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FOREWORD

his volume of papers from the 1993 workshop on snappers and groupers presents
important scientific findings and views on two important groups of fish.

Groupers, in the family Serranidae, and snappers, in the family Lutjanidae, are amongst
the most valuable components of catches in tropical and subtropical seas. The families are
diverse but all species are highly valued as food fish and are actively sought by fishers
wherever they are found. They are vulnerable to a wide range of fishing gears. Not only
can they be caught in various nets but, being predators, they will also take baited hooks
and enter baited traps. Many species are large, curious and unwary and easy prey for
spearfishers. Many, particularly groupers, form spawning aggregations at clearly established
times and places, where the aggregations can be relentlessly exploited. The unfortunate
consequence of all this is that many stocks are overfished and, in some cases, threatened
with extinction on a local scale.

Groupers are also protogynous hermaphrodites. This means that they first mature as
females and later, at a large size, change into males. Such a life history raises the very
real possibility that heavily exploited stocks, in which the average size has been drastically
reduced, will suffer an acute shortage of males at spawning times, resulting in unfertilized
eggs and, carried to an extreme, the collapse and extinction of the stock. In the past few
years, since this conference was held, an additional threat has emerged in the form of
great demand for live groupers in Southeast Asia, and at premium prices. This has prompted
even greater onslaughts on the stocks in the Indo-Pacific Region.

All these features of the snappers and groupers alone justify the investment of considerable
time and expense in research on the assessment and management of snappers and groupers
and, in more recent years, on their artificial propagation for cultivation in cages or ponds,
or for stock enhancement. The papers presented in this volume are evidence of the
importance attached to these species by governments and research institutions and,
ultimately, by the fishing communities who depend on the well-being of the stocks.
They also attest to the advances in knowledge which have emerged in recent years
through the support of well-planned research. However, they also show that the quest
for knowledge is not over and that further effort is needed if these most vulnerable
species are to be rationally managed and sustainably exploited.

Meryl |. Williams
Director General
ICLARM
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PREFACE AND ACKNOWLEDGEMENTS

G roupers and snappers are Important fishery resources of the tropics and subtrop-
ics, where their high values have caused most of their stocks to be heavily ex-
ploited, some even to the point of collapse. Trends towards heavy demand and decreasing
natural supply, which are accelerating in several parts of the worid, prompted various
mariculture ventures — but these have not yet generated sufficient supply to satisfy the
soaring demand, especially for live fish.

Focused research on the biology and the population dynamics of groupers and snap-
pers, and on their reproduction and growth under controlled condition — while no
panacea — will remain essential for dealing with the questions on how to better manage
their fisheries, and to farm them, and workshops where such research can be presented
and evaluated are crucial if progress is to be made.

To date, three international workshops have been devoted to groupers and snappers:

1) one held in October 1975, in Pensacola Beach, Florida and documented in Bullis,
H.R. and A.C. Jones (1976) Proceedings: colloquium on snapper-grouper fishery
resources of the Western Central Atlantic Ocean. Florida Sea Grant College Program,
University of Florida, Gainesville, 337 p.;

2) another held in May 1985, in Honolulu and documented in Polovina, ).J. and S.
Ralston. 1987. Tropical snappers and groupers: biology and fisheries manage-
ment. Westview Press, Boulder, Colorado, 659 p.; and

3) a third, which led to this document, held in October 1993 in Campeche, Mexico,
jointly organized by EPOMEX (Programa de Ecologia, Pesquerias y Oceanografia
del Golfo de México) and [CLARM (International Center for Living Aquatic Re-
sources Management).

This latest workshop resulted from a meeting in May 1992 of two of us (Francnsco

Arreguin-Sanchez and Daniel Pauly) at the First World Fisheries Congress.

The workshop proper was prepared by an organizing committee headed by Francisco
Arreguin-5anchez who, jointly with john Munro, also chaired the workshop sessions,

The objectives of the workshop were to:

1) assess the status of knowledge about groupers and snappers as tropical fishing
resources;

2) identify the gaps in knowledge; and

3) promote worldwide scientific collaboration.

The workshop’'s strategy and linkages were:

Experts were invited to attend the workshop. They were all chosen as recognized
scientists in their fields and balanced representation was sought from most of the tropical
regions of the world: i.e., the South Pacific, Gulf of Thailand, Southeast Asia, Western
Coast of Africa, Northeastern Coast of Australia, Caribbean Sea, and the Gulf of Mexico.
Participants came with prepared manuscripts. Theme sessions were integrated through
working groups. This initiative was under the framework of the Program of Ocean Science
and Living Resources (OSLR), specifically the Tropical Demersal Recruitment Project (TRODERP)
and the Subproject Coral Reef Demersal Recruitment Project (CORDERP) in the Caribbean
and Adjacent Regions (IOCARIBE, IOC/FAO).

vii



Altogether 60 scientists met on 26-29 October 1993 in Campeche, Mexico and presented
papers, most of which are included here, along with a few contributions sent in later by
authors who were not able to attend.

We thank these colleagues for their patience in waiting for the proceedings. And we
are aware that the “update to 1996" tagged onto the workshop conclusions will not fully
compensate for the anguish of some authors who feared that their paper would never
come out.

It is our pleasure to conclude this by acknowledging those who made this workshop
possible:

First our thanks go to the staff of EPOMEX who, under the dynamic leadership of Dr. A.
Yafiez-Arancibia, organized and hosted this workshop and its cultural program, including
much appreciated visits to a Mayan ternple, some fishing villages and several restaurants
that proved Mexican food to be not “hot”, but savory.

We also acknowledge the crucial support provided by the Government of Campeche
State, and several of its agencies: Secretaria Particular del Gobierno del Estado de Campeche;
Secretaria de Educacion, Cultura y Deporte; Secretaria de Desarrollo Pesquero; Secretaria
de Desarrollo Econémico; Secretaria dé Turismo. We also thank the (Federal) Secretaria
de Educacién Pablica, through the Subsecretaria de Educacién Superior e Investigacién
Cientifica/Sep-Fomes; and the Instituto Nacional de la Pesca, Mexico for their input and
collaboration.

The Editors
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PART I:  WORKSHOP CONCLUSIONS

Biology, Fisheries and Culture of Snappers and Groupers:
Workshop Conclusions and Updates to 19962

D. PAULY"
Fisheries Centre, 2204 Main Mall
University of British Columbia, Vancouver, B.C.
Canada V6T 124

F. ARREGUIN-SANCHEZ*
FPrograma de Ecologia, Pesquerias
v Oceanografia del Golfo de México
U.A.C. Ap. Postal 520, Campeche 24030
Campeche, México

J.L. MUNRO"

M.C. BALGOS
International Center for Living
Aquatic Resources Management
MCPQO Box 2631
0718 Makati City, Philippines

PAULY, D., F. ARREGUIN-SANCHEZ, J.L. MUNRO and M.C. BALGOS. 1996. Biology, fisheries and culture
of snappers and groupers: workshop conclusions and updates to 1996 [Biologia, pesquerias y cultivo
de pargos y meros: conclusiones del taller de trabajo y actualizacion a 1996], p. 1-10. In F. Arreguin-
Sanchez, |.L. Munro, M.C. Balgos and D. Pauly (eds.) Biology, fisheries and culture of tropical groupers
and snappers. ICLARM Conf. Proc. 48, 449 p.

Abstract

A summary of the findings of the three working groups (on population dynamics and ecology; fisher-
ies management; and biology and aquaculture) of the International Workshop on Tropical Snappers and
Groupers organized by EPOMEX (Programa de Ecologia, Pesquerias y Oceanografia del Golfo de México)
and ICLARM, and held 26-29 October 1993 in Campeche, Mexico, is presented. Recent references are
included to update coverage to 1996, partlcularly concerning issues of growth and integration of
groupers and snappers in ecosystems and models thereof.

* ICLARM Contribution No. 1312,

" Also International Center for Living Aquatic Resources Management, MCPO Box 2631, 0718 Makati
City. Philippines; e-mail: pauly@fisheries.com

< Present address: Centro Interdisciplinario de Ciencias Marinas, Instituto Politecnico Nacional, A.P.
502, 23000 La Paz, Baja California Sur, Mexico; fax 52(112) 25322; tel. 52(112) 25344/25366; e-mail:
farregui@vmredipn.ipn.mx

9 Present address: c/o Laboratoire de Blologle Marine et Malacologie, EPHE, Université de Perpignan,
Perpignan 66860 Cedex, France; fax (33) 68 50 36 86; tel. (33) 68 66 20 55; e-mail: j.munro-t@cgnet.com



Resumen

Se presenta una sintesis de los principales hallazgos de Jos tres grupos de trabajo (sobre dinimica de
poblaciones y ecologla, manefo de pesquerias, y blologia y acuacultura) del Taller Internacional sobre
Pargos y Meros Tropicales organizado por EPOMEX e ICLARM, efectuado deil 26 al 29 de Octubre de
1993 en Campeche, México. Referencias recientes son incluidas para obtener una cobertura actualizada
a 1966, particularmente sobre aspectos como crecimiento y la integracion de pargos y meros en el

contexto del ecosisterna y modelos asoclados.

Introduction

The following is a summary of the find-
ings of the three working groups which
met on 28-29 October 1993 during the
“International Workshop on Tropical Snappers
and Groupers” organized by EPOMEX and
ICLARM,.and documented in this volume.
This is complemented, in areas where the
authors are knowledgeable, by references
to documents updating some earlier cita-
tions, or recent research trends.

Population Dynamics
and Ecology

The working group concentrated on the
identification of the status of knowledge,
needs for further research and identification
of priorities, where deemed appropriate.
A summary of conclusions by topic are as
follows:

Age and growth studies

Age determination techniques based on
the exarmination of skeletal structures (otoliths,
scales, other bones) are reliable in areas
where seasonal temperature fluctuations
exceed 3-4°C (Williams 1986; Longhurst
and Pauly 1987), though validation
continues to be important (Beamish and
McFarlane 1983).

On the other hand, further research is
needed in areas where seasonal tempera-
ture differences are slight, i.e., where spawn-
ing checks on skeletal parts may be mis-
taken for seasonal checks. Here validation
is crucial, whether based on the seasonal
pattemn of ring formation (Manickchand-Dass
1987) (see also Manickchand-Heileman and
Phillip, this vol.), or on tetracycline or other
otolith marks (Ferreira and Russ 1992, 1994)
(see also Bush et al.; Collins et al., this
vol.).

For estimation of von Bertalanffy growth
parameters from size-at-age data, the use
of nonlinear fitting techniques (see, e.g.,
Saila et al, 1988) is recommended over
the use of linearizing transformation (e.g.,
Ford-Walford plots).

Estimation of growth parameters from
length-frequency (L/F) data is probiematic
in long-lived organisms such as groupers
and snappers, in which individual growth
trajectories are highly variable, and which,
moreover, may display “square” growth
curves, wherein a steeply ascending ju-
venile growth phase is followed by along,
flat adult phase (Newman et al. 1996). In-
deed, such estimation should be under-
taken only when L/F data are available which
include small, fast-growing specimens (Isaac
1990). Both ELEFAN | (Pauly 1987) and SLCA
(Shepherd 1987) may be used in such cases®
(see also Arreguin-Sanchez et al., this vol.).

* Since the workshop was held, the Shepherd’s Length Composition Analysis (SLCA) method was
considerably improved (see Pauly and Arreguin-Sanchez 1995), especially for application to long-
lived organisms. Both ELEFAN and SLCA are available as routines of the FISAT software (Gayanilo et
al. 1995), and the improvement of SLCA is available as an update to FISAT (contact ICLARM®@cgnet.com

for details).



Another rapid technique is the use of
otolith weights as an indicator of age
(Worthington et al. 1995).

Growth parameter estimates, particularly
when based on unvalidated ages, or on
length-frequency data, should be compared
with previous estimates in the same, or
closely related species. This can be done
using the growth performance index ¢'
defined as

¢'=log, K+ 2log L w.1)

where K is put on an annual basis, L_ is
standardized, e.g., to total length in cm
(Pauly and Munro 1984),

The coefficient of variation of ¢' within
species tends to be less than 5% (Moreau
et al. 1986), which provides a criterion for
identifying outliers and thus, indirectly, to
valicate growth parameter estimates and
their underlying age readings (see Pauly
and Binohlan; Arreguin-Sanchez et al., this
vol.).

Also, growth comparisons can be done
using auximetric grids, as illustrated by Pauly
and Binohlan (this vol.). Published growth
parameters can be obtained from the FishBase
1996 CD-ROM (Froese and Pauly 1996)
which contains 150 pairs of L_, K values
for snappers (for 42 of the 106 species of
the family Lutjanidae in the world; Allen
1985), and 86 for groupers (for 47 of the
159 species of the subfamily Epinephelinae
in the world; Heemstra and Randall 1993),
with more to be included in the mid-1997
release of FishBase.

Total and natural mortalitles

The standard techniques for estimation
of total (Z) and natural mortalities (M) (Ricker
1975) can be usually applied to groupers
and snappers, though some methods may
fail because of some particular behaviors
(sex changes, spawning aggregations, etc.).
Also, emphasis should be given to meth-
ods for improving the estimation of M (see
Pauly and Binohlan, this vol.).

Particularly, emphasis should be given
to:

1. estimation of M in marine protected

areas (MPA);

2, estimation of Z using length-converted
catch curves which explicitly account
for seasonal growth oscillations (Pauly
et al. 1995) and individual growth
variation, as discussed by Sainsbury
(1980) for growth estimation from
tagging data;

3. environmental effects on M (but see
Pauly and Binohlan, this vol.), and
hence on cohort strength (Arreguin-
Sanchez et al., this vol.), including
stock dislocations that may result from
global climate changes; and

4. using variable (age-specific or length-
specific) estimates of M and/or es-
timates changing with environmental
forcing in models requiring inputs
of natural mortality.

Finalty, particular attention should be given
to the interrelationships between estimates
of mortality and of catchability, which are
strongly affected by gregarious behavior
(Arreguin-Sanchez 1996).

Reproduction and recruitment

It was considered that the reproductive
strategies of groupers and snappers (batch
spawning, sex reversal, spawning
aggregations) are reasonably well known.
However, further research is needed on
the interrelationships among sex reversal,
formation of spawning aggregations and
population dynamics, as well as their im-
pacts on the location of spawning
aggregations and nursery grounds. As a
priority, two aspects were mentioned: early
life history in relation to habitat protection,
and the effects of fishing on spawning
aggregations.

On the other hand, spaw_ning stock/re-
cruitment relationships were given lower
priority, because they usually fail to resolve
uncertainties about effects of environmen-
tal factors on recruitment and thus, even



when established, still leave unexplained
most of the variability of recruitment lev-
els.

Ecological, especially food web
considerations

The working group felt that the food and
feeding habits of groupers and snappers
are known in general terms (see also data
in FishBase CD-ROM), and that further re-
search on trophic interaction should be
focused on:

® food consumption estimates (forin-

dividual fish and for age-structured
populations);

® quantitative food webs, constructed

using ECOPATH (Polovina 1984;
Christensen and Pauly 1992; Pauly
and Christensen 1996)f (see also
Arreguin-5anchez and Valero, this
vol.) or other approaches suitable for
describing the trophic role of groupers
and snappers; and

® models of diet selection (including

opportunistic feeding) and prey
switching.

Here, particular attention should be given
to model vatidation, and to evaluation of
the sensitivity of prediction to uncertainty
in input parameters”.

Natural and artificial habitats

The differential use of habitat space by
early life stage, juvenile and adult groupers
and snappers are generally well documented
(see, e.g., Doherty and Williams 1988; Beets

and Hixon 1994) (see also Cuellar et al.:
Diaz-Ruiz et al.; Domeier et al.; and Rivera-
Arriaga et al., this vol.), as is the use of
artificial reefs.

Still, further research is required on:

e distinguishing the aggregative role
from the habitat-enhancing role of
artificial reefs (see also Polovina 1989
and contributions in Munro and Balgos
1995);

® economic aspects of artificial reefs,
especially their cost/benefit ratios;

e potential effects of habitat degrada-
tion and/or loss on stock size and
structure; and

e the fractal nature of habitats, i.e., the
availability of suitable crevices/holes
for the successive life stages of co-
horts, especially in groupers (Hixon
and Beets 1993).

The general characterization of stocks is

a priority subject for some regions. Tech-
niques are well known, including molecu-
lar genetic techniques (Chapman et al., this
vol.). Further research on stock identifica-
tion ‘must be addressed using these and
allozyme techniques to provide the infor-
mation necessary to manage mixed or lo-
cally discrete stocks, and to avoid stock
collapse and losses of genetic diversity.

Fisheries Management

The working group dealing with fisher-
les management issues concentrated on
issues specific to groupers and snappers,
i.e., the recommendations below do not
cover general issues of fisheries management,
applicable to any type of fisheries resource

'Extensions of the ECOPATH software for construction of mass-balance models have recently become
available which allow explicit consideration of uncertainty, using a semi-Bayesian approach (Christensen
and Pauly 1995). This re-expresses these models in the form of simulations, enabling predictions in
time of the effects of changing the fishing regime impacting the different elements of an exploited
ecosystem. The latter approach will generally require, in the case of groupers and snappers, that the
underlying mass-balance model includes separate boxes (each with its own parameter set and diet
composition) for the juveniles and the adults (Walters et al. 1997).



(e.g.,

the need for effort controls). The

resulting list of recommendations is as fol-

lows:
[ )

Whenever possible, fisheries man-
agement plans concerned with
demersal fish should deal with
groupers and snappers as separate
groups, i.e., acknowledge their
particular growth/mortality schedules
and mode of reproduction.
Continental and insular populations
of groupers and snappers may re-
quire different management advice
due, e.g., to differences in their
seasonal patterns of reproduction.
There is a need to identify and quantify
sources of fishing mortality includ-
ing cryptic mortality due to the passage
of undersized fish through the cod-
end of trawls, and to bycatch in
nondirected fisheries, e.g., in the
Gulf of Mexico shrimp fisheries, which
have an immense impact on red
snappers and other demersal fish
species (see also Ehrhardt and
Legault; Scott-Denton and Nance,
this vol.)s.

There is a need to statistically vali-
date population parameters which
have been estimated with inappro-
priate models and/or with restricted
data sets; this applies particularly to
models which do not account for the
peculiar mode of reproduction of
groupers (Bannerot et al. 1987).
There is an urgent need to define
management strategies specifically
adapted to groupers and snappers.
Several options may be considered,
depending on management effec-
tiveness: (a) marine protected areas
(i.e., reserves), which can ensure
conservation of genetic diversity; (b)
seasonally closed areas to reduce
fishing pressure during critical stages;

(c) quotas to control fishing mortal-
ity (but which, however, may lead
to overcapitalization); (d) minimum
size regulations to prevent growth
overfishing (which however, may
increase cryptic mortality); and (e)
maximum size limits® (to protect large
fish).
® Risk analysis and bioeconomic con-
siderations should be incorporated
in management advice whenever
possible, with the latter consider-
ing the changes of price that gen-
erally accompany changes in size,

¢ Most grouper and snapper fisheries
are multispecies fisheries. This as-
pect must be explicitly considered
in any management policy.

One item only briefly discussed at the
workshop, but which has become very im-
portant since, are marine protected areas
(MPA) as fisheries management toois. We
cite a recent document to this effect:

‘There is an emerging consensus among

fisheries scientists and managers

throughout the world that marine fish-
eries reserves (sanctuaries, no-take
refuges) if well placed and of the ap-
propriate size can achieve many of the
goals that fishery management has failed
to achieve using conventional meth-
ods. Particularly, there is overwhelming
evidence from both temperate and tropi-
cal areas that exploited populations
in protected areas will recover following
cessation of fishing and that spawn-
ing biomass will be rebuilt. Also there
is widespread recognition throughout
the world that loss of biodiversity is
largely driven by ecosystem modifi-
cations and the habitat loss that en-
sues. Hence preserving biodiversity
implies the maintenance or
re-establishment of the natural
ecosystems as in marine reserves in

¢ These points are perhaps more relevant to snappers, often caught as juveniles by trawling, than to
groupers, often caught with hook-and-lines that target the adults,



which no extractive anthropogenic

effects are allowed or minimized"

(Roberts et al. 1995).

The possible effects of no-take MPAs are
particularly marked for groupers and shappers
(Ferreira and Russ 1995: Newman et al. 1996;
Russ et al., in press), though populations
may be slow to recover (Russ and Alcala
1996), due to their low turnover rates.

One reason for the positive effect of MPAs
seems to be the high-site fidelity of shap-
pers and especially groupers. Thus, in a
recent study on the Great Barrier Reef, only
1 of over 100 tag returns of Plectropomus
leopardusperformed between-reef move-
ments, all other returns indicating within-
reef movements, on a scale of 0.1 to 3
km, and especially during the spawning
season (Davies 1995).

Biology and Aquaculture

Discussions within this working group
attempted to identify the most important
aspects to be addressed through further
research, with particular emphasis on the
need to develop biotechnology for pro-
duction.

Mariculture

Rearing

® improvement of water quality for larval
culture (mainly an engineering prob-
lem);

® larval nutrition: studies of nutritional
requirements of larval stages, find-
ing smaller prey for small-mouthed
individuals, and development of
formulated feeds; and

® improvement of broodstock manage-
ment and technology for growout
to market size.

Early Life History

® description of larval development
(Masuma et al. 1993; Colin et al.,
this vol.); and

® description and experimental evalu-
ation of processes controlling sexual
differentiation.

Other ltems

® developing techniques to control or
minimize environmental pollution
resulting from aquaculture enterprises;

e increasing exchange of information
among East Asian, American and
European aquaculture groups, notably
via translation of key documents”; and

® discouraging aquaculture of non-
native species, and hence the required
introductions of exotics.

Biology
Reproduction

® identifying proximate causes of aduit
sex change at multiple levels of cau-
sation; behavioral, genetic,
neuroendocrine and hormonal, with
emphasis on collaboration with
aquaculture environments: relating
adult sex change to processes con-
trolling initial sexual differentiation
in juveniles (see also Sadovy and
Figuerola 1992; Sadovy et al. 1992;
Ferreira 1993, 1995; Sadovy et al.

" The FishBase CD-ROM (see Pauly and Binohian, this vol.) contains two tables (on culture systems and

culture experiments) which offer a standard format for reporting/standardizing aquaculture data,
including reports on groupers and snappers (Agustin et al. 1996a, 1996b). However, these tables,
containing hundreds of entries for freshwater fishes, presently contain only one entry for groupers
or snappers, describing experiments with Plectropomus leopardus in Indonesia (Lanjumin 1982). The
FishBase project seeks collaborators in this area; contact r.froese@cgnet.com.



1994; Shapiro et al. 1994; and Sadovy
and Colin 1995);

evaluating hypotheses conceming the
function of spawning aggregations,
inciuding measurement, at several
scales, of physical oceanographic
characteristics, rates of predation on
adults and eggs, downcurrent tra-
jectories of eggs, and fertilization rates
at aggregation sites (see Doherty et
al. 1994),

describing internal structure of
aggregations, including mating struc-
ture and sex ratio (Samoilys and Squire
1994); '
identifying aggregation sex ratios at
which sperm may become limiting;
measuring fertilization rates of eggs;
changing numbers of sperm released
by males, and oocyte atresia and
rejuvenilization under different sex
ratios (Samoilys and Squire 1994);
identifying which species spawn in
aggregations, with greater attention
to snappers, for which this phenom-
enon is hot as well documented (nor
probably as common) as for groupers;
choosing species carefully for detailed
studies to produce quick returns on
research effort; using most accessi-
ble species, which life history offers
the greatest promise of providing
answers to critical questions, including
presently non-comrmercial species.

Policy Implications of Current Knowledge

some participants felt that, based on
current knowledge, it would be best
for the fish populations if all forms
of fishing were banned from spawning
aggregation sites at least at spawning
times. The dissenters felt that
sustainable yields from aggregations

are possible, i.e., yields that would
not markedly reduce population size.
This remains one of the scientific
questions to be addressed in further
research efforts.

set-aside reserves, both for conser-
vation and as reference (i.e., con~
trol) communities for comparison with
impacted populations.

Larval Dispersal and Recruitment

addressing the large issue concern-
ing what controls population size in
unexploited populations: rates of
settlement, predation, food availability
and substrate limitation, if any;
addressing the second large ques-
tion of whether, and to what extent,
populations are self-recruiting: this
includes many related issues, such
as the ability of larvae to swim against
residual currents’, and by migrating
vertically, to control position over
substrates. Other issues are larval
survivorship; transport mechanisms
from the pelagic phase to reef set-
tlement areas; and factors influenc-
ing the timing and location of set-
tlement (Doherty et al. 1994).

Life History Strategies

evaluating consequences of possi-
ble fishing selection for genetically
large individuals on size structure and
genetic diversity of population. Com-
pare heavily fished with underfished
stocks;

basic descriptions of age and growth
rates, onset of maturity, and degree
of plasticity of time of maturity and
sex change. These descriptions should
be made for species for which such

! We note that recent work in Australia has shown that beyond Z0 days, and especially during pre-
settlement (j.e., at about 1 cm), most reef fishes have phenomenal swimming abilities, with sustained
speeds of around 30-40 cm per second (Stobutzkl and Bellwood 1994).



data do not currently exist in formal
literature. Complete FishBase coverage
of species for which information is
available, if only in the “grey litera-
ture” (see Pauly and Binohlan, this
VOl.);

® evaluating predation mortality of all
life stages, including identification of
predators and predation rate; and
evaluating feeding habits of differ-
ent life history stages.

The latest threat

One issue that has become important since
the workshop was held is the live trade to
Hongkong (and China) of live groupers and
snappers and similar high vatue fish (Johannes
1995; Johannes and Riepen 1995). The press
has emphasized the use of sodium cya-
nide in this trade. The major threat, though,
is overexploitation, with large areas of
Southeast Asia and the South Pacific be-
ing successively depleted (Erdmann and
Pet-Soede 1996); a threat to which an
adequate response has yet to be found.
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PART II:  BIOLOGY, ECOLOGY AND DISTRIBUTION
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Abstract

Lutfanus synagris is a commercially Important member of the demersal fish community on Campeche
Sound, adjacent to Terminos Lagoon, southern Gulf of Mexico. Its life history and seasonality are
described, with emphasis on its reproductive and trophic strategies.

L. synagris s a stenohaline species with preference for deep and clear water in the Campeche
Sound. Reproduction takes place from May to October on the Inner shelf.

The population near the Puerto Real of Terminos Lagoon was mainly composed of juveniles feeding
over seagrass beds, and occurs in waters of less than 20 m depth.

The trophic spectrum Js wide with at least nine important items, with penaeid shrimps (46%),
carideans (40%), fishes (49%), and other crustaceans (33%) being dominant at different periods of the
year.

The von Bertalanffy growth parameters were estimated, based on length-frequency data and using
ELEFAN | and SLCA, both parts of the FISAT software. This led to TL_ = 35.2 ¢m and K= 0.26-0.29 year,
i.e., values compatible with estimates from earlier studies.

Resumen

Lutjanus synagris es una especie de importancia comerci/al de /a comunidad de peces demersales de
la Sonda de Campeche, adyacente a la Laguna de Términos. 5e describe su ciclo de vida y estacionalidad,
con énfasls en sus estrategias reproductiva y trofica.

L. synagris es una especie estenohalina con preferencia por aguas profundas y claras de la Sonda de
Campeche. La reproduccion tiene lugar de Mayo a Octubre sobre la parte interna de la plataforma
continental. La poblacién, cerca de Puerto Real, Laguna de Términos, estuvo compuesta principalmente
por juveniles que se allmentan en las dreas de pastos marinos, en profundidades menores a 20 m.

£l espectro tréfico es amplio, con al menos nueve componentes de jmportancla: camarohes peneldos
(46%), carldeos (40%), peces (49%) y otros crusticeos (33%), slendo dominantes en diferentes periédos
del afo.
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Los parimetros de crecimiento de la ecuacién de von Bertalanfly fueron estimados con base en datos
de frecuencia de longitudes utilizando los métodos ELEFAN / y SLCA, ambos contenidos en ef paquete
de programas FISAT. Las estimaciones fueron: LT =35.2 cm y K=0.26-0.29 ano’', los cuales son compatibles

con estudios anteriores.

Introduction

On the continental shelf of Campeche
Sound, adjacent to Terminos Lagoon there
are at least 350 fish species, of which 21
species are dominant. These include the
commercially important snapper Lutjanus
synagris.

The biology and ecology of L. synagris
have been described by Reshetnikov and
Claro (1975) and Claro (1983) (see Diaz-
Ruiz et al.; and Cuellar et al., this vol.},
Growth parameter analyses in the Yucatan
shelf are given by Torres Lara and Chavez
(1987), Torres Lara and Salas Marquez (1988,
1990), Torres Lara et al. (1991); and for
Puerto Rico by Acosta and Appeldoom (1992).
The purpose of this paper is to add to this
body of knowledge, with emphasis on the
ecology and growth of L. synagris.

Study Area

In the southern Guif of Mexico, the
Campeche Sound and Terminos Lagoon
constitute a complex ecosystem involving
transport and mixing processes, complex
trophic webs and migratory processes,
particularly near or through the two es-
tuarine inlets of Terminos Lagoon (Yafiez-
Arancibia et al. 1991). The prevailing winds,
littoral currents and river discharges cause
a net inflow at the eastern inlet (Puerto
Real), and a net outflow through the westem
inlet (El Carmen). There are three climatic
seasons in the region, according to tem-
perature, precipitation and wind patterns:
the "Nortes" (Northern winds) season from
October to February, the dry season from
February to May, and the rainy season from
June to October. Detailed weather

descriptions for the area are provided by
Yafez-Arancibia and Day (1988) and Yariez-
Arancibia and Sanchez-Gi] (1986).

Campeche Sound has an area of 129 500
km? within the 200 m isobath (Fig. 1).
Terminos Lagoon has an area of 1 662 km?,
and mean depth of 3.5 m. There are 933
km? of wetlands and a number of associ-
ated lagoons (Yafiez-Arancibia and Day
1988).

Methods

Trawl catches of lane snapper L. synagris
were made from June 1976 to September
1985, at 18 sampling stations inside the
lagoon, 81 in the Campeche Sound, and
two in front of the Terminos Lagoon inlets
(Fig. 1). These latter stations were sam-
pled every four hours over 24-hour peri-
ods during the "Nortes’, rainy and dry seasons,
and were used for trophic dynamics and
gonadal maturity studies. The other sam-
ples were used to determine distribution,
abundance and growth parameters.

The gear used were shrimp trawls of 2.5-
m opening and 1.90-cm mesh in the la-
goon; and 9-m opening and 3.38-cm mesh
in the Campeche Sound (Sanchez-Gil et
al. 1981; Yafiez-Arancibia and Sanchez-Gil
1986).

The trophic spectrum of L. synagris was
analyzed following Hyslop (1980), De Sylva
(1985) and Yaniez-Arancibia et al. (1986).
The gonadal maturity was determined using
the scale proposed by Hilge (1977).

Length-frequency data were analyzed
using SLCA (Shepherd 1987), ELEFAN |
(Pauly 1987) and Extreme Value (Formacion
et al. 1991) routines of the FiSAT soft-
ware (Gayanilo et al. 1995). The growth
parameter estimates were compared with



other estimates using the growth perfformance
index (¢') of Pauly and Munro (1984):

9' = 2log, L _+log K.
Results and Discussion

The sample of 656 L. synagris that was
obtained consisted of 88 specimens from
the Campeche Sound, 31 from Terminos
Lagoon, 444 from Puerto Real and 93 from
El Carmen. L. synagrisis a dominant spe-
cies on the Campeche Sound, and an oc-
casional visitor to Terminos Lagoon. Abun-
dances are highest over carbonate bottoms

13

and seagrass bed (Yahez-Arancibia and
Sanchez-Gil 1986).

In the inlet areas, L. synagrisis present
throughout the year but abundances were
higher during dry and rainy seasons (Fig.
1).

The range of lengths caught was 5 to
31 cm, with the smaller sizes at depths of
about 10 m near the inlets, and the adults
in 20-40 m (Fig. 2).

Most juveniles were found in El Carmen
during the rainy season (Fig. 2), possibly
because of the river discharge resulting in
a high input of nutrients.

L. synagris is a second- or third-order
consumer, and feeds mainly on organisms

Gulf of Mexico N
8| Campeche
Sound

9 Study Area

Latitude (°N)

18.30

o Puerta

"1
LY

O Station

-*
floot * ® Positive station

* inlet

Longitude (CW)

Fig. 1. Map of study area, i.e., the Campeche Sound and Terminos Lagoon. The dots repre-
sent the sampling stations of 13 trawl surveys from 1976 to 1985. The full dots are the
sampling stations where Lutfjanus synagrlis occurred; the open dots represent the other
stations. [Area de estudio Incluyendo la Sonda de Campeche y Ia region de la Laguna de
Términos. Los puntos corresponden a Ias estaclones de muestreo de 13 cruceros efectuados
de 1976 a 1985. Los puntos negros muestran las estaclones donde la colecta de Lutjanus

synagrls fué positiva.l
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June 1978 E ] August 1980

C JOctober 1981
78

July 198l j L L EJMarch iog2

O Trawl hauls without L. synagris
Inferred

distribution area
of L. synagris . . . L. synagris catch (g)

>1000 100-1 000 <100

Fig. 2. Distribution of Lut/janus synagris In Campeche Sound (June 1978-March 1982); the
depth (in m) in panel C also apply to panels A-B and D-F (modifled from Sanchez-Gll et al,
1981). [Distribuclén de Lutjanus synagris en la Sonda de Campeche (funlo 1978 - Marzo
1982). La profundidad (m) en el dlagrama C se aplica también a los dlagramas A-B y D-F
{adaptado de Sinchez-Gll et al. 1981).]



Table §. Comparlson of growth parameters of Lutfanus synagris from different areas. [Comparaciéon de parametros de crecimiento

de Lutjanus synagris de diferentes 4reas.]

Area L_tcm) K{year') ¢'° Methods Authors
Florida 46.0 .13 4.45 otoliths Manooch and Mason (1984}
Trinidad & Tobago 708 m 0.22 5.04 otoliths Manickchand-Dass (1987)

60.3f 0.22 4,97 otoliths

Cuba 38.0 0.35 4.63 otoliths, scales and urohyal Rodriguez-Pino {1962}
Cuba 51.6 0.20 4.65 otoliths, scales and urohyal  Claro and Reshetnikov (1981)
Yucatan 41.0 0.25 4.61 ELEFAN I, Ford-Walford Torres-Lara {1984)
Yucatan 42.8 0.28 4.71 -do- Mexicano-Cintora and Arréguin-Sanchez (1987}
Yucatan 33.0 0.27 4.48 -do- Torres-Lara and Salas-Marquéz {1990}
Yucatan 41.0 0.25 4.61 -do- Torres-Lara {1987)
Yucatan 49.0 0.23 4,67 -do- Torres-Lara and Chavez (1987)
Puerto Rico 49.0 0.23 4.67 -do- Acosta and Appeldoorn (1992)
Campeche Sound 352 0.26 4.51 ELEFAN I, SLCA This study

1 = log, K + 2log . L_(Pauly and Munro 1984)

ql
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which live in seagrass beds in Puerto Real.
Its prey consists of at least nine items varying
according to the availability of the prey,
the season and size. Penaeid shrimps, fishes
and other crustaceans predominate in terms
of weight, with strong seasonal variations
(Rivera-Arriaga 1990).

The sex ratio was close to 1 in both in-
lets during the year. Juveniles were found
in both inlets, while a few maturing adults
were found in Puerto Real during the rainy
season. According to Torres-Lara and Salas-
Marquez (1988), L. synagris matures in
two or three years, at a size of 18 cm.

The growth parameters obtained were
L =35.2cm, K =0.29 year' using SLCA

and L = 35.2 cm, K = 0.26 year' using
ELEFAN I, which is similar to reports from
other areas of the Guif of Mexico (Table 1).

Proposed model of the life
history of Lutjanus synagris

The migratory strategy of L. synagris
includes depth and distance from the coast.
The population studied here includes ju-
veniles which feed near the coast, while
the adults migrate to depths exceeding
40 m and distances of more than 70 km
from the coast. Fig. 3 sumrnarizes the life
cycle of L. synagris on Campeche Sound.

&
‘%,

. -
Spawning = Flg. 3. Schematic repre-
adults < sentation of the life cycle
z 30m ® of Lutfanus synagris on
Campeche Sound. Arrows
Indicate stage and spatlal
Late juveniles, transitions; circles indlcate
preadults seasons of the year when
20-30m most transitions occur,
though some stages occur
Early (Reprosentacion
Campeche Juveniles esquemadtica del ciclo de
Sound vida de Lutjanus synagris

Terminos

en la Sonda de Campeche.
Las flechas Indican los
estadios y [as transiciones
espaclales; los circulos
Indican las estaclones del
ano cuando la mayoria de
fas transiciones ocurren,
aunque algunos estadios
se presentan a lo fargo del
ano.]

Occasional
visits to

Lagoon




References

Acosta, A. and R.S. Appeldooern. 1992, Esti-
mation of growth, mortality and yield per
recruit for Lutjanus synagris (Linnaeus) in
Puerto Rico. Bull, Mar. Sci. 50(2):282-291.

Claro, R. 1983. Ecologia y ciclo de vida de la
biajaiba, Lutianus synagris, en la Plataforma
Cubana. V. Dinamica estacional de algunos
indicadores morfofisiolégicos. Reporte de
Investigacién, Inst. de Oceanologia.
Academia de Ciencias de Cuba 16, 38 p.

De Sylva, D.P. 1985. Nektonic food webs in
estuaries, p. 35-56. /n A. YafRez-Arancibia
(ed.) Fish community ecology in estuar-
ies and coastal lagoons: towards an eco-
system integration. UNAM Press, México.
645 p.

Formacién, S.P., |.M. Rongo and V.C. Sambilay.
1991. Extreme value theory applied to
the statistical distribution of the largest
lengths of fish. Asian Fish. 5ci. 4:123-135.

Gayanilo, F.C., Jr., P. Sparre and D. Pauly. 1995.
The FAO-ICLARM stock assessment tools
(FISAT) user’s guide. FAQ Comp. Inf. Ser.
(Fish.) 7, 126 p.

Hilge, V. 1977. On the determination of the
stages of gonad ripeness in female bony
fishes. Meeresforsch. Rep. Mar. Res. 25(3-
4):149-155.

Hyslop, E.J. 1980. Stomach contents analysis;
a review of methods and their applica-
tion. J. Fish Biol. 17: 411-429.

Manickchand-Dass, 5. 1987. Reproduction, age
and growth of the lane snapper, Lutjanus
synagris (Linnaeus), in Trinidad, West Indies.
Bull. Mar. Sci. 40(1): 22-28.

Manooch, C.5., lll and D.L. Mason, 1984. Age,
growth and mortality of lane snapper from
Southern Florida. Northeast Gulf Sci. 7:
109-115.

Mexicano-Cintora, G. and F. Arreguin-Sanchez.
1987. Dinamica de las poblaciones de rubia
(Lutianus synagris) y canane (Ocyurus
chrysurus) de las costas de Yucatan.
Congreso de Ciencias del Mar. La Habana
Cuba. .

J Pauly, D. 1987. A review of the ELEFAN sys-

tem for analysis of length-frequency data

in fish and aquatic invertebrates, p. 7-34.

InD. Pauly' and G. R. Morgan (eds.) Length-

based methods in fisheries research.

ICLARM Conf. Proc. 13, 468 p.

17

v Pauly, D. and |.L. Munro. 1984. Once more on

the comparison of growth in fish and
invertebrates. Fishbyte 2(1):21.

Reshetnikov, Y.S. and R. Claro.-1975. Cycles of.
biological processes In tropical fishes with
reference to Lutjanus synagris. S.N.
Severtsov. Institute of Evolutionary Mor-
phology and Animal Ecology (IEMEZH).
Moscow and Institute of Oceanoclogy,
Habana, Cuba.

Rivera-Arriaga, E. 1990. Ecologia tréfica en dos
poblaciones de peces tropicales costeros
(Polydacthlus octonemus y Lutjanus
synagris) del sur del Golfo de México.
Universidad Nacional Auténoma de
México, México, D.F. 60 p. M. thesis.

Rodriguez-Pino, Z. 1962. Estudios estadisticos
y biolegicos sobre la biajaiba Lutjanus
synagris. Centro de Investigaciones
Pesqueras. Nota sobre Investigaciones (4),
99 p.

Sanchez-Gil, P., A. Yafiez-Arancibia and F.
Amezcua Linares. 1981. Diversidad,
distribucién y abundancia de las especies
y poblaciones de peces demersales de la
Sonda de Campeche (verano 1978). An.
Inst. Cienc. del Mar y Limnol. Univ. Nal.
Autdn. México 8(1):209-240.

Secretaria de Pesca. 1992. Estadisticas de
resumenes anuales por oficina, 1992.
Delegacion Federal de Pesca, Campeche,
Meéxico. .

Shepherd, ].G. 1987. A weakly parametric
method for estimating growth parameters
from length composition data, p. 113-
119. [nD. Pauly and G.R. Morgan (eds.).
Length-based methods in fisheries research.
ICLARM Conf. Proc. 13, 468 p.

Torres-Lara, R. 1984. Diagnosis.de la pesqueria
de la rubia (Lutjanus synagris, Linnaeus,
1758) en las costas de Yucatan. Escuela
Nacional de Estudios Profesionales
IZTACALA, \Universidad Nacional
Auténoma de México, México. 89 p. Tesis
profesional.

Torres-Lara, R. 1987. Andlisis biolégico-pesquero
de dos temporadas de pesca de la rubia
(Lutjanus synagris, L., 1758) en las costas
de Yucatan. CINVESTAV-IPN-Unidad
Mérida, Yucatan, México. 154 p. Tesis de
maestria.

Torres-Lara, R. and E. Chavez. 1987. Evaluacién
y diagndstico de la pesqueria de rubia



18

(Lutjanus synagris (L)) en el Estado de
Yucatan. Cienc. Mar. 13(1):7-29,

Torres-Lara, R. and §. Salas Marquez. 1988,
Fecundidad de la rubia (Lutjanus synagris)
en las costas de Yucatan. Contribuciones
de Investigacién Pesquera. Inst. Nac. Pesca
(5):21-31.

Torres-Lara, R. and 5. Salas Marquez. 1990.
Crecimiento y mortalidad de la rubia
Lutjanus synagris de las costas de Yucatan
durante las temporadas de pesca 1983-
1985. An. Inst. Cienc. del Mary Limnol.,
Univ. Nal. Auton. México 17(2): 205-214,

Torres-Lara, R, S, Salas Marquez, G. Mexicano-
Cintora and M.A. Cabrera-Vasquez. 1991.
Sinépsis de la dindmica poblacional de
cinco especies de la familia Lutjanidae
en la costa de Yucatan. An. Inst. Cienc.
del Mar y Limnol., Univ. Nal. Auton.
México 18(2):189-198.

Yafiez-Arancibia, A., A.L. Lara-Dominguez and
A. Aguirre-Leon. 1986. Feeding ecology
of tropical estuarine fishes in relation to
recruitment processes, p. 73-94. /n A,
Yanez-Arancibia and D. Pauly (eds.) Re-
cruitment processes in tropical coastal
demersal communities. Ocean 5cience in
Relation to Living Resources (OSRL),

International Recruitment Project (IREP).
COI-FAO-UNESCO Workshop Press Series
(44). Unesco, Paris.

Yafiez-Arancibia, A. and ].W. Day, |r. 1988.
Caracterizacion ecologica de la Laguna
de Términos, p. 1-26. fn A. Yaiiez-Arancibia
and J.W. Day (eds.) Ecology of coastal
ecosystems in the southern Guif of Mexico:
The Terminos Lagoon region. Instituto de
Ciencias del Mar y Limnologia, Universidad
Nacional Auténoma de México and Coastal
Ecology Institute Louisiana State University,
Ed. Universitaria, México, D.F.

Yafiez-Arancibia, A. and P. Sanchez-Gil. 1986.
Los peces demersales de la plataforma
continental del sur del Golfo de México:
caracterizacidon ambiental, ecologia y
evaluaciéon de las especies, poblaciones
y comunidades. Inst. Cienc. del Mar y
Limnol. Univ. Nal. Autén. (México) Publ.
Esp. 9:230 p.

Yanez-Arancibia, A., P. Sanchez-Gil and A.L.
Lara-Dominguez. 1991. Interacciones
ecoldgicas estuario-mar: estructura
funcional de bocas estuarinas y su efecto
en la productividad del ecosistema. Publ.
ACIESP 71(4):49-83.



} ENTERID N Nigp
—_—

R

APR 14 1398

Trophic Role of the Red Grouper (Epinephelus morio)
in the Ecosystem of the Northern Continental Shelf
of Yucatan, Mexico*

F. ARREGUIN-SANCHEZ®
Programa de Ecologia, Pesquerias
Vv Oceanografia del Golfo de México
U.A.C. Ap. Postal 520, Campeche 24030
Campeche, México

E. VALERO
Centro de Investigacion y de Estudios Avanzados del IPN
Unidad Mérida, Ap. Postal 73-Cordemex. 97310
Mérida, Yucatdn, México

ARREGUIN-SANCHEZ, F. and E. VALERO. 1996. Trophic role of the red grouper (Epinephelus morio) in
the ecosystem of the northern continental shelf of Yucatan, Mexico [Pape/ tréfico del mero americano
(Epinephelus morio) en e/ ecos/stema del norte de la plataforma continental de Yucatdn, Méxicol, p.
19-27. In F. Arreguin-Sanchez, J.L. Munro, M.C. Balgos and D. Pauly (eds.) Biology. fisheries and
culture of tropical groupers and snappers. ICLARM Conf. Proc. 48, 449 p.

Abstract

The trophic role of red grouper (£pinephelus morio) on the northern continental shelf of Yucatan,
Mexico, is analyzed through simulated changes in its biomass, based on a previous study using the
ECOPATH model and which emphasized the commercially important fish resources. Red groupers
occupy a high trophic level in the ecosystem, together with mojarras, king mackerels, snappers, sharks
and octopuses. Except for the octopus, all others can be grouped as a single box in the model without
loss of structural information.