage. A
 
benthic sampling program will be initiated to learn more about how energy

flows from the mangroves to the sediment communities to the commercial catch
 
of fish, molluscs and crustacea.
 

14
 



Research Overview Objectives--Years Four and Five
 

d. The Shallow-Water Hydroacoustics Project
 

This project completed the initial development and testing of
 
hydroacoustic systems for estimation of abundance in shallow waters. A large
scale sampling effort is planned for year four involving transocts and
 
stations in the open waters of the Gulf of Nicoya and around artificial reefs.
 
The researchers will make the first fish biomass estimate for the total Gulf
 
of Nicoya. The transectinq effort will also be closely coordinated with
 
operations of the artisinal fleet and fishery catch data, which will be used
 
to aid in separating the total biomass estimate into various species 
components. The stations in the open waters of the Gulf will add to the 
knowledge of fish =vemnts and behavior and the evaluation of biases. The 
artifical ref observations will follow up on the inital observations .ade 
during 197, and w. 11 allow more accurate quantification of the behavioral 
trends that wu,. observed. In addition hydroacoustic estimates will be 
integrated into assessment models. 

3. URI/UP
 

a. The Empirical Analyses and Modeling Project
 

The outputs x:pected rio.< rho Empirrical Analyses and Modeling Project at 
the end of tho initial iva years of research, include both tactical (short
term) and styaz gi, Kong-rar- models, now in their first phases of 
development. Tho rws,arc o xpect to have made considerable prog-oss toward 
Harkov decision process mod,! d.'lopnt. In a similar vein with rospect to 
tactical models, researchors wxp.ct to hv,- published somo cf their initial 
work on critical s2 iti'al c''parisns of multispecias ass- 'blas. This 
work commenced in the third year of rho pro~oct. Suivabl software for this 
activity has already beun dKvclvp,d. it involv s Nonte Carlo techniques for 
developing empirical probability dlistrbuitions which will be compared with 
observational data. 

b. The Multispecies Field Studies Project
 

The results of the monitoring catch composition and production from 
specific fish habitat typos in Bolinac, Pangasinan are expected to be
 
published. However, researchers will continue to monitor the effects of 
differential applications of fishing pressure within each habitat type (by 
aerial surveys), and the variability over time in the in-situ fish 
composition. Extended monitoring to a series of nearshore and offshore roefs 
subject to difforev levls of fishiing pressure will provide valuable 
comparative data. A dita-base system to integr ate this typo of fishery 
information into : standard Gographic information System (GIS) format will 
also be prepared. These results will contribuite to the pilot management plan 
under development by the U.S. AID ASEAN Coastal Rosourcs Managernent Program 
(CRIP) for the Bolinao ar ., :where th, Uni vorsity of the Philippines fisheries 
research laboratory and field testi :g situs are located. 
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The researchers will continue monitoring the reproductive and recruitment
 
cycles of key fish species, and will obtain information on meteorological and
 
oceanographic processes which might be responsible for the timing of these 
evcats. Efforts will continue and it is planned to expand studies of 
differential juvenile recruitment across the Boli ao reef complex. Other sub
projects include: 1) to determine if cycles of larval abundance correlate 
with cycles of reproduction and recruitment, and 2) to investigate the 
relationship, if any, bewecn these cycles and mass spawning among corals, 
which may be important in providing food to enhance juvenile fish survival. 

Efforts will also continue on comparing catch composition and community

structure variations over 
tima between coastal habitats with different levels 
of fishing pressure. Information for aggregating species assemblages ,-will be 
gathered and assessed. Data will be supplied to other CRSF entitic-s for 
analysis and model validation. Th_. monitoring efforts will includ, all major
finfish and invertebrate fisheries, as well as gleaning activities, in the 
study areas. Opportunities will be sought for offshore reef comparisons via 
other funded projects. Aggregation techniques for fish assemblagns will also 
be investigated.
 

4. Program Coordination and Integration
 

More than 60 r,sarchers from a dozen institutions in five countries are
working on the eight CRSP research projects. These technical efforts are 
being coordinated by the efforts of the Technical Committee which is working
closely with the Manaqcoent Entity. TJork plans are developed cooperatively by
 
the Techrnical Committee. Communication amonq researchers and institutions is 
facilitaed by the regular distribution of 'orking papers, trip reports,

minutes of meetings, etc. Regular research team meetilngs and th xchan n of 
U.S. and host country research personnel are the principal means of directly 
coordinating the research efforts. In addition, the CRSP has given strong 
support to participation by researchers in international workshcps,
conferences, short--courses, and training programs to facilitate coordination 
along with dissemtination of TFSP developments. Annual program-wide 
coordination motings are planned-

One of thd principal focuses for program integration is the planning fcr 
the production of the CRSP's final deliverable product under the grant,
namely, the preparation of a CRSP Stock Assessment Handbook for fisheries 
managers in tropical developing countries. This handbook will provide a guide
for optimal fishery stock assessmeLt and management of small-scalk tropical
multispecies fisheries. The Technical Committee has begun planning for the 
preparation of the handbook. Current opinion that this finalis deliverable 
product wi!l not be a single manual or book, but instead will consist of 
several handbooks or manuals, often with associated microcomputer software and 
documentation, which will describe and explain models, methods, approaches,
and limitations to tropical fisheries stock assessment management ,and Nith 
emphasis on mltispecius capture fisheries. Plans for merging the *arious 
CRSP activities have been made. It is believed that ultimately an expert
system.decis on support system for use on a mirrocomputer may be developed
which could embrrace a sigiificant portion of the entire spectrum of the CRSP 
projects and activities. 
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It is anticipated that weveral specific tactical and strategic approaches
 
to tropical multispecies stock assessment will have been completed within the
 
initial five-year time frame. However, adequate field testing, sensitivity
 
analysis, evaluation and recommendations for the application will require
 
substantially more time. Hence, the propo;al for continuation for research
 
for an additional three years.
 

C. Objectives and Expected Accomplishments--Years Six Through Eight
 
(July 1, 1990 - June 30, 1993)
 

1. UMCEES/UCR
 

The UNCEES/UCR collaboration proposes to continue research efforts on the 
two prcjects undertaken during the initial five years, namely, the Multiple 
Species Fisheries Research Project and the Economic and Probabilistic 
Extension of Standard Fishery odels Proiact. 

a. The Multiple Species Fisheries Research Project
 

The res-rch ubjctives in years six through eight will continue the 
investigation of multispecis fishery-syst, m complexity in order to understand 
multispecius fishrius. to o.:pl or, how they relate to community and population 
dynamics, and u ciontinue con tributing to the advancement of fishery 
management in smnall--scale tropical fisherias. A concrete objctice is to 
complete, at th. nd ,eight yars, in integrated expert support systen (ESS) 
incorporating :dvnc,s in srt1 issssm.nt and mul tispecies resaarch. 

Further ,n-ina anz a thy CAIOFISH ESS will he the focus of the 
UNCEES/UCR crk in years six through ighr. The efforts will build upon the 
completed network syst . link ing sampling, model identification and 
estimation, optinication, ard simulation which comprises CAUOFISH Ii with the 
development of an expert system linking the modular ES to intagrate the whole 
system. This expert system, called ADVISOR in CANOFISH II, will be the link 
between the user and the system and also provide management advice on 1) the 
operation of the fishery, 2) the most cost-effective sampling programs, 3) the 
optimal fishery/bioeconomic models to use in assessing a particular fishery, 
and 4) additional data requirements. 

b. The Economic and Probabilistic Extensions of
 
Standard Fishery Models Project
 

The research objectives in years six through eight will continue to be to
 
develop stock assessment techniques, to extend standard fishery models, and to
 
incorporate applicable techniques from other fields of study. Emphasis will
 
be placed on mnetasystem development and incorporation of decision analysis
 
techniques.
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2. UW/UCR - ~-

During a three year extension of the CRSP, the UW/UCR program will be
 
compressed into two components, reflecting progress antip'ipated from the first
 
five years. The two components will be as, follows: a),Management and Stock
 
Assessment Sampling and b) Recruitment and Productivity. The hydroacoustics
 
component will receive less effort, reflecting the progress there. The
 

~smAl3.er-ef torttillbe- incorporated.nto,the,-Management,.and-Stock,-Assessment--
Sampling Project. The development of management strategy and fisheries 
productivity in a tropical estuary, in a more generalized context than the
 
Gulf of Nicoya, will receive increased focusbecauseof the scientific depth
 
of the~ subjects and the potential value of new results.
 

a. The Management and Stock Assessment Sampling Project
 

For convenience, this project can be partitioned into three highly linked
 
components: Age/Size Modeling, Sampling Designs, and Hydroacoustics.
 

1) Age/Size Modeling
 

Effort will continue on the development of the age/size dependent models
 
and these models will be applied in Costa Rica, the Philippines, and
 
elsewhere. From these analyses different management tactics such as closing

times, areas, and gear regulations will be theoretically evaluated. A
 
considerable focus on the recruitment process will continue. This is
 
developed further in the next component, but much of the modeling effort and
 
the search for new conceptualizations and quantitative representations will
 
appear as modeling results. Much of the current thinking on such
 
investigations centers around the identification of biological and fishing

mortality critical or reference points. These ideas will be applied to
 
tropical fisheries, from which inferences can be drawn about the state of the
 
fishery and its projected time course.
 

2) Sampling Designs
 

Research will focus on the following: 1) Evaluating efficient
 
dissemination of sampling research outcomes to artisanal fisheries management

entities; 2) Extending research on practical sampling methods, including
 
Bayesian hybrid designs with classical multistage designs for managers of
 
artisanal fisheries supporting, in particular, geographically isolated
 
agencies with minimal computational and manpower resources; 3) Investigating
 
the intertidal, nearshore and mangrove habitats to understand better concepts
 
of energy flow and recruitment processes; 4) Analyzing the results of the
 
trawl and benthic surveys and integrating them into an on-going stock
 
assessment program; and 5) Incorporating these results into management models.
 

3) Hydroacoustics
 

Specific objectives of years six through eight are as follows: 1)

Facilitating application of hydroacoustic techniques. to artisanal fishery
 
management in Costa Rica; 2) Verifying the general application of the
 
techniques through a field exercise in another country, probably the
 
Philippines; and 3) Continuing development of more cost-effective
 
hydroacoustic systems from the viewpoint of hardware and software. Current
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systems can be simplified and their transferability made easier.
 

b. The Recruitment and Productivity Project
 

This project can also be partitioned into three highly linked components:
 
Growth and Ageing, Fecundity and Recruitment Timing, and Productivity.
 

1) Growth and Ageing
 

The established age determination center at the University of Costa
 
Rica will carry out the length and age sampling, the age determination for the
 
species of interest, and update the data base for common uses in the CRSP.
 
The existing data base will enable us to estimate the growth rate over the
 
entire life history for corvina species. These results will provide the
 
primary data for productivity-turnover rate, reproductive effort, and age/size
 
modeling.
 

2) FERET (Fecundity and Recruitment Timing)
 

Data from tho first five yearsiill be the basis for a strong focus on
 
the implications of recruitment for the management of tropical fish. The
 
major data base available is sex ratio, maturity proportion, gonad index,
 
fecundity, and recruitmunt timing. Of a great practical concern is the
 
prospect of recruitment overfishing from uninformed changes in legal gear
 
and/or effort. Until we know more about reproductive effort vs. age or size, 
there is a real danger to tropical fisheries everywhere. General strategies 
based on fisheries critical and reference points for managing fisheries in 
tropical estuaries will result. 

3) Product ivitc"
 

Productivity will be put in the general framework of the establishment of 
procedures to guard against both recruitment and growth over-exploitation. 
Traditional fishery management methodology built around a theory of biological 
reference points and new methodology built around biological production and 
turn-over rate will be combined in an effort to construct a unique 
conceptualization and management model for tropical estuarine mangove areas. 
Our initial steps will certainly be based upon FERET for stock-recruitment 
modeling. As a part of the modeling section, a yield per recruitme2 nt dynamic 
pool model will also be built. Fishing mortality coefficients are examples of 
biological reference points that have been used in temperate fisheries. The 
fact that the initial stock-recruitment relationships and yiqld per 
recruitment model will exist prior to the beginning of a three year extension 
ensures that biological reference points and critical points will be a part of 
the developing theory. 

The UW/UCR toav will begin to apply the concepts and methods being
 
developed in Costa Rica to the Philippines. This will serve as an enrichment
 
of the ideas developed, a focus for integrating the accomplishments in the
 
various CRSP components, an opportunity to evaluate results, and a training
 
process for scientists in the Philippines.
 

All three of the components of the Recruitnrent and Productivity Project 
will contribute toward the updating and extension of the management manual 
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delivered after five years and each component will publish results in the 
literature, as technical reports, and at symposia. 

Collaboration and coordination with the UNCEES researchers will continue, 
and increased collaboration with the URI and UP researchers is planned.
 

3. URI/UP
 

Research efforts of the URI/UP collaboration will continue to pursue the
 
objectives of the two projects undertaken during the initial five year grant
 
period.
 

a. The Empirical Analyses and Modeling Project
 

During the three year extension of research activities, this project is
 
expected to have developed, tested, and utilized for field appreciation, an
 
extended version of the previously developed Markov model, which consists of 
 a
 
dynamic optimal control modal involving finite state, finite action, infinite
 
discrete time-horizon Varkov decision processes. It is believed that this
 
model will adequat ly embody the impurtant concepts of uncertainty,
interaction, dynamic nature, and 1liitad data availability which has bn 
described as appropriate goals. This model is considered primarily as a
 
strategcic (long-term) model.
 

The additional three yea rs will also allow the finalizing of the 
developmact. of tactical (short-term) models, which were initiated during the 
initial 'years of the project. It is believed that critical comparisons of 
multispecies assemblages can be made over short space and/or time scales, 
utilizing computer assisted approaches which include the generation of 
empirical probability distributuons through Monte Carlo simulation. The first 
stages have been developed, and thp researchers expect to complete these 
tactical models and provide and disseminate software and methodology during 
the final project period. 

b. The Multispecies Field Studies Project
 

Studies of factors affecting soft-bottom small-scale fisheries, including

natural fish habitats such as sponge communities, and artificial fish 
aggregating devices ("FAD's" and "Artificial Reefs") in conjunction with other 
Philippine and internationally sponsored programs, are expected to bc 
completed during the three year extinsion. 

The materials from the first handbook will be revised into a more 
flexible and user-friendly format.
 

Continued coral reef r.:sou rce evaluation in the Philippines via remote 
sensing in conjunction with other funded programs, as a means of further 
developing and testing the approach for possible application in other 
countries, will b, valuated and documnted. 

The results of all coral reef studies will be presented in the Seventh
 
International Coral Reef Symposium, in mid-1992. 
 This periodic series of
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congresses is the largest international gathering of coral reef scientisits,
 
providing a focal point for the release of research results in many of the
 
major integrated reef studies of the world. It is, therefore, the most
 
appropriate forum for the culmination of our long-term studies. These
 
presentations will be in a form suitable for publication.
 

All results will be summarized and finalized. Data will be assimilated
 
into data reports and user-friendly data-base systems. Collaboration with
 
other CRSP entities will permit the incorporation of the final results and
 
data into management models. Final publications will be prepared.
 

4. Pr-ogram Coordination and Integration
 

Thrcughout the three year extension period, program coordination efforts
 
will continue. Scientific exchange visits, participation in conferences,
 
workshops, and training programs, and the sharing of research findings through
 
the dissemination of woiking papers wil l be encouraged. Most importantly.
 
however, will be the continued dovelopinent of the CRSP Stoc}: Assessment
 
Handbook(s). The handbook(s) are a dynamic product wihich will substantial!y
 
improv< through use, fHld testing, critical evaluation, sensitivity analysis 
of segments, improved coding and doclumuntation, etc. The export system! 
decision suppnt syste,, which is a major interfacing and integratin 
mechanism, is also ynimi- n l improve as its knowladg hs.: ba.:,ns nore 
accurate in! prcise, as wall as more enc:ompassing. Th. objectivt s and work 
plans f r throe y,:ar .a.:tersion of the CRSP grant are directcd to developing 
the methcdologi, s and toa.hnoacanS foar stock asserssmeit and manag or ant f 
multispecies tropical fisheries so that the handbook(s) and guides will truly 
be practical, appropriate, useable, and state-of-the-a-t. 
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III. 	The University of Maryland-Center for Environmental and
 
Estuarine Studies and The University of Costa Rica Program
 

A. Program Description
 

The Univer'sity of Maryland-Center for Environmental and Estuarine Studies
 
(UMCEES) in collaboration with The University of Costa Rica (UCR) is carrying
 
out two CRSP research projects, noted as follows:
 

1. Multiple Species Fisheries Research, and
 
2. Economic and Probabilistic Extensions of Standard Fisheries Models.
 

The principal host country institution collaborating on these two
 
projects is UCR's C'entro de Investigacion en Ciencias del Mar y Limnologia 
(CIMAR). 

Additional collaboration on the lultiple Species Fisheries Research
 
Project is being provided by The University of Maryland-College- Park-College 
of Business and Management (U!CP-CBM) and by The University of iami (UT.iami) 
and additional collabora ion on th' Economic and Probabilistic Extensions of 
Standard Fisheries odels Projelct is being provided by The Univ;ersity of 
Delaware (UDelaware). While the abov; description of the collaboration 
focuses on the contractual relationships among institutions, Jt should be 
emphasized that the researchers from the five institutions ar- working as an 
integrated team.
 

The t,,o projcts will together focus on 1) the design -)f a decision 
support system, utilizing some e.xpe:rt systems (ES) features, t, study 
population dynamics and management of small-scale multispecies fisheries and 
2) the modification of standard fisheries models to increase their utility to 
managers of small-scale fisheries. 

The following prusents an overview of the accom,plishments of the first 
three years of the UMCEES/UCR collaboration. Thas is followed by a discussion 
of the objectives and work plans for years four and five of the current grant 
and a summary of th, plans for years six through eight under an ex:tension of 
the current grant. 

B. Triennial Review of Accomplishments
 

The following discussion briefly describes 1) the accomplishments of the 
first three years of this research program and 2) the relation of the research 
program with the Fisheries Stock Assessment CRSP research goals of de-;eloping 
new knowledge and methods in stock assessment and fisheries management, 
collaboration, contributed participation, and the transferability and 
dissemination of research results. In advancing the fields of fisheries stock 
assessment and management, this research program has thus far developed a 
state-of-the-art expert system/decision support system for fishery :anagenent, 
advanced biological and economic fishery models, and contributed to the 
biodynamics of the sea theory. The-se substantive achievements of the 
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UCEES/UCR collaboration, in the form of CRSP Technical Reports and Working
 
Papers, books, Ph.D. dissertations, and oral presentations, are 
listed in
 
section III.B.4. below and are noted parenthetically in the text.
 

1. The Multiple Species Fisheries Research Project
 

The overall objectives of this project are to develop a better
 
understanding of multispecies fisheries, to explore how they relate to
 
community and population dynamics, and to contribute to fishery management in
 
tropical small-scale fisherims.
 

The first task in mo r ng these objectives was to investigate

multispecies fishery system complexity, including analyzing 
 simple and complex 
ecosystems and examining system architecture. Two initial areas of research 
were followed which dafined the direction of subsequent rasearch. Th first 
was to explno, rh usu of artificial intelligence technology, namely .. pert 
systems, and oporat ions research techniques, such as decision support syst, ts. 
in examininu uitispecies fishery systems (2). The second area of r 'sarh 
was an in-depth study of the present knowldge of marine fish pcpulctni
dynamics (28) This work systematically investigated the variability i:n both 
exploited and non-exploited fish stocks, described the adequacis ad 
ina-dequacies of prosent fishery stock assessment theory, printtd out 
potentially fruLitful and fraitless a nues of future research, and developed a
 
population-dynamics proce. nc del. 

The researchn into o:pcrt systu s and decision support systems as a guide 
to understan.1iag the complexity of multispecies fishery systms led to the 
development of CANOFISH a unique, first-stage canonical Kishery manageMEnt
 
system whic h is applicable to both small and large fisheries in single and
 
multisp.z'-es contexts (3, 29, 32, 33). This expert system/decision support 
system (ES/DSS) is design d to analyze fishery data, predict future harvests,

and provde advice to fisheries :managors on optimal management strategies of
 
fish stocks.
 

CANOFISH is comorised of five modules: MONITOR, ES.IMATOR, OPTI'IZER, 
SIMULATOR, and ADVISOR. Sampling data from the fishery are input into 
MONITOR, which then organizes the data to be input into the rest of the 
system. ESTIMATOR receives the data from MONITOR and estimates or computes
the various parameters of the fishery stock assessment models. OPTI.IZER 
contains the stock assessment models. It receives the parameters from 
ESTIMATOR and optimizes both biologically and economically such parameters as 
maximum sustainable yield and maximum economic yield (which were usad in the 
functional demonstration system). SIMULATOR takes the optimized parameters 
and extrapolates these values under probable future conditions in order t,
forecast the fishery in the future. ADVISOR integrates the whole system,
providing the linkages among the other components and performing suclh
 
functions as comparing the simulated fishery yields to the actual omputed

yields and detecting problems in the performance of the other compn,=nts. It
 
is also the link between the user and the system, and the module which
 
providws management advice on the operation of the fishery, the most c-st
effective sampling methods, and additional data requirements. Thus,
 
activities which are fundamental to stock assessment (sampling, estimation,
 
optimization, and simulation) are expressly linked and integrated by CANOFISH.
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The rirst-stage working version of the CANOFISH ES/DSS has been developed
 
for use on a microcomputer (29, 33). Other related work has been undertaken
 
to elaborate upon the various modules comprising CANOFISH. A stock assessment
 
computer library has been converted for use on a microcomputer, complete with
 
Spanish and English documentation (12), and has been distributed to the
various CRSP researchers. These programs will be incorporated into OPTIMIZER.
 
Work underta.ken on SIMULATOR has focused on the development of a three-sector 
simulation model, which is comprised of fiqhery, institutional, and population 
sectors (30). Research completed to date includes: 
1) A review of spawning and recruitment patterns of tropical marine fish 

stocks, and an evaluation of techniques used to assess the tropical
 
fishery systom (19, 24, 30);
 

2) Development of a recruitment pattern simulator and a continuous
 
recruitment simulation model for the tropical fishery syste=m (13, 20, 21,
 
30);
 

3) Development of abundance/density equations for age-structured multicohort
 
populations (23, 24, 30);
 

4) 	 Development of a yield-per-recruit .onte Carlo decision model for
 
evaluating fishery management alternatives in simple-data situations (17,
 
34); and
 

5) 	 Construction of an areal production model for multispecies fisheries
 
(27).
 

The develop:ment of the population-dynamics process model (23) st the 
stage for further work in omltisp.cc:ie fishery theory, part of which was the 
formulation of the bindynarics of the sea theory Q!, 31, 32). The main idea 
behind this theory is that in order to predict fluctuations in marine organism 
abundance, it is necessary to account simultaneously for the variability 
induced by density-dependent population dynamic processes and the variability 
induced by the physical structure of the sea. Research in this area is 
focused on det rminin4 ch biophysical processes, mcasur.rd on appropriate 
time-space scales, which underliv prodator--prey interrelationships in the 
plankton. Advances have been mada in discovering the ,ffucts of scal l-cale 
turbulence on plankton contacc rates (25), in determining ths feasibility of 
relating recruitment to environmental v'ariation (1), and in outlining th, 
physical basis for rcruit:nent variability in fish populations (16). Work of 
a more applied nature in multispecins fishery theory has also been comnpletad, 
namely th, organization and evaluation of the 1980-1983 biological sampling 
data of the Gulf of Uicoya corvina fish~ries (7, 35). These data will be 
incorporated into both the CANOFISH ES/DSS and the three-sector simulation 
model. 

2. The Economic and Probabilistic Extensions
 
of Standard Fisheries Models Project
 

The overall objective of this project is to extend standard fisheries
 
models to incruaso their uitility to managers of tropical small-scale
 
fisheries. Three avenues of research have bren pursued in obtaining this
 
objective: 1) probabilistic extensions of fisheries rodeis, 2) economic 
extensions of fisheries models, and 3) th, development of n.. met hodologies 
for prcviding usenul bioucon ni c ii. ormatic n to fisheries managers. 

Research completed in probabilistic extensions of fisheries models has 
yielded the following results: 
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1) Development of a stochastic model for prediction of adult population size
 
for use in fisheries management (27);
 

2) Development of 
a difference equation simulation model of marine
 
population dynamics, as well as a simulated study of marine population
 
dynamics (5, 9);
 

3) Constructicn of a simple renewal model of larval fish feeding (10);

4) Research into the use of a partial differential equation model for fish
 

population dynamics (6); and
 
0) Critical analysis of the use of the spawr'ing-stock biomass approach in
 

determining recruitment-stock relationships (15).
 

Work on the economic extensions of fisheries models has focused on 
pursuing ne-w applications of natural resource economic theory to fisheries.
 
This approach has resulted in the de'velopment of a fixed and variable
 
recruitment economic model in which the basic economic an alysis of optimal
 
harvesting is arhievd without stuck aid recruitment information (13). In
 
addition, th, algorithm for implemnting this economic model on a
 
microcom ro: has b, n dv 0-lopd (37).
 

The third area of r sarch, tn devel.pment of new methodologics for
 
providina useful bio .inomic information to fisheries manag rs, has explored
 
several operations t-sarch applications to fisheries managnerent. The us, of
 
optimization procdus was studied, resulting in the compilation of a
 
bibliography of xiant optimization mod, ls 
in fisheries management (8).
 
Research has also boon cor.pleted Dn the application of the analytic hierarchy
 
process (AH) to fishery 'manage ,ent dcision-making (14). These approaches
 
have lad to the study of multistage fishery management decision frameworks
 
(36). 

The developments in this project will be integrated into the canonical
 
expert system/decision support system being developed in the Multiple Species
 
Fisheries Research project.
 

3. Relation of Research Program with CRSP Research Goals
 

a. Development of New Knowledge and Methods
 

As prese=nted in the above discussion, both the Multiple Species Fisheries 
Research and the Economic and Probabilistic Extensions of Standard Fisheries 
Models projects have followed the CRYF research goals of developing new 
knowledge and methods in stock assessment and fisheries management. The 
significant achievements of th, r sarch collaboration, including th 
development of an expert system/decision support system for fishery
 
management, the extension of biological and economic fishery models focusing
 
on the multispecies problem, and the development of the bicdnamics of the sea 
theory, have advanced the field of tropical small-scale fisheries stock 
assessment in particular, as well as the entire field of fishriars stock 
a:sessment in general.
 

b. Collaboration
 

Researchers participating in our program have interacted through planning

meetings, scientific discussions, and joint resoarch proj-cts which have
 
resulted in a number of CRSP Vorking Papers and oral presentations (4, 6, 7,
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9. 10, 12, 35). In addition to the numerous meetings among researchers Lasid 
in the U.S. (UMICEES, UMiami, UMCP-CBM, and UDelaware), researchrs from both 
Costa Rica (UCR-CIMAR) and the U.S. have exchanoed visits. A brif 
documentation of international travd-I is 1isted b,leV: B. Rothschild and K. 
Houde to UCR, December 1985. B. Rothschild, B. Golden, W. Fox, Jr., E. Haud-, 
L. Anderson, Assad, 7. S tacg to . J. .1 . R. 
Estrada to U.CEES, May-June 1936. J. Gracia to U.i a:mi , jun: 19.6. J. Campos 
and J. Lobo to UNCEES, August 1936. i. N'urillo to UNCEES, Sept19ber 1986. C. 
Stagg to UCR, November-December 19N. '.Murillo to UNCEES, ',ay 1937. Y. Wu 
and J. Ault to UCR, Aucust 1927. C. Stagg and B. Golden to UCR, September 
1987. B. Rothschild and W. F-:.:, Jr., to UCR, February 19838. 

A. and 	 UCR, Janiuary 198 ac and 

c. Contributed Participation
 

Researchers from outside thie CRSP institutions have also collaborated on 
certain aspects of the U'ICEE'S/UCR research program without receiving CRSP 
financial support. These researchers are: T.D. Dic:,:y, Unv;ersity of 
S-uthern California; D.". Farmer, Institut; It Ocuan Studies, British 
Columbia; M.:.J. Frogartl Northe ast T. Osbcrn, ns, Fisheries C,_,nter,: C. Johns Hpk 
University; and E. Wasil, American U-!',rsit' "yh ir letiv, ii :ut i 11to 
this program has contribuit,-d signf 1cant I its suc-, sS m 'firand has 
expanded the visibiity of CRSP a tv . s in th, scienti i rfi t at 
large. Support for the 1,1CEES/ JCR r es< r ih rogra. ha- h:-_ii . nat by '"CP-
CBM in providing the srvices (Dfo ss stants D . Lv, H. T-' di, ad 
Q. Wang. In addition, U.NCEES h doiv d th, srvices f .r h assistant 
S. Smith. 

d. Transferability and Dissemination of Research Results
 

The transferability of our rosearch is demonstrated by its applicability 
to many tropical fishery situations (7. 13, 17, 13, 19, 20, 21, 22, 23, 24, 
27, 30, 34, 35, 37). T,:chnclogy transfer has beei achieved throDugh the 
implementation of thear,:tical mdels and prac tical :n i t'he-hthodolcgshost 
country, Costa Rica. Distribut ion of CRSP Worl:ing Papers an- T'can'-icReports to all of th, researchers and institutions comprising th,: -SP has 

enhanced the coerdinat ian and collahoration of th, CRSP as a 14o!'.. 

Publicat ion of results in sclent f c journals and as boc):s and h .D. 
di ssertat ions has informed the general sc7ent i fi cImunity' of rcu' r search. 
Presentation of Darers at national and inrternationa1! S -. pro~dc a 
forum for th,: distribution of our results and for critical -i'd 
discussion of the, collaborat 'e research p ogsa., of th i uniri 
U.CEES, UCR, UI*:CP-CB1 , UM iaoi:,i, and UDe Ia;iare. The g i .tot s ro iho:s 
research has beeii presented include the Amer ican ish ri. roci ieth, 
International Council for the Explorationrof the Sea (ICES), the Amrican 
Association for the Ad'ancement of Science (AAAS), the N[orth Atlantic Treaty 
Organization-Advanced Research Workshop (NATO-ARW-) the Opera'tions Rsearch 
Society of America (ORSA), and the Etiropean Congress on Operations Research. 
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C. Objectives and Plans for Years Four and Five
 

1. The Multiple Species Fisheries Research Project
 

The objectives of this project are to develop a better understanding of 
multi speci'es-fi~shie-s ad h-th- t-lt t - communit d population
dynamics, and to contribute to advancing fishery management in tropical small
scale fisheries. Followingthe research direction established in the first 
three years of thQ project, work ini-years four and five will focus on 1) the 
continued investigation of multispecies-fishery system complexity, 2) the 
continued development of multispecies-fishery theory and 3) the continued 
development and refinement of stock assessment techniques that are 
particularly applicable to small-scale, subtropical and tropical artiisanal 
fisheries.
 

a. Description of Propopd Research
 

Our investigation of fishery system complexity in the first three years
 
of our program led to the development of CANOFISH I (3,29), a functional,
 
first-stage, canonical expert system/decision support system (ES/DSS) for
 
fishery management. Future research will emphasize further enhancement of
 
CANOFISH; the primary objective of the next version, CANOFISH II, is to
 
continue the integration of sampling, estimation, optimization, and simulation
 
that was begun in CANOFISH I. Emphasis will be placed on system design in
 
years 4 and 5.
 

The intent of CANOFISH II is to provide a tool which we can use to assess
 
a fishery as cost-effectively as possible and to evaluate complex-fishery
 
management schemes. There are three sources of information from which fishery
 
management alternatives can be developed, namely: 1) the fishery itself, 2) a
 
simulation of the fishery, and 3) other similiar fisheries. Research into the 

system design of CANOFISH II is based on the idea that a real fishery (RF)

which we wish to assess and manage can be studied using data and information
 
from all three sources.
 

One source of information other than the RF is a simulated fishery (SF)
 
that is based wholly, or in part, on the information that exists on the RF.
 

S 	 Since we are constrained physically and economically from obtaining perfect 

knowledge of the RF, we can simula'e the fishery and ,use the simulation as a
 
surrogate in studying the RF. This,S'F can then be "sampled" according to a.
 
variety of sampling strategies, the s~mpled data analyzed with a variety of
 
fishery/bioeconomic and time-series mo'dels, and the resulting parameters

utilized to identify an optimal samplinand management strategy. Comparing
 
these optimal estimates with their "actual" value in the SF (of which we have
 

. perfect information since we created it) lends insight into how accurately;
 
each sampling strategy-parameter estimation-optimization path describes the,
 
SF. From this information, the optimal sampling program(s) in terms of
 
parameter-estimation accuracy and cost-effectiveness can be'-chosen to evaluate
 
the RF..
 

The other source of information other than the fishery itselfare similar
 
fisheries, for which a metaystem classification 'can be constructed., .(The

development of a fishery management metasystem is described in the Economic
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and Probabilistic Extensions of Standard Fishery Models project.)
 

An additional capicity of the CANOFISH II system will be the ability to
 
evaluate the performance of the'various fishery models for both accuracy of 
parameter estimation and practicability of implementation. For example, the 
study of a SF may reveal certain fisherymodels which do not accurately assess 
hamortalitys or growth rates or fishery yields, even though intensive samplingb e n~-carrtie d.. o ut.i -- Conv ers elly.,--a -m del-ma y-be-th eOr-e ti ca-l-ly--s ound--b~u t- ..........-- ..,__
 

data requirements may render it impractical for implementation in real-life
 
situations. These evaluation methods could also be used to test the 
perfornance of different optimization procedures, or any other component of
 
the system.
 

The conceptual framework of CANOFISH remains unchanged. CANOFISH II will
 
continue to serve as a focal point for the entire research program, and as a
 
means for integration of projects. (On Program Coordination Integration, see
 
Section VI of this report.) The emphasis will now be directed towards
 
examining the interactions between a real and a simulated fishery, developing

the concept and structure of a metasystem, incorporating more multispecies

concepts and models, and adopting a modular ES development approach. The
 
research goals for the development of CANOFISH II are'as follows: 1)

incorporate a wide variety of sampling strategies, fishery and bioeconomic
 
models, and optimization procedures into the appropriate components of the
 
CANOFISH II system, 2) further enhance the simulation models and use them to
 
test the performance of the various system components, and 3) expand the use
 
of expert system technology in linking system components together in a complex
 
network.
 

Further development of new stock assessment techniques and enhancement of
 
extant models for applicability to tropical and subtropical small-scale
 
fisheries will continue (14, 17, 18, 19, 20, 21, 22, 23, 24, 30). This 
research will be integral to CANOFISH II; however, it is intended that these 
techniques will be able to be used independently of CANOFISH II. 

Research in the area of multispecies fishery theory will continue the
 
study of the factors which drive recruitment processes and multispecies

interactions (5,6, 9, 10, 11, 15,16, 25, 28). This will include a review and 
synthesis of biological, physical, chemical, and geologic interrelationships
in a continuing study of the biodynamics of the sea. 

b. Work Plans for Year Four
 

1) CANOFISH II
 

a) Develop the modules that comprise CANOFISH II. 
b) Link simulation, metasystem, and AHP components within CANOFISH II. 
c) Develop small-scale, modular expert systems to aid in implementation

and interpretation in a) and b). '.. 

d) Examine the behavior and, interaqtions of a real fishery-simulated 
fishery system, and implement related computer software. 

2) Assessment Techniques
 

,a)Bench test standard assessment techniques with REPSIM' computer model.,1
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b) Apply two computer programs, YPERSIM and PRODAREA, to the Gulf of
 
Nicoya sciaenid aggregation.
 

3) 	 Multispecies Fisheries Theory 

a) Begin research for preparation of a monograph on the relationship
 
between physical oceanographic factors and both multispecies
 
interactions and recruitment variability.
 

c. 	Work Plans for Year Five
 

1) 	CANOFISH II
 

a) Continue the development of the modules that comprise CANOFISH iI. 
b) Continue to link simulation, metasystem, and AHP components within 

CANOFISH II. 
c) Continuo to develop small-scale, modular expert systems to aid in 

implementation and interpretation in a) and b). 
d) 	 Complete examination of the behavior and interactions of a real 

fishery-simulated fishery system, and implementation of related 
computer software. 

2) 	 Incorporate CANOFISH II into handbook. 

2) 	 Assessment ruchnigqu: 

a) 	 Complete bench testing of standard assessment techniques with REPSIN 
computer model. 

b) 	Link several single species simulation modules together to construct 
hypotheticai multispecies aggregations based on various ecological 
int errelat ionships. 

c) 	 Incorpor ate a) ind b) into handbook. 

3) 	 MIultispecils Fishery Theory 

a) Begin writing monograph on the relationship between physical 
oceanographic factors and both multispecies interactions and 
recrui tment variability. 

2. 	The Economic and Probabilistic Extensions of
 

Standard Fisheries Models Project
 

a. 	Description of Proposed Research
 

The overall objective of this project is to continue to develop stock 
assessment techniques and to extend standard fisheries models to increase 
their utility to mianagers of tropical small-scale fisheries. Research in 
years four and five will be directed towards 1) the completion and 
implementation of economic models that address the fixed and variable 
recruitment problem, and 2) the development of a amtasystem for fishery 
management utilizing the analytic hierarchy process (AHP). 

A major focus of the work on both the economic and stochastic fishery 
models in years four and five will be to complete the design and testing 
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phases of model development and to incorporate Gulf of Nicoya corvina fishery

data into the models. The models will then be used to evaluate harvest
 
policies and management alternatives for this Costa Rican fishery.
 

The development of a metasystem for fishery management will provide a
 
powerful tool for andgrs of fisheries for which little or no data exists.
 
This metasystem will contain information on the well-studied fish stocks and
 
populations eL the world. A hypothj=ical example of how this system may be 
,sed is as follows: Suppose we have an actuil corvina population which we 
wish to assess by time-series analysis, yet we have no time-series information 
for this particular stock. A search of the netasystem using HP is performed
which locates other "similar" systems, such as other sciaenid populations. 
Once similar systems are located within the metasystem, another search is 
performed to locate information, in this case, the results of tisoc-series 
analyses, which we can us as a guide in forecasting how our corvina 
population might behave over time. Time-series analysis is but one of a wide 
range of existing fishery and bionconomic models which could be examined in 
the metasystem to idezntify and classify systems which are similar to the 
system under study, i corvina population in our example.
 

n
Informat obtined fram this fish-ry nanacement mn~tasyst m would also 
be used to l idat pnst 3:Froachus and ; ,thudologius .hich wu. :ithur 
successful inunsuccessful L iassessing fish stek abundance. predicting 
future yi ids, d-ttor'minq r-a]ity ritos due to fishing, otc. Thus, a fishery 
manager of in unstudid pulati:cn i.s pr.vidd tusfulinformation on both 
designing and an,--t a ock i.ss :sr: nt pi oa tam. 

Economic models that address th fi::ed and varr ab. recruitment problem,
stochastic models, and th. fishery-madnagement metasyst C uill! all be 
ircorporated into the CANOFISH IT ES/DSS being developed in the Multiple 
Species Fishries Resea:ch Project. 

b. Work Plans for Year Four
 

1) Fixed and Variable Rcruitment Economic Models
 

a) Complete development and testing of fixed and va iable recruitment
 
economic computer model.
 

b) Incorporate Costa Rican 
fishery dita , "he mod 1 and determine
 
optimal harvest policies. 

c) Link compleced model to CiANlOFISH II. 
d) Finalize manuscripts and publish papers on the empirical applications 

of the fixed and variable recruitment economic model.
 

2) Met asys tem for Fishery Managem nt 

a) Begin assembling extant stock assessment information, analyzed both 
parametrically ('.g., yi:id per recruit, production mathods) and 
nonparametrically (e.g. ARI.A muthods), for a variety of fish 
populations around the world. 

b) Develop an AHP proce.dure to locate "similar" systems within the 
met asyste . 

c) Develop an AHP procedure to locate the pertinent information within 
"similar" systems.
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c. Work Plans for Year Five
 

1) Fixed and Variable Recruitment Economic Models
 

a) Incorporate the model into the handbook.
 

2) Metasystem for Fishery Management
 

a) Complete the assemblage of stock assessment information for various
 
well-studied fish population.
 

b) Refine the AHP procedures for locating 1) "similar" systems within the
 
metasystem and 2) information within "similar" systems.
 

c) Integrate the metasysytem into the fishery/bioeconomic model
 
identification and estimation component of CANOFISH II.
 

d) Incorporate the metasystem into the handbook.
 

D. Objectives and Work Plans for Years Six Through Eight
 

1. The Multiple Species Fisheries Research Project
 

a. Research Objectives
 

The research objectiw;es in years six through eight will continue to be 
the investigation of multispecies fishery-system complexity in order to 
understand multispecies fisheries, how they relate to community and population 
dynamics and to continue contributing to the advancement of fishery management 
in small-scale fisheries. A concrete objective is to complete, at the end of 
eight years, an integrated experc support system (ESS) incorporating advances 
in stock assessment and multispecies research. 

b. Description of Proposed Research
 

Further enhancement of the CANOFISH ESS will be the focus of our work in 
years six through eight. Research will build upon the completed network 
system linking sampling, model identification and estimation, optimization, 
and simulation which comprises CAUOFISH II with the development of an expert 
system linking the modular ES to integrate the whole system. This export 
system, called ADVISOR in CANOFISH II, will be the link between tL usir and 
the system and also provide managemert advice on 1) the operation of the 
fishery, 2) the most cost-effective sampling programs, 3) the optimal 
fishery/bioeconomic models to use in asssessing a particular fishery, and 4) 
additional data requirements. 

c. Work Plans for Years Six Through Eight
 

1) CANOFISH II
 

a) Coordinate various elements of our research and link to appropriate
 
CANOFISH II modules.
 

b) Complete integration of a fishery management expert support system
 
(ESS), CANOFISH II.
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2) Assesssment Techniques
 

a) Bench test assessment techniques with the multispecies model.
 
b) Cond:,,t research to determine the optimal fracture planes for 

disaggregating multispecies catches based on common assessment
 
techniques.
 

c) Optimize fracture planes for disaggregating multispecies catches based
 
on common assessment techniques.
 

3) Multispecies Thecri
 

a) Explore applications of multispecies findings to fishery management.
 

2. The Economic and Probabilistic Extensions
 

of Standard Fisheries Models Project
 

a. Research Objectives
 

The research objectves in years six through eight will continue to be to
 
develop stock assessment techniques, to extend standard fishery models, and to
 
incorporat, applicabli, techniques from other fields of study. Emphasis will 
be placed on :t:tasysteir, de':veopment and incorporation of decision analysis 
t echniques. 

b. Work Plans for Years Six Through Eight
 

1) Economic .odels and Decision Analysis Techniques 

a) Continue research on applicability of decision analysis techniques to 
fi shet y manaJemn t. 

2) Metasyst em Dc-v]onm~nt 

a) Continue development of metasystem models.
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IV. The University of Washington and The University of Costa Rica Program
 

A. Program Description
 

The University of Washington (UW) in collaboration with The University of
 
Costa Rica (UCR) is carrying out four CRSP research projects, noted as
 
follows:
 

1. Sampling Catch and Abundance,
 
2. Age-Size Dependent/Independent Modeling,
 
3. Age and Size Relationships and Consequences of Errors,
 
4. Shallow-wia ter Hydroacoustics.
 

The principal ho t cuuntry institution collaborating on these four
 
projects is UCR's Cenito de invstigacion on Citncias del Mar y Limnologia 
(CIMAR). Additional collabor ation on the Sampling Catch and Abundance Project 
is being providd by T'h, University of Delaware (UDelaware). 

The four projects conpose an integratod investigation ot stock assessment 
and prediction that has as its objective the adaptation of concepts and 
methods of temperate fishries nanagement and the development of new 
methodologies to tropical, artisanal fisherios. The work involves the 
integration of "va'rious field. laboratory and theoretical studios. 

B. Triennial Review of Accomplishments
 

The University of qashington and The University of Costa Rica (UW/UCR) 
are working cooperatively on the Fisheries Stock Assessment CRSP in the Gulf 
of Nicoya, Costa Rica. This project is coordinated with the UNCEES/UCR 
project, details of which arc found als-where in this document. 

The UW/UCR collaboration is concerned with two aspects of the :nanagement 
process, the collection of data and its use and interpretation , especially 
through the applicat ion of quantitative models. This section describes and 
reviews th, accomplishments of the first three years of research on the four 
projects that are contributing new insights into the: theory and practice of 
fisheries management in tropical shallow watet estuaries. Later sections 
review the objectives and plans for the next tw years of tne CRSP and for a 
three year extension of th. se activities to alloT a fuller development of the 
scientific concepts and the testing of methodology. 

The several components of the UW/UCR project are conveniently partitioned
 
into two dealing 'th the collection of data and two dealing with nodo!ing and
 
interpretation. rhese are:
 

Collection of Data: 	 Project 1: Sampling Catch and Abundance
 
Project 4: Shallow-Water Hydroacoustics
 

Modeling and Interpretation: Project 2: Age and Size Dependent 
Independent ModlinG 

Project 3: Age and Size Relationships and 
Consequences of Errors 
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Before presenting detailed descriptions of the development of new ideas,,,

and methodology in each of the four projects,,isome highlights of the research
 
accomplishments over the past three years are described. Reports h41,,,,e
been
 
written presenting the sensitivities and dangers associated with'the )'se of
 
the now very popular (in tropical countries) length cohort analysis. ,Jhese
 
reports demonstrate the problems, present software suitable for use in
 

, 	developing --countries for doing the_ analyses ;o that the ernorsor.dangersj-][r.e
minimized, and develop for the first time a length based cohort equation.ii
Researchers have also demonstrated copclusively that the tropical corvira
complex of species can be aged and have written training materials to share 
the techniques. The new information indicates extreiely rapid growth of the
 
primary corvina species in the first'year. The development of associated
 
biological information about fecundity will point the way toward the
 
specification of management criteria to forestall either growth or recruitment
 
overfishing. Researchers have demonstrated new techniques for doing shallow
water hydroacoustics and thus added a new dimension to stock assessment in
 
such environments. Sampling projects have been started in the Gulf of Nicoya
 
to acquire needed new data, and data from existing or past sampling projects

have been acquired and data management software is being used.
 

1. 	The Sampling Catch and Abundance Project
 

The project objective is to develop statistical sampling methodology for
 
the assessment of tropical fish stocks exploited via artisanal fisheries. 
The
 
discussion of the accomplishments are partitioned into four parts:,-management

data, biological data, decision-support sampling software package, and summary
 
of 	progress.
 

a. Management Data
 

Catch slip data have been acquired that are composed of slips filled out
 
as part of the landing transaction. The information includes data on weight

of catch by categories, rather than by species, fuel consumption, vessel
 
power, and length of time fished. These data were generated by the sale of
 
the fish at the point of landing and were managed and stored by the Ministry

of Fisheries. These data are of two types: 1) Old catch slip data that were
 
entered onto magnetic tape several years ago (late 1970s) and 2) Catch slip

data that are now being entered into the data management program.
 

Additional landing site data collected from specific vessels at points of
 
landing include information aggregated by species and weights, subsampled data
 
on length, and information on effort and on where the fish were caught based
 
on interviews with fishermen. These data are collected primarily by the
 
Department of Fisheries and, more recently, by CIMAR.
 

Although much of this data was available before, the UW/UCR team's
 
success in bringing the data together and putting them into a useful format
 
was a formidable task. Some of the old catch slip data was written with an
 
early SAS program no longer readily available. It was finally read at UW.
 
More recent catch slip data was on neither magnetic tape nor disc but are on
 

.
individual slips of paper The entry of these data onto disc so 
they can be
 
used continues to be a major effort. A sufficient amount of analysis has been
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done on the data to ensure that they are coherent and consistent, and very
 
preliminary data analysis has begun. Data are being entered in a way so use
 
can be made of the time series well before it is completely entered. Analysis
 
of a smal1 part of the data that will be available in years four and five has
 
already shown that the species abundance data in the oil data is difforent
 
from the recent data, probably reflecting changes in effort. in the older
 
data one can predict species-month associations with better than 50% accuracy.
 
A useful "biological dimensicn," other than wet-season/dry-season, has been
 
defined from the multivatiate analysis that allows prediction of the other
 
catch statistics with aq high as 85% accuracy in some years.
 

Sampling designs using these data are now being compared to nvalua'e
 
basic questions of variability and cost of sampling. One protocol that
 
incorporates elements of both systematic sampling and stratified random
 
sampling gives satisfactory results with respect to efficiency and cost. This
 
is one stop in designing a protocol to reduce the current level of sampling
 
and simultaneously retain th, same efficiency. Bayesian based designs that
 
will be introduced in years four and five will further reduce the cost of the
 
sampling effort and increase the chances of dealing with noisy and missing
 
data. A related multistage sampling design for stock assessment of artisanal
 
fisheries in the south of Italy is being implemented in 1988.
 

b. Biological bata
 

Observer data on about 200 fish has been collected by CINAF and is being
 
analyzed. Observers were on board with fishermen collecting data that include
 
tide, time, location, and fish information such as sex, sexual maturity,
 
length and weight.
 

The manag,, n t of tropical fisheris requirs that certain critical
 
:ientif1c-biological questions be ans werud. in this case, th, quastivnF are 

dbout recruitmant and arly guitih. Experiments t, address t., custiuno 
require special gear (K.g., one inch stretch wesh gill net). arv tndious work 
by large numbers of people, and must be systematicaily carried out. Both gill 
net and trawl experimnts are bing aono , and data on the resulting fish are 
becoming availabie. 

c. Decision-Support Sampling Software Package
 

A computer software package to assist a user in the selection and uso of
 
an opti:mal sampling design has been assembled and is in the final stage of 
completion. it is a 'enu driven system where the user interacts with the 
program responding to a series of questions that successively channel him/her 
to an appropriat ..... y 

d. Summary of Progress
 

Progress in this component is not measured in written reports or pipers 
but is measurad by having successfully surmounted the nu,. rous difficulties of 
the acquisition of th data and its movement into a framework where its 7aIue 
can be utilized. It has required significant effort on th, parts of nany 
persons to first acquire the data from the Department of Fisheries in the 
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Ministry of Agriculture and then to begin the transcription from either paper

slips to disc or from old magnetic tapes to disc. There are very large

investments of time and money in this aspect of the sampling project, the true
 
value of which is only now becoming evident. The abstracts that appear below
 
are some evidence of this. The excellent demonstration computer package that
 
CIMAR uses to illustrate the CRSP program and scme of this data are 
further
 
evidence. Abstracts with the following titles have been written for
__-2pre sentation at--the 1988 -American --Fsheriess Socie ty -Annu a-l-M ee ting- - -Tha s E 
reflect results either from this component or are heavily based on this
 
component. These papers will also appear as a refereed symposium volume.
 

1) "Selection of 'Indicative' Species Groups for Management in the Gulf of
 
Nicoya", by Jorge Campos and Juan'Chavarria.
 

2) "Results on Agu Structure and Recruitment in Tropical Corvina", by Robert
 
Donnelly, Han Lai, and Vincent Gallucci.
 

3) "Data Collection, Survey Problems and Preliminary Results in the Gulf of
 
Nicoya: a Cost-Benefit Analysis," by Juan Charvarria, Robert Burr, and
 
Loveday Conquest.
 

2. The Age and Size Dependent/Independent Modeling Project
 

Accomplishments of this component of the UW/UCR collaboration include the
 
development of new theory and software surrounding length cohort analysiS, the
 
derivation of a new length-based catch equation and an analytical treatment of
 
error in length cohort analysis. User friendly software and manuals have been
 
written to transfer methodology and have been tested in the classroom. A
 
stochastic model for doing catch-at-size analysis (CASA) has been written.
 
The model reduces to other well-known catch-at-size analysis models when age

data is entered and compares favorably. Thus, analogous stock assessment
 
computations can now be carried based on length data. 
 In addition, Drs. J.M.
 
Gracia-Bondia and J.C. Varilly have drafted a technical report that derives 
a
 
physiologically,structured model that holds promise for becoming 
a standard
 
part of stock assess-ent.
 

During the period 1985-1988, UW/UCR has completed the research for 
the
 
following technical reports and publications:
 

I) "Effect of variability on estimates if cohort parameters usirg length
cohort analysis: with a guide to its use and misuse," by Han Lai and Vincent
 
Gallucci. CRSP Technical Report No. 2.
 

2) "A comparative study of postlarval life-history schedules in four sympatric

Cancer species (DECAPODA: BRACHYURA: CANCRIDAE)," by Jose Orensanz and
 
Vincent Gallucci. J. Crust. Biol. (inpress).
 

3) "User's guide for the program 'LCAN' (length-cohort analysis) and an
 
overview of the underlying analysis," by Han Lai and Vincent Gallucci. 
CRSP
 
Working Paper No. 12.
 

4) "Effects of parameter variability of length-cohort analysis," by Han Lai
 
and Vincent Gallucci. J. du Conseil (inpress).
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5) "Catch at size analysis for fishery data (CASA)," by Patrick Sullivan, Han
 
Lai, and Vincent Gallucci. (Submitted to Canad. J. Fish. Aquat. Sci.) Will
 
appear as a CRSP working paper.
 

6) "Users' guide for program 'CASA' (catch at size analysis)," by Han Lai.
 
(Inms.) Will appear asa CRSP working paper. 'I' 

"Thesignificale.of physiologicallystructured models for fish •stock . 
dynamics, II," by Jose M. Gracia-Bondia and Joseph C. Varilly. CRSP Working
 
Paper No. 40. Will appear as a professional publication.
 

8) "The Use of Length and Age Distributions to Infer Stock Structure
 
Parameters," by Vincent Gallucci and Han Lai. A volume to be written from the
 
1988 Fish Marking Symposium, U.S. Fish and Wildlife Service.
 

Abstracts with the following titles have been written for presentation at
 
the 1988 American Fisheries Society Annual Meeting. These reflect results
 
either from this component or are heavily based on this component. These
 
papers will also appear as a refereed symposium volume to be edited by Vincent
 
Gallucci (UW) and William Fox (UMiami).
 

1) "The Corvina Fishery in the Gulf of Nicoya: A Subject for Stock
 
Assessment", by Manuel Murillo.
 

2) "The Strengths and Weaknesses of Length Based Analyses", by Han Lai and
 
Vincent Gallucci.
 

3) "Physiologically Structured Models for Tropical Fisheries", by Jose 1.
 
Gracia-Bondia and Joseph C. Varilly.
 

4) "Analysis of Tropical Fishery Data with a Stochastic Catch-at-Length
 
Model", by Patrick Sullivan, Han Lai, and Vincent Gallucci.
 

3. The Age and Size Relationship and Consequences of Errors Project
 

This component has a natural interfac, with the modeling component.
 
Reasons for the investigation of the age of fish include the necessity to
 
standardize, at least for one period of time, the relationship between age and
 
length. In addition, information about characteristic growth of the corvina
 
species, age at first capture, age composition in the commerical fishery, and
 
the variability of lengths about age are important considerations in modeling
 
and parameter estimation. The newly-recognized extremely rapid growth in the
 

*first year raises concerns also seen in sample data on the size distribution
 
of fish in the catch. The mean size caught in the gill net fishery (Sampling
 
Catch and Abundance Project) is about a year of age and ageing data indicate
 
that these fish live to about seven years. The implication depends upon
 
reproductive data now being collected. Nevertheless, either growth or
 
recruitment overfishing are real prospects, especially if effort continues to
 
increase. These prospects will be investigated as part of the modeling and
 
interpretation efforts in years four and five.
 

One of the highlights of this first triennial review period is the
 
determination that the corvina species in the Gulf of Nicoya can be aged.
 

•Severalhard structures of the fish were examined and it was determined that
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the otoliths were the best for reading age data. The necessary methodology
 
was developed and made generalizeable to the facilities at UCR-CIMAR. As part

of the process, over 500 fish were examined. A technical report on this work
 
is in preparation. Nevertheless, a great deal of ageing remains to be done.
 
With the transfer of this ageing methodology to UCR-CIMAR, however, a
 
significant step has been taken towards establishing a regional age
 
determination facility at UCR-CIMAR.
 

Mostof-the object-ive s-we-.
proposed-in--the previous-years were
 
accomplished and are represented in the following reports:
 

1) "Age determination of corvina species from the Gulf of Nicoya," by Han Lai
 
and Jorge Campos. (Inms.) Will become a CRSP WIorking Paper.
 

2) "A general review of age determination in biology, with the emphasis on
 
fishery resources," by Han Lai and Vincent Gallucci. (Inms.) Will become a
 
CRSP Working Paper. This and the preceding report will be the major

references for a short training course entitled "Age Determination of Tropical

Fish: Theory and Techniques," to be held at UCR in May or June 1988.
 

3) "Optimum allocation for estimating age composition using age-length key,"
 
by Han Lai. Fish. Bull. U.S. 85: 179-185.
 

4) "Effects of ageing errors on estimates of growth, mortality and yield per

recruit for walleye pollock (Theragra chalcogramma)," by Lai and Gunderson.
 
Fish. Res. 5: 2878-302, by Lai and Gunderson.
 

5) "Age determination of Pacific cod, Gadus macrocephalus, using five ageing

methods, by Lai, Gunderson, and Low. Fish. Bull. U.S. 85: 713-724.
 

6) "Age determination and growth of sablefish, Anoplopoma fimbria, in the Gulf
 
of Alaska, by Lai, Gunderson, Low, Stauffer, and Lynes. Fish. Bull. U.S. 86:
 
(Inpress).
 

7) "Optimal sampling for the estimation of age composition with an age-length

key: analysis and the program, AGECOMP," by Han Lai and Vincent Gallucci.
 
CRSP Working Paper No. 11.
 

4. The Shallow-Water Hydroacoustics Project
 

This project has completed the initial development, te-ting and
 
application of hydroacoustic systems for fish detection and abundance
 
estimation in shallow water marine environments such as those associated with
 
most artisanal fisheries. The project used a Simrad EYM echosounder and
 
developed computer software to accompany a Summagraphics digitizing tablet to
 
analyze fish targets from echopaper. By measuring current speeds and
 
analyzing acoustic data it was found that fish move at about the same speed as
 
the tidal current and that 
they are highly responsive to diel variation. Bias
 
due to the sampling vessel's presence was also quantified to correct density

estimates. Acoustic sampling in conjunction with drifting gillnetsin night

and day times was done for groundtruthing. A microcomputer-based system

consisting of an analog-to-digital converter, signal processor for analysis of
 
the tape recordings, and associated software is under development.
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The results on fish behavior will greatly benefit the interpretation of
 
CPUE data and hydroacoustic measurements. The technological innovations will
 
allow these methods to be applied in shallow waters and the data to be
 
interpreted. The computer programs will facilitate analysis, remove some of
 
the necessity for high levels of training in hydroacoustics, and assist in
 
interpretation. A substantial amount of data from the latest field effort is
 
undergoing analysis as part of a Ph.D. dissertation being completed at UW by
 
J. Hedgepeth. The following working papers have been written, and each will
 
-a1l 6 -a'p ear as- 'rfre pblc-io

1) "Some Impacts of Remote System Technology on Future Fisheries Management,"
 
by R. E. Thorne. CRSP Working Paper No. 8.
 

2) "Hydroacoustics and Ground Truth," by R. E. Thorne. CRSP Working Paper No.
 
9.
 

3) "The Use of Stationary Hydroacoustics Transducers to Study Diel and Tidal
 
Influences on Fish Behavior," by R. E. Thorne, J. Hedgepeth, and J. Campos.
 
CRSP Working Paper No. 10.
 

4) "Hydroacoustic Observations of Fish Abundance and Behavior Around an
 
Artificial Reef in Costa Rica," by R. E. Thorne, J. B. Hedgepeth, and J.
 
Campos. CRSP Working Paper No. 14.
 

5) "Hydroacoustics Observations of Fish Abundance and Behavior Around Reefs
 
and Structures," by R. E. Thorne and G. Thomas. CRSP Working Paper No. 15.
 

These working papers form some of the essential documents for a short
 
training course entitled "Shallow Water Hydroacoustics: Theory and Techniques"
 
to be taught at the UCR in year four, 1989.
 

Abstracts with the following titles have been written for presentation at
 
the 1988 American Fisheries Society Annual Meeting. These reflect results
 
from this component.
 

1) "Shallow Water Hydroacoustics for Management and Fish Behavior," Richard
 
Thorne and John Hedgepeth, School of Fisheries, University of Washington; and
 
Jorge Campos, CIMAR, University of Costa Rica.
 

2) "Hydroacoustic Observations in the Vicinity of a Gillnet Fishery in the
 
Gulf of Nicoya," by John Hedgepeth and Richard Thorne, School of Fisheries,
 
University of Washington; and Jorge Campos, CIMAR, University of Costa Rica.
 

5. Program Coordination and Impact
 

There are several types of integration within the CRSP, and exterior to
 
it. Within the CRSP the primary coordination is between the UMCEES and UCR
 
programs which takes place as part of the shared interest in the Gulf of
 
Nicoya. The UCR group carries out experiments with UW and UNCEES assistance
 
that yield results needed by either the UW or UMCEES projects, or both. The
 
UW and UMCEES interaction includes interactions with UDelaware with whom both
 
UW and UMCEES have subcontracts. The efforts at modeling at UZ'iami are
 
coordinated with the UW efforts so that there is adequate intersection to
 
allow interaction and comparison, but little or no repetition of effort. 
 * 
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Staff and students from the UCR have visited the UW for weeks at a time for 
consultation, symposia and short courses and UW personnel have visited UCR for 
consultation, short courses, and field work. These interactions are extensive 
and have been documented fully in earlier reports and are not repeated here. 

In addition, US has exchanges of information with the UDelaware and the 
UMiami. For example, in 1987 Dr. Anderson was invited to participate in a 
short course at UW and also met with UW CRSP researchers to review progress by

-the UDelawa re-and-UW--res earch-t eams--Dr s-Fox -and-Gal-lUcci--hava-exchanged-
research materials, have corresponded on various research points and the 
UMiami team has provided software that UW researchers were unable to obtain 
directly. Even more direct collaboration is planned for years four and five. 

UW has also had a fruitful interaction with URI from whom a) initial
 
tropical fish growth data was acquired to test early models of growth and in
 
CASA and b) recent work on length cohort analysis has contributed to and
 
extended some of UW's work. This interaction has encouraged us to plan for a
 
small effort of the UW project to be carried out in the Philippines during the
 
extension of the CRSP, years six through eight.
 

Exterior to the CRSP, but an important part of our efforts to have
 
international impact, are the following:
 

1) An MOU with Argentina has been signed to extend some of our results to
 
Argentinan fisheries. Several Argentinan students are being trained at UW and
 
interact in the CRSP (at no cost to the project). This was facilitated by
 
Vincent Gallucci.
 

2) A symposium will be held in 1989 in Buenas Aires entitled: "The All Latin
 
American Symposium on the Management of Small Scale and Artisanal Fisheries."
 
CRSP participation is anticipated in addition to participation from most Latin
 
American countries with coastal fisheries. The principal organizers are V.
 
Gallucci and J. Orensanz, and the principal sponsors are CONICET in Argentina
 
and the Tinker Foundation.
 

3) A symposium entitled, "Fisheries Management in Developing Countries:
 
Problems and Opportunities" has been organized by V. Gallucci to take place at
 
the 1988 Annual Meeting of the American Fisheries Society. CRSP research is
 
very prominently represented.
 

4) A short course at UW in 1987 brought together scientists from Costa Rica,
 
Argentina, Panama, Chile, Peru and Italy. The course, entitled "Quantitative
 
Management of Artisanal Fisheries," was two months long and was taught in
 
English and Spanish. The principal organizers were V. Gallucci and J.
 
Orensanz.
 

These and other interactions not listed here illustrate that the CRSP and 
spinoff activities are indeed having a regional impact. In addition, much of 
what is being accomplished has application beyond the developing countries.
 
For example, Italy is a country with a short history of fisheries management.
 
However, in the last five years a national effort has been in place to assess
 
the status of their exploited stocks. The absence of specific management

plans has not led to harvesting catastrophes, analogous to their pollution

catastrophes, because the fisheries are highly productive and essentially

small scale in nature. As a consequence, in 1985 an invitation was extended
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to V. Gallucci to lecture at a workshop on the Italian stock assessment plan.
 
More recently, in 1988 the National Center for Research (CNR) organization
 
sponsored a five laboratory lecture/consulting trip to discuss advances in
 
small scale fisheries management and ecology. Lecture titles prepared for
 
the presentations were:
 

1) New results in the mathematical modeling of the effects of harvesting, 
especially for non-industrial fisheries.
 

2) Recent results in length cohort analysis: what we wanted to know but were
 
afraid to ask.
 

3) Estimatiop of stock dynamics parameters especially for non-industrial
 
fisheries: a review and some very recent work.
 

4) Integrated sapling des igns for stock assessment in small scale fisheries.
 

5) Perspectives ai tarin acology and fisheries management: views from
 
industrial and d0-: lping countries.
 

6) Aspucts of the .,olutmiwn of hermaphroditism in marine invertebrates.
 

6. Training Activities 

Some of th- more obvious training activities are seen in the preceding 
section on Prograim Coordination and impact. In addition, there have been the 
multiple visits of UCR personnel to UW for discussions on research and for the 
short cours, on hydroacoustics. The short course on ageing of fish techniques 
at UCR is another exampl., as are the steps toward establishing UCR as a 
regional center for fish ageing. 

There is also a :ore subtle isp-cc which is Ps significant as actual 
courses. The pr-s,;nc, of the CRSP at UCR has stimulated and encouraged work 
in fisheries manage:ent that might not have evolved otherwise. The excellent 
paper by two mathematicians at UCR on "physiologically structured models" is 
a good example, as is the presence of students from statistics and computer 
science in the UCR-CIMAR research team. 

7. Supplemental Assistance
 

The CRS? has :ttracted the attention of scientists and organizations that 
are pleased to participate at no cost to the CRSP. The Tinker Foundation 
contributed by funding the two month short course in l987 on quantitative 
managenent of small scale fisheries, where students from Latin America 
dominated and students fHom UCR participated at greatly reduced costs. UW is 
providing direct assistance for UW CRSP participants to attend the symposium 
at the 19-8 AFS men: ting. The Washington Sea Grant organization funded a post
doctoral position for modeling. Numerous other minor forms of assistance have 
been received from the UNFS, the WDF and elsewhere. 
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C. Objectives and Plans for Years Four and Five
 

1. The Sampling Catch and Abundance Project
 

a. Goals and Objectives for Years Four and Five
 

1) Management Data
 

The total catch of the artisanal fleet in the Gulf of Nicoya appears to
 
be undergoing a slow-but-steady geometrical growth since the early 1950's and
 
there is evidence of a declining CPUE in the most profitable commercial catch
 
categories. Thus, it is important for managers to have timely and accurate
 
information about the system.
 

Effective managemnent requires control of fishing effort, and information
 
on stock productivity and composition, desiderata that may be difficult to
 
achieve in a highly distributed multispecies fishery. As a result, there are
 
very few examples of extensive monitoring of tropical marine artisanal
 
fisheries. A significant exception to this dearth of generalizable
 
information can be found in Costa Rica where the Department of Fisherias of
 
the Iinistry of Agriculture has collected information on the commercial
 
landings of the artisanal fishermen in the Gulf of rNicoya since the 1970s.
 
Because of the volume of the data (2000-8000 vessel landings per month), the
 
extremely high percentage of participation, and the length of time that the
 
ongoing data collection program has been in place, this evolving data set may
 
be the most complete record of a tropical artisanal fishery available.
 

In a sense, the very success of this information gathering has been the
 
principal impediment in its timely entry, analysis, and utilization by 
fisheries managers. The volume of the resulting data set can sariously tax
 
the human and computer resources of the data processing unit of the Dopartment
 
of Fisheries. In fact, much of the historical record of this inraluable data
 
set has not yet been entered or analyzed. Apparently, the Department of
 
Fisheries' response to this information overload is to rely on a sense of
 
intuition about the system coupled with spot sampling of current catch slips.
 
The general goal of the activities proposed in this component is to establish
 
an alternative, economically feasible protocol for monitoring long-term trends
 
and for short term decision-making in the Gulf of Nicoya artisanal fishery.
 
The commercial catch slips offer this project a comprehensive picture of the
 
artisanal fishing activity in the Gulf for minimal collection cost. However,
 
given the volume of the data, the costs of handling, entry, and analysis are
 
not in line with the available human and computer resources, nor is every
 
scrap of available data necessary for effective management of the fishery.
 
One more specific goal is to help develop a sub-sampling protocol that will
 
allow maximum information to be processed, in a short enough time to be
 
useful, and at a minimal cost.
 

The Gulf of Nlicoya fishery presents an extraordinary laboratory for the
 
evaluation of sampling plans because of the large historical data set, the
 
ongoing data collection program, and the perceived needs expressed by the
 
resident fisheries managers. While some of the research done will necessarily
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be specific to the Gulf of Nicoya artisanal fishery, much of the philosophy
 
and method will be applicable to other complex tropical artisanal settings.
 

a) Catch Slip Data
 

The primary sampling elements are individual catch slips, each
 
representing the landed commercial catch of one boat. The slips are collected
 
each month from at least a score of landing sites around the Gulf and are
 
brought together at a central location for processing by the Department of
 
Fisheries. Between 2,000 and 3,000 slips are generated each month, requiring
 
between one and three megabytes of storage for full representation of each
 
month's data.
 

The existing collection and reporting system of the Department of 
Fisheries drives an implicit temporal stratification by month. This degree of 
granularity is probably sufficient to delineate the major systematic temporal 
variations in the data, which are assumed to be related to the annual wet
season, dry-season cycle. Another procedurally convenient stratification is 
by landing site since the slips are collected in bundles each month from each 
such site. While not as biologically wptcific as the fishing ground, ior as 
sociologically relevant as the home community, the landing site appears to 
induce a geograpnic partition because of the limited mobility of the artisanal 
fishermen. Initial explorations of the historical data have noted interes nng 
differences in the number of landings, gear, effort, and catch category 
profiles at the different landing sites, all as a function of time (aonth). 
Sub-sampling methods that exploit such background information to reduce the 
variance of the sample estimates for a given fixed sample size or cost thus 
become possible. 

In years four and five researchers plan to use the catch slip data in 
several different ways, each briefly described below. 

(1) Much, if not all, of the data will be transcribed. The optimal 
method for the selection of slips to transcribe is already under evaluation 
and will be deternined. The major consideration is whether it is optimal to 
proceed sequentially, starting either with the oldest or the most recent 
slips, to random sample slips or systematically sample the slips to 
transcribe. 

(2) Sampling can be viewed as an economic optimization, trading off 
precision, bias, and timeliness of the developed information, for cost. The 
cost of precision needs to be carefully considered with respect to the 
potential use of the estimates. There are significant limits to what access 
to even all of the catch slip data can communicate about the future of the 
fishery and the appropriate management adaptations. In realistic settings 
where a fishery is tracked over a long baseline, there is considerable 
tolerance for sampling imprecision and bias so long as there ar, reasonable 
assessments of the magnitude of the error. Formal sampling theory prescribes 
methods to optimize precision with respect to a fixed cost, or to :.iuaize 
cost for a given required precision. Alternative sampling designs of the
 
classical type would be evaluated in a multistage design that would have as
 
its objective the economical and efficient prsentation of the minimally
 
acceptable information. These designs include systematic, stratifid,
 
probability proportional in a variable, etc.
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.een) Since the application of standard designs alone has not generally
 

onBayes'ian principles which use prior distributions 'asabasis formaking

'nferences would be'introduced. These decision theoireb-, methods could be.
 

,applied'inthe catchslip scenario where the extensive existing data would
 
serve to define Bayesian prior densities, thereby reducing the -need for,

additioz'al sample 'data of the highest quality. Such methods hold great

promise because artisanal fisheries- data is often' characterized by being'
 

- -extreme y-noisy-with-frequent. e kS-i -o tin ity---iru sac s-h t ----, ,-.:,.
invariably frustrate the application of standard designs'.
 

(4)Researchers propose using Box-Jenkins time series techniques on catch

and effort data to develop a forecasting model for the corvina fishery. Box-
Jenkins ARIMA (autoregressive integrated moving average) models form a group
of linear, stochastic models that can describe fairly complex dynamic behavior 
in the presence of correlated errors. Since a time series like this is shaped 

4 i: i by both deterministic and stochastic events, the analysis consists of removing 
4deterministic 
 trends from the series so that the the resulting values
 

fluctuate around a mean with constant variance (a stationary series). These 
models have been successfully used previously with various types of fisheries 
data (Saila and Lermit, 1979; Keller, 1987; Roff, 1983; Mendelssohn, 1981). ' 

In addition, Box-Jenkins Forecasting models can be used to describe the 
relationship between input variables (e.g., effort) and output variables
 
(e.g., catch). Using the three-step process of model identification (using

autocorrelation and partial autocorrelation results), parameter estimation,
and diagnostic checking (removal of insignificant components from the model 
and testing residuals for departure from white noise) , a forecasting model can 
be developed. Accurate forecasting models would clearly be useful to CIMAR 
and the Ministry of Fisheries for management of their fishery resources. The 
Box-Jenkins apprcach depends upon the availability of suitable computer 
programs to coiplete the analyses, not all, of which are off the shelf 
products. These will have to be written for use in the U.S. and in the host 

4 country.
 

2) Assemblages
 

The biological resource in many artisanal fisheries, including that of 
the Gulf of Nicoya, is composed of a large number of commercial species
-imbedded in an even more diverse ecosystemn. We intend to explore *the 
sampling implications of the strong phenomenological structure in the species
catch co-occurrence data. The pattern reduces the uncertainty we have about 
the system, and theoretically, we should 'need to collect less data to achieve 
a given state of knowledge. Coming up with a sampling plan that fully 

.4 

utilizes the structural knowledge is difficult, but the clustering and scaling
methodologies for identification of species assemblages can be very helpful in 
the specification of strata and clusters for classical sampling designs. 

Ideally, we would like to go beyond noting phenomenological assemblages

of species, and attempt to explain these structures evidenced by the 
clustering and scaling techniques with relevant bio-oceanograpnic information 
(location, temperature, salinity, depth, etc.), as is done in ecosystem4
ordination. 'However, apart from general knowledge of the gear, 
 the fishing
ground and 'the tidal 'sequence, we are 4unlikely' to be able 'to have the: ~ 44 
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corresponding information to consider explanato.-y models of the relationship
 
of the assemblages to the ecosystem and environment.
 

The researchers have real concerns about the concept of assemblages,
 
about the somewhat disreputable techniques for their empirical definition, and
 
about their potential for utilization by artisanal fisheries managers.
 
However, the Culf of Nicoya fishery offers an excellent opportunity for
 
exercising the concept in an applied setting, and the number of practical
 
alternative methodologies for comprehending fisheries with several hundred
 
commercial species is quite limited.
 

3) Biological Data
 

a) Recruitment and Selectivity
 

Artisanal fisheries are characterized by mixed gears and mixed species. 
Different passive gears such as gillnets and hook and line are very selective 
for certain sizes and species thus requiring that abundance and mortality 
estimates based on catch be adjusted for selectivity. Different mesh size 
gillnets are being acquired to evaluate net selectivity. Small mesh-size nets 
will also be an important source of unbiased information about species 
aggregation, growth rates, recruitment timing, and the relatinship betwev-n 
age, size and fecundity for juvenile fish. A small trawl was also tVid 

recently since small mosh gillnets are difficult to work with and sniectivity 
is never truly removed. These data are not yet available. Information gained 
by the use of small mesh gillnets and trawls will be used in several 
components of the project, primarily those involving CASA, recruitment and 
growth. 

b) Benthic Sampling 

This work would lead to better understanding of the interface between the
 
benthos and the corvina. The benthic invertebrates are probably driving the
 
system but not enough is known about the interface to be able to even
 
tentatively link the mangroves with the benthos and the corvina fishery-
especially the role of the mangroves in the recruitment process. 
Investigations into the dynamics of selected harvested bivalves and crabs will 
widen understanding of the benthos' role in the system. 

b. Work Plans for Year Four
 

l) Continue the compilation of the catch slip data and analyze the measures of
 
effort and CPUE trend.
 

2) Do a sim.l.atioi study to test different sampling schemes using the e:isting 
information about fisheries operations. The results will then applied to the 
catch slip data to optimize sampling efforts. 

3) Begin development of decision theoretic ,.thods for comparison to standard 
sampling designs. 

4) Acquire monthly reports on the Gulf of Hicoya fisheries from the Ministry
 
of Agriculture and carry out time series analysis.
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5) Create sampling designs and begin to collect data on length, weight, sex
 
ratio, gonads, and otoliths of corvina species.
 

c. Work Plans for Year Five
 

1) Continue the compilation of the catch slip data and publish and distribute
 
for CRSP users.
 

2) Finish an analysis of effort and CPUE measures and publish the results.
 

3) Finish a time series analysis on fisheries data ani publication. 

4) Apply the results of previous ye'arys to decision theoretic sampling designs. 

5) Start and coipletc handboo;i/fmia1 chapters. 

2. The Age and Size Dependent/Independent Modeling Project
 

a. Goals and Objectives for Years Four and Five
 

The previously described accomplishments serve as the foundation for the 
work that will follow in years four and five. The difficulties encountered 
in artisanal fisheries nanaqement in th(- world always arises by (1) lack of 
management catch-cffort data, Q) lack of biological information for the 
target species, .and (3) lack or stock assess:inent as the basis for Mconiroring
fishing pressure. UI4/UCF: have overcome one of these "ffficulties in the past 
years in orde- to acquir. the necessary data for fls.... ry management. Part of 
the planled work cont inuls to be to ref inc and develop stock assessment 
methodology and part egins to deal with fisheries management plans (FHP) to
 
specify fut're e:plctation gi id llieS f rom assesssent results.
 

1) Applicatio;n ain Urrevem:n t of CASA 

In the first three yar r-"earchers have- developed a new model, catch at 
size analysis (CASA) which is a state-of-the-art product that does stochastic 
length based mt'odeling. The mode]. receo structs the abundance of populations as 
well as making cstimates of (stochast.ic) growth, fishing mortality, 
selectivitv and rfcruitmert flic tuation. CASA has been applied to commercial 
catch data of D:capte rus russell i inI the Java Sea, Indone sia, survey catch 
data of Nemipterus j aporlicus in1 rh Philippines, and simulated commercial 
catch data of Eastern Bering S,, Pacific cod. The analyses have been 
successful and have contribut{:d int.resting management perspectives. 

These re_,sults; nied to I). synthes cz.d and written, which will contribute 
to fine tuning of CASA for the Gulf of Nicoya :pplicat ions. Further 
programming work is neede;d to make th'n mod1 maxi mally friendly and to 
incorporate the flexibili ty to add1 r il s at they evolve in the Gulf of, s 
Nicoya, cither for the Gulf as a whel or for indi'idual species. One of the 
important advantage:s of CASA w.ill he th, ability to incorporate th, r-sults 
of other research ol biological referi and critical :ioints assccia ted with 
recruitment to the fisheries. 
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2) Continuation of Work on Physiological Structured Qodels (PSM)
 

This i. an effort carried out by UCR scientists, Drs. Gracia-Bondia and 
Varilly. This sophisticated model has the potential to significantly improve 
models in current use that describe the growth and dynamics of fish stocks. 
The model is a result of a collaborative effort of two of the Costa Rican 
counterparts in the Department of Mathematics and in CIMAR, and demonstrates 
the effectiveness of this project. It is considered a positive result when 
mathematicians successfully work with biologists. 

Based on existing accomplishment, the following tasks will be undertaken 
in years four and five: (1) Exploration of how the PSM results are input into 
dynamic pool models; (2)Application of the model once the parameters are 
available from the Gulf of Nicoya; and (3) Evaluation and improvement of the 
model and programming. 

3) Identification of Fish'n: Effort for Stock Assessment 

Fishing mortality can be estimated from either an age structured model, 
e.g. VPA or age cohort analysis, or from a length structured model, e.g. LCA 
or CASA. Historical information, such as a time series of catch-effort data, 
are usually combined with assumptions such as: known natural mortality, 
uniform catchability. consistent selectivity, homogeneous catch at age and 
size data for all th, fishing operations, etc. A separable model can be used 
to iepresent th::se assumptions by partitioning fishing mortality in two 
uimensions (age/size, time) into (age/size selectivity) and (overall fishing 
mortality) at time and partitioning (overall fishing mortality) into 
(catchability) and (fishing effort).
 

Thu ob].:ctio of this se:ction is to use additive and multiplicative 
modols to aggregate and to disaggrcgat, fishing mortality over seasonal and 
fleet factors. It would then be possible to relate an index of effort with 
fishing mortality and abundance estimates from VPA or CASA. The result would 
be an index of effort for mixed fisheries management. It would then be 
possible to identify th, percent effort per gear type per segment of the 
stock, thus moving toward a practice of management based on appropriate use of 
limited entry, limit by quota, limit by catch, limit by size. These data are 
now becoming avnilabl:o see the Management Data sectioa of the Management and 
Stock Assessment Sampling Project. 

4) Biological R, frnr" Points ii Recru itpent 

Biological reference points, F(0.), F(msy), F(mey) as examples, are 
tradition~al management concepts. The theoretical relationships between these 
points and other points have been elucidated with the use of specific stock
recruitment and yield per recruit models. We plan to further develop these 
relationships while focusing upon artisanal fisheries. 

The slUction, in temperate fisheries, of F(O.1) is based more upon 
intuitive criteria of what constitutes a conservative strategy with 
significant yields than upon scientific criteria. In this section a theory 
behind the selection of a fishing mortaliy will be initiated. It will 
requir, the formulation of the Beverton-Holt yield per recruit model in a form 
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that more explicitly represents size-based parameter and upon a better
 
understanding of the recruitment process.
 

In an artisanal fishing context, a criterion for a critical point that
 
rests upon the slope of a curve at a particular F-value may be too stringent.

.Researchinto the selection of critical points based upon the data itself
 
without the necessity to fit a particular curve looks promising, and may be
 
more indicative of the actual processes. Further, research into cases where
 
recruitment peaks occur multiple times in a year rather than one peak per
 
year, all,,need to be investigated. These are the first aspects of the
 
critical points investigation that is planned and will be continued in the
 
planned extension.
 

5) An Age/Length Based Leslie Model
 

Traditional age/length structured models for stock assessment concentrate
 
on fully recruited maternal stock. The CASA model uses an ad hoc stochastic
 
recruitment pattern because appropriate real estimators of recruitment success
 
have not been developed. Sinc6 we now know about the extremely rapid growth

in corvina in the first year, we can hypothesize that juvenile survival is a
 
major factor in recruitment to the fishery.
 

A Leslie model allows the explicit expression of juvenile abundance and
 
survival to recruitment. Further, size specific fishing mortality can be
 
introduced explicitly from data available in the sampling component. Such
 
modeling to predict year class strength and decline under exploitation can be
 
formalized with the addition of a harvest matrix to express length-specific

exploitation rates. This revised Leslie formulated model will provide an
 
alternative interpretation of the impact of fishing, provide a useful
 
verification of the validity of LCAN, the length based catch analysis, and
 
provide away to estimate errors in estimates from a length cohort analysis.
 

In all of these models, the conceptual advances are made practical only

by the use of data collected under protocols defined in the sampling and other
 
sections of this project.
 

b. Work Plans for Year Four
 

1) Acquire the time series of length-frequency distributions, catch and effort
 
statistics, and growth data for corvina species. These data will be input
 
into CASA. Later, the results of CASA will be compared to other methods,
 
e.g., ELEFAN, length-cohort analysis. The results will be also compared with
 
VPA, cohort analysis, and other age-structured models when age-length keys are
 
available.
 

2) Develop a computer program for the physiological model (PSM). Acquire data 

required for the model.
 

3) ,Identify useful indices for measuring fishing effort in the Gulf of Nicoya

based on the existing catch slip data base. Identify seasonal and temporal
 
patterns in the indices of fishing effort.
 

4) Use existing fishery and biological data with the methods for estimation of
 
biological reference points for management of corvina species. Compare with
4-"
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existing strategy of harvest.
 

5) Further develop the theory of age/length based Leslie models for stock
 
assessment.
 

c. Work Plans for Year Five
 

1) Continue the application of CASA. The evaluation will be carried out when
 
more complete fishery and biological data, e.g., recruitment, growth,
 
selectivity, fishing effort, and hydroacoustics, are available. Fine tune the
 
computer program to be user friendly. Finish technical reports on
 
applications of CASA in Costa Rica and the users' manual for CASA computer 
program.
 

2) Continue the application of physiologically structured modeling. Explore 
how the PSM are input into dynamic pool models. Firish technical reports for 
the applications and computer program.
 

3) Apply additive and multiplicative models to aggregate and disaggregate
 
fishing effort and CFUE data over seasonal and fleet factors. Finisn
 
technical report and computer program.
 

4) Continue th, development, application, and programming for the age/length
 
Leslie model.
 

5) Propose a preliminary fisheries management plan for corvina species with
 
the existing resimlts from stock assessment and biological reference points.
 
Write a technical report at end of the year.
 

6) Complete handbook/manual chapters. 

3. The Age and Size Relationships and Consequences of Errors Project
 

a. Goals and Objectives for Years Four and Five
 

1) Ageinig
 

In years four and five, we will build upon the accomplishments described 
above. In the first half of the grant we will have successfully transferred 
some of the necessary methodology and equipment to the UCR, so they can carry 
out much of the ageing investigation and build a tropical age determination 
center in Costa Rica. We will train one UCR-CIMAR biologist in the age 
determination of hard structures and continue with the otolith coll-ction of 
corvina until the age-length keys are ready to be used in the estimation of 
the important population parameters such as age composition, mortality, and 
growth. We also would cons idr extending the establish.wd ageing methodology 
to other commercially important species in Costa Rica. 

2) Recruitment and Productivity 

It has been established that growth in the first year is unusually rapid. 
This opens the prospect for the phenomenon known as growth overfishing. It 
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also raises questions about recruitment overfishing. Whether either 
overfishing occurs or not depends on the grow th and on the timing and degree 
of fecundity in 0-year fish, which are now buinq collected under the 
Biological S.impling compontont of th project. Frum th data and the von 
Bertalanffv g:owth M.1 K values of 0.5-0.3 are likely, which is a point of 
concern until ynr's is knoun about r-productive processs, spolus-by-spucies. 

To investiuar< the prospects for growth overfishing, we are proposing to 
do an utuliti micrstincture analysis which will be correlated with the 
fecundity data i order to better understand the growth in the first year and 
its relation tn growth in later years. These results are a maj or part of the 
determinatin of hiniqgical productivity and biomass turn-over rates in the 
Gulf of Ni: 1yl. 

After our first year in the investigation of this project, it became 
clear that it was nucssary to give visibility to the role of recruitment 
timing and M al]cation of reproduction effort with age. Since that tiwe 
FERET has boun an u:xplict pait of this proje:t. The determination of turn
ovar rate is a wAl established part of the man gaoen; of lakes but has not 
been a major tool for mari, flislry managolnr. However, duoe to th apparent 
hiqh pi oduct iv t y of the envitront and the comm.r u.- or t urn-over rates in 
ron-.,anagemir:nt tror)picl sdis. th.2 initroductiron A Qh c3Ncpt is A 
potential n0.4 stoup forn Nr ma! ging tropical stocks. 

Specific inVSg tion of borh qwtrh aid recruitm:nt ovurt ishling is a 
planned compoInent for th thr,, yir oxt'jnsai,. Tho d-ta base to .viluate the 
prospects -t eath.r conditian ocurring in tropical fisheries in general, and 
in the Gulf of Ninoya in particular,i n .s to he collected over a several year
period. The:ef.in, th, biolog al sampling pr,*.t will subsample to collect 
data on f( endi t y such is gonad indo,, temporal variation and sox ratio of 
juveni .s prior to ftll i.cruitm, t to tho fishery. 

w h1 q41 durin g this pe-rid. Th Gulf ofBonrh:. stpii in Hicoya's 
highly pror vo', ai.iumuIt dupAe dsip. the water column-s-dim:,zt 
interf-:-. 'M. r i boN-nti,i priis i n the dynamics of th. fish of 
inter.ms n .s tw be i An ,aii'ss of fish stomach contnts are already 
underway in riAR. Pralim.nary analyses of the growth rates of selected 
bivalves his alreay d,monstratd that som of thes, can be aged and ace 
compestion is begnning to b known. T investigation of the productivity 
of the macro infaunal and apifauna1 bivalves and crustacea will provide
insights into: (1) productivity at the water column/sediment interface and 
(2) the dynamics of harvested species that appear in the markets. 

b. Work Plans for Year Four
 

1) Develop the regional center for age determination of fish at CIHAR. This 
will include personnel training, facility setup, and data base management. 

2) Continue the data collection, ageing, and analysis to estimate population
 
parameters.
 

3) Collect sex ratio, gonads data, and recruitment timing data for FERET. 

4) Develop techniques for otolith microgrowth increment analysis. 
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c. Work Plans for Year Five
 

1) Continue the development of the age determination center in CIMAR. This
 
will include quality control of age readings, extending the methods to other
 
species, and improving data base management.
 

2) Analyze the existing data and integrate the results with other CRSP
 
components. Publish the results from existing ageing data and related
 
analyses.
 

3) Continue the data collection and analysis for FERET. A technical report
 
will be available at end of the year.
 

4) Develop methods for the analysis of productivity in the Gulf of Nicoya.
 
The results will be integrated with age and size dependent/independent
 
modeling.
 

5) Develop handbook/manual chapters.
 

4. The Shallow-Water Hydroacoustics Project
 

a. Goals and Objectives for Years Four and Five
 

The specific objectives of year four include the conduct of the third and
 
last major field effort in Costa Rica, and com)letion of the ma3ority of the
 
data analysis and two or three manuscripts.
 

The field effort is planned for August 1933. This will be one of the 
major field efforts of th- project and will include a large-scale transecting 
effort at stations in the open waters of the Gulf of INicoy a and observations 
around artificial reefs. On the basis of our initial successes, w. plan t 
make the first fish biomass estimate of the effective fishing areas of the 
Gulf of Nicoya. The primary data for this purpose will be the transect 
effort. The effort will also be closely coordinated with operations of the 
artisanal fleet so we can correlite our observations with the fishery catch, 
and use the fishery catch to aid separat-ion of the total biomass st imatc into 
various species componnts. The stations in the open wat :rs of th, Gulf will 
add to our knowledge of fish and behavior and will further aid our species 
identification effort as well as th, valuation of biases. The, artificial 
reef observations will follow on initir al obsei-vations during 1937 and will 
allow more accurate quantification of the behavioral trends we obs~r7vd and 
reported on from that effort. In addition, hydroacoustic osti:at<s will be 
integrated into assessment models. 

The specific objacti~v of year fK7ye will be to complete 0o data analysis
 
and several manuscripts and the haNdbook, wh oh will detail the t<echniquaes
 
developed over the five years of the proiect. This effort will fucrns on the
 
techniques de veloped for the assussm nt of fish in the Gulof Nicoya,
 
including interactions with the attisanal fishery, but will also include the
 
novel developments for assessment of fish abundance and beKavior around
 
natural and artificial reefs. The effort includes considtrable collaboration
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through field season sampling and associated meetings. In addition, John 
Hedgepeth will complete a Ph.D. dissertation at UW on this component of the 
project. Current planning wil put somewhat 1lass emphasis upon hydroacoustics 
than in the prcedihg years siln, m'ost of tho methndology has bean developed 
over these yuirs aid w, ar, n tering the "prqduction" phase for a good deal of 
the project. it is c irtaln,howe er, that e,:-n in this stag.: furrher 
refinement wil b required as data are collected and interpreted. 

b. Work Plans for Year Four
 

1) Field trip to the Gulf of Nicoya in August 1988 with a focus on density
 
est imat ion.
 

2) Introduce Asa ot analog digital signal board to analyze field data at UW 
and UCR to spei: analysis. Introduce use of contour digitizer to UW and UCR 
teairs. B,:'rimi dvvlopmuint of corrections to estimations as required by shallow 
water environ:ent. 

3) Analyze the data nnd compare with the results from previous field trips, 
especiliy ,ith r,-spect to seasonal changes as mreasuret by physical 
measurements. 

4) Teach a short course in hydroacoustic theory and practice. 

c. Work Plans for Year Five
 

1) Complete data analysis, provide corrections to estimates, and discuss and 
share refinements of methodology to CINAR scientists. 

2) Develop handbook/manual chapters. 

5. Production of Research and Training Materials
 

a. Goals and Objectives for Years Four and Five
 

All four of these components will be oriented toward the production of 
results that shod light upon how the ecosystm> works and how managers may 
monitor and ut:li ,, the system. Research results will be written in 
accessibl.2 lahnical reports aid will b, published in refereed journals when 
appropriate. In addition, each compoene-t's rethodology and soft ware will be 
expressed in the fr.amework of the handbook being produced for the CRSP. 
Although oust of the handbook writing .ill take place in yea- five, a great 
deal of the soft w re wrrting will take place in year four sinc , prograrms need 
to bw do-bugg .d and fi,:ld tested. Toward the end of maxicmizing t h- ease of 
distribution of suftw -r,, we have ask.d USAED to investigate the prospect of 
allowing a comrme rcial company to assume responsibility for distritution. We 
iwait the decision on this. 
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b. Work Plans for Year Four
 

1) Organize the AFS symposium in October 1988 and write technical reports and
 
refreed publications for the symposium.
 

2) Graduate student from UCR arrives for degree training in School of
 
Fisheries.
 

3) Begin arrangements for August 1989 symposium in Argentina.
 

c. Work Plans for Year Five
 

1) Continue the editing and publication of 1983 AFS symposium.
 

2) Identify the research project for the graduate student from UCR.
 

3) Organize and carry out Argent:Aan symposium. Prepare papers for
 
presentation.
 

6. Piogram Coordination and Training
 

YVars four and five will see an increased level of coordination and
 
training. The simple fact that the handbook needs to be written will require
 
additional correspond nco between the groups. In addition, several other
 
types of intoracticn ar planhed, including the following:
 

1) In 1938 and !89, Drs. Fo: and Gallucci will collaborate on editing a 
volume of papers based -n th- 1933 symposium, "Fisheries Zanagement in
 
Developing Countrj : Prnh1 -ms and Opportunities". With the significant
 
representation of the CRSP and mutual interests in Costa Rica, collaboration
 
and coordination will b. a specific part of the interaction. 

2) This interaction bet wen UW and UMiami groups will extend to UW 
interactions with both the UMCEES, URI aid the UCR teams as the contents of
 
papers are updated and elaborated.
 

3) In years four and five UW will fund a r.:search assistant position for a 
graduate student frum the UCR to work on problems of concern to the CRSP. The 
initial obligatien is for an M!.Sc. but may extend to a Ph.D., circumstances 
permitting. 

4) The symposium at the Annual :*,wting of the American Fisheries Society in 
October 1938 entitled "Fisheries Management in Developing Countriss" contains 
numerous papers from the CRSP. It is anticipated that a high proportion of 
the CRSP participants will attend the symposium and present papers. 
Additional reetings between othr participants art planned while evaryone is 
at the symposium. Thes. netings will provide a more re la.:ed context in which 
to exchangn ideas and future research plans. it is anticipated that this 
meeting -ill facilitat, incr ased interactions among all units, including UP 
and UCR scientists, and will enhance commuriiication for years four and five and 
potentially years si: through eight. Since UU plans to test some of its 
results in the Philippines in years six through eight, the syrposium will also 
facilitate the development of these research plans.
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5) A symposium will be held in August 1989 at Buenas Aires, Argentina,

entitled "The All Latin American Symposium on the Management of Small Scale
 
and Artisanal Fisheries". The principal organizer is V. Gallucci and the
 
principal sponsors are CONICET, Argentina and the Tinker Foundation. This
 
conference will attract participants from most of the Latin American countries
 
and will consist of specific training workshcops and research presentations.
 
CRSP participation is anticipated.
 

D. Objectives and Plans for Years Six Through Eight
 

The UW/UCR projects will undergo substantial restructuring as the CRSP
 
enters a three year extension, years six through eight. The age determination
 
work will have experienced substantial progress, and UCR-CIMAR will have
 
started to develop its capabilities as a regional age determination
 
laboratory. Hence, the work on age determination will thereafter play a less
 
visible role in the CRSP research agenda. Similarly, the hydroacoustics work,

following a major effort in earlier years will have reached a plateau,

allowing us to devote fewer resources to the hydroacoustics component in the
 
future. 
 In fact,• beginning in year six, the hydroacoustics component will be
 
an element in the "Management and Stock Assessment Sampling" component.
 

Thus, the progress made by the UW/UCR researchers in the first five years

of the CRSP should permit this refocus and allow the UW/UCR effort to be
 
partitioned into two components beginning in year six, "Management and Stock
 
Assessment Sampling" and "Recruitment and Productivity".
 

1. The Management and Stock Assessment Sampling Project
 

a. Goals and Objectives for Years Six Through Eight
 

By year six it is anticipated that appropriate stock assessment models
 
such as CASA will be operational and tested in the Gulf of Nicoya. Further,

it is reasonable to assume that an efficient and not overly expensive sampling

scheme will provide data on catch. It is these data that will enter into a
 
length based assessment model to be used with CASA to provide estimates of
 
stock abundance. Further, it is anticipated that enough experience will have
 
been gained to allow periodic biological sampling programs to evaluate.
 
recruitment strength and an index of stock abundance. 
These data would be
 
supplemented with biomass estimates from hydroacoustic surveys thaL drc
 
conducted at least semi-annually. 


-"
 

Over the years six through eight, the above sketch for stock assessment
 
would begin to feed into a preliminary strategic framework for managing the
 
fishery. It is not clear at 
this time what tactical combination of
 
regulations will be most efficient in reducing the anticipated over
 
exploitation. Possibilities for effort regulation range from mesh size
 
control to 
limited entry and include quota and closed season constraints.
 

The framework would be called a fishery management plan (F.iP) for the
 
Gulf of Nicoya but, in fact, every effort will be made to keep the concepts
 
general and widely applicable to other artisanal fisheries of similar
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circumstances. Part of the process of defining a FMP will be the
 
specification of well-defined procedures (adapted to tropical fisheries) to
 
compute annual TACs (total allowable catchs). The years six through eight 
would also include the introduction of market and fisherias economics forces. 
Basic data and preliminary analyses of income and expenses for th,: differnt 
types of fishing effort ii the Gulf would allow th.e introduction of a 
bioeconomic component into the FMP. 

After ronsidrab], prngress has benn made in the definitinn of a FMP it 
is proposed that a workshop be held at UW or some other convenient location to 
review and debate fishe:rie s management frameworks in developing countries. 
The best guess is that year seven would be an appropriate year. This workshop 
would supplement the de facto year four workshop taking place in Toronto at 
the AFS symposium. 

The FnP sk,:tch:d abcvw is i realistic objective but the degree to which 
it is accomplished will depend upon the dgrae to 'hich biological problems 
concerning recruitment and biomass productivity can be resolved and the degree 
to which progress is made in the specification of biological refernce or 
critical points that allow the setting of levels of exploitation. Further, 
some of the research plan outlined for this component requires integration of 
efforts with the Recruitment and Productivity Project as well as with the 
UICEES/UCR efforts. 

Finally, VW has incorporated in its budget a small effort in the 
Philippines, part of which will go to planning or adapting a FMP, or to make a 
field comparisons o what was derived for the Gulf of Nicoya. Not only would 
the plan include the field testing of a FMP but the testing of the 
hydroacoustic techniques, the CASA model and sampling designs. The prospects 
of needing to redesign or to adjust methodology is expected and is part of the 
planning. 

b. Work Plans for Years Six Through Eight
 

1) Application of CASA, PS., and age/length based Leslie models in the Gulf of 

Nicoya.
 

2) Continue the analysis to estal ish indices of fishing effort.
 

3) Continue the development of biological reference points incorporating the 
results from stock assessment modeling to monitor fishing pressure on the 
exploited stock in the Gulf of Nicoya. 

4) Continue the compilation of catch slip data and sampling for biological and 
benthic data. Publish the data and results in CRSP working papers. 

5) Hold a CRSP workshop to review and debate fisheries management frameworks 
in developing countri s. 

6) Establish a Fisherios MN.iagemynt Plan for the exploited stock in the Gulf 
of flicoya. 

7) Test and extend results in the Philippines.
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8) Update handbook/manual.
 

2. The Recruitment and Productivity Project
 

a. Goals and Objectives for Years Six Through Eight
 

1) Growth and Aquinq
 

It is anticipated that the new age determination center at UCR-CIAR will
 
carry out the 
length and age sampling, age determination for the species of
 
interest, and the update of the data base for ccmmon uses 
in the CRSP. The'
 
existing data base includes an age-length key and enables the estimation f
 
age composition and growth rate for corvina 
over their lifetimes. This
 
component will extend the investigation of otolith microgrowth incremeat
 
width. The pr,sent investigation of otolith width and growth rates has
 
already shown e.:tie:nely rapid growth and appears to show correlation with the
 
envircnment. Density or environxen t-dependent growth and survi.al of larval
juveni]a s-ages of the fish are frequently consid ered thr primary determ'inants
 
of year class strength. The prospect of estimating year class strength a half
 
year to a year prior to recruitment to the fish,y is aiiattractive management
 
concept that coulud supplement surv;y astimat us f abundance. 

2) FERET (Fcuiiditv and Rcruiitmnt TiOinr) 

The data of th, first five years will be the basis for a strong focus on 
the mechanisms and representations of recruitment in the management of
 
tropical fish. The major data base available would be for sex ratio, maturity
 
proportion, gonad index, fecundity, and recruitment timing. Of a great
 
practical conc-rn is the prospect of recruitment overfishing from uniinformed
 
changes in the 
legal gear and effort; for example, hook-line fishing appears
 
to result in the capture of very large fish. 
 Until we know more about
 
reproductive effort vs. ago or size 
 there is a r.-al danger to tropical
 
fisheries ev, rywhere. 
 The intent hKr is to link the research started in
 
years four and five on biological reference points, and concwrns over both
 
recruitment and growth overfishing, to the computation of a coservative
 
harvesting strategy and to an understanding of the processes behind
 
recruitment. Researchers have introduced 
some traditional fishery mnagEment
 
methodology built around theory of biological reference points, 
and will
 
develop new methodology based upon biologic.al production and 
tulrn-ovyr rate.
 
It should be emphasized that based on the pre:l iminary exacination of growth
 
rate from otoliths and biological samples 
(not cat:h data) and th, sugg, stion 
of increasing effort, growth overfishing is not an abstract spu.culat ion. 
Gonad data on juveniles is now beginning to be collected so it is too early to 
evaluate this prospect but th concern is a real one for tht fishery.
Naturally, if evidence in the n xt yoar indicates 
an ilminen t danger, adaptive 
management wil11 occur and the problem will b. dealit with isr.'ed:iately.
 

b. Work Plans for Years Six Through Eight
 

1) Continue sample collection and data analysis for FERET. 

2) Continue otolith ,,icrogrowth increment analysis.
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3) Update data base for FERET, ageing, and growth.
 

4) Develop the methodology and software to use and compute productivity and
 

turn-over rates. Apply the results in stock assessment and management.
 

5) Test and extend results in the Philippines.
 

6) Update handbook/manual. 

3. Program Coordination and Training
 

A workshop is proposed for year seven for participation by all elements 
of the CRSP. The focus will be upon the formulation of stock assessment and 
management plans for artisanal fisheries. 

UW plans to continue to support at least one research assistant from the 
UCR in years four to eight. Over the first three years, many exchanges of 
personnel have taken place at both UNW and UCR. This interaction will continue 
and, subject to budget, the level of activity in this area would increase. 

Years six through eight budgets contain provision for UV partici pation in 
the Philippines. Correspondence is currrntly be ing .xchangod tocd r:rlNrni 
optimal locations. Since UW would be testing and evaluating prodws'. s 
different from that developed in the Philippines, it is anticipated that a 
sequence of short courses be ariang.od during each research visit. 

Looking ahad three to six years, it is difficult to anticipate what 
symposia participants will attend, but, the same high level of professional 
interaction will occur as has been the case in years one to thro:c. During 
these years CRSP participants gave r ].vant papers at two AFS national 
meetings, on& ro'of symposium.n and on- biometricS symposium. 

The plans for years six through Light include the following: (1) 
Continue to support at least one Graduate Rescarcn Assistant from UCR at UW; 
(2) Interact with UCR and other CRSP compenunts for exchange of personnel; (3) 
Visit the Philippines to determine optimal locations and fishery probi ems for 
cooperative rese-arch and to hold short courses; and (4) Update 
handbook/.manual.
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URI/UP Program Description
 

V. The University of Rhode Island and
 
The University of the Philippines Program
 

A. Program Description
 

The University of Rhode Island (URI) in collaboration with The University
 
of the Philippines (UP) is carrying out two CRSP research projects, noted as
 
follows: 

1. Empirical Analyses and Modeling, and
 
2. Multispecies Field Studies.
 

The principal host country institution collaborating on the Empirical 
Analyses and Hodeling Project is Thj University of the Philippines in the 
Visayas, College of Fisheries (UPVCF), and the principal host country 
institution collaborating on the Multispccies Field Studies Project is The 
University of th2 Philippines (Diliman), Mlarine Science Institute (UPSI). 
Additional collaboration is being provided by the International Center for 
Living Aquatic Resources Management (ICLARMI which is based in the 
Philippines. The,work is being coordinated with fisheries stock asse2ssir.,nt 
activities undertaken by the Bureau of Fisheries and Aquatic Resources (BFAR) 
and the USAID/ASEA11 Coastal Resources MIanagement Program (CRHP), and 
institutions in Thailand and Indone-ia are sharing in the exchange of 
fisheries data bases and research developments. 

The two projects will integrate %,odelingand field studies to address 
tropical fisheries stock assessment issues. The two projects, respectively, 
will 1) use e.xisting fisheries data to develop mathematical models addressing 
the relationship among harvests, fishing effort, and species composition, and 
2) develop and validate techniques for estimating fishery productivity and 
potential in reef and shore-lin- fisheries based on fi-ld studies 

The following presents ai overview of the accompli 'arments of the first 
three years of the URI/UP collaboration. This is followed by a discussion of 
the objectiv -s and work plans for years four and five of the current grant and 
a summary of the plans for years six through eight under an extension of the 
current grant. 

B. Triennial Review of Accomplishments
 

The following discussion briefly describes the accomplishments of the 
first three years of this research program.
 

1. The Empirical Analyses and Modeling Project
 

The goal of the project was explicitly defined in the joint proposal 
submitted by the three participating universities entitled "The Stock 
Assessme:nt CRSP - A Search for New Methods in Fisheries Stock Assessment." It 
was stated as follows: "The goal of this project is to contribute to the 
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development of relatively simple sto6k assessment models, which can be
 
effectively tested and evaluated, leading to both the provision of immediately

usable tools for progressively improved management - as, wellfas the
 
development of 'more ,realistic models over an extended time frame." The
 
material which follows is a brief description of some of the highlights and
Laccobmplishments...from..the-fi'rst -three.-year~s-ofl r--prject -operat-ion,,.-.: ----

It was determined at the inception of the project that research vessel
 
trawl survey data were available from the Philippines, Indonesia, and
 
Thailand, with the Thai data base consisting of approximately 18 years of
 
records. Memoranda of Understanding (MOUs) have been established betw..
en the
 
project personnel and the marine fisheries departments of the Governments of
 
Thailand and Indonesia during this project period, and data have been made
 
available for cooperative studies from both countries. The project has also
 
utilized data from'the Philippine Samar Sea survey,and a Memorandum of 
Understanding is pending with the Bureau of Fisheries and Aquatic Resources 
(BFAR) of the Philippine Department of Agriculture and Food. These and other k 
data bases have been utilized for various empirical modeling activities which 
will be described in material which follows.
 

One of the highlights of this first triennial review period was the
 
sucuessful conceptual development, testing, and formal publication of 
a new
 
empirical multispecies model. Specifically, a method was developed for the
 
analysis of observed changes in catch ratio of similar species or species
 
groups over time from the Thai data and from northwestern Atlantic groundfish

data. Aggregated time series of research vessel data were treated as 
Markov
 
chain models after a transition probability matrix was derived from them by

quadratic programming. The matrices were projected to provide information
 
about the stability and changes in multispecies assemblages. The model
 
developed provides some short-term or tactical information, as well as lcnger
term or strategic management related information. Further testing of the
 
model and its utility are in progress and is expected to continue over the
 
next two years.
Ot h e rn choempi 'l 'n t s ". . . luddc atis -:ie i
 

Other accomplish,,ents by this project component included the application

of geometric programming to solve a more realistic optimum harvesting problem

for a Leslie-matrix than is possible using the standard linear programming

approach. The specific case which can be handled only by geometric

programming is the case where a constant proportion of all individuals above
 
a certain limiting size are harvested while none below this value are taken.
 
(See Working Paper No. 2 for details.) This work was extended to consider
 
the relationship between optimal harvesti'ng strategies and reproductive

values. (See Working Paper No. 5 for details.) We believe that-further work.
 
on the relation between reproductive value and optimal harvesting strategies

is justified. Implica'ons of this work relate to harvesting strategies and
 
the relative value of estrictive regulations for highly fecund, short-lived
 
species, such as are found in tropical latitudes.
 

With respect to 
our counterparts in the Philippines, an excellent 2 
>overviewof thePhilippie demergal sto.'ks has been developed as Working Paper 
No. 4. This puts into persp'ective'the significance ,f the fishery and the 
effects of uncontrolled development in some sectors. In addition to the

7overview document, some substantial contributions have been made to optimum 
'' 

mesh 'size''selecti.on for multispece tafsrie (see, for ex'ample, 
 , 

qorkinia Paper No. 5).

464 

http:size''selecti.on


URI/UP Triennial Review of Accomplishments
 

One of the more interesting examples of effective coordination, not only
 
between the U.S. participating institutions but also between a U.S. university
 
and its counterpart institution in the Philippines, is based on the technical
 
report by Lai and Gallucci of the University of Washington, which suggested
 
that length-based cohort analysis was very sensitive to the choice of a value
 
for L-infinity. This prompted some work on extreme value theory by Dr.
 
Formacion of the University of the Philippines which has led to a more
 
rational choice of L-infinity. Collaboration with ICLARM has permitted us to
 
aid in '.e evaluation of ELEFAN series of programs for length-frequency based
 
analyses. This prompted a study on our part which resulted in Working Paper
 
No. 13, which is a comparison of two length-frequency based packages for
 
obtaining growth and mortality parameters using simulated samples with varying
 
recruitment patterns. This study has been accepted for publication in the
 
Fishery Bulletin.
 

2. The Multispecies Field Studies Project
 

As stated on the initial proposal "The Stock Assessment CRSP - Search for
 
New Methods in Fisheries Stock Assessment," this project has involved the use
 
and development of multivariate techniques for the analysis of multispecies
 
fisheries data, and a field program to (a) develcp and validate techniques for
 
the estimation or fishery productivity in reef and shore-line tropical
 
fisheries, and (b) to apply the resultant methodology to the estimation of the
 
fishery potential within the study area.
 

A strategy for the objective intercomparison of fish communities in time
 
and space is being developed. A pilot study of community structure in the
 
Samar Sea (Phi]ippines) fishery has been completed. It has been demonstrated
 
that a critical water depth of approximately 30 meters can be used to
 
optimally divide the fish assemblages into two relatively homogeneous sub
communities. Ordination of mean, times by species revealed that variability
 
over time seemed to decrease ovur the study period. Variability was measured
 
as the mean Euclidian distance among community states. Analyses are also in
 
progress on the community structure of Indonesian shelf and northwest
 
Australian shelf fisheries for comparative purposes.
 

A benchmark study has been initiaed into tha fisheries of the Bolinao 
Coral Reef Comple. This is an extremely complex fishery with a least 
fifteen types of interacting fishing gears being used to e:treme levels of 
overfishing by over 5,000 small scale fishermen. Over 400 commercially 
important speci.s are harvested. This fishery is typical of many throughout 
the PhilippinEs and eastern Indonesia, and rapresents the future situation in 
many rapidly growing devel]oping countries. No other comprehensive study of 
this type of coral r'-af fishery has ever been conducted. Two primary 
objectives of the stuuy are: 1) To determine the effects of fishing pressure 
on the catch composition and fishery production, and 2) To provide categorical 
information on catch composition and production by gear and habitat type, in 
order to permit cstimation of potential fishery resources from Satellite 
Image Analysis and fishing effort surveys. 

Fishery dependent sampling includes weekly samples of ca-ch or each major
 
gear, and maintaining daily records of shore landings. Fishery independent
 
sampling includes bimonthly uderwater visual transect sampling and seagrass
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sampling via an encircling net. One year of data has been gathered for the 
whole fishery, although data on a few selected gears and species is available 
for 	 two years. Data analysis is underway concurrently with continued sampling 
to provide initial results and to dotermine priority areas for long term 
monitoring. Sites in Oth.1hr parts of the Philippines are being identified to 
provide comparisons with reefs under lower le'>,is of fishinq presserv. 

Considerable progress has been made in develoeping usdr-frindly

microcomputer prngrans for multivariate analysi s of ecological data. These
 
are expected to be availabl, prior to the end of the five year period.
 

A comprehen,.ive r. vi= 4wf Philippine trawl surveys have been carefully
 
examined, and th, ,ffacts f management and over-fishing have been evaluated.
 
This work has result:d in WoHiking Paper No. ., entitled "St atis of Philippine

Demersal Stocrks: An Overview." This document is considereid t be a baseline
 
study for potentii! yiald riamtes and exploitation effects.
 

We b liav, that a sgnilrcant highlight of the first triennial project
 
period is th estblishment of a permanent field laboratory at Bolinao. This
 
facility m.desiy thrugh include
has 	bv, e <qpp d CRSF support tD a 19-foot 
resar h boat, an uiH ralight aircr aft, as well as Jiborat :ry suppli s and 
computing equipment This has resulted in the tl lowing activities, which are 
in progress nd ;whi.n ir" .xp-td to ,nntinu : 

1) 	Studies on cmprrariv, yi<lds .nd efficiencies of major
 
fishing uir. an r,ral reef complex.
 

2) 	Comparisons of size and species distributions obtained by
 
visual :assessments and those obtained by fish traps on a
 
reef flat.
 

3) 	 Studies on th, recruitment and reproductive patterns of coral
 
reef fishes. These are aimed at an empirical evaluation of
 
the ELEFAN programs, and the relative recruitment values
 
extracted from them. 

4) 	 Fishery sampling surveys have been initiated and are 

continuing as a basis for some forms of management decisions. 

5) 	Preliminary studies of blast fishing and its potential impact. 

In summary, we be51iov that the contribution of the Bolinao laboratory to 
the multispecivs f id studies will subst<::.ially increase with tire. For 
coordination purposes, it is highly desirable to ea.facilities which permit
evaluation of models as well as providing sources of real data for analysis 
and testing in a typical tropical fishery environment. 

3. Program Coordination and Integration
 

Several exaimple2 s of program coordination and integration were presented 
in the listing of URI/UP activities. Thes: included the coordination with the 
University of Washington project personnel concerning length-rel.ated cohort 
analysis and the devalopment of better asyoptotic length (L-infinity) 
estimates for length-based methodologies through the use of extreme value
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theory. This latter work was done by UP personnel with only a modest amount
 
of advice and assistance from URI personnel. Coordination of our research
 
within the southeast Asian region is considered excellent, and the University
 
of the Philippines is becoming a regional center of excellence in fishery
 
science. We have established memoranda of understanding with the marine
 
fisheries departments of the Governments of Indonesia and Thailand, and one is
 
forthcoming with the Government of the Philippines through BFAR, the Bureau of 
Fisheries and Aquatic Resources. In addition to the above, informal
 
collaboration with Australian fisheries and reef ecologists is active.
 
Collaboration with ICLARH has resulted in Working Paper No. 13 which relates
 
to testing the ELEFAN series of programs. Furthermore, collaboration in
 
teaching has involved participation of URI and ICLARM scientists in teaching
 
fisheries-related workshops. Participants have been from the entire Southeast
 
Asian region, including Brunei. 

4. Training Activities
 

It should be remembered that the URI/UP collaboration in training 
involves a full-time on-site URI scientist who is continuously involved in 
some aspect of training through virtually daily contacts with research 
assistants, host-country counterparts, and other host-country pro3ect-related 
personnel. John Mc>anus, the on-site scientist, provides this training in 
topics such as field sampling, data analysis, SCUBA resfarch :>.thods 
ecological theory, biology, aind computer program!:ming 

Dr. McIanus has taught a formal full seme..ster course on "Community 
Ecology Concepts." In addition, short courses have been taught by D. Pauly, 
J. Mc.anus, and S.B. Saila on various aspects of tropical multispecies 
fisheries on two s:parat, occasions. 

Several oth r areas of special training have been att mpted in the 
Philippines. Thes include "'Workshop on Remote Sensing," uitrllight 
aircraft operation and maintenance, and related matters. 

In summary, nine Philippine nationals are receiving graduate level 
training which is related in some manner to the CRSP-sponsored project in the 
Philippines. In addition, at least fou. faculty members of the University of 
the Philippines are receiving partial support for research, related to the 
CRSP. 

C. Objectives and Plans for Years Four and Five
 

The following presents the objectives and specific work plans for years 
four and five of the current grant. 

1. The Empirical Analyses and Modeling Project
 

a. General Goals and Objectives
 

The ultimate goal of the empirical modeling study is the de';elopment of
 
rational management tactics and strategies for tropical multispecies
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fisheries. 
In this context, rational management refers to exploitation at an

optimal or specific level with a minimum negative impact to the ecosystem.
 

Our work to date has clearly indicated that the tropical multispecies

fisheries we have examined are very complex and only limited historical data
 
are available. 
Analysis of such fisheries must contend with highspecies

-dV-~~t-'--on-'---'al,--6n--iomna variability, many interacting
components, and very poorly known structures or functions. 
 In addition,
 
management should include complex socioeconomic factors. However, we have
 
already developed an empirical management model (Saila and Erzini 1987)

which has some tactical as well as strategic components. That is, the model
 
has utility for both short-term and long-range projections. It is based on
 
aggregated time series of research vessel survey data, which are 
reduced to a
 
transition probability matrix and analyzed. 
This work remains to be expanded

and further tested with other data during the next two years.
 

Our work to date is also providing guidance on approaches we should not
 
pursue. For example, we are 
now convinced that extensions of deterministic
 
models, such as those developed by Anderson and Ursin (1977), are unrealistic
 
for our application. On the other hand, there is 
some reason to believe that
 
extensions of the so-called stock production model may have utility for 
some
 
applications. We believe that the approach we have developed (based on
 
probabilistic models) is appropriate for continuation.
 

In order for our understanding of tropical multispecies fisheries to
 
advance from a natural history and descriptive approach to a point where some

control is feasible, we must include certain vital elements or concepts in 
our
 
model formulations. The following concepts are considered to be important for
 
incorporation into future research related to controlling multispecies

systems: 1) Uncertainty, 2) Complexity and interaction, 3) Dynamic system

optimization, and 4) Limited data and management information. 
 Each of the
 
above will be given some attention in our future work.
 

b. Description of Proposed Research: Specific
 
Goals, Objectives and Methods
 

The empirical modeling project has two basic objectives: 1) to develop

tactical (short-term) models and methodologies, 2) to develop strategic (long
term) models and methors, and 3) to increase host country institutional
 
capabilities.
 

The proposed extension of work related to tactical models will address

specific problems concerning how to test for significant differences between
 
multispecies fish assemblages over space and time. 
 Our approaches will
 
include fitting certain known distributions to data, and testing for the
 
goodness-of-fit. 
 They will also involve Monte Carlo simulation of assemblages

to establish empirically derived probability distributions which will be
 
compared to the expected overlap of paired multispecies samples.
 

The proposed extension of strategic models will become oriented toward 
finite state, finite action, infinite discrete time horizon Markov decision 
processes. It is believed that these form a class of optimal control processes
sufficiently broad to be generally applicable.to multispecies fisheries. The,
focus will be on infinite time processes because it is believed they fit into 
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the framework of marine fisheries management, wherein protection against long
term 	degradation of the system is a necessary component. It should be pointed
 
out that the above-mentioned Harkov decision processes do take into account 
the major elements mentioned previously, namely uncertainty, complexity, and 
dynamic solutions, and they can be utilized with limited information. 

No effort will be made at this time to attempt to describe the Varkov 
decision process. However, Bertsekas (1976) provides a good foundation for 
this 	class of optimization problem.
 

Literature Cited:
 

Anderson, K.P. and E. Ursin. 1977. A multispecies extension to the
 
Beverton and Holt theory of fishing with accounts of phosphorous 
circulation and primary production. Medd. Dan. Fisk-Havunders (NySer) 
7:319-435. 

Bertsekas, D.P. 1976. Dynamic programming and stochastic control. 
Academic Press, New York. 398 pp. 

Saila, S.B. and K. Erzini. 1937. Empirical approach to multispecies stock 
assessment. Trans. Amer. Fish. Soc. 116:601-611. 

c. Specific Work Plans for Year Four
 

1) Statistical Modeling
 

a) 	 Continue the development of statistical techniques for the 
estimation of parameters relevant to tropical fisheries management 
including work on the statistical distribution of the maximum 
lengths of fish; develop user-friendly microcomputer programs for 
the estimation of parameters and validate on Philippine data sots.
 

b) 	 Cor.tnue th, development of discrete-time Marko: models for 
assessing species composition and stability of tropical fish stocks,
 
including e:tension of the Harkov modul to include dynamic
 
optimization. Consider methodologies for grouping (aggregating)
 
fish assemblages in some objective fashion.
 

2) Empirical Studies -- Philinpines 

a) 	 Expand current studies an the effects and management implications of
 
blast fishing. Include field interviews, studies of mortality
 
range, and acoustic monitoring for frequency by blast type.
 

b) 	 Continue to co pile and analyze existing fishery data fron various 
agencies .n tho Philippines. Offer opportunities for personnel from 
Bureau of Fisherics and Aquatic Resources, Philippine Fisherias 
Development Authority, etc., for triining at UPVCF to allow for nore 
effective infor matio n ,:<chang . 

c) 	 Continue studies into the r, lation ships but wL 21 r eprodocive cycles 
and recruitment patt, rns for seulcted soft-botam fish specias. 

d) 	 Continue length-frquency, catch-effort, and community structure 
studies of existing Philippine data sets. 
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e) 	 Initiate field sampling for study of comparative morphology of
 
otoliths.
 

f) 	 Review of studies in the literature dealing with stomach analysis,
 
preparatory to initiating studies aimed to facilitate the grouping
 
of species by feeding classes in quantitative analyses and fisheries
 
models.
 

g) 	 initiate svE.-t i:n studies for soft-bottom species in Lingayen Gulf 
(in cooperation with CR.P). 

h) 	 Initiate studies in variation of market prices of fish with
 
size 	 and snason. 

i) Incorporation of market prices in optimal mesh size analysis. 

j) Review of Lxploitation and management of Philippine marine 
fisher i s. 

3) Comparat ive St_.nd-ies. Mthods, TraiiLng 

a) 	 Compl.t, analyses of spatial patterns in Indonesian demersal 
fisheries. Complete manuscript of book on Indonesian fisheries in 
comparison wth other Southoast Asian and Tropical Australian 
fisheries. 

b) 	 Complete working prototype of TACO microcomputer package, designed 
to facilitate catch composition and community structure analyses 
based on large fishery and benthic data sets.
 

c) 	 Continue analyses of trawl data from Thailand and Northern Australia 
to determine optimal species/site groupings to simplify area-based 
management ani to minimize variables in modeling regional fisherles 
process s.:. 

d) 	 Continue annual riining programs in community structu:, analysis 
and other spcialty fisheries methods. Include participants fro;-
U.S. 	 AID CRMP and Rainfed Resources projects. Assist these projects 
in data analysis and interact through data exchange.
 

e) 	 Complete first version of FSAS, a Fishery Science Analyst in System 
for field use. Provide training in FSAS applications to fishery
 
managers in developing countries. 

d. Specific Work Plans for Year Five 

1) Statistical M,1odeling 

a) Continue work on the statistical estimation of parameters relevant 
to tropical fisheries management. 

b) Further development of the discrete-time Markov model. 
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2) Empirical Studies -- Philippines 

a) 	 Continue blast fishing studio:s. Compile results and publish with 
recommendations for managemen t and further reseirch. 

b) 	 Continue to ,compil and aa lyze existing fishery data from various 
agencies in the Philippines. Continuou the training program for 
personnel from BFAR, PFDA, etc., to maintain an effectiv,; 
informatio n :xchange. 

c) 	 Continue lnqtih-fivquency, catch-effort, and community structure 
studies or <xisting ,Philippine data sets. 

d) 	 Compilatiun and :ririwol ro'.mw of fish length/growth parameters 
avalaMli in th litrtuw and those generated fro:c existing
Phllippi=nv dart s,r . 

e) 	 Continue field sampling for stuedy of comparative morphology of 
at o t h s. 

f) 	 Initiate field samnplirng for stomach contents analysis utilizing 
keys duveloped from otolith studies. 

g) 	 Initiate field sampling for the study of reproductive cycles and 
recruitmont pattrns of soft-bnttom fish species (in cooperation 
with U.S. AID CRM ). 

h) 	 Initiate length-based cohort analysis using existing Philippine data 
sets. 

i) 	 Conduct study on fishing effort as index of gear seasonality,
 
interaction and competition.
 

j) Quantification of natural mortality (W) for exploited fish species 
using available techniques and data. 

k) Review of exploit ation and management of Philippine marine 

fisheries. 

3) Comparative Studios, Ijthods, Traininq 

a) 	 Publish book on trawl fisheries of Indonesia through GTZ and ICLARM. 

b) 	 Distribute TACO microcomputer package for field testing at selected 
research stations. Compile comments for revisions in a version for 
general distribution. 

c) 	 Completa analyses of Thiland and Australian trawl data sets. 
Determine optimal spoci.es/aro.a groupings to facilitate area-based 
management and ompirical . deling. Report results at Second Asian 
Fisheries Forum, Japan. 

d) 	 Continue annual training programs in community structure analyses 
and other speciality fisheries areas. 
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2. The Multispecies Field Studies Project
 

a. Goals and Objectives
 

Th ovrl glsand objectives of ths1rje~,.a~-,te-olwig..).,-. 
To determine the effects of applying various levels and types of fishing

effort on the catch composition and harvestable production of Southeast Asian
 
coral reefs and associated shallow-water ecosystems; 2) To determine to what
 
extent the potential catch composition and fishery production of a coastline
 
can be predicted from habitat information obtained from satellite imagery,
 
aerial photographs from low-cost aircraft, chart information, bathymetry, and
 
environmental parameters obtained from site sampling. Morphocedaphic indices
 
will be developed from the above, if possible; 3) To disseminate this
 
information to countries involved in multispecies fisheries management,

including the United States and developing countries; and 4) To develop within
 
the host country collaborating institutions the capability to continue
 
independently to investigate and to refine the assessment and management
 
aopproaches which are developed within the CRSP. This includes augmenting the
 
faculty of the Marine Science Institute and funding up to eight CRSP
 
researchers each year for advanced degree training in this institute.
 

b. Specific Work Plans for Year Four
 

1) Release and prepare for publication the results of two years of coral reef
 
fishery studies in the form of a series of papers by five researchers at the
 
August 1988 Sixth International Coral Reef Symposium in Townsville, Australia.
 

2) Monitor catch composition and production from specific fish habitat types

in Bolinao, Pangasinan. Monitor the effects of differential applications of
 
fishing pressure within each habitat type (by aerial surveys), and the
 
variability over time in the in-situ fish composition. Extend monitoring to a
 
series of nearshore and offshore reefs subject to different levels of fishing
 
pressure. Involve and help train one or more U.S. Peace Corps Volunteers to
 
assist with the monitoring. Prepare a data-base system to integrate this type

of fishery information into a standard Geographic Information System (GIS) 

format. Contribute results to the pilot management plan under development by 



the U.S. AID ASEAN Coastal Resources Management Program (CRMP) for the Bolinao 
area. 

3) Initiate studies of trophic relationships among the major coral reef fish
species on which to base a trophic-dynamic model to increase the
 
predictability of fishing pressure changes on catch composition and
 
production.
 

4) Extend fishery monitoring to include more extensive studies of gleaning and
 
fisheries for crustaceans, molluscs, echinoderms, and seaweeds. Methodologies


K and objectives will parallel and compliment those described above for coral 
reef fish. 

5) Initiate regular sampling of the network of the wier-like fish traps, ..... 
"baklads," distributed across the region adjacent to the large estuary of
 
Tambak Bay to yield information on fish migrations and the importance of this
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estuary to local fish production.
 

6) Monitor the reproductive and recruitment cycles of key fish species, and 
obtain information on meteorological and oceanographic processes which might 
be responsible for the timing of these events. Continue and e:xpand studies of 
differential juvenile recruitment across the Bolinao reef complex. Dtermine 
if cycles of larval abundance correlate with cycles of reproduction and
 
recruitment. Investigate the relationship, if any, between these cycles and
 
mass spawning among corals, which may be important in providing food to 
enhance juvenil, fish survival. 

7) Continue developing imethods to facilitate the determination of fishery 
potentials by remote sensing. Complete a package of programs to facilitate 
the determination of shallow-water geomorpholopgy and fish habitat types from 
satellite data. Develop improved methods for mapping shallow-water fish 
habitats and monitoring fishing pressure from light aircraft and remote
controlled aerial photography planes. Us, satellite and aerial :mapping as a 
basis for the broad-area extrapolation of estimates of reef fishery potentials 
determined in the field studies. Pro,:ide mapping support for the U.S. AID 
ASEAN CRMP. 

8) Conduct training programs for developing country scientists on shallow
water satellite image analysis and coral reef fishery analysis and management. 
Include trainees from the U.S. AID CRMP, the U.S. AID Rainfed Resources 
Program, and other U.S. sponsored programs. 

c. Specific Work Plans for Year Five
 

1) Continue comparing catch composition and community structure variations
 
over time between coastal habitats with different levels of fishing pressure.
 
Provide data for analysis to other CRSP entities for model validation.
 
Disseminate findings in data reports and publications. This monitoring will
 
include all major finfish and invertebrate fisheries, as well as gleaning 
activitie-s, in the study areas. Opportunities will be sought for offshore 
reef comparisons via othe-r funded projects. Aggregation techniques for fish 
assemblages Till also be investigated. 

2) Continu, ::stu-arine fish migration study t Bolinao using baklad sampling
 
and tagging.
 

3) Continlie fecundity--recruitment studies and feeding relationships 
studies.
 

4) Collaborate with Philippine national programs to make national coral reef
 
fishery estimnations based on remotely sensed data.
 

5) Continutv annual trai, 4.n1g in rem:iote sensing and coral reef analysis and 
management. 

6) liitiat, studies of factors aff.:cting soft-bottom small-scal, fishe.ries 
including natural. fish habitats su:h as sponge communities, and artificial 
fish aggregating devices ("FAD's" and "Artificial Reefs") in conjunction with 
other Philippine and internationally sponsored programs planned for this 
period. 
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7) Determine the nature of tropical stock boundaries via studies of
 
electrophetic protein patterns, mitochondrial RNA, and scale morphometrics in
 
collaboration with other projects of the Marine Science Institute planned for
 
this 	period.
 

8) Prepare materials in first handbook format. 

D. Objectives and Plans for Years Six Through Eight
 

This sections reviews the objectives and general work plans for a three 
year extension of the current grant. 

1. The Empirical Analyses and Modeling Project
 

a. Project Objectives
 

The project will continue to pursue the objectives summarized in Sections
 
C.l.a. and C.l.b. above. 

b. Work Plans for Year Six
 

1) Statistical Modeling 

a) 	 Start work on analysis of the distribution over time and space of 
the various fish species of the Philippines. Consider non-linear 
mapping and/or clustering of the various fish species of the 
Philippines using techniques which are independent cf sample size. 

b) Continue work on developing continuoustime Marko; models relevant 
for tropical fisheries management. 

2) Empirical Studies -- Philippines
 

a) 	 Continue to compile and analyze existing fishery data from various 
agencies in the Philippines. Continue the training of personnel 
from these aguncies. 

b) 	 Continue length-frequency, catch-effort, and community structure 
studies of existing Philippine data sets. 

c) 	 Continue study on multispecius population analysis using existing 
Philippine data sets. 

d) Comparative analysis of hard and soft-bottom recruitment and 

reproductive patterns. 

e) Analysis of food web structure of soft-bottom fish communities. 

f) Continue study on fishing effort as index of gear seasonality, 
interaction and competition. 
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g) 	 Initiate field sampling in slightly exploited area for
 
quantification of natural mortality (M).
 

h) 	 Continue quantification of natural mortality (1) for exploited and
 
less exploited fish species using available techniques and collected
 
data.
 

i) 	 Review of exploitation and management of Philippine marine
 
fisheries.
 

3) Comparative Studies, Methods, Training 

a) Begin cat h composition and community structure analyses of other 
Southeast Asian fisheries data sets. 

b) Update TACO :1icrocc:2.puter Package to include an expert system 
interface to aissist with analytical strategy formulation. 

c) Continue regional training progrart s on specialty fisheries methods. 

c. Work Plans for Year Seven 

1) Statistical Mode.iniq 

a) Continue work on space and time distribution of Philippine fish 
species. 

b) Continut work on discrete-time .arkov decision models. 

2) Empirical Studies -- Philippines 

a) Continue to compile and analyze existing fishery data from various 
agencies in the Philippines. 

b) Contirn i --rith--frequency, catch-effort, and community structure 
studies of existing Philippirw: data sets. 

c) Comparati, 4, 1nalysif of food web stricture in soft and hard-bottom 
fish commulnities. 

d) Continue study on fishing Jffort as index of gear seasonality, 
interaction, and coimpetition.
 

e) Continue quantification of natural mortality (0).
 

f) Review of ,:.:ploitation and management of Philippine marine
 
fisher i,,s. 

3) Comparativi StudiesL MJnfhods, Training 

a) Continue analysfes of multispecies fishery data sets from Southeast 
Asia and Tropical Australia. Prepare manuscript of a book on the 
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fisheries of the Southeast Asian Region.
 

b) Revise and update TACO as necessary.
 

c) Continue regional training programs on specialty fishery management
 
approaches.
 

d. Work Plans for Year Eight
 

1) Statistical Modeling
 

a) 	 Start investigating relatinships between space and/or time 
distributions of the various Philippine fish species and 
environmental factors. 

b) Apply dav.loped discrete-timne .arkov decision models to Philippine 
data sots. 

2) Empirical Studies -- Philippines 

a) 	 Continue to compile and analyze existing fishery data from various 
agencies in th, Philippines. 

b) 	 Contini . -ngth-frequency, catch-effort, and community structure 
studies of ,x isting Philippin. data sets. 

c) 	 Continue the comparative rnalysis of food web structure in soft and 
hard bottom fish COMM:nUILniis. 

d) 	 Production of manuscripts on the following: 1) Philippine capture
fisheries, 2) Compilation of stock assessment methods applicable to 
tropical duvalopment country situations, and 3) Compilation of 
computer programs. 

3) Comparative Studio,, e I.'.:L Training 

a) 	 Publish book oh marne capture fisheries of the Southeast Asian 
Region. 

b) Publish fin,. -;-eion of TACO (Table Analysis by Classification and 
Ordinatio,) iec .icrocomputwrs. 

c) Prepare chapters for CRSP m.ajor handbook on fisheries methodologies. 

d) Conduct final training programs in southeast Asia and elsewhere. 

2. The Multispecies Field Studies Project
 

a. Project Objectives
 

The project will continue to pursue the objectives summarized in Section 
C.2.a. above.
 

75
 



URI/UP Objectives and Plans for Years 6-8
 

b. Work Plans for Year Six
 

1) Evaluate long-term monitoring tasks to determine which facets should be
 
expanded, reduced or otherwise modified to provide the data most critically
 
needed for various management schemes, including the expert systems and
 
bioeconomic models under development by the other project components in the
 
U.S. and Costa Rica.
 

2) Continue coral reef resource evaluation of the Philippines via remote
 
sensing in conjunction with other funded programs, as a means of further
 
developing and testing the approach for possible application in other
 
countries.
 

3) Adapt scheduled work on stock boundaries and soft bottom fisheries to the
 
time frames and funding available in collaborative projects intended for this
 
time frame.
 

4) Continue annual conferences and training programs on remote sensing and
 
coral reef analysis and management.
 

c. Work Plans for Year Seven
 

1) Present rosults of all coral reef studies in the Seventh International
 
Coral Reef Symposium. This periodic series of congresses is the largest
 
international gathering of coral reef scientists, providing a focal point for
 
the release of research results in many of the major integrated reef studies
 
of the world. it is, therefore, the most appropriate forum for the
 
culmination of our long-term studies. The Seventh ICRS is tentatively
 
scheduled for sometime in mid-1992, and will probably be held in either the
 
Caribbean, the Red Sea, or Okinawn.
 

2) Continue monitoring tasks initiated above.
 

3) Seek collaborative support from other countries in Southeast Asia to 
provide one or :ore other regions to test and further refine the approach of 
using remote snsing information to facilitate fisheries potential estimation. 

4) Continue cullaborativ, research on stock boundaries and soft-bottom 
fisheries as appropriate. 

5) Continue annual conference and training program activities as per
 
regional demands and research results available for release.
 

d. Work Plans for Year Eight
 

1) Continue long-term monitoring tasks for six months, then conclude or
 
prepare for continuation under other project funding sources if available.
 

2) Continue collaborative work on remote sensing, stock boundaries, and
 
soft-bottom fisheries as appropriate to the schedules of cooperating projects
 
for that year.
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3) Summarize and finalize all results. Assimilate data into data reports
 
and user-friendly data-base systems. Collaborate with other CRSP entities 
to 
permit the incorporatinn (f the final results and data into management models. 
Prepare f ina!1 publications. 

4) Present rsults in a series of training programs reoional conferences and 
lecture toIrs 

5) Integrate all results into the end-product manual format, and assist in
 
manual preparation. 
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VI. Program Coordination and Integration
 

The CRSP research efforts over the past three years have involved many
 
researchers, institutions, and countries. Many have contributed generously to
 
the CRSP efforts. Even taking a narrow view of CRSP participation, that
 
involving financial linkages, the CRSP has involved more than 60 researchers,
 
a dozen institutions, and five countries. Rescarch efforts have I.en spread
 
over eight separate projects. The scientific coordination and intEgration of
 
this extensive inte:rnational ne twork of researchers and institutions working
 
on many aspects of a global problem is being principally carried out by the
 
work of the CRSP Technical Committee working closely with the Program Director
 
of the .anagcent Entity. This section addresses the coordination and
 
integration issues.
 

A. Research Coordination
 

The various research efforts are bing coordinated through continuing
 
communicatloi among members of the Technical Committee and other principal
 
researchers. Th Technical Committee, responsible for the technical guidance
 
of the project, has met twice a year to share information and engage in
 
planning activities. Research outputs are shared through regular product-ion
 
and distribution by the Managemant Entity of the scientific working papers
 
written by the re-searchers frnm the various institutions. Th, l.anagemeyt
 
Entity also distributes to all CRSP participants regular communications such
 
as researcher trip reports, minutos of meetings, an occasional newletter, 
annual reports, annual work plans, and other communications, including
 
published scintific reports
 

One of the pri ncipal :eans of coordinating research efforts has involved 
the exchange of research personnel between the U.S. and host country 
institutions and team meetings of the principal research institutions. These 
activities naturalli involve travel expenses and have therefore not be carried 
out at the level which w'ould be more desirable due to financial 
considerations. Nowev'r, the research teams have made maximum use of these 
exchanges within th liited financial resources, and they have benefitted 
substantially fro theo. 

Participation in international workshops, 7onferencs, -and training
 
progras has also been encouraged. Thera have b':,:n nume rous small training
 
-fforts for host ,:ountrypersofnh l OU specifIc techniques or procedur-s, for 
example, on-o,-onL training an fish ageing techniques in Costa Rica -r s:all 
group training activitics on species identification in the Philippins, along 
with microcomputer software training at several sites. In addition, howe':er, 
CRSP researchers from U.S. and host country institutions have participated in 
large-scal- training programs at the University of Washington, th- Univ.rsity 
of Rhode Island, and the University of the Philippines. Examples include the 
University of Washington two-month long short-course on "Quantitatiw.y 
Management of Artisa nal Fisheries," held in the fall of 1987, and three 
training program s hold at the University of Rhode Island in the summez of 
1987. In addition, iTROFIC (the Int 2 national Tropical Fish Conference) was a 
CRSP-sponsorod cummfernce and workshop held in October, l987, in the 
Philippines. Further, workshops on remote sensing, community structure 
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analysis, and coral reef management have been provided at the University of
 
the Philippines by CRSP researchers.
 

Future training workshops are planned to be held in Costa Rica by U1, 
personnel on fish ageing techniques early in the summer of 1988 and onl 
hydroacoustics techniques in the summer of 1989. Additional training
workshops led by URI and ICLARN researchers are planned to be conducted in the 
Philippines on coral reef analysis and community structure analysis. 

There has been extensive participation by CRSP researchers in 
professional meetings to share CRSP research. Examples include the following.
CRSP researchers from the University of Rhode Island and the University of the 
Philippines made presentations at the First Asian Fisheries Society Forum in 
June, 1987. Researchers from four of the five principal CRSP universities 
presented papers at the American Fisheries Society annual meetings in 
Sepember, 1987, in Vinston-Salom, North Carolina. For the future, a symposium 
entitled "Fisheries Management in Developing Countries: Problems and 
Opportunities," at which CRSP rosearch is very prominently representd, is 
planned to be held in con3unction with the AFS meetings in Toronto in 
September, 198. Five papers by URI/UP researchers will be presented at the 
Sixth International Coral Reef Symposium in Townsville, Australia, in August,
1988. Related to th CRSP etforts, the University of ashington is working on 
"The All Latin American Sy:mposium on the Management of Small Scal, and 
Artisanal Fisheries," principally funded by CONTCET, Argentina, and the Tinker 
Foundation to be held in Buenas Aires in 1989. 

Participation in training programs, professional society meetings,
conferences, symposia, and wnrkshops provide excellent opportunities for 
sharing CRSP approaches, findings, and developments. However, they also 
provide opportunitis for interaction and communication among CRSP and related 
researchers ;hich contribute to the developing research program. All of thEie 
efforts facilitate the coordination of the CRSP activities. 

A CRSP-wide program coordination meeting, initially planned for the 
summer of 1987 in the Philippines, was cancelled due to financial 
considerations. However, a CRSP program coordination meeting was held in 
Costa Rica in February, 1988. This meeting was extae!nely valuable, leading to 
the developmxnt of concrete planning or program coordination and integration 
activities. In particular, the Management Entity and the Technical Committee 
agreed to attempt to f acilitate annual piogr an-wide coordination meetings in 
the future. 

B. Research Integration
 

The various CRSP resuarch efforts are being integra'ed through several 
mechanisms, principally in the plans for the production if the CRSP's final 
deliverable product, the production of a CRSP Stock Asson'sment Handbook or 
manuals for fishery managers in tropical developing countries. Tim terms of 
referenoce for the CRSP emphasize that this handbook (or :manuals) will provide 
a guide or a "key" for optimal fishery stock assessment and managenent given
the problem and the n'oi lable resources. The Principal Investigators have 
specifically addrcssed the proble of the production of the CRSP Stock 
Assessment Handbook, and of how the various CRSP efforts will be integrated. 
It is now understood by the participants that this final deliverable product 
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will not be a single manual or book, but instead will consist of several
 
handbooks or manuals, often with associated microcomputer software and
 
documentation, which will describe and explain specific models, methods,
 
approaches, and limitations to tropical fisheries stock assessment and
 
management, with emphasis on multispecies capture fisheries. 

The Technical Committee has specifically addressed the issue of the 
production of the CRSP Stock Assessment Handbook at various meetings. During 
the fall of 1987, the three key U.S. Principal Investigators and the Program 
Director exchanged various communications regarding the mechanisms for merging 
the eight projects into the final product, finally developing a preliminary 
program integration plan which has been circulated among other key CRSP 
participants ior further commentary and development. Then, in February, 1983, 
at the program coordination meeting held in Costa Rica, th Technical 
Committee came to substantial agreement on several merging ictivities for the 
various projct components. These merging activities include the fcllowing: 

1) Providing empirical information from the Philippine field activities 
as inputs to area based production models being developed by the University of 
.aryland-CEES and the Uni:,rsity of Miami researchers; 

2) Specific collaboration on lNagth and partial age based stock 
assessment methods between the University of Washington, th, University of 
Rhode Island, the University of Costa Rica, and the University of the 
Philippines resrarchors in the form of data ex:change and field testing and 
evaluation of parameter sensitivity; 

3) Collaboration among all U.S. institutions with the University of Costa 
Rica in efficient utilization of the devoloping Costa Rica data base; 

4) Dissumination to all participants of the results and methodologies 
(programs) relating to multivariate analysis (classification and ordination)
of multispecies fisheries being developod in the Philippines, as w]ll as 
dissemination of all cooleted materials among the participants in a timely 
manner; and 

5) Planning for future coordination meetings annually, along with 
planning CRSP-wide symposia and workshops for sharing developments; as 
exemplified by the planning for the principally CRSP-related symposia on 
Fishery Management in Developing Countries to be held in conjunction with the 
American Fishery Society annual meetings in Toronto, Canada in September, 
1938.
 

Further, there is substantial agrnn: nt by the Principal invstigators on 
the nature, content, and format of the proposed RSP Stock Assass=>,nt 
Hanrhook(s), as well as the nature of the specific deliverables which will 
comprise the handbook(s). These include methodologies, software 
documentation, examples, preliminary evaluation results, program listings, 
and/or aoft-,ware in the form of MS-DOS (Microsoft Disk Operating System) 
diskettes. At this pnint in the CRSP activicies, the researchers envision 
a variety of "manuals or handbooks." One set of manuals would be .esigned to 
provide documrntation and evaluations of various microcomputer software 
programs, explaining wh~n a program. works well or poorly, when to use it and 
when not to. Another set of manuals would deal with thn a,vances in such 
areas as the ageing of tropical fish, shallow-water hydroacoustics tchnliques, 
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the development of sampling designs, and the design of fishing gear

experiments. Yet another set of manuals would deal with methodology

devel'opment s-----such -aapproaochestoi. 
control modeling. Lal tly, the handbook(s) will include the developments by

the University of Maryland-University of Costa Rica researchers on a first
 
stage fishery management expert system/decision support system (ESIDSS) for
 
use on a microcomputer. It is believed that ultimately an ES/DSS will be 

: developed which could embrace a significant portion of the entire spectrum of 
the CRSP projects and activities.
 

A full-scale operational ES/DSS for fisheries stock assessment is a 
formidable undertaking. The consensus of the Technical Committee is that 
there are uncertainties involved in some of the system elements, such as the 
knowledge base,, which may preclude a ful'-im.,,ale operational system during the
 
first five years of the project activities, particularly in view of the
 
reduced funding levels at which the CRSP is operating. However, the ES/DSS is
 
considered an important mechanism for merging and integrating the various CRSP
 
elements, which will increase in value 
as more of its elements and information
 
requirements are made explicit.
 

It is anticipated that several specific tactical and strategic approaches

to tropical multispecies stock assessment will have been completed within the
 
initial five-year time frame. However, adequate field testing, sensitivity

analysis, evaluation and recommendations for the application will require

substantially more time. In the interim the real merging mechanism for the
 
CRSP activities will be the continuing exchange of information among

participants through working papers, computer programs, field tests, and
 
evaluation exercises through simulations, revisions, and the ultimate
 
incorporation in handbook(s) and a final state-of-the-art expert
 
system/decision support system.
 

Further, there is unanimity among the Principal Investigators concerning

the belief that the handbook(s) are a dynamic product which will substantially

improve through use, field testing, critical evaluation, sensitivity analysis

of segments, improved coding and documentation, etc. The expert 
system/decision support system is a major interfacing and integration
 
mechanism in addition to requiring possible conceptual developments in some
 
aspects of artificial intelligence. The ESiDSS is also dynamic and will
 
improve as its knowledge base becomes more accurate and precise, well
as as 
more encompassing. The objectives and work plans for a three year extension
 
of the CRSP beyond its initial five year grant period are clearly directed to
 
developing the methodologies and technologies for stock assessment and
 
management of multispecies tropical fisheries so that the handbook(s) and
 
guides will truly be practical, appropriate, useable, and state-of-the-art.
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VII. Management Entity Activities
 

This section of the Trienniel Review and Continuation Proposal reviews
 
the activities of the CRSP Management Entity, its Program Director, and
 
several institutions which serve in an advisory capacity to the Program
 
Director.
 

A. Introduction
 

The Fisheries Stock Assessment CRSP was established under USAID Grant No. 
DA-4146-G-SS-507l-00, which was signed on August 23, 1985, by the University
of Maryland-College Park, the assigned Management Entity. This grant 
established the CRSP for a fi-n-year period, July 1, 1985 - June 30, 1990, at 
a funding level of $5 million. 

The Nanag ;rem~Entity is located in the Office of International Programs,
College of Agriculture, University of Maryland-College Park, and is headed by
the CRSP Program Director, Dr. John Rowntree. The Program Director is 
assisted in the administration and management of the CRSP by several adviscry.
technical, and policy-making institutions. A three member Board of 
Institutional Representatives, hereinafter referred to as the Boar , 
represents the principal U.S. research institutions and sets usneral policy 
for the CRSP. A five person Technical Committee, composed of the Pri ncipal 
Investigators from the three principal U.S. and two principal host country
institutions, provides technical guidance for the CRSP. A two perscn External 
Evaluation Panel, composed of leading researchers and administrators in the 
field of fisheries, has been established to provide on-going review ant 
evaluation of the CRSP activities. The Board, the Technical Committee, aHd 
the External Evaluation Panel are the critical institutions on ;hich th 
Program Director depends to effectively administer the research program. The 
activities of th, Program Directo: and each of the advisory institutions cver 
the past three years are highlighted below. 

In establishing these institutions and in other policy matters, the CRSP 
has been implemented according to the "CRSP Guidelines," June 21, 1935,
 
drafted by the Board for International Food and Agricultural Development
 
(BIFAD).
 

B. The Board of Institutional. Representatives
 

The Boara was created within days of the signing of the grant by o.e 
University of Maryland. Initially, the Board was composed of four members, 
one from each of the three principal U.S. research institutions 
"outside" member to represent the Management Entity. The Board 

plus one 
membership is 

as follows: 

Dr. Gerald Donovan, Chair, Dean, School of Natural Resources, University 
of Rhode Island 

Dr. Ian Morris, Director, University of Maryland-Center for Enlnonmental 
and Estuarine Studies
 

Dr. Robert Stickney, Dean, School of Fisheries, University of qashington
 
Dr. Peter Larkin, Vice President for Research, University of British 
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Columbia (outside member) (first two years only)
 

--Unfortunately, Dr. -Peter--Larkin-,--a -world -renown- expert- in the, field'of 
multispecies fishery sciences and a strong contributor to the CRSP program,
 
was unable to continue on the Board after the first two years because of
 
pressing commitments at the University of British Columbia. Even though Board
 
members serve without compensation, the Management Entity does incur the costs
 
of transportation and expenses for attending Board meetings. Thus, as 
an
 
economy measure, when Dr. Larkin stepped down from the Board, the Program

Director decided to forego the appointment of an "outside" member of the
 
Board.
 

At the end of the third year of the CRSP, Dr. Gerald Donovan will step

down as the University of Rhode Island Board representative, to be replaced by

Dr. Spiros'Constantinides, the new Deputy Director of the International Center
 
for Marine Resource Development at URI.
 

The Board also has three ex-officio members: the Program Director, Dr.
 
John Rowntree; the AID Program Manager, Dr. Richard Neal, Senior Fisheries
 
Officer, Bureau for Science and Technology, United States Agency for
 
International Development (AID/S&T); and Dr. Wm. Fred Johnson, International
 
Research Program Officer, BIFAD. Dr. Lamarr Trott, Senior Fisheries Advisor,

AID/S&T, has also worked closely with the Program Director, the Board, and
 
other CRSP institutions and participants iD an advisory capacity, frequently

substituting for Dr. Richard Neal as AID's ex-officio representative t'o the
 
Board and Technical Committee. Dr. Kenneth Tenore, Director, Chesapoake

Biological Laboratory, University of Maryland-Center for Environmental and
 
Estuarine Studies, has served as acting Board member, replacing Dr. Ian
 
Morris, on several occasions.
 

The Board has met on several occasions during the past three years. The
 
meeting dates, along with brief description of major considerations and
 
actions, are listed as follows:
 

December 9, 1985 -at which the Board tentatively approved the CRSP 
"Bylaws and Operating Guidelines" as drafted by the 
Program Director and approved the initial budget
allocations among the various CRSP entities; members 
of the Technical Committee attended the meeting. 

August 4, 1986 -at which the Board reviewed the status of the CRSP 
and reviewed and approved the Technical Committee 
recommendations concerning the reprogramming of the 
CRSP in light of the budget reductions. 

January 20, 1987 -at which the Board, meeting jointly with the 
Technical Committee, was briefed on the status of the 
CR5? research program, and approved the program
planning and budget allocations for the coming 
period, along with the establishment of the External 
Evaluation Panel. 

March 31, 1988 -at which the Board, meeting jointly with the 
Technical Committee approved work plans and budget
allocati6ns, for the next year's activities, and was 
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briefed on the status of the CRSP, the plans for the
 
upcoming Triennial Review, and the contents of the
 
five-year forward planning contained in the draft 
Continuation Proposal; additional discussions
 

focused on actions to support the acceleration of
 
the CRSP research and funding, and on programmatic
 
restructuring to deal with the problem of limited
 
finances.
 

The Board Chair, Dr. Gerald Donovan, has been an active participant in
 
the CRSP Council, an organization of the Board Chairs and Program Directors of
 
the eight CRSP's. Dr. Donovan chaired a CRSP Council committee which prepared
 
a Congrp-qional briefing on CRSP accomplishments held in the Capitol Building
 
on July 25, 19S6. Dr. Donovan has also been active in the Committee for
 
International Fisheries Research and Assistance Institutions (CIFRAT), an
 
informal network of the seven AID/S&T fisheries projects. Dr. Donovan also
 
participated in a one-day meeting on April 28, 1937, at which CIFRAI
 
representatives briefed AID personnel, including selected Agricultural
 
Development Officers, on their activities. He also joined the Program,
 
Director, Dr. John Rowntree, and University of Washington CRSP Principal
 
Investigator, Dr. Vincent Gallucci, in a two-d4y all-CRSP administrative
 
review meeting held in Virginia on July 17-18, 1987.
 

C. The Technical Committee
 

The Technical Committee provides technical guidance for the CRSP. Within
 
the framework of the "CRSP Guidelines," the Management Entity has supported
 
the establishment of a strong Technical Committee. It sets the technical
 
directions of the research efforts, and is responsible for coordinating and
 
integrating the technical activities, for reviewing and evaluating the
 
technical progress made in various components and the overall CRSP, for 
preparing the annual technical work plans ind the technical components of the 
annual reports, and for approving technical publications of the CRSP. The 
Program Director has served as the secretariate for the Technical Committee
 
and has promoted coordination and integration of the planning and technical 
efforts of the various researchers and institutions. 

The preparation of this Triennial Review and Continuation Proposal is an 
example of the cooperation of the Program Director and the Technical Committee 
in action. Initial planning for this report was conducted during a program 
coordination meeting held in Costa Rica in early February, 1938. A draft 
outline was prepared and distributed by the Program Director. Each of the 
collaborative research teams associated with the principal U.S. 'niversities 
developed and circulated drafts of research accomplishments and work plans. A 
two-day Technical Committee meeting held in College Park, aryland at the end 
of March, 1988, provided a forum for the sharing and revisions of the draft 
documents concerning future objectives, work plans, expected accomplishments, 
and integration of the components of the program. Host country Technical 
Committee representatives also participated in these meetings. These revised
 
plans weri then outlined to the Board at a one-day joint Board and Technical 
Committee meeting. The Board made additional suggestions, especially 
concerning project emphases, subcontracting components, and adaptation of the 
research program to the financial constraints. Draft technical contributions 
were then integrated into a whole coherent report, the research overview was
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redrafted, and the introductory, program coordination, and administrative and
 
financial components were drafted and added to the report by the Program

Director. This draft of the programmatic sections was then circulated to the
 
.7iv--nciipalInvestigators for final revisions and commentary. This
 

cooperative approach by the Technical Committee and the Program Director has
 
been explained in detail concerning the drafting of this report to highlight

how the diverse scientific interests and the several project components are
 
being coordinated in a collegial fashion within the CRSP.
 

The membership on the Technical Committee is listed below:
 

Dr. Efren C. Flores, CRSP Principal Investigator and Dean, University of
 
the Philippines in the Visayas, College of Fisheries (beginning in
 
November, 1987)


Dr. Vincent F. Gallucci, CRSP Principal Investigator and Director, Center
 
for Quantitative Science, School of Fisheries, University of
 
Washington
 

Dr. Edgardo Gomez, CRSP Principal Investigator and Director, Marine
 
Science Institute, University of the Philippines, Diliman Campus
 
(from the inception of the CRSP until November, 1987; alternates
 
every two years with the UfVCF representative.)


Dr. Manuel M. Murillo, CRSP Principal Investigator and Director, Centro
 
de Investigacion en Ciencias del Mar y Limnologia (CIMAR),
 
University of Costa Rica
 

Dr. Brian Rothschild, CRSP Principal Investigator and Research Professor,
 
Chesapeake Biological Laboratory, University of Maryland-Center for
 
Environmental and Estuarine Studies
 

Dr. Saul Saila, CRSP Principal Investigator and Professor, Graduate
 
School of Oceanography, University of Rhode Island
 

Since the CRSP is working with two separate University of the Philippines

institutions, the Technical Committee representation alternates between the
 
Principal Investigators at the two institutions. The Program Director, the
 
AID/S&T Program Manager, and the BIFAD International Research Program Officer
 
are also ex-officio Technical Committee members. Dr. Lamarr Trott has also
 
worked closely with the Technical Committee, substituting as AID's ex-officio
 
member in Dr. Richard Neal's absence.
 

The Technical Committee has met on the following occasions:
 

September 17, 1985 --Initial Technical Committee organizing meeting held
 
in College Park, Maryland.


December 9, 1985 --Meeting with the Board in College Park, Maryland.

July 17-18, 1986 --Planning and Coordination meeting in Kingston,
 

Rhode Island.
 
January 20, 1987 --Joint Meeting with the Board in Chicago. .
-

September 15, 1987 --Coordination meeting at the American Fishery 
Society annual meetings in Winston-Salem, North 
Carolina 

February 3-5, 1988 --Program coordination mee, 
Rica 

March 29-31, 1988 --Continuation proposal development meeting held in 
College Park, Maryland, followed by a one-day joint 

~ -3-*, with the Board~.-- -meeting 
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The Technical Committee in cooperation with the Program Director has
 
devoted considerable attention to the coordination and integration of the CRSP
 
activities. These efforts are summarized in Section VI of this report.
 

D. The External Evaluation Panel
 

The External Evaluation Panel is an essential and unique feature of the
 
CRSP programs. According to the "CRSP Guidelines," the External Evaluation
 
Panel is composed of 3enior scientists with expertise in related fields
 
designed to provide un-going review and evaluation of CRSP activities. The
 
members receive no compensation and are not personally involved in CPSP 
research activities. Thus, the members are external technical advisors who 
become deeply involved i. the internal affairs of the CRSP. 

The CRSP is fortunate to have two outstanding fisheries scJiitists and 
administrators serving op its External Evaluation Panel:
 

Dr. Michael Sissenwine, Director, Fisheries Ecology Division, orth Past 
Fisheries Center (NEFC), National Marine Fisheries Serv ice (NMFZ), 
Woods Hole, Massachusetts
 

Dr. Albert Tyler, Head, Groundfish Assessment Program, Pacific Yiological

Station, Canada DE art:nent of Fisheries and Oceans, Nanaimo, British 
Columbia, Canada
 

While it would have been useful to have had the continuing advice and
 
counsel of the External Evaluation Panel from the very beginning of the CRSP, 
due to financial considerations, and based on the experience of some other 
CRSP's, we delayed the appointment of the panel members until near the end of 
the second year of operation. In addition, the CRSP had initially planned to 
have a three person External Evaluation Panel; however, in the interest nf 
economy and on advice of the Board and the Technical Committee and approval by 
the AID Program Manager, the Program Director decided to limit the panel to 
only its two current members.
 

Dr. Tyler made an initial site visit to the University of qashington in 
Ocoober, 1987, following which, he participated in the program coordination 
meetings in San Jose, Costa Rica in February, 1983. During that visit to 
Costa Rica, Dr. Tyler made an initial review of the Costa Rica CRSP 
components. Dr. Sissen'wine had some interactions with the UCEES and URI 
Principal Investigators prior to his first formal participation in CRSP 
activities at the Technical Committee meeting in Winston Salem, North Carolina 
in September, 1987. Then, in March, 1988, Dr. Sissenwine visited the 
Philippines where he made a formal evaluation of the CRSP activities underway 
there. 

The External Evaluation Panel has now become an integral part of the
 
CRSP, will join two external evaluators in conducting th; Triennial Review of
 
the CRSP, and is expected to continue to make important contributions to the
 
CRSP research performance in the future.
 

The two external evaluators who will join the External Evaluation Panel 
members in conducting the Triennial Review during late June, 1988, are Dr. 
Serge M. Garcia, Service Chief, Marine Resources Service, U.N. Food and 
Agriculture Organization (FAO), Rome, Italy, and Dr. L. Harlan Davis, Deputy 
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Director General, Inter-American Institute for Cooperation on Agriculture
 
(IICA), San Jose, Costa Rica.
 

E. Activities of the Program Director
 

The CRSP Program Director, Dr. John Rowntree, heads the CRSP Program

Management Otfice for the Office of International Programs, College of
 
Agriculture, University of aryland, College Park, Maryland. The Program 
Director serves as the coordinator of CRSP activities and is responsible
establishing CRSP operating policies and management and financial oversight; 
acts as liaison with USAID, BIFAD, the AID Missions, and host country
institutions: prcduces and 3c:.sseminates CRSP publications: and coordinates the 
activities of thr_ Board, the Technic:il Committee, and the External Evaluation 
Panel. 

Th. Program Director is employed half-time by the CRSP. !ntially, the 
Program Director was assisted by a half-time Administrative Assistant and a 
full-time secretary. The Management Entity absorbed budget reductions 
proportionate!y with those absorbe--d by the research entities, and, 
consequently, is now supported only by a half-time secrectary, 'sI. Patti 
Ni towi t: . In addition to ordinary supplites and office expenses, the 
Management Ent:ity budget also covers the expenses of th Board meeltings and 
associated travel, the expenses of Technical Comirlit te< meetings and associ ated 
travel of host country representative s, the expenses of the External 
Evaluation Panel and the Triennial R, vi,-w, the travel expenses of the Proaram 
Director, arid the costs of producing and disseminating CRSP pulications, 
brochures, neewslett,rs, international trip reports, and so forth. 

Selected activities of the Program Director during the first three years
 
of the CRSP include th, following:
 

1) The Program Director prepared draft "Bylaws and Operating Guidelines" for 
the CRSP which were given tentative approval by the Board at the December, 
1985, meeting; draft Publications Guidelines for the CRSP, establishing 
procedures for the peer review and publication of Technical Reports and 
Working Papers; and Travel Guidelines fcr CRSP participants, establishing 
travel request and trip report procedures. 

2) The Program Director has been responsible for the preparation of the Annual 
Reports for 1985-86 and 1986-87 and Annual Work Plans for 1986-87 and 1987-83, 
as well as this Triennial Review and Continuation Proposal, in cooperation 
with the Technical Committee. 

3) The Program Director has been responsible for establishing and coordinating
the activities of the Board, the Technical Committee, and the External 
Evaluation Panl,., participating in all the meetings and acting as the 
secretariate for these institutions. The Prograr Director has worked closely
with the Technical Committce to ensure that the technical ciomponents of the 
CRSP are integrated into a coherent program, encouraging and organizing 
coordination meetings and multi-institutional activities. 

4) The Program Director has acted as ]iaisor with host country institutions, 
including the USAID Missions, and was instrumental in finalizing the Memnranda 
of Understanding with the host country institutions and in preparing the
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subcontracts with all participating institutions. During the first three
 
years of the CRSP, the Program Director made three trips to the Philippines
 
and two trips to Costa Pica, linking his travel with that by Dr. Lamarr Trott,
 
Senior Fisheries Advisor, AID/S&T, when possible. These international trips
 
have facilitated communications with the USAID Missions, strengthened the
 
linkages of the CRSP to other USAID fisheries-related projects, and promoted
 
greater cooperation between the CRSP and host country government and
 
university fisheries scientists, researchers, and administrators.
 

5) The Program Director produced a CRSP Program Overview and a CRSP brochure
 
for worldwide dissemination, and has been responsible for establishing an 
occasional CRSP newletter, the first issue of which was produced in February,
 
1987. 

6) The Program Director has participated in four meetings (three in 
Washington, D.C. and one in Rhode Island) of the Committee for International 
Fisheries Research and Assistance Institutions (CIFRAI), an informal network 
of the seven AilD/S&T fisheries projects, and has served as the Executive 
Secretary of CIFRAI, producing its occasional newsletter. In April, 1937, the 
Program Director, the Board Chair, and Dr. Donald McCreight (URI) participated
 
in a one-day CIFRAI mec-ting at which representatives of each of the fisheries 
projects briefed AID personnel, including seL,1cted Agricultural D:velopvent 
Officers, :ontheir actib;ities. Dr. Rowntree joined Dr. Lamarr Tiett (AID/S&T) 
and Dr. Chris Jones (IIMFS) in a joint presentation on fisheries iss, vs and 
activities to the Executiv,- Board of BIFAD during the AUSUDIAP annual meet ings 
held in Rhode isl and in June, 1987. 

7) The Program Director, alcng with the Board Chair, has participated in 
several meetings (in Illinois, in Washington, D.C., and in Rhode island) of 
the CRSP Council, in organization of CRSP Program Directors and Board Chairs. 
Dr. John Rowntree and his assistant, -1s. Sue Schram, in cooperation with 71s. 
Margaret Fahs, NASULGC, and Dr. John Stoval, BIFAD, jointly prepared a slide 
presentation on the scope and accomiplishments of the eight CRSP progralms 
funded by AID's Bureau for Science and Technology. Dr. Rowntree present,-d 
this slide presentation at the CRSP Council sponsored Congressional briefing, 
held in the Capitol Building in July, 1936, at which the Board Chair, Dr. 
Gerald Donovan, presided. Dr. Rowntrci has continued his participation in a 
recently newly constituted CRSP Council. 

8) The Program Director has maintained regular contact with the AID/S&T 
Program anager, the_ AID/S&T Senior Fisheries Advisor, arid the BIFAD 
International Rvesearch Program Officer. Along with the Board Chair and Dr. 
Vincent Gallucci (University of Washington CRSP Principal Investigator), Dr. 
Rowntre.-e participated in a two-day all-CRSP administrative review meeting held 
in Virginia in July, 1987. This was followed by a one-day financial 
management workshop in November, 1987, held in Washington, D.C., attend d by 
the Program Dir, ctor and !,!s. Anne2 Slater, Office of Sponsored Programs, 
University of M11aryland-Collcge Park. 

9) The Program Director organizes, reviews, and maintains the financial 
management and reporting of the CRSP, with its complicated subcontracting 
arrangements with numerous institutions. In addition, the Program Director 
approves international travel by CRSP participants, facilitating USAID 
approvals, aid disseminates trip reports.
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F. Technical Reports and Working Papers
 

In September, 1985, the Program Director drafted publications guidelines

for the CRSP. Initial plans suggested that the CRSP would carry two types of
 
publications, Technical Reports and Working Papers. The agreed upon

procedures for obtaining Technical Committee peer review of Technical Reports

led the Technical Committee to decide at its September, 1987, meeting to
 
postpone 	further production of Tochnical Reports and to focus, henceforth, 
only on the prudortion of Working Papers. It was felt that the peer-reviewed 
publications in proi>usstonal journels was superceding the internal review 
efforts, and that it was more important to promote speedy production and 
disseminaticn of the working papers. f'ha Managument Entity has officially
 
released the CRP Technical Reports and Working Papers as detailed in the
 
following Table _.
 

Table 1. 	Technical Reports and Working Papers
 

CRSP Technical Reports
 

Technical 
Report Institutions/ 
Number Date Title Author (s) 

I UMCESS/UCR "A Microcomputer-Based Decision Bruce Golden 
5/87 Support System for ultispecies Brian Rothschild 

Fisheries Managemon t" 

2 UW/UCR "Effect of Variability on Estimates Han-Lin Lai 
5/87 of Cohort Parameters Using Length- Vincent Gallucci 

Cohort Analysis: With a Guide to 
Its Use and Nis-Use" 

CRSP Working Paper
 

Working
 
Paper Institutions/
 

Number Date 
 Title 	 Author (s)
 

1 	 URI/UP "An Empirical Approach to Saul B. Saila 
5/87 ultispecis Stock Assessment" Karim Erzini 

2 	 URI/UP "Geometric Programming Applied to Saul B. Saila 
5/87 Some Optimal Harvesting Problems" Karim Erzini 

3 URI/UP "A Comparison of the Relationship Saul B. Saila 
5/87 Between Optimal Harvesting Strategies Karim Erzini 

and Reproduct ive Values in Four 
Marine Species with Different Life 
History Characteristics" 
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Table 1. Technical Reports and Working Papers
 
(continued)
 

CRSP Working Papers
 

Working
 
Paper Institutions/
 

Number Date 


4 	 URI/UP 

6/87 


5 	 URI/UP 

6/87 

6 	 UMCEES/UCR 
5/87 

7 	 UMCEES/UCR 
5/87 

8 	 UW/UCR 

5/87 


9 	 UW/UCR 

5/87
 

10 	 UW/UCR 

10/87 


11 	 UW/UCR 

10/87 


12 	 UW/UCR 

10/87 


13 	 URI/UP 

12/87 


14 	 UW/UCR 

12/87 


Title 


"Status of Philippine Demersal 

Stocks: 	 An Overview" 


"Effect of Incorporating Sigmoid 

Selection 	 on Optimal Mesh Size 
Estimation for the Samar Sea Multi
species Trawl Fishery" 

"Feasibility of Relating Recruitment 

to Environmental Variables" 

"Expert Systems, icrocomputers, and 
Operations Research" 

"Some Impacts of Remote System 
Technology on Future Fisheries 
Management" 

"Hydroaccustics and Ground Truth" 


"The Use ot Stationary Hydroacoustic 

Transducers to Study Diel and Tidal 

Influences on Fish Behavior" 


"Optimal Sampling for the Estimation 

of Age Composition with an Age-Length 

Key: Analysis and the Program, 
' AGECOMP ' " 

"Users' Guide for the Program 'LCAN' 

(Length Cohort Analysis) and an 

Overview of the Underlying Analysis"
 

"Comparison of rwo Length Frequency-

Based Packages Used to Obtain Growth 

and Mortality Parameters Using
 
Simulated Samples with Varying
 
Recruitment Patterns"
 

"Hydroacoustic Observations of Fish 

Abundance and Behavior Around an 

Artificial Reef in Costa Rica" 


Author (s)
 

G.T. Silvestre
 
S. Ganaden
 

G.T. Silvestre
 
M.L. Soriano 

Brian Rothschild
 

Arjang A. 	 Assad 
Bruce L. 	 Golden 

R.E. Thorne 

R.E. Thorne
 

R.E. Thorne
 
John B. Hedgepeth
 
Jorge Campos
 

Han-Lin Lai
 
Vincent Gallucci
 

Han-Lin Lai
 
Vincent Gallucci
 

Margarida Castro
 
Karim Erzini
 

R.E. Thorne
 
John B. Hedgepeth
 
Jorge Campos
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Table 1. TechniLcal Reports and Working Papers
 
(continued)
 

CRSP Working Papers
 

Working
 
Paper Institutions/
 

Number Date Title Author(s)
 

15 UW/UCR "Hydroacoustic Observations of Fish R.E. Thorne
 
12/87 Abundance and Behavior Around Reers Gary L. Thomas
 

ant' Structures"
 

16 URI/UP "Extreme Value Theory Applied to S.P. Formacion
 
3/88 the Statistical Distribution of the J.M. Rongo
 

Largest Length of Fish V.C. Sambilay, Jr.
 

17 	 UMCEES/UCR "Report of Workshop: San Jose, Costa C. Stagg
 
3/88 Rica, January 21-24, 1986" J. Campos
 

18 	 UMCEES/UCR "A Simulation Study of Marine B.L. Golden
 
3/88 Population Dynamics" B.J. Rothschild
 

H. Trivedi
 

19 	 UMCEES/UCR "Continuum-Distribution Population J.M. Gracia-Bondia
 
3/88 Dynamics"
 

20 UMCEES/UCR "A Strategy for Organizing and J. Campos
 
3/88 Analyzing Golfo dp Nicoya Fishery C. Stagg
 

Data"
 

21 	 UMCEES/UCR "A Bibliography of Optimizatic, A.A. Assad
 
3/88 Models in Fisheries Management" G.T. DiNardo
 

22 	 UMCEES/UCR "A Difference Equation Simulation R.A. Estrada
 
3/88 Model of Marine Population Dynamics"
 

23 	 UMCEES/UCR "A Simple Renewal Model of Larval J. Lobo
 
3/88 Fish Feeding"
 

24 	 UMCEES/UCR "Biodynamics of the Sea: Preliminary B.J. Rothschild
 
3/88 Obserrations on High Dimensionality" T.R. Osborn
 

25 	 UMCEES/VCR "Fish Stock Asseessment Programs for V.R. Restrepo
 
3/88 the IBM-PC and Compatibles" D. Die
 

W.W. Fox, 	Jr.
 

J. Chavarria
 

26 UMCEES/UCR "A Discrete Dynamic Fisheries L.G. Anderson
 
3/88 Utilization Nodel: Towards the
 

Practical Application of Modern
 
Fisheries Economics"
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Table 1. Technical Reports and Working Papers
 
(continued)
 

CRSP Working Papers
 

Working
 
Paper Institutions/
 

Number Date 


27 	 UMCEES/UCR 

3/88 


28 	 UMCEES/UCR 

3/88 


29 	 UMCEES/UCR 

3/88 


30 	 UMCEES/UCR 

3/88 


31 	 UMCEES/UCR 

3/88 


32 	 UMCEES/UCR 

3/88 


33 	 UMCEES/UCR 

3/88 


34 	 UMCEES/UCR 

3/88 


35 	 UMCEES/UCR 

3/88 


36 	 UMCEES/UCR 

3/88 


37 	 UMCEES/UCR 

3/88 


38 	 UMCEES/UCR 

3/88 


ritle 


"Using Decision - Analysis to Manage 

Maryland's River Herring Fishery: 

An Application of AHP" 


"Spawning-Stock Biomass: A Sourre 

Of Error in Recruitment-Stock 

Relationships and Management Advice"
 

"The Physical Basis for Recruitment 

Variability In Fish Populations" 


"Parameter Uncertainty and Simple 

Yield Per 	Recruit Analysis" 


"Program REPSIM: A REcruitment 

Pattern SI~ulator" 


"The Spawning and Recruitment 

ratterns of Tropical M1larine Fish 

Stocks"
 

"The Tropical Fishery System Model: 

CORECS: COntinuous REcruitment 

Simulation"
 

"User's Guide to CORECS" 


"Abundance/Density Equations for Age-

Structured I:lulticohort Populations: 

MCON (Multiple COhort N-dimensional
 
model)"
 

"User's Guide to MCON (Multiple 

COhort N-dimensional model)" 


"On the Efficacy of Some Techniques 

to Assess the Tropical Fishery 

System"
 

"Small-Scale Turbulence and Plankton 

Contact Rates" 
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Author(s)
 

G.T. DiNardo
 
D. Levy
 
B.L. Golden
 

B.J. Rothschild
 
11.J. Fogarty
 

B.J. Rothschild
 
T.R. Osborn
 
T.D. Dickey
 
D.M. Farmer
 

V.R. Restrepo
 
W.W. Fox
 

D. Die
 
V.R. Restrepo
 
W.W. Fox, 	Jr.
 

J.S. Ault
 
W.W. Fox, 	Jr.
 

J.S. Ault
 
W.W. Fox, 	Jr.
 

J.S. Ault
 
W.W. Fox, 	Jr.
 

J.S. Ault
 
W.W. Fox, 	Jr.
 

J.S. Ault
 
W.W. Fox, 	Jr.
 

J.S. Ault
 
W.W. Fox, 	Jr.
 

B.J. Rothschild
 
T.R. Osborn
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Table 1. Technical Reports and Working Papers
 
(continued)
 

CRSP Working Papers
 

Working
 
Paper Institutions/
 

Number Date Title 
 Author(s)
 

39 	 URT/UP "Philippine Coral Reef Fisheries J.W. McManus
 
'Iiul Management" C.C. Arida
 

40 	 UMCEE ICR "The Significance of Physio]gically J.M. Gracia-Bondia 
T I"*, Structured Models for Fish S~ock J.C. Varilly 
4 /, ; Dynamics" 

G. CRSP Sponsored International Travel
 

CRS? sponsored international travel is requested in writing in advance of
 
travel and is approved by the Program Director and by the AID/S&T Program

Manager. 	 Host country AID 1lission clearance is required prior to travel, and
 
CRSP participants are encouraged to brief Miscion personnei on their
 
activities whil.c in the host country.
 

Table 2 is a summary of the international trips undertaken by CRSP
 
participants during the first threE years which were financed by AID funding.

In addition to these trips, it is anticipated that a substantial number of
 
additional international trips will be undertaken luring June, 1933, relating
 
to the cinduct of the Triennial Review. During the three years of the CRSP,
 
there were 66 inte:national trips. The Management Entity financed 15
 
international trips associated with duties of the Program Director, the Board,

the Technical Committee, and the External Evaluation Panel. The remaining 51
 
international trips 
were undertaken by researchers on the programmatic

budgets. For programmatic purposes, 19 international trips were initiated in
 
year one, 18 t:ips were initiated year two, and only 14 were initiated in year
 
three.
 

Table 2. CRSP-Sponsored International Travel
 
(July 1, 1985 - June 30, 1988)
 

Dates of Travel Institution Individual Destination
 

Year One -- July 1, 1985 - June 30, 1986 

1. 9/12 	- 9/19/85 UCR Manuel Murillo* UW & UMCP 
2. 12/16 - 12/20/85 UMCEES Brian Rothschild Miami & UCR
 
3. 9/2J 	- 10/5/85 UMCP John Rowntree* UP
 
4. 12/18 - 12/20/85 UMCEES Edward Houde UCR
 
5. 1/20 	- 1/25/86 UDelaware Lee Anderson UCR
 
6. 1/20 	- 1/25/86 Uiami William Fox UCR
 
7. 1/20 	- 1/25/86 UMCP/CB1,1 Bruce Golden UCR 
8. 1/20 	- 1/25/86 UMCP/CBM Arjang Assad UCR
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Table 2. CRSP-Sponsored International Travel
 
(July 1, 1985 - June 30, 1988)
 

(continued)
 

Dates of Travel Institution Individual Destination
 

Year One -- l i, 1985 - June 30, 1986 

9. 1/20 - 1/25/86 UMCEES Brian Rothschild 	 UCR 
10. 1/20 - 1/25/86 UMCEES Cluney Stagg 	 UCR 
11. 1/20 - 1/25/86 UMCEES Edward Houde 	 UCR 
12. 2/86 - URI Liana McManus 	 UP 
13. 2/86 - URI John McManus 	 UP 
14. 2/23 - 2/24/86 UCR Manuel Murillo 	 Miami
 
15. 2/23 - 2/25/86 UCR Juan Chavarria 	 Miami
 
16. 2/24 - 3/1/86 UMCP John Rowntree" 	 Miami & UCR
 
17. 2/25 - 3/4/86 UW Vincent Gallucci 	 Miami & UCR
 
18. 2/25 - 3/4/86 UW Richard Thorne 	 Miami & UCR
 
19. j:25 - 3/4/86 UW Han-Lin Lai 	 Miami & UCR
 
20. 5/19 - 7/17/86 URI Conrad Recksiek 	 UP
 
21. 5/19- 10/1/86 URI Alejandro Acosta 	 UP
 
22. 5/19 - 10/1/86 URI Ralph Turingan 	 UP
 

Year Two -- July i, 1986 - June 30, 1987 

23. 7/11 - 3/19/86 UCR 	 Manuel Murillo* UW, UMCEES, & URI 
24. 7/12 - 7/19/86 UP Edgardo Gomez* 	 URI
 
25. 7/26 - 8/3/86 UCR Juan Cnievarra 	 UW 
26. 8/3 - 8/4/86 UDC Peter Larkin* 	 Chicago 
27. 8/11 - 8/30/86 UCR Jorge Campos 	 UMCEES 
28. 8/17 - 8/30186 UCR Jaime Lobo 	 UMCEES 
29. 10/6 - 10/31/86 URI 	 Saul Saila UP & Indonesia 
30. 9/12 - 10/22/86 UMCP John Rowntree* 	 UP 
31. 11/15 - 12/5/86 UMCEES Cluney Stagg 	 UCR
 
32. 12/7 - 12/13/86 URI/UP John McManus 	 Australia
 
33. 1/8 - 1/18/87 UCR Jorge Campos 	 UW
 
34. 1/15 - 1/30/87 UW John Hedgepeth 	 UCR
 
35. 1/15 - 1/30/87 UW Richard Thorne 	 UCR
 
36. 1/15 - 6/30/87 URI Conrad Recksiek 	 Puerto Rico
 
37. 1/30 - 3/31/87 URI Ralph Turingan 	 Puerto Rico
 
38. 1/19 - 1/21/87 UCR Manuel Murillo* 	 Chicago
 
39. 2/24 - 3/6/87 URI 	 Donald McCreight UP & Thailand
 
40. 3/1 - 3/9/87 UCR J. Varilly 	 UW
 
41. 4/1 - 4/30/87 URI Alan Cournoyer 	 UP
 
42. 5/3 - 5/10/87 URI Brian Crawford 	 Indonesia
 
43. 5/10 - 5/12/87 UCR Manuel Murillo 	 UMCEES
 
44. 6/13 - 6/28/87 UCR Fiorella Donato 	 URI
 
45. 6/21 - 6/28/87 UCR Jorge Campos 	 UW
 

Year Three -- July i, 1987 - June 30, 1988 

46. 7/1 - 8/31/87 UMiami Jerry Ault 	 UCR
 
47. 8/2 - 8/30/87 UDelaware Yang Gru Wu 	 UCR
 
48. 	 10/11 - 11/3/87 URI Saul Saila UP, Thailand, &
 

Indonesia
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Table 2. CRSP-Sponsored International Travel
 
(July 1, 19Pr, - June 30, 1988)
 

(cuntinued)
 

Dates of Travel Institution Individual Destination
 

Year Three -- July i,1937 - June 30, 1988
 

49. 8/30 - 9/3/87 UMCP/CBM Bruce Golden UCR
 
50. 8/25 - 9/3/87 UMCEES Cluney Stagg UCR
 
51. 	 9/3 - 9/23/87 UW John Hedgepeth UCR
 

*
52. 9/16 - 9/20/87 UCR 	 Manuel Murillo Los Angeles
 
53. 9/1 - 10/31/87 UCR 	 Fiorella Donato UW
 
54. 9/18 - 10/18/87 UCR 	 Juan Chavarria UW
 
55. 11/2 - 11/6/87 UCR 	 Jorge Campos UMiami
 
56. 2/2 - 2/6/88 URI 	 Saul Saila UCR
 
57. 2/1/ - 2/7/38 PBS/Nanaimo Al Tyler* 	 UCR 
58. 1/31 - 2/6/88 UW 	 Vincent Gallucci UCR 
59. 1/31 - 2,5/88 UMCEES Brian Rothschild UCR 
60. 1/31 2/5/88 UMiami Wm. Fox 	 UCR
 
61. 1/31 - 2/6/88 UMCP John Rowntree* UCR 
62. 	 3/16 - 4/6/88 URI Alan Cournoyer UP
 

*
63. 3/4 - 3/15/88 UMCP John Rowntree UP
 
64. 3/4 - 3/13/83 NEFC/NMFS M. Sissenwine* UP
 
65. 3/26 - 4/3/88 UPVCF E. Flores* 	 URI & UMCP
 
66. 3/28 - 4/2/88 UCR 	 Manuel Murillo* UMCP
 

Additional international travel to be undertaken to conduct Triennial Review
 
in June, 1988; and one UW researchers may travel to UCR in June,1988.
 

* International travel financed by Management Entity.
 

H. CRSP Implementation Issues
 

The USAID grant to the Management Entity, the University of Maryland-

College Park, was signed on August 23, 1987, establishing the CRSP
 
retroactively as of July 1, 1935. Some CRSP research efforts had already
 
begun in the summer of 1985 in anticipation of the grant approval. The CRSP
 
Planning Entity, under the direction of Dr. Brian Rothschild, University of
 
Maryland-Center for Environmental and Estu-irine Studies, had devotea almost
 
three years to the development of the CRSP, and the CRSP researchers and
 
institutions were ready to begin activities at a fast pace upon receipt of 
the
 
grant. Accordingly, the Fisheries Stock Assessment CRSP got off to a more
 
rapid start that most of the earlier CRSP's, with most of the subcontracting
 
to participating institutions and Memoranda of Understanding with host country
 
institutions in place within months of the grant signing.
 

The Fisheries Stock Assessment CRSP is the newest of all of the CRSP
 
programs, and, being deweloped during a period of USAID budget reductions, is
 
the smallest of the CRSP's in financial terms. As will be outlined in more
 
detail in Section VIII of this report, the CRSP experienced four budget
 
reductions in the first eighteen months of operation. This Was a particularly
 
difficult period for the CRSP. 
Operating procedures were being established,
 
the Management Entity advisory institutions were being created, Memoranda of
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Understanding and subcontracts to participating institutions were being
 
developed and signed, initial collaboration was being established with the
 
host country researchers, and research was being begun at the various
 
institutions. The start-up activities were hindered by the uncertaipties
 
generated by the recurrent, though unavoidable, budget reductions. Despite
 
these problems, the CRSP activities were being implemented quite rapidly.
 

The Program Director provides management and financial oversight for the
 
CRSP. The Principal Investigators at each of the principal participating
 
institutions manage their own research programs and allocate funds to varic"s
 
components in accordance with CRSP Guidelines, AID and CRSP Board policies,
 
Management Entity procedures, and their own universities' financial and
 
managment control policies. Continued effort by the Program Director is
 
required to ensure that there is regular and time~y financial reporting by the
 
participating sub-contracting institutions.
 

I. Management Entity Priorities for the Future
 

Approaching the end of its third year of operation, the CRSP has firmly
 
established itself as an international institution ergaged in collaborative
 
research on global artisanal multispecies fisheries stock assessment
 
methodologies. Extensive scientific and institutional linkages have been
 
developed, and the research has achieved sufficient momentum to ensure that
 
continued efforts will yield the expected positive results.
 

However, efforts must continue to promote programmatic coordination and
 
integration, to further develop scientific and institutional domestic and
 
international linkages, and to improve the dissemination of CRSP research
 
findings. While initial planning has been done for the production of the CRSP
 
Stock Assessment Handbook at the end of the initial five-year grant, continued
 
attention to the coordination and logistics of the planning, drafting,
 
editing, and production of the handbook is required. The External Evaluation
 
Panel will certainly play an increasing role in determining the priorities for
 
the continuing research.
 

Beyond routine financial and management ,.onitoring, the Management Entity
 
with support from the Board and the Technical Committee will encourage the
 
accelerated funding by AID during the final two years of the current grant.
 
Equally important, increased efforts will be devoted to seeking additional
 
financial support for the CRSP, particularly in encouraging USAID Mission buy
ins through the newly created mechanism of Basic Ordering Agreements (BOAs).
 

The Program Director will continue supporting and participating in CIFRAI
 
and the CRSP Council. The CRSP recognizes that it has responsibilities to
 
AID/S&T in helping shape new policy directions and in promoting science in the
 
service of development efforts, responsibilities which go beyond its specific
 
research ayenda.
 

Should financial constraints on the Management Entity be eased, there are
 
several activities which would be strengthened. For example, production and
 
distribution of the occasional newsletter would be expanded, a CRSP directory
 
of research personnel and institutions would be produced, anc additional
 
s'pport would be forthcoming for host country researcher participation in
 
ititernational conferences, -iorkshops, and training programs.
 

97
 



Triennial Review 
 Management Entity Activities
 

98
 



Triennial Review and Continuation Proposal Budgets and Expenditures
 

VIII. Budgets, Expenditures, and Financial Plan
 

This section presents a triennial review of the financial dimensions of
 
the CRSP. Following the highlighting of the budget allocations among
 
institutions and projects, the three-year expenditure history of the CRSP is
 
reviewed. This is followed by a detailed financial plan for the final two
 
years of the current grant and for a three year extension of the CRSP.
 

A brief overview of the financial history and plans of the CRSP is
 
provided below.
 

The CRSP was initially planned as a five-year, five-million dollar
 
program. The first two years of the CRSP were years in which the federal
 
budget in general and AID's budget in particular were being pared.
 
Accordingly, the CRSP experienced several funding reductions dur} ug that
 
period. The CRSP is now operating on an annual AID allocation of $704,000.
 

Expenditures from AID funds for the first three years of the CRSP are
 
estimated at about $2.3 million. During this period. U.S. university and host
 
country matching contributions to this research program added an additional 35
 
percent to the AID funding, bringing the total CRSP spending to more than $3
 
million. The contractually required U.S. university matching contribution is
 
25 percent of the AID funds spent in the U.S., excluding training. However,
 
the U.S. university commitment to this vital research program has been
 
demonstraued by the fact that the U.S. university matching contribution
 
amounted to about 40 percent of the matchable AID funds. Similarly, the host
 
countries have also demonstrated their commitment to the CRSP research.
 
Although not required to make matching contributions to the CRSP, the host
 
country institutions have contributed more than six percent of the total
 
programmatic funding. More dramatically, the host countries have contributed
 
more than 30 percent of the total CRSP spending in the host countries during
 
the past three years. U.S. and host country matching contributions to the
 
CRSP have brought total expenditures to about 135 percent of the total AID
 
funding and to about 150 percent of the contractually matchable AID funding.
 

Despite the substantial U.S. and host country university contributions,
 
the CRSP has been limited in its activities by the severe AID budget
 
reductions. As the CRSP enters its fourth and fifth years, the progress of
 
the research program is vitally dependent on the speedy execution of the field
 
studies, data collection, and other efforts being conducted in the host
 
countries if the necessary field experience, experiments, and data are
 
obtained in a timely fashion. Accordingly, the CRSP's financial plan is
 
requesting an acceleration in CRSP funding, to support these field and
 
training activities, particularly in the next two years. Approximately $1.2
 
million in AID funds are requested for years four and five, and an additional
 
$2.5 million in AID funds are requested for continuing the research activities
 
for an additional three years, to June 30, 1993.
 

In the following, the discussion is brief, but the budg,.t and expenditure
 
tables have been designed to highlight scme of the critical allocatioinal and
 
distributional decisions concerning the CRSP funding.
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A. Budgets
 

A brief chronology of AID's funding obligations to the CRSP is outlined
 
below. Under the terms of USAID Grant No. DAN-4146-G-SS-5071-00, approved on
 
August 23, 1985, the CR.AP was planned to be a $5 million, five-year program.
 
Following the signing of the grant agreement, AID obligated the sum of
 
$500,000 to the University of Maryland-College Park, the Management Entity,
 
for the first six months of the CRSP, the period July 1, 1985-December 31,
 
1985. An amendment in December, 1985, added $600,000 to the CRSP, extending
 
the period of performance to July 31, 1986. The Management Entity was 
notified by letter in February, 1936, that the additional $600,000 wouli have 
to last beyond July 31, 1986, and an additional $200,000 was obligated in 
July, 1986, to carry the work through January 23, 1987. In January, 1987, AlD 
obligated an additional S895,000 for the period January 24, 1987-April 30. 
1987. Thera were four separate obligations of funds by AID to the CRSP during 
its first 13 months, gradually reducing the AID obligation from the lvel of 
$S,000,000 to $704,000 per year. Adapting to the reduced funding was made 
more difficult by the short planning horizon and repeated rebudgeting that was 
required. However , following this period, the funding situation became more 
stable. in April, 1928, AID further augmented tht obligated funds to the CRSP 
by $700,000, 0xrending the period of performanice to April 27, 1389. 

The total ob!ig'ted funds of 32,395,000, from the inceptlion of the grant
 
on July 1, 190:, to April 27, 1959, were allocated to th-
institutions, i; accordance with guidelines of the Board, 

participating 
as indicated in the 

following budget tables for obligated funds, Tables 3-8. 
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Table 3. Institutional Budgets for Obligated Funds
 
(7/1/85 - 4/27/89)
 

Institutions AID Funds
 
($)
 

Programmatic Budgets 

U.S. Institutions 

UMCEES 
UW 
URI 
UDelaware 
UMiami 

431,660 
683,031 
725,012 
95,763 
106,498 

Total U.S. Institutions 2,041,964 (1) 

Host Country Institutions 

UCR 
UP 
Thailand/Indonesia 
ICLARM 

247,155 
125,541 

5,450 
10,000 

Total Host Country Institutions 388,146 (2) 

Total Programmatic Budgets 2,430,110 

Management Entity Budget 464,890 (3) 

Total All Institutions 2,895,000 

(1) U.S. institutions' programmatic budgets equal 84.0% of total
 
programmatic budgets and 70.5% of total AID funds.
 

(2) Host Country institutions' programmatic budgets equal 16.0% of total
 
programmatic budgets and 13.4% of total AID funds.
 

(3) Management Entity budget equals 16.1% of total AID funds.
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Table 4. Institutional and Project Budgets for
 
Obligated Funds By Line Item
 

(7/1/85 - 4/27/89)
 

Institution 
Budget/Line Item UMCEES/UCR 

($) 
UW/UCR 
($) 

URI/UP 
($) 

Programimatic Budget 

Personnel 265,516 397,498 288,367 
Supplies/Expenses 
Travel 

9,386 
28,701 

56,563 
31,304 

171,478 
77,026 

Equipment 8,136 16,100 13,622 
U.S. Subcontracts 141,788 60,973 0 
H.C. Subcontracts 130,456 116,699 140,991 
Indirect Costs 119,921 181,566 174,519 

Total Costs (AID) 703,404 860,703 866,003 
U.S. Univ. Match 179,752 192,522 192,952 

Total Programmatic 883,156 1,053,225 1,058,955 

Management Entity Budget 

Personnel 
Supplies/Expenses 
Travel 
Equipment 
Indirect Costs 
Contingency 

Total Management Entity 


Total CRSP (AID Funds: Program + Management Entity) 

U.S. Univ. Match 


Total CRSP (AID Funds + U.S. Univ. Match) 


Total
 
($)
 

951,381
 
237,427
 
137,031
 
37,858
 

202,761
 
388,146
 
476,006
 

2,430,110
 
565,226
 

2,995,336
 

205,383
 
41,770
 
74,633
 
3,378
 

126,910
 
12,816
 

464,890
 

2,895,000
 

565,226
 

2,460,226
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Table 5. Project Budgets for Obligated Funds
 
(7/1/85 - 4/27/89)
 

Institution/Project 


Programmatic Budgets
 

UMCEES/UCR
 
Multiple Species Fisheries
 

Research Project 

Economics and Probabilistic
 

Extensions Project 


UW/UCR
 
Sampling Catch Project 

Age/Size Modeling Project 

Age/Size Relationships Project 

Hydroacoustics Project 


URI/UP 
Empirical Analyses and
 

Modeling Project 

Multispecies Field
 

Studies Project 


Total Prc<rrammatic Budgets 


Management Entity Budget (UMCP) 


Total CRSP Budget 


U.S. University 
AID Funds

($) 
MatchincL Contributions 

(s) 

430,828 116,607 

272,576 63,145 

335,676 88,931 
234,557 59,483 
133,292 17,594 
157,178 26,514 

292,147 65,455 

573,856 127,497 

2,430,110 565,226 

464,890 --- (1) 

2,895,000 565,226 (2) 

(1) 	Although the Management Entity has been making some matching
 
contributions to the CRSP, they are not required and, hence,
 
are unbudgeted.
 

(2) 	U.S. university matching contribution equals 27.2% of matchable
 
AID funds of $2,071,964.
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Table 6. UMCEES/UCR Project Budgets for Obligated Funds
 
(7/1/85 - 4/27/89)
 

Institution/Project 


Multiple Species Fisheries
 
Research Project
 

UMCEES 

UCR 

UMiami 


Total Project 


Economic and Probabilistic
 
Extensions Project
 

UMCEES 

UCR 

UDelaware 


Total Project 


Total 

UMCEES/UCR 

Projects AID Funds 


(S) 
U.S. University 572,948 
Host Country 130,456 

Total 703,404 

AID Funds 


Share of 

Total AID 


Funds 


(%) 


81.5 

18.5 


100.0 


($) 


259,102 

65,228 


106,498 


430,J28 


172,558 

65,228 

34,790 


272,576 


U.S. University
 
Matching ContribuLions
 

U.S. University 

Matching 


Contributions 


($) 


179,752 

(2) 


179,752 


(S) 

81,958
 

34,649
 

116,607
 

55,809
 

7,336
 

63,145
 

U.S. 	University
 
Matching as %
 
of Matchable
 
AID Funds (1)
 

(%)
 

31.4
 

31.4
 

(1) Matchable AID Funds, $572,948.
 
(2) The Host Country has been making matching contributions, but they are not
 

required and are thus not budgeted.
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Table 7. UW/UCR Project Budgets for Obligated Funds
 
(7/1/85  A/27/89)
 

Institution/Project 	 AID Funds 


Sampling Catch Project
 

UW 

UCR 

UDelaware 


Total Project 


Age/Size Modeling Project
 

UW 

UCR 


Total Project 


Age/Size Relationships Project
 

UW 

UCR 


Total Project 


Hydroacoustics
 

UW 

UCR 


Total Project 


Total Share of 
UMCEES/UCR Total AID 
Projects AID Funds Funds 

(8) (%) 
U.S. University 774,004 86.4 
Host Country 116,699 13.6 

Total 860,703 100.0 

($) 

225,507 

49,196 

60,973 


335,676 


206,324 

28,233 


234,557 


116,359 

16,933 


133,292 


134,841 

22,337 


157,178 


U.S. University
 
hatching Contributions


($) 

72,107
 

16,824
 

88,931
 

59,483
 

59,483
 

17,594
 

17,594
 

26,514
 

26,514
 

U.S. 	University 

Matching 


Contributions 


(8) 

192,522 


(2)
 

±92,522 


U.S. 	University
 
Matching as %
 
of 	Matchable
 
AID Funds (1)
 

(%)
 
24.9
 

24.9
 

(1) 	Matchable AID Funds, $774,004.
 
(2) 	The Host Country has been making matching contributions, but they are nct
 

required and are thus not budgetcd.
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Table 8. URI/UP Project Budgets for Obligated Funds
 
(7/1/85 - 4/27/89)
 

U.S. University 
Institution/Project AID Funds Matching Contributions

($) ($) 

Empirical Analyses and
 
Modeling Project
 

URI 246,472 65,455 
1PVCF 34,725 ---
ICLARAI 5,500 ---
Thailand and Indonesia 5,450 

Total Project 	 292,147 65,455
 

Multispecies Field Studies Project
 

URI 478,540 127,497
 
UPNSI 90,816 ---

ICLARN 4,500
 

Total Project 	 573,856 127,497
 

Total Share of U.S. University 
U.S. University 

Matching as % 
UHCEES/UCR Total AID Matching of Matchable 
Projects AID Funds Funds Contributions AID Funds (1) 

U.S. University 
($)

725,012 
(%)

03.7 
($)

192,952 
(%) 

26.6 
Host Country 140,991 16.3 (2) ---

Total 866,003 100.0 192,952 26.6 

(1) 	Matchable AID Funds, $725,012.
 
(2) 	The Host Country has been making matching contributions, but they are not
 

required and are thus not budgeted.
 

106
 



Triennial Review and Continuation Proposal Budgets and Expenditures
 

B. Expenditures
 

The financial situation has been so constrained that the CRSP entities
 
have been spending all of the obligated funds by AID and have been depending
 
on extra matching contributions from the participating U.S. and host country
 
institutions to keep the efforts moving along. Estimated expenditures of AID
 
funds over the three years to June 30, 1985, amount to $2,312,000. This has
 
been supplemented by U.S. university matching contributions of about $645 900,
 
or 39.5 percent of the matchable AID funds, .;hich is substantially above the
 
required 25 percent matching contribution. When host country contributions to
 
the CRSP research efforts are added in, the total CRSP expenditures over the
 
three years amount to $3,126,200. This total is 35.2 percent above the total
 
AID funding and 49.7 percent above the matchable AID funds. During this
 
period of financial constraint, the U.S. and host country institutions have
 
shown their commitment to the CRSP researcn agenda by almost doubling their
 
required financial obligations to the CRSP program.
 

Approximately 83.4 percent of the total AID funds have been spent in the
 
United States, with the remaining 16.6 percent being spent in the host
 
countries. Within the programmatic expenditures a'one (excluding the
 
Management Entity expenditures), however, the host countries have received
 
19.6 percent of the AID funds. Expenditures in the host countries during the
 
first three years of the CRSP have been greater than those budgeted under the
 
MOU's--19.6 percent of actual spending as compared to 16.0 percent of budgeted
 
funds for program.atic purpos-s--primarily because URI devoted approxinately
 
an additional $20,000 per year to operational expenses of the field programs
 
being conducted in the Philippines. (Beyond this, however, the URI projects
 
are supporting Dr. John Mc~anus as an on-site scientist in the Philippines.
 
If the expeises of the on--ite scientist were included in the URI hos, country
 
expenditures, the URI host country expdnses would be about 50 percent of the
 
total URI/UP total spending.) The commitment by the host countries to the
 
CRSP is revealed by the following. While the CRSP has spent an estimated
 
$384,900 in AID funds in the host countries over the past three years, the
 
host countries have contributed an additional $167,600 to the research
 
program, or an additional 43.5 percent of the AID funds spent by the CRSP in
 
the host countries.
 

Programmatic expenses have accounted for 84.7 pe~cent of the total AID
 
funds spent over the three years, with the I.Anagement Entity spending the
 
remaining 15.3 percent. While the Management Entity is not required to
 
contribute matching funds to the operation of the CRSP, the University of
 
Maryland-College Park has indeed been making matching contributions, amounting
 
to $48,000 over the past three years, or almost seven percent of the U.S.
 
university matching contributions.
 

Tables 9-12 below highlight the relevant expenditure data by project and
 
institution, by line item, and by source of funds. In addition, the
 
unexpended balances I AID obligated funds are indicated.
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Table 9. Estimated Expenditures By Line Item, Years 1 - 3
 
(7/1/85 - 6/30/88) 

Purpose/Line Item 


Programmatic Ependitures
 

Personnel 

Supplies/Expenses 

Travel 

Equipment 

U.S. Su.contracts 

Host Country Subcontracts 

0 - In-Ccuntry L penditures 

Inalrect Costs 


Total Costs (AID) 

U.S. Univ. Match 


Total Programmatic (AID + Match 


Management Entity Expenditures
 

Personnel 

Supplies/Expenses 

Travel 

Equipment 

Indirect Costs 


Total Costs (AID) 

U.S. Univ. Match 


Total Nanagement Entity (AID + Match) 

Total Expenditures (AID Funds) 

Total Expenditures (U.S. Univ. Matching Funds) 


Total Expenditures (AID Funds + U.S. Univ. Match) 


Expenditures

($)
 

740,500
 
142,800
 
101,900
 
37,300
 

171,400
 
324,300
 
60,600
 

381,100
 

1,959,900
 
597,900
 

2,557,800
 

164,900
 
44,600
 
45,500
 
3,400
 

94,400
 

352,800
 
48,000
 

401,800
 

2,312,700
 
645,900
 

2,958,600
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Table 10. Estimated Expenditures By Source and By Entity, Years 1 - 3
 
(7/1/85 - 6/30/88)
 

AID Funds Matching Total
 
Expended By Contributions Expenditures
 

U.S. Host U.S. Host U.S.
 
Institution Univ. Country Univ. Country Origin Total


($) (s) ($) ($) ($) ($) 

UMCEES/UCR 465,100 104,600 211,600 61,600 731,300 842,900
 

UW/UCR 603,400 91,700 180,300 52,200 875,400 927,600
 

URI/UP 506,500 188,600(1) 206,000 53,800 901,100 954,900
 

ME (UMCP) 352,800 --- 48,000 --- 400,800 490,800
 

Total 1,927,800 384,900 645,900(3) 167,600 2,958,600 3,126,200
 

(1) URI In-Host-Country expenditures were in excess of that formally budgeted
 
in the Memoranda of Understanding by $60,600, as extra funds were channelled
 
through the URI on-site field scientist to support operational expenses of the
 
field studies.
 

Table 11. Distribution of Estimated Expenditures
 
By Source and By Entity, Years 1 - 3
 

(7/1/85 - 6/30/88)
 

Matching Contributions Percent of
 
Percent of As Percent of Total
 
AID Funds Matchable AID Funds Expenditures
 

U.S. Host U.S. Host U.S.
 
Institution Univ. Country Univ. Country Total Origin
 

(%) (%) (%) (%) (%) (%)
 

UMCEES/UCR 81.6 18.4 45.5 13.2 58.7 92.7
 

UW/UCR 86.8 13.2 29.9 8.6 38.5 94.4
 

URI/UP 72.9 27.1 36.3 9.5 45.8 94.4
 

Mgmt. Entity 100.0 0.0 --- 100.0 

Total CRSP 83.4 16.6(1) 39.5(2) 10.2 49.7(2) 94.6
 

(1) While In-Host-Country expenditures were only 16.6 percent of the total AID
 
funds expended, they amounted to 19.6 percent of the programmatically-oriented
 
AID funds, i.e., excluding Management Entity expenditures.
 
(2) U.S. University Matching Contributions, $645,900, were 39.5 percent of 
matchable AID funds, $1,635,600, substantially above the 25 percent matching
 
requirement and above the budgeted match of about 27.2 percent. When the Host 
Country Natching Contributions are added in, the total matching contributions 
amount to $813,500, which is an extra 35.2 percent over the AID contribution 
of $2,312,700 and 49.7 percent above the matchable AID funds of $1,635,600.
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Table 12. Project Budgets: Obligated Funds, Estimated Expenditures,
 
and Unexpended Balances, 6/30/88
 

AID Funds 
Obligated Estimated 

Funds Expenditures 

Institution/Project 
(7/1/85-
4/27/89) 

($) 

(7/1/85-
6/30/88) 

($) 

Programmatic Budgets 

UMCEES/UCR 
Multiple Species Fisheries 

Research Project 430,828 351,200 
Economics and Probabilistic 

Extensions Project 272,576 218,500 

UW/UCR 
Sampling Catch Project 335,676 266,000 
Age/Size Modeling Project 234,557 193,100 
Age/Size R;.lationships Project 133,292 1.12,000 
Hydroacoustics Project 157,178 124,000 

URI/UP 
Empirical Analyses and 

Modeling Project 292,147 222,800 
Multispecies Field 

Studies Project 573,856 472,300 

Total Programmatic Budgets 2,430,110 1,959,900 

Management Entity Budget (UMCP) 464,890 352,800 


Total CRSP Budget 2,895,000 2,312,700 


Estimated
 
Unexpended
 
Balances
 
(6/30/38)


(S) 

79,628
 

54,067
 

69,676
 
41,457
 
21,292
 
33,178
 

69,347
 

101,556
 

470,210
 

112,090
 

582,300
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C. Financial Plan
 

Below is a detailed review of the financial plan for the CRSP for years
 
four and five of the current grant and for a three year extension of the CRSP
 
research program.
 

The CRSP is currently operating with the AID funding of $704,000 per
 
year, and as outlined in the budget section above, monies are obligated
 
through April 27, 1989. At a recent CRSP Technical Committee and Board
 
meeting, held at the University of Maryland-College Park on Ilarch 31, 1988, a
 
review of the financial situation led to the conclusion that the CRSP badly
 
needs to increase its rate of expenditure, expecially in the next year or two.
 
Field studies, data collection, and training effort, conducted in the host
 
countries are essential if the modeling and data analysis are to wield their
 
desired results. The Board and the Program Director agreed to make every
 
effort to accelerate the funding and spending rate of the CRSP in the coming 
period, the accelerited spending being crucial to the timely success of the 
research program. Accordingly, the planning budgets for years four nd fi'e 
of the current grant incorporate a spending rate of S894,000 and S393,600,
 
respectively. This is approximately a 27 percent increase in the current AID
 
funding rate of $704,000.
 

A substantial share of the requested increase in finding will be devoted
 
to host country activities. With the additional funds, the host country
 
expenses are budgeted to increase to about 24 percent of total
 
programmatically-oriented AID funds in year four, and to about 25 percent in
 
year five, as compared to the 19.6 percent experienc d during the first three
 
years of the grant.
 

It should be noted that even with the accelerated funding in years four
 
and five, the total AID contrib~ition to the CRSP by the end of the initial
 
five years will amount to only $4.1 million, or only 82 percent of the initial
 
$5 million grant. If the funding is not accelerated, but remains at $704,000
 
per year for the next two years, the total AID funds expended by the CRSP will
 
amount to only 33.72 million, or only 74.4 percent of the funds allocated in
 
the initial grant document.
 

Following the crucial period of the next twc years in the CRSP research
 
program, the Management Entity is requesting that AID fund the CRSP at the
 
annual rate of $845,000 for the three year extension, from July 1, 1990 tu
 
June 30, 1993. ;hile this represents a 20 percent increase over the current
 
funding of $704,000 per year, the request is intended to seek continuity in
 
the real spending rate, net of inflation. In the expectation that the federal
 
fiscal situation may be better under control by the early 1990's, the CRS?
 
representatives feel that the request for $345,000 per year is a modest cne.
 
Furthermore, in years six through eight, tht host country spending is budgeted
 
to take an increasing shar,_- of the AID funds, 22.2 percent, reflecting the
 
desire by all participants to increase the host country training and research
 
dissemination efforts.
 

If the funding is accelerated in years four and five and if the modest 
monetary increases in CRSP funding ar, achieved in years six through eight, 
then by the end of the eight years of the CRSP, AID will have contributed 
approximately $6.64 million to the d-velopment of new methodologies fcr 
fisheries stock ass;essment and management. U.S. university matching 
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contributions are budgeted to add another $1.2 million, although excess 
U.S.
 
university matching (now running about 60 percent greater than budgeted) and
 
host country matching (now adding an additional 5.4 peccent to the total CRSP
 
funding) will probably mean that the total CRSP research program will run
 
considerably in excess of $8 million, approaching $8.5 million over the eight
 
years.
 

Throughout the five year projections, the Management Entity expenses are
 
planned to remain at about 16.9 percent of the total AID funds. The U.S.
 
.,.iversitl matching contributions continue to be budgeted at above 27 percent
 
over the next five years, with the projected budgeted U.S. university matching
 
contribution amounting to about 27.5 percent over the entire eight years
 
ending in June 30, 1993.
 

Table 13 below is a datalle, financial plan by institution, by project,
 
by source of funds, and by detailed line item, for years four through eight of
 
the CRSP.
 

112
 



Triennial Review and Continuation Proposal Budgets and Expenditures
 

Table 13. Institutional and Project Budgets By Line Item, Years 4 - 8 (7/1/88 - 6/30/93) 
(S 000) 

Estimated
 
Expenditures Total Exp. Total Exp. Total Exp.
 
Yrs. 1-3 fr. 5 Yrs. 1-5 Yr. 6 Yr. 7 Yrs. S Yrs. 6-8 Yrs. 1-8
 

(1) (2) (3) (4) (5) (6) (7) (8) (9)
 

Programmatic Expenses
 

U.CES/UCR
 
Multiple Species Fisheries Research
 

Personnel 132.6 47.6 47.6 227.8 51.6 51.6 51.6 154.8 382.6
 
S&E 4.2 1.7 1.7 7.6 1.9 1.9 1.9 5.7 13.3
 
Travel 11.8 3.1 3.1 18.0 3.9 3.9 3.9 11.7 29.7
 
Equipment .8 0.0 0.0 .8 0.0 0.0 0.0 0.0 .8
 
U.S. St oontracts, .I. 91.3 35.0 35.0 161.3 21.1 21.1 21.1 63.3 224.6
 
HC Subcontracts, UCR 52.3 25.5 25.5 103.3 13.6 18.6 18.6 55.3 159.1
 
Indirect Costs 58.2 20.4 20.4 99.0 22.4 22.4 22.4 67.2 166.2
 
Total Costs 351.2 133.3 133.3 617.8 119.5 119.5 119.5 358.5 976.3
 
kBudgetcd Match 99.i 26.9 26.9 152.9 
 24.3 24.3 24.3 72.9 225.9
 

U14CE S/UCR 
Econcxuc & Probab~ilstic .tensioas 

of Standard Fisieries Models 

Personnel 78.2 26.5 34.5 139.2 33.1 42.5 34.8 110.4 249.6 
S&E 3.1 .5 .8 4.4 .8 .8 .8 2.4 6.8 
Travel 12.0 3.1 3.1 18.2 3.5 3.5 3.5 10.5 28.7 
Equipment 7.3 0.0 0.0 7.3 0.0 0.0 0.0 0.0 7.3 
U.S. Subcontracts, DE. 27.9 3.3 0.0 36.2 0.0 0.0 0.0 0.0 36.2 
HC Subcontracts, 1CR 52.3 25.5 25.5 103.3 23.0 23.0 23.0 69.0 172.3 
Indirect Costs 37.7 11.3 11.3 61.3 14.3 14.3 14.3 42.9 104.2 
Total Costs 218.5 75.7 75.7 369.9 74.7 84.1 76.4 235.2 605.1 
*Budgeted Match 51.2 14.3 14.3 79.3 13.9 13.9 18.9 56.7 136.5 

UN.CES/UCR TOTAL 
U.S. University 465.1 158.0 158.0 781.1 152.6 162.0 154.3 468.9 1250.0 
Host Country 104.6 51.0 51.0 206.6 41.6 41.6 41.6 124.8 331.4 
Total U.-ES/UCR 569.7 209.0 209.0 987.7 194.2 203.6 195.9 593.7 1581.4 
*Total Budgeted :*atch 150.3 41.2 41.2 232.7 43.2 43.2 43.2 129.6 36.3 
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Table 13. Insti.tutional and Project Budgets By Line Item, Years 4 - 8 (7/1/88 - 6/30/93) 
($ 000) 

Estimated 
Expenditures 
Yrs. 1-3 Yr. 

Total Exp. 
4 Yr. 5 Yrs. 1-5 

Total Exp. 
Yr. 6 Yr. 7 Yrs. 8 Yrs. 6-8 

Total Exp. 
Yrs. 1-8 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Programnat ic Expenses 

UW/UCR 
Sampling Catch 

Personnel 
S&E 
Travel 

103.1 
19.8 
4.7 

44.5 
4.0 
4.1 

52.2 
9.2 
3.0 

199.8 
33.0 
11.8 

199.8 
33.0 
11.8 

Equipmnent 6.9 0.0 0.0 6.9 6.9 
U.S. Subcontracts, DE. 
HC Subcontracts, UCR 

52.2 
37.3 

12.0 
26.3 

0.0 
29.9 

64.2 
93.5 

64.2 
93.5 

Indirect Costs 42.0 19.2 15.8 77.0 77.0 
Total Costs 
*Budgeted Match 

266.0 
71.7 

110.1 
20.6 

110.1 
20.3 

486.2 
112.6 

486.2 
112.6 

UW/UCF 
Age/Size Mcxeling 

Personnel 97.0 36.7 36.7 170.4 170.4 
S&E 
Travel 

11.8 
8.8 

3.0 
2.0 

2.0 
2.0 

16.8 
12.8 

16.8 
12.3 

Equipment 
U.S. Subcontracts 

4.9 
0.0 

0.0 
0.0 

0.0 
0.0 

4.9 
0.0 

4.9 
0.0 

HC Subcontracts, UCR 22.6 19.6 21.5 63.7 63.7 
Indirect Costs 
Total Costs 

48.0 
193.1 

16.5 
77.8 

16.6 
78.8 

81.1 
349.7 

31.1 
349.7 

*Budgetcd M.latch 50.5 14.6 14.3 79.4 79.4 

U4/UCR 
Age Detervnination 

Personnel 55.2 21.5 21.7 98.4 98.4 
S&E 
Travel 
Equipment 
U.S. Subcontracts 

5.1 
5.8 
4.3 
0.0 

2.4 
1.0 
0.0 
0.0 

2.7 
1.0 
0.0 
0.0 

10.2 
7.8 
4.3 
0.0 

10.2 
7.8 
4.3 
0.0 

HC Subcontracts, UCR 
Indirect Costs 

14.0 
27.6 

3.5 
9.4 

4.6 
9.5 

22.1 
46.5 

22.1 
46.5 

Total Costs 
*Dudgeted Iatch 

112.0 
12.9 

37.8 
3.6 

39.5 
3.7 

189.3 
30.2 

189.3 
30.2 
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Table 13. Institutional and Project Budgets By Line Item, Years 4 - 8 (7/1/88 - 6/30/93) 
(S 000) 

Estimated 
Expenditures Total Exp. Total E;p. Total Exp. 
Yrs. 1-3 Yr. 4 Yr. 5 Yrs. 1-5 Yr. 6 Yr. 7 Yrs. 8 Yrs. 6-8 Yrs. 1-8 

(1) (2) (3) (4) (5) (6) (7) (8) (9)
 

Programmatic Expenses 

UW/UCR
 
Hydroacoustics
 

Personnel 59.3 21.5 21.2 102.0 102.0
 
S&E 11.4 3.4 3.6 18.4 18.4
 
Travel 7.7 2.0 2.0 11.7 11.7 
Equipment 0.0 0.0 0.0 0.0 0.0 
U.S. Subcontracts 0.0 0.0 0.0 0.0 
 0.0
 
HC Subcontracts, UCR 
 17.8 5.2 6.9 29.9 29.9
 
Indirect Costs 27.3 8.4 8.7 44.9 44.9
 
Total Costs 124.0 40.5 42.4 206.9 206.9
 
*Budgeted Match 19.4 8.8 8.9 37.1 37..
 

UWa/U(--

Assessment Sampling & Modeling 

Personnel 
 64.6 67.1 67.4 199.1 199.1
 
SWE 5.0 6.0 6.0 17.0 17.0 
Travel 
 3.5 4.5 2.0 10.0 10.0
 
Equipment 2.5 2.5 1.0 6.0 6.0 
U.S. Subcontracts 0.0 0.0 0.0 0.0 0.0 
HC Subcontracts, UCR 
 26.6 26.6 26.6 79.8 79.8
 
Indirect Costs 33.9 35.9 34.2 104.0 104.0
 
Total Costs 
 136.1 142.6 137.2 415.9 415.9
 
*Match Contribution 27.0 28.5 27.1 82.6 82.6
 

UW/UCR 
Recruitment &Productivity 

Personnel 
 53.8 54.4 54.9 163.1 163.1
 
S&E 2.0 4.04.0 10.0 10.0 
Travel 3.0 4.0 2.0 9.0 9.0 
Equipment 2.5 1.0 6.0
2.5 6.0 

U.S. Subcontracts 0.0 0.0 0.0 
 0.0 0.0
 
HC Subcontracts, UCR 21.8 21.8 21.8 65.4 65.4
 
Indirect Costs 28.2 28.5 86.6
29.9 86.6 

Total Costs 
 111.3 116.6 112.2 340.1 340.1
 
*Budgeted Match 22.4 23.7 22.6 68.7 68.7
 

UW/UCR '1CAL 
U.S. University 603.4 211.6 207.9 1022.9 199.0 210.8 201.0 610.8 1633.7
 
Host Country 91.7 54.6 62.9 209.2 48.4 48.4 48.4 145.2 354.4
 
Total UW/UCR 695.1 266.2 270.8 1232.1 247.4 259.2 249.4 756.0 1988.1
 
*Total Budgeted Match 154.5 52.6 52.2 259.3 49.4 52.2 49.7 151.3 410.6
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Triennial Review and Continuation Proposal Budgets and Expenditures
 

Table 13. Institutional and Project Budgets By Line Itam, Years 4 
- 8 (7/1/38 - 6/30/93) 
($ 000)

Estimated 
Expenditures Total Exp. Total Exp. Total Exp. 
Yrs. 1-3 Yr. 4 Yr. 5 Yrs. 1-5 Yr. 6 Yr. 7 Yrs. 8 Yrs. 6-8 Yrs. 1-8 

(1) (2) (3) (4) (5) (6) (7) (8) (9)
 

Programmatic Expenses 

URI/UPVCF
 
Empirical Analyses and Modeling
 

Personnel 
 83.7 64.7 66.1 214.5 48.9 52.2 51.0 152.1 366.6

S&E (U.S.) 18.9 11.0 9.9 39.8 7.1 9.0 9.1 25.2 65.0
S&E (Host CourLtry) 0.0 0.0 0.0 0.0 4.5 8.1 0.0 12.6 12.6 
Travel 26.2 5.5 3.3 35.5 6.0 6.5 
 5.0 17.5 53.0 
Equipment 8.5 .5 0.0 9.0 3.6 0.0.5 4.1 13.1
U.S. Subcontracts 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
HC Subcontracts 
 36.9 18.5 18.5 73.9 13.2 13.2 13.2 39.6 113.5
 
Indirect Costs 48.6 325 32.9 114.0 26.5 26.928.5 81.9 195.9
 
Total Costs 
 222.8 132.7 131.2 486.7 109.8 118.0 105.2 333.0 819.7
 
*Budgeted Match 41.5 28.7 94.6 28.3 85.0
24.4 26.3 30.4 179.6
 

URI/UPSI 
:ultispecies Field Studies
 

Personnel 131.4 41.0 43.7 216.1 47.0 50.5 54.3 151.8 
 367.9

S&E (U.S.) 48.5 7.0 8.0 63.5 8.2 7.2 21.5 26.9 90.4 
S&E (Host Country) 60.6 33.5 32.0 126.1 38.5 39.5 32.8 110.3 236.9
 
Travel 44.) 5.0 3.5 53.4 5.5 6.0 16.5
5.0 69.9
 
Equipment 
 4.6 0.0 0.0 4.6 1.5 0.0 0.0 1.5 6.1

U.S. Subcontracts 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
HC Subcontracts 
 91.1 17.5 17.5 126.1 12.0 12.0 12.0 36.0 162.1 
Indirect Costs 
 91.2 21.9 22.7 135.8 25.2 26.3 28.9 80.4 216.2 
Total Costs 472.3 125.9 127.4 725.6 137.9 141.5 144.5 423.9 1149.5
 
*Budgeted Hatch 103.5 28.7 156.6 28.3 85.0
24.4 26.3 30.4 241.6
 

URI! P TOTAL 
U.S. University 506.5 189.1 386.2 186.7 557.9190.6 179.5 191.7 1444.1
 
Host Country 188.6 69.5 326.1 72.8 199.0
68.0 68.2 58.0 525.1
 
Total URI/UP 
 695.1 258.6 258.6 1212.3 247.7 259.5 249.7 756.9 1969.2
 
*Budgeted Match 145.0 57.4 251.2 56.6 170.0
48.8 52.6 60.8 421.2
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Triennial Review and Continuation Proposal Budgets and Expenditures
 

Table 13. Institutional and Project Budgets By Line Item, Years 4 - 8 (7/1/88 - 6/30/93) 
($ 000) 

Estimated 
Expenditures Total Lxp. Total Exp. Total £xp. 
Yrs. 1-3 Yr. 4 Yr. 5 Yrs. 1-5 Yr. 6 Yr. 7 Yrs. 8 Yrs. 6-8 Yrs. 1-8 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Total Programmatic Expenses 

Personnel 740.5 304.0 323.7 1368.2 299.0 318.3 314.0 931.3 2299.5 
S&E 103.0 33.0 37.9 193.7 25.0 28.9 33.3 87.2 280.9 
Travel 117.2 25.8 21.5 169.2 25.4 28.4 21.4 75.2 244.4 
Equipyment 30.4 .5 0.0 37.8 10.1 5.5 2.0 17.6 55.4 
U.S. Sudbcontracts 171.4 55.3 35.0 261.7 21.1 21.1 21.1 63.3 325.0 
Host Country Expenses 384.9 175.1 181.9 741.9 158.2 162.8 148.0 469.0 1210.9 
Indirect Costs 381.1 140.1 138.4 659.6 150.5 157.3 155.2 463.0 1122.6 
Total Costs 1959.9 733.- 738.4 3432.1 689.3 722.3 695.0 2106.6 5538.7 
"Budgeted I-latch 449.8 151.2 142.2 743.2 145.2 152.0 153.7 450.9 1194.1 

ManagemeEnt F tity Expanses 

Persolmiel 164.9 56.9 59.5 281.3 54.7 57.5 60.4 172.6 453.9 
S&E 44.6 16.0 28.6 89.2 14.1 14.4 24.6 53.1 142.3 
Travel 45.5 39.9 24.7 110.1 42.0 15.5 21.7 79.2 189.3 
Equip:ent 3.4 0.0 0.0 3.4 0.0 0.0 0.0 0.0 3.4 
Indirect Costs 94.4 47.4 47.4 139.2 44.9 35.3 43.3 123.5 312.7 
Total Costs 352.8 160.2 10.2 673.2 155.7 122.7 150.0 4283. 1101.6" 
,'ff-Budget,Match 48.0 16.5 16.5 81.0 16.5 16.5 16.5 "9.5 130.5 

T1FAL U.S. UrTri.siRSI 1575.0 553,7 556.5 2690.2 531.1 559.5 547.0 163,.6 4327.3 
TOTAL HOST COMRY EXPENSES 384.9 175.1 181.9 741.9 158 .2 162.8 148.0 6? .0 1210. 9 
TOTAL PROGRAMIATIC EXPEISES 1959.9 733.3 738.4 3432.1 689.3 722.3 695.0 210,.6 5533.7 
TOTAL MIAGETPE FTITYI 352.8 160.2 160.2 673.2 155.7 122.7 150.0 423.4 1101.6 
TOTAL KID FUMD} 2312.7 394.0 893.6 4105.3 845.0 845.0 345.0 2535.0 6640.3 
TOTAL BUL J W7 MATCH 449.8 151.2 142.2 743.2 145.2 152.0 153.7 450.9 1194.1
 
TOTAL AID + BUDGI' 1.91TCH 2762.5 1045.2 1040.8 4848.5 990.2 997.0 998.7 2985.9 7834.4
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P~oect~i~rvews&~; I Vi~ Participating Institutions and Persne 

~I.Project Overviews: 'Participating'Institutions and Research Personnel
 

'~"~~4>'~ This final section presents the overviews of~the.,several CRSPk projects ""ja, 


Y~highlighting the participating institutions'and res'earch personnel. The 
a4sfollowing summarizestthe status of :the CRSP research personnel which~ are 
Slisted liy'name and asslociated project and-'institution i'n the project. 

Soverviews:, 

a ~Table 14. CRSP Research Personnel ' a 

Reeac PostioUiteStte Host Coujnt'ryT- a
 

aa- Scientists and Researchers 14 22 a -36 
Reseach Asistats 1411 2
 

Total 28 33 61 ' 

Te6 RPresearchersitabulated aoein Table 14 represent those 
contractually linked to CR9/'efforts, and thus represent only a partial 

' 

list of all those collabor'Iting in the CRSP activities, The CRSP is an a
research network encompassing the efforts of many individuals and 
institutions, many of whom receive no compensation for their contributions to 
the CRSP. Many additional contributors are mentioned in Sections III-V 



earlier in this rrt Furthermore, the 61 include only the cretlist of 
CRSP participants., Several researchers and research assistants have made 

-~-short-term 
 contributions to the CRSP effortsain the past. In addition, there, ' 
are some administrative and techilcal support personnel a(e.g., an ultralight 



aircraft mechanic and instructor on the URIiUP team) who are 'not included with 
the research personnel listed. It should be noted that only one individual, 

. 

the URI on-site scientist at UP, isworking full-time on the C-RSP., Most of 
aa 

a the scientists and researchers are receiving compensation for one or more Aa 

months per year, and most of the research aassistants are engaged on partial to 
half -time assis tantships. ----.-a.* 

Several key scientists were dropped from the program early on, as the ,aF

budget reductions began to' have impact on the research efforts. M,'aking 
a' 

-a 

substantial contributions to the CRPin itsjearly phases were, Dr. Houdean

Assad from the University of Maryland. In addition there werefiv~e U.Sa-"'
 

a research assistants who were u~nable tocniu on CSacitesde~to 
budget reductions. "Main ly, however, thea'budget~ reductions 'had theirgreatest

impacta by making it,impossible-to expand athe research effort and 'associat'ed
 
pe ionnl to the intal plne ees.adteinnilcntanshv
 

Fparticularly 
 l1imirted'athe CRSP'contibution the training of host cuntryFW2.

personnel, since one of",the' p'IrncpplPmech~nisni for~finaniiong that atraining is
 
by providingraut reerhassatsishs onr representatives-~ 
 j~ 

studying for'advaniceda degrees 'at the U.S. uiv~ersities.' ~~aa 2'a 

The dozen institutions in five-'countries listed in the following projecta..
'overviews,k-similarly, represent only'those formallylinked to the CRP. The' 

-lista of 'institution cop'ting. with the,CR.SP in ,on'e capacity 'or anothe 
cosatygoig'stersac prgamatrs
 

http:the,CR.SP


Project Overviews 
 Multiple Species Fisheries Research
 

Project Overview
 

Project Name: MULTIPLE SPECIES FISHERIES RESEARCH
 

Host Country: Costa Rica
 

Host Country Lead Institution: The University of Costa Rica (UCR-CIMAR)
 

Host Country Principal Investigator: Dr. Manuel M. Murillo (UCR-CIMAR)
 

Other Participating Host Country Institutions: Ministry of Agriculture
 

Host Country Associate Investigators: Dr. Jose Gracia (UCR) 
Dr. Joseph Varilly (UCR) 
Jorge Campos (UCR) 

Agriculture) 
Eduare.o Madrigal (Ministry of 

J. C. Briceno (UCR) 

United States Lead Institution: The University of Maryland-Center
 
for Environmental and Estuarine Studies
 
(UMCEES)
 

United States Principal Investigator: Dr. Brian J. Rothschild (UMCEES)
 

Other Participating U.S. Institutions: The University of Maryland-College
 
Park-College of Business and
 
Management (UMCP-CBM)
 

The University of Miami (Urliami) 

United States Associate Investigators: 	 Dr. Bruce Golden (UMCP-CBMI)
 
Dr. William Fox (UMiami)
 

United States Research Assistants: 	 Cluney Stagg (UMCEES)
 
Gerard DiNardo (UMCEES)
 
Doug Levy (UMCP-CBM)
 
Hiren Trivedi (UMICP-CBM)
 
Jerald S. Ault (U~liami)
 
David Die (Uliami)
 
Victor Restrepo (Uiami)
 
Steven G. Smith (UMCEES)
 

Research Locations: UMCEES, UMCP-CBM, Uliami, and UCR
 

Project Objective: To develop a better understanding of how multiple species

fisheries influence 
the ecology and population dynamics 	of fish communities.
 
Continued emphasis is placed on designing the components of CANOFISH, a
 
decision support system with expert system features (DSS/ES), to study the
 
population dynamics and management of small-scale multiple species fisheries.
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Project Overviews 	 Extensions of Standard Fishery Models
 

Project Overview
 

Project Name: ECONOMIC AND PROBABILISTIC EXTENSIONS OF STANDARD FISHERY MODELS
 

Host Country: Costa Rica
 

Host Country Lead Institution: The 	University of Costa Rica (UCR-CIMAR)
 

Host Country Principal Investigator: Dr. Manuel M. Murillo (UCR-CIMAR)
 

Other Participating Host Country Institutions: Ministry of Agriculture
 

Host Country Associate Investigators: 	 Dr. Edison de Faria (UCR)
 
Jorge Campos (UCR)
 
Dr. Edwin Castro (UCR)
 
Dr. Ricardo Estrada (UCR)
 
Eduardo Madrigal (Ministry
 

of Agriculture)
 

United States Lead Institution: The University of Maryland-Center for
 
Environmental and Estuarine Studies
 
(UMCEES)
 

United States Principal Investigator: 	 Dr. Brian J. Rothschild (UMCEES)
 

Other Participating U.S. Institutions: The University of Maryland-College
 

Park-College of Business and
 
Management (UMCP-CB1)
 

University of Delawa-e (UDelaware)
 
(Through year 4 only)
 

United States Associate Investigator: 	 Dr. Lee Anderson (UDelaware)
 

United States Research Assistants: 	 Cluney Stagg (UMCEES)
 
Chris Rogers (UDcliire)
 
Yang Gru (UDelavware)
 
Steven G. Smith (UMCEES)
 

Research Locations: UMCEES, UMCP-CDM, 	UDeiaware, and UCR
 

Project Objective: To modify standard fisheries models to increase their
 

utility to managers of small-scale fisheries.
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Project Overviews 
 Sampling Catch and Abundance
 

Project Overview
 

Project Name: SAMPLING CATCH AND ABUNDANCE
 

Host Country: Costa Rica
 

Host Country Lead Institution: University of Costa Rica (UCR-CIMAR)
 

Host Country Principal Investigator: Dr. Manuel M. Murillo (UCR-CIMAR)
 

Other Participating Host Country Institutions: Ministry of Agriculture
 

Host Country Associate Investigations: Juan Chavarria (UCR-CIMAR)
 
Eduardo Madrigal (Ministry of
 

Agriculture)
 

United States Lead Institution: The University of Washington (UW)
 

United States Principle Investigator: Dr. Vincent F. Gallucci (UW)
 

Other Participating U.S. Institutions: The University of Delaware (UDelaware)
 
(Through year 4 only)
 

United States Associate Investigators: 	 Dr. Loveday Conquest (UW)
 
Dr. Lee Anderson (UDelaware)
 
Dr. Robert Donnelly (UW)
 

United States Research Associate: Robert Burr (UV)
 

United States Research Assistants: 	 Shi Quan Liao (UW)
 
Jose Orensanz (UW)
 
Christopher Rogers (UDelaware)
 

Research Locations: UCR, UDelaware, and UW
 

Project Objectives:
 
To develop statistical sampling methodology for the assessment of
 

tropical fish stocks exploited via artisanal fisheries. Artisanal fish
 
catches have been sampled at the ports of landing as well as on the "vessels
 
at sea." These activities will continue, in conjunction with analyses of the
 
acquired data. New sampling methodology will be tried in light of the
 
analyses. Sampling in the field independent of the artisanal fishing activity

has started and will continue. This latter sampling will be conducted both
 
independently of, and in conjunction with hydroacoustic estimates of
 
abundance. New developments in sampling methodology will continue to be
 
sought in order to improve stock assessment .curacy and efficiency.
 
Sampling/assessment techniques will be integrated into a decision support
 
system to assist tropical multispecies fisheries manager, plan, execute and
 
evaluate stock assessment sampling studies. An economics component (under Dr.
 
Anderson) will continue to evaluate the utility of current stock and
 
recruitment models for small-scale fisheries stock assessment 
and will develop
 
new methodologies and economic extensions of 
these models to provide useful
 
bioeconomic information.
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Project Overviews 	 Age and Size Modeling
 

Project Overview
 

Project Name: AGE-SIZE DEPENDENT/INDEPENDENT MODELING
 

Host Country: Costa Rica
 

Host Country Lead Institution: The 	University of Costa Rica (UCR-CIMAR)
 

Host Country Principal Investigator: Dr. Manuel M. Murillo (UCR-CIMAR)
 

Other Participating Host Country Institutions: None
 

Host Country Associate Investigators: Dr. Joseph Varilly (UCR-CIMAR)
 

United States Lead Institution: The University of Washington (UW)
 

United States Principal Investigator: Dr. Vincent F. Gallucci (UW)
 

Other Participating U.S. Institutions: None
 

United States Research Assistants: 	 Han-Lin Lai (UW)
 
Jose Orensanz (UW)
 
Robert Burr (UW)
 

Research Locations: UCR and UW
 

Project Objectives:
 

To develop the framework, methodology and validation techniques for
 
understanding and predicting the abundance and growth of selected fish and
 
invertebrate stocks. Existing models will be examined and improved, once
 
developed. Data from field experiments will be used to estimate parameters
 
for models which are a basis for predicting productivity. Field experiments
 
seek to estimate: 1) age/size distributions of stocks per species, 2)
 
age/size specific rates of mortality, 3) fecundity, and 4) growth. The
 
theoretical framework and software written for this component 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 tscch as gill net mesh size, changes in
 
effort, and shifts in alternative gears)
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Project Overviews 
 Age and Size Relationships
 

Project Overview
 

Project Name: AGE AND SIZE RELATIONSHIPS AND CONSEQUENCES OF ERRORS
 

Host Country: Costa Rica
 

Host Country Lead Institution: The University of Costa Rica (UCR-CIMAR)
 

Host Country Principal Investigator: Dr. Manuel M. Murillo (UCR-CIMAR)
 

Other Participating Host Country Institutions: None
 

Host Country Associate Investigator: Jorge Campos (UCR-CIMAR)
 

United States Lead Institution: The University of '.ashington (UW)
 

United States Principal Investigator: Dr. Vincent F. Gallucci (UW)
 

Other Participating U.S. Institutions: None
 

United States Associate Investigators: Dr. Han-Lin Lai (UW)
 

United States Research Assistants: None
 

Research Locations: UCR and UW
 

Project Objective:
 

1) To develop age determination methodology for tropical fish and
 
invertebrates. 2) To develop an age-size relationship for the corvina-like
 
species in the Gulf of Nicoya to construct age-size keys and thus to draw
 
inferences about recruitment, growth, and mortality. 3) To develop an age
 
determination laboratory at UCR 
that may later serve regional fishery agencies
 
in Latin America. 4) To validate age determination techniques
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Project Overviews Shallow-Water Hydroacoustics
 

Project Overview
 

Project Name: SHALLOW-WATER HYDROACOUSTICS
 

Host Country Lead Institution: The University of Costa Rica (UCR-CI!AR)
 

Host Country Principal Investigator: Dr. Manuel M. Murillo (UCR-CIMAR)
 

Other Participating Host Country Institutions: Ministry of Agriculture
 

Host Country Associate Investigator: Jorge Campos (UCR-CIMAR)
 

United States Lead Institution: The University of Washington (UW)
 

United States Principal Investigator: Dr. Richard E. Thorne (UW)
 

Other Participating U.S. Institutions: Nione
 

United States Research Assistants: John Hedgepeth
 

Research Locations: UCR and UW
 

Project Objectives:
 

To develop hydroacoustic fish assessment techniques for shallow-water,
 
multispecies, environments such as the Gulf of tlicoya, Costa Rica. There are
 
four aspects: 1) Determine the distribution, abundance and behavior of the
 
corvina-like fishes, evaluating variables such as tidal, diel, location,
 
seasonal and annual. Measurements will be taken on abundance, vertical
 
distribution, and velocity of fish, as well as salinity and water currents.
 
Dual stationary transducers will be used, one mounted at a slant angle on the
 
bottom, the other deployed at the surface and mounted at 90 degrees. 2)
 
Determine the effectiveness of artificial reefs in attracting fish. The same
 
deployment techniques as above are used at three locations (on an artificial
 
reef, adjacent to a reef, and a control). 3) Determine the efficiency of
 
locally fished gill nets and other direct capture techniques. 4) Introduce
 
the results of hydroacoustic estimation as auxiliary input for artisanal
 
fisheries catch and stock assessment analysis.
 

125
 



Project Overviews Empirical Analyses and Modeling
 

Project Overview
 

Project Name: EMPIRICAL ANALYSES AND MODELING
 

Host Country: Philippines
 

Host Country Lead Institution:
 
College of Fisheries, The University of the Philippines in the Visayas (UPVCF)
 

Other Participating Host Country Institutions:
 
International Cnter for Living Aquatic Resources Management 
(ICLARM)

Bureau of Fisheries and Aquatic Resources (BFAR)

Marine Science Institute, The University of the Philippines (UPMSI)
 

Host Country Principal Investigator: Dr. Efren Ed. C. Flores (UPVCF)
 

Host Country Associate Investigators:
 
Dr. Daniel Pauly, Senior Scientist (ICLARM)
 
Dr. Sonia S. Formacion, Senior Scientist (UPVCF)

Prof. Geronimu T. Silvestre, M.S., Scientist (UPVCF)
 
Prof. Nygiel B. Armada, M.S., Scientist, (UPVCF)
 
Prof. Glenn D. Aguilar, M.S., Scientist, (UPVCF)

Mr. Vic'tor C. Sambilay, Research Assistant, (UPVCF)
 
Ms. Joanna 14.Rongo, Research Assistant, (UPVCF)
 

Other Participating Country Institutions:
 
Research Institute for Marine Fisheries of the Agency for Agricultural


Research and Development, Republic of Indonesia 
(Dr. Nurzali Naamin, Director)

Division of Marine Fisheries of the Department of Fisheries, Thailand
 

(Boonlert Phasuk, Director)
 

United States Lead Institution: The University of Rhode Island
 

United States Principal Investigator: Dr. Saul B. Saila (URI)
 

Other Participating U. S. Institutions: None
 

United States Associate Investigators:
 
Dr. Janet lcLeavey, Scientist (URI)
 
Dr. John W. McManus, On-Site URI Scientist, Philippines
 
Dr. Conrad Recksiek, Scientist (URI)
 

United States Research Assistants:
 
Mr. Karim Erzini, M.S., Research Assistant II (URI)
 

Research Locations: UPVCF and URI
 

Project Objective:
 
To use existing fisheries data to contribute to the development of
 

mathematical models and computer programs which address 
the relationship among

harvest, fishing effort, species composition, and stability of tropical fish
 
stocks. A major emphasis is on the analysis and prediction of catch
 
composition.
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Project Overviews Multispecies Field Studies
 

Project Overview
 

Project Name: MULTISPECIES FIELD STUDIES
 

Host Country: Philippines
 

Host Country Lead Institution:
 
Marine Science Institute, The University of the Philippines (UPHSI)
 

Host Country Principal Investigator: Dr. Edgardu D. G=;: (uPMOI;
 

Other Participating Host Country Institutions:
 
International Center for Living Aquatic Resources Management (ICLARM),
 
Bureau of Fisheries and Aquatic Resources (BFAR), and
 
College of Fisheris, The University of the Philippines in the Visayas
 

(UPVCF)
 

Host Country Associate Investigators:
 
Dr. Daniel Pauly, Senior Scientist (ILARM)
 
Mr. Wilfredo L. Campos, M.S., Research Associate (UPMSI)
 
Ms. Annabelle G.C. del Norte, M.S., Senior Research Assistant (UPMSI)
 
Mr. Philip A. Roa, Senior Scientific Programmer (UPMSI)
 
Mr. Ruben C. Garcia, Senior Scientific Engineer (UPMSI)
 
Mr. Cleto L. Panola, Research Assistant (UPMSI)
 
Ms. Clarissa C. Arida, Research Assistant (UPMSI)
 
Ms. Mary Janeth P. Poot, Research Assistant (UPMSI)
 
Ms. Gemma Cecilia P. Yalung, Research Assistant (UPrSI)
 
Mr. Rodalfo Reyes Jr., Research Assistant (UPMSI)
 
Mr. Jerome P. Cabansag, Research Assistant (UPMSI)
 
Mr. Miguel F. Miguel, Research Aide (UPMSI)
 
Mr. Jesse Cabansag, Research Aide (UPMSI)
 

Also members of the U.S. AID/ASEAN Coastal Resources Management Project
 
(CRMP) and the U.S. AID/Philippines Rainfed Resources Project are working
 
collaboratively with the CRSP.
 

United States Lead Institution: The University of Rhode Island (URI)
 

United States Principal Investigator: Dr. Saul B. Saila (URI)
 

Other Participating U.S. Institutions: None
 

United States Associate Investigators:
 
Dr. Johnr W. McManus, On-Site URI Scientist, Philippines
 
Dr. Conrad W. Reckseik, Scientist (URI)
 
Dr. Janet A. McLeavey, Senior Scientist (URI)
 

Research Locations: UP and URI
 

Project Objectives
 

1. To produce at end of the five-year CRSP one or more chapters in a
 
book of methods for multispecies stock assessment, a summary of existing
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Project Overviews 
 Iultispecies Field Studies
 

methods for assessing and managing shallow water (principally coral reef)

multispecies fisheries, in conjunction with methods tested and duveloped by
 
our own research team.
 

2. To assess the impact of 
fishing pressure relative to other factors 
influencing the abundances and distributions ot fish species across a 
heterogeneous coral reef system and the variations in a community structure 
over a three-year period. 

3. To obtain general information as to the relationship between the
 
catch composition yielded by each of 
se-eral important small-scale fishing
 
gears and the composition of the fish crmmunity being exploited.


4. To assess tho relationship between catch composition, standing

stock, and fishery production in a variety of shallow water fish habitats.
 

5. To dutormine to what extaent the cdtch 7omposition and fishery

production of a coastline can 
b predicted from habitat information obtained 
from satellite image-y, aerial photographs from low-cost aircraft, char' 
information, bathymetry, and on-ironmuntal paramat rs indobtain, from ste
 
sampling.
 

6. To diss.m.nat, this iniformation to countrie.s in ±"'d in :u.tispeaies
fisheries cnanairent, includin]g the United Elrts ind daveloping cruntrias. 

7. To Avolop within th hest coun-try wollabor i institution th, 
capability to continua i nd.pendu ntly to investigate ind to rflns tht. 
assessment and ra:gament approaches which are devaloped within the CRSP. 
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Project Overviews Institutions and Research Personne
 

It should be noted that the personnel involved and the objectives of each
 
project will undergo some alteration over the coming five years.
 
Modifications in project objectives will be in accordance with the Objectives
 
and Work Plans outlined in Sections III-V above. The most significant change
 
in the projects will involve the reorganization of the UW projects.
 

Beginning in year six, the UW projects will be reorganized into two
 
rather than the current four projects. A new Management and Stock Assessemnt
 
Sampling Project will have the following objectives: The specification of a
 
fishery management plan (FMP) for the Gulf of Nicoya, involving the use of
 
CASA, length cohort analysis, bioeconomics, and effort regulation. Definition
 
of new and appropriate criteria for biological reference points such as
 
F(O.I), F(msy), etc., as criteria for setting harvest levels. A new
 
Recruitment and Productivity Project will have the following objectives:
 
Evaluation of the productivity and growth rates of selected species,
 
especially on how rates are affected by environment and the prospect cf
 
developing an index of year-class strength. Investigation of the recruitment
 
and fecundity processes and the relationships to growth and recruitment
 
overfishing. The two new projects will involve the same personnel as are
 
involved in the current four projects, but research priorities and funding
 
allocations among components will be adjusted. Both new projects anticipate
 
some interface with the University of the Philippines for testing of results
 
developed in Costa Rica and for sharing CRSP research developments.
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