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ABSTRACT

Scientific progress in the study of coral reef fisheries in the past decade stems mostly from
technical innovations such as the methed for estimating ages from daily rings in otoliths, the
development of length-structured stock assessment techniques combined with the availability
of relatively inexpensive programable calculators and micro-computers and the wide avail-
ability of SCUBA facilities.

The development of techniques for extraction of the maximum amount of information from
length-frequency data offers the possibility of rc-analyzing existing data sets and deriving
estimates of growth and mortality estimates. Substantial advances have been made towards an
understanding of reproduction and recruitment in coral reef fisheries. Arising from the accu-
mulated knowledge of reef fish reproduction it is suggested that, as a general rule, reef fish
populations are recruitment limited.

Visual-census technigues have become more quantitative and methods of estimating the
area fished by stationary gears, such as traps, have been developed, thus leading to the possi-
bility of improved estimates of the abundance and density of reef fish stocks. A number of
multi-species models have been developed which could be applied to reef fish stocks but
parameter estimation remains a major obstacle.

The maximum potential sustzinable fish harvest from coral reefs remains unknown, but it
is clear that harvests of demersal and neritic pelagic fishes of 4-6 mt ke X yr " are taken from
many tropical coralline shelves and that very much grealer harvests of fishes per unit area are
attainable in areas which have a dense cover of actively-growing corals.

The objective of this paper is to identify and discuss areas in which significant
progress has been made in the last 10 years towards an understanding of the funda-
mental processes governing the productivity of coral reef fisheries, and to highlight
the areas where considerable doubt or even controversy exists. The number of recent
papers which refer to fishes of coral reefs is enormous and aithough few relate di-
rectly to reef fisheries, they have in many cases contributed to our understanding of
reef fish productivity.

The early part of the past decade saw the completion of major Caribbean reef
resource surveys and studies in Jamaican waters (Munro, 1977), in the Bahamas
(Thompson, 1978) and the completion of the FAG/UNDP Caribbean Reel Fishery
Development Project (Kawaguchi, 1974, Woif and Chislett, 1974) and the, perhaps
belated, recognition that coral reef fishery resources are capable of supplying a sig-
nificant part of the world’s fish supply (S.V. Smith, 1978, Carpenter, 1977).

Additionally, the presumptive causative organism responsible for ciguatera fish
poisoning, Gambierdiscus toxicus, was isolated and identified (Yasumoto et al.,
1977) giving new impetus to further investigations of this problem (Randall, 1980;
De Sylva and Higman, 1980).

On taxonomic matters, the publication of the FAO Species Identification Sheets
for Fishery Purposes covering the Caribbean and Indo-Pacific (Fischer, 1978,
Fischer and Whitehead, 1974) should have reduced the major taxonomic confusions
and led to some degree of uniformity on nomenclatoral matters for the exploited
species. The publication of semi-popular manuals (Nagelkerken, 1981) will also
lead to a greater degree of assurance in dealing with fishermen.
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TECHNICAL ADVANCES

Several significant technical developments have paved the way for advances in
coral reef fisheries research. Perhaps the most significant of these was the recogni-
tion of Panella {(1974; 1971) that certain micro-structures in otoliths were, in fact,
daily rings. It is now clearly established that at least the younger stages of many coral
reef fishes can be aged by this technique (Brothers, 1980; 1982; Brothers and
McFarland, 1981; Ralston 1977; 1980; Ralston and Miyamoto 1982).

Secondly, the now common availability of air compressors and other SCUBA fa-
cilities, even in remote locations, has extended the range of possible observations on
coral reefs and their frequency and duration, leading to a better overall understand-
ing of reef phenomena.

Thirdly, and perhaps most important of all, has been the development of length-
frequency based methods of fish stock assessment. These methods have their origin
in the equation developed by Beverton and Holt (1956} which states that

Z=K(L.-Dy/{L-L"

in which Z is the coefficient of mortality, K is the coefficient of growth, L, is the

asymptotic length, L' is the smallest length of fish which is fully represented in the

catchand L is the average length of all fishes lying between L’ and L_.. However, with

few exceptions, the usefulness of the method, whereby mortality rates can be esti-
mated from catch length-frequency distribution data and growth rate estimates, was

not generally recognized and it remained virtually unused for many years {Munro,
1980b).

However, Green (1970), Ebert (1973), van Sickle (1977) and Powell (1979) subse-
quently produced a succession of papers demonstrating the estimation of growth
and/or mortality rates from size distributions. Ssentengo and Larkin (1973) pro-
duced an equation similar to that of Beverton and Holt {1956) and Saila and Lough
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Figure 1. Synopsis of data on spawning scasons of 26 commercially important species of
coral reef fishes in Jamaican waters (from Wyatt 1976, Thompson and Munro
1974a, b, c; Billings and Munro 1974; Munro 1974¢; Aikin 1975a, b; Reeson
1975a, b). Horizontal bars indicate months in which ripe or spent fishes were ob-
tained. Dots indicate months in which more than 20% of the fishes in the sample
had ripe or spent gonads. Broken lines indicate months for which there are no data.

162




(1981) a synthesis of the above-mentioned works. Jones (1981) developed the tech-
nigues of length cohort analysis (which requires catch statistics in addition to length-
frequency data) and Pauly (1982) has developed a method for deriving a catch curve
from length-frequency data and growth parameters.

Additionally, a method for processing length-frequency data on micro-computers
which removes the subjectivity of modal progression analyses and derives a best
possible fit to any set of data has been developed by Pauly and David (1981). Micro-
computer based methods for comprehensive stock assessments based almost exclu-
sively on length-frequency distributions have been developed by Pope, Pauly and co-
workers and will soon be published.

What these developments mean, in essence, is that existing sets of length-
frequency data can be reappraised and first, or improved, estimates of growth and
mortality rates obtained. One question that has not yet been solved is the problem of
assessing what represents an adequate sample size for a length-frequency distribu-
tion and, as in any fishery, obtaining an unbiased sample of fishes.

Finally, Pauly (1980a, b) has demonstrated that the inter-relationships which exist
between temperature, growth parameters and natural mortality rates are sufficiently
close that a useful degree of predictability of, say, natural mortality rates is possible
given estimates of growth parameters and mean environmental temperatures.

Although new methodologies have emerged, there are still relatively few sets of
data pertaining to coral reef fishes to which these methods can be applied.

SCIENTIFIC ADVANCES
Reproduction and Recruitment

The question of the seasonality of spawning and periedicity of recruitment (which
are not necessarily the same things) has received attention, In Jamaican waters, it
was found that there were two main spawning periods for most of the larger species
of reef fishes with maxima around March-April and September-October (Munro,
1974a). Figures 1 and 2 show a synopsis of the Jamaican data.

Watson and Leis (1974) noted that spring and fall spawning peaks around Hawaii
coincided with periods of weakened currents and Johannes (1978) found that 13 of 18
spawning peaks listed in the literature coincided with periods when prevailing winds
were weakest and suggested that reproductive strategies of tropical marine fishes
have evolved in part to maximize recruitment of offshore larvae to nearby inshore
habitats. Data for Kenyan waters (Nzioka, 1979) and for the Great Barrier Reef
(Russel et al., 1977) appear to add further weight to this hypothesis. However, data
for the spawning periods of the large species of serranids (Goeden, 1978; Chen et
al., 1980; Nagelkerken, 1979; Olsen and La Place, 1979 and Thompson and Munro,
19742} do not appear to fit with any known pattern and our understanding of these
phenomena is far from complete. It appears that the spring and fall peaks (Fig. 2),
which seem to be confirmed for the Caribbean (Munro, 1974a; Luckhurst and Luck-
hurst, 1977, Powles, 1975), might converge in more northern waters and be replaced
by a single summer peak {(Grimes and Huntsman, 1980; Bradley and Bryon, 1974,
Futch and Bruger, 1976).

Additionally, it is clear that some spawning occurs throughout the year for most
tropical species (Colin, 1978; 1982; Erdman, 1977; Boardman and Weiler, 1980)
and that periodic peaks merely reflect the times of increased activity within the tropi-
cal zone. Johannes (1978) has collected ample evidence that a lunar periodicity of
spawning is also most often superimposed upon whatever seasonal patterns exist,

One of the principal features of research on coral reef fishes (as opposed to fish-
eries), in the last decade, has been the enormous proliferation of ethological studies
and the controversy which arose, and is perhaps not yet resolved, over whether reef
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Figure 2. Numbers of species in Jamaican waters, of a total of 26, in-which (a) some ripe

fishes were found in a given month and (b) in which more than 20% of fishes in the
sample had ripe or spent gonads.

fishes partition the resources of the reef in some fashion or simply indulge in a
scramble for space (or other resources} by adding new recruits to the system at the
greatest possible rate. This argument appears to have been sparked off by the work of
Russell et al. (1974) who, on the basis of observations on the Great Barrier Reef,
suggested that colonization is essentially a random process. This was amplified by
Sale (1976) and other investigators soon made contributions (Sale, 1978; Luckhurst
and Luckhurst, 1977; Dale, 1978; C.L. Smith, 1978).

Helfman (1978a) summarized the then existing situation, by which time various
propenents had agreed that space on reefs is limiting and that recruitment from the
plankton is a random process, but disagreed on whether reef fishes partition the
resources. The case against any sort of resource partitioning and in favor of a ran-
dom colonization process seems to have been made by Bohnsack and Talbot (1980)
who found no differences in the number of species, number of females and mean
number of individuals per reef for isolated model reefs in Florida and Great Barrier
Reef waters. Also, Talbot et al. (1978) and Brock et al. (1979) concluded that, at
least, over small areas of reef, long-term stability of the reef fish community compo-
sition was unlikely because of the combination of high predation rates and a random
process of colonization of vacant space by new recruits.

A summary of and comments on the recruitment phenomena are given by Sale
(1982) and by McFarland (1982). The latter concludes “that recruitment to inshore
reefs is dependent on several factors — the individual species’ capacity to prolong
larval life, the effect of currents on the dispersion and settlement of recruits, the
constancy or periodicity in the production of eggs and larvae through reproductive
drive and the nature of the settlement site,” which is as succinct a synopsis as can be
found. Johannes et al. (1981) have suggested that, notwithstanding occasional
long distance dispersal of larvae, post-larvae and/or juveniles, a high degree of reef
fish recruitment might be derived from local spawning, that genetic interchange
might be limited and discrete stocks of reef fish species might exist.

One particular feature of the reef fish debate appears to have been the tacit as-
sumption that space on reefs is a factor which limits the population size of virtually
all reef fish. However, as suggested recently by Doherty (1981), and previously by
Munro et al. (1973) in a somewhat different context, there is no evidence whatever
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that planktonic dispersal of the larvae of reef fishes regularly provides more recruit-
ment than most populations can absorb. Munro et al. {1973) observed that catch
rates from virgin reef fish stocks at Pedro Bank in the west-central Caribbean were
markedly less than at Rosalind Bank, which is proximal to the Nicaragua-Honduras
shelf and suggested that the absence of any shallow waters upstream of Pedro Bank
combined with the apparent absence of any significant mechanisms for retaining
larvae such as gyres, accounted for these differences.

It is here suggested that all reef dwelling fishes (and perhaps also many other
demersal reef organisms) with pelagic larvae are normally recruitment limited. That
is, that the population densities of those organisms in which the young need to settle
from the plankton onto a suitable substratum is limited by the larval survival rates in
the plankton, by the abundance of predators on and around the settling substratum
and by the likelihood of current systems depositing the young near suitable settle-
ment sites.

Certainly, in the case of coral reef fishes, if not other organisms, the limiting fac-
tors all work to reduce recruitment. The characteristic spawning aggregations (Colin,
1982; Randall, 1961; Randall and Randall, 1963} are attended by abundant egg-
eating planktivores (Colin, 1978) and any eggs that are not wafted away from the
reefs are preyed upon by a great variety of organisms (Hobson and Chess, 1978;
Leis, 1981). Once into the oceanic plankton, the larvae and post-larvae are also prey
to a host of pelagic fishes including tuna, and are then largely dependent upon some
chance current system returning them to a safe substratum. Johannes (1978), Powles
(1975) and Leis and Miller {1976) have all suggested that gyres are important in
retaining larvae around islands and indeed, if this were not so, islands such as Barba-
dos, Pitcairn and Easter Island would be devoid of all neritic fishes with pelagic
larvae. Instead, these islands have substantial fish populations and it would be inter-
esting to investigate whether such communities are composed predominantly of
forms having short larval lives (perhaps Lutjanids).

However, there is no evidence that the reproductive strategies proposed by
Johannes (1978), which consist of spawning as far seaward as possible, preferably in
the late afternoon (as predation on eggs is reduced at night: Hobson and Chess 1978)
on a strongly ebbing spring tide, combined with gyre systems at the calmest periods
of the year, regularly succeed in saturating the reef environment with newly-meta-
morphosed post-larvae.

Rather, it now appears that the strategy of most reef dwelling fishes is to spawn
over extended periods with some concentration of activity into certain favorable peri-
ods {(summer or spring and fall, coinciding with calm periods with low current ve-
locities) in the “hope” that the requisite “environmental window™ [analogous to the

“survival window” proposed by G. Sharp (see Bakun et al., 1982)] of biotic and
abiotic factors will be open and will permit significant numbers of larvae to pass
through and survive to settlement. Periodic opening of the environmental window
will result in episedic recruitment. It also seems likely that the conjunction to a
greater or lesser degree of all factors necessary for survival which results in the
opening of the window might well be a local phenomenon, with only a basic relation-
ship to the seasons or to lunar thythms. From the time of settlement onwards, the
system will be predator-controlled, with vacant territories constantly created on the
reef for those species which require a defendable territory, and heavy predation upon
all small elements of the fauna.

There seems to be little doubt that very wide dispersal of larvae is achieved by
those reef fishes and invertebrates which have long-lived larvae and post-larvae. In
many cases, favourable currents, eddy systems or geographical locations probably
cause particular areas to regularly receive abundant recruits and thus support large
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populations of certain species, whereas different areas might be chronically short of

recruits because of unfavorable geographic circumstances. Pedro Bank which lies

1500 km downstream from the islands of the Eastern Caribbean seems a likely ex-
ampile of the latter condition, whereas much of the Bahamas, Florida and the East

Coast of the USA which lie downstream of other Caribbean reef systems might be

much more favorably placed to receive recruits. It is suggested that reef fisheries of

most island systems which do not lie within a massive gyre or precisely at an opti-
mum distance downstream of another reef system are chronically recruitment lim-
ited and that even under the most favorable circumstances, there are few instances of

saturation of the habitat by juveniles (Kami and Ikehara, 1976).

A final point concerning reproduction which has emerged in the last decade is that
many families of coral reef fishes, including members of the Serranidae
(Nagelkerken, 1979; Jones, 1980; Goeden, 1978), Lethrinidae (Lebeau and Cueff,
1975), Scaridae, Sparidae, Labridae, Pomacanthinae (Smith, 1975) and Amphi-
prioninae (Moyer and Nakazono, 1978), are sequential hermaphrodites, and in
some groups, also diandric or digynous (Smith, 1982). We require a far better under-
standing of the factors triggering sex change if we are to make any rational steps
towards management strategies for such species, failing which recruitment from
exploited stocks might become drastically limited, if not extinguished (Smith,
1982).

Parameter Estimation

Despite the methodological advances mentioned previously, there is still no con-
sensus on the general order of magnitude of growth rates attained by coral reef fishes
and of natural mortality rates which might prevail. None of the detailed studies of
recruitment of small reef fishes which have been conducted appear to have been
accompanied by estimates of subsequent growth and mortality, such that turnover
rates in the reef community could be estimated.

There are still few published accounts of attempts to age commercially important
coral reef fishes on the basis of daily rings in otoliths, the exceptions being the works
of Ralston (1977; 1980; 1981} and Moffitt (1980) on various Hawailan reef fishes
and of MicFarland (1980) who found that juvenile Haemulon flavolineatum could be
aged at least up to 700 days, by which time they attained lengths of up to 12 c¢m, but
that best results were for the first 100 days of life.

Pauly and Ingles (1981) have analyzed a number of data sets for reef fishes
using the ELEFAN I micro-computer program (Pauly and David, 1981}, which also
can accommodate temperature-induced seasonal growth oscillations. I have reana-
lyzed length-frequency data collected in Jamaica using the ELEFAN I program to
test whether any better interpretations of the data are obtainable and have also ap-
plied the ELEFAN I programs to published length-frequency data for reef fishes
from the west coast of Florida (Salomon et al., 1981).

All of the above-mentioned estimates plus others culled from the literature are
summarized in Table 1 from which it is apparent that some success has attended
analyses of annular marks on scales and otoliths in areas near the edge of the tropics.
It is also obvious that if growth checks cause discernible marks on hard parts, overall
growth rates in such regions might be expected to be lower than in equatorial re-
gions. The analysis of Pauly (1981) suggests that for a given species, larger asymp-
totic sizes (L..) and lower growth coefficients (K) would be attained in cooler regions.

Pauly (1982) has also devised a micro-computer based method (ELEFAN II),
which converts length-frequency distributions into catch curves, given inputs of the
growth coefficient K, and the asymptotic length, L... The slope of the right-hand
descending limb of the catch curve is an estimate of total mortality. Also, Pauly
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Table 1. Estimates of the coefficlent of growth, K, and the asymptotic length La, of various

coral reef fishes, Values marked with an asterisk (*) have been recalculated from the

original data and are given im cm, TL, FL or SL, Asymptotic lengths given in brackets are
asgumed values based upon the largest specimens in the sample

Species Source Localicy Method K L
{em)
SERRANIDAE
MWyoteroperca Thompson and Munro, Jamalca Otoliths 0,17 (86) TL
venencsa 1974a
Mycteroperca Salomon et al., Florida ELEFAN 1 0,155 *129,7TL
microlepia 1981
Manococh & Haimovica, E, coast, USA Otoliths n.121 129.0TL
1978
Plectropomus Pauly and Tngles, Great Barrier ELEFAN 1 0,25 64, 7TL
Leopardus 1581 Reef
Epinephelus Olsen & La Place, Virgin Islands Probit 0,185 97.4TL
striatus 1879 analvsis
ninephelue Moe, 1969 E, Gulf Mexico Otaliths 0,18 80.0TL
marto Melo, 1976 Campeche Otoliths 0,11 92 BTL
Epinephelus Thompson & Munro, Jamaica Modal n,z4 52 TL
guittatus 1974a progress
Jamaica ELEFAN 1 0.22 *54,5TL
Epinephelus Burnett-Herkes, Bermuda .18
Fulva 1975
Thompson & Munre, Jamaica Modal 0.63 34 TL
1974a Progress
ELEFAN 1 0.56 *35,5TL
Epinephelus Thompson & Munro, Jamaica Modal 0.34 34 TL
aruentatum 1974a Progress
Epinephelus Pauly and Ingles, Philipvines ELEFAN 1 0.51 30,981
serfageiatus 1981
LUTJANIDAE
Lutjanus Futch & Bruger, Florida Otoliths ,35 *(60)TL
eatipechants 1976
Nelson & Manooch, Florida Scales & 4,155 g1 TL
1982 Oteliths
Lutienus Salomon et al,, Florida ELEFAN 1 0.225 *G5 ,4TL
bohar 1981
Talbot, 1960 Kenya Scales 0.27 *{66)TL
Wheeler & Ommaney, Seychelles & Peterson 0,33 *{66)TL
Amirantes method
Prigtipomoides Ralsten¥ 1980 Hawaiian Is. Ntelith N.164 80,5FL
Flamentosua daily rings
Rhombopiites Grimes, 1978 N & § Carclina Scales 0.198 62,7FL
aqurorubens
Qoyirus Thompson & Munro, Jamaica Modal 0,25 60 FL
chrysurus 1874¢ Progress
POMADASYTDAE
(Haemulidae)
Baemdeon Billings & Munre, Jamaica Peterson 0,20 65 FL
album 1974 methad
Baemulon Manooch, 1976 K & § Carolina Scales 0.11 64 TL
plwmjgrf, Billings & Munre, Jamalca Modal 0,35 42 TFL
1974 PrORTESS
Jamaica ELETAN 1 0,275 %39, 5FL
Haetrlon Billings & Munre, Jamaica Modal 0,26 40 TFL
Boiurug 1974 pProgress
ELEFAN 1 0.24 *40, 2FL
Haemulon Manooch & Barans, ¥ & § Caroiina Scales 0,22 31 IL
aurolinzgtun 1982
LETHRINIDAE
Lethrinws Loubens, 1978 New Caledonia Otoliths 0,21 (71) sL
nebulogus
Lathrinus Lebeau & Cueff, Saya de Malha Scales 0,13 *(55) TL
enigmaticus 1975
CARANGIDAE
Canmer puber Thompson * Munro, Jamaica Modal 0,24 52 FL
1974k progress
ELEFAN 1 0,24 #56 FL
POMACENTRIDAE
Ewpomaeentrus Pauly & Ingles, Jamalca ELEFAN 1 0,58 11,6SL
plani frons 1981
Males & Females 0,33 11.65L
CHAETODONTIDAE
Chaetodon Ralston, 1977 Hawaii Otoloth 1.13 12,75L
millaris daily rings
BALTSTIDAE
Bgliatea Atken, 1975b Jamaica Modal 0.57 45 FL
vetula progress
ELEFAN 1 4,53 *47 FL

Refer alsc to the paper by G. Loubens, Biclogie de quelques espéces de polsson du lagon
Néo-Caledonien ITI Croissance. Cahiers de 1'Indo-Pacifique 2{2}: 101-153 (1980} which gives
estimates of growth parameters for 28 species of fishes, mostly reef inhabiting.
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(1980a) has derived an empirical equation which states that log,,M = -0.0066 -
0.279 log,, L. + 0.6543 log, K + 0.4634 log,T in which M is the calculated coef-
ficient of natural mortality, K is the coefficient of growth, L, is the asymptotic
length and T is the mean water temperature.

Length-frequency distributions of catches of various species of fishes taken at
unexploited parts of Pedro Bank in the Caribbean by myself and co-workers (Munro,
1974a) were previously used to estimate natural mortality rates using the formula-
tion of Beverton and Holt (1956) and these data have been reanalyzed using the
ELEFAN II program. The results of these analyses will be published in detail else-
where, but it can be noted here that the estimates obtained from the length-converted
catch curves and those derived from the Beverton and Holt (1956) equation are gen-
erally similar but that those derived from the empirical equation of Pauly (1980a) are
substantially lower.

The length-converted catch curves permit the detection of changes in catchability
or mortality with increasing age or size and are of principal importance in this
respect.

All methods based on length-frequency distributions assume that there have been
no systematic changes in recruitment, that catchability is not size-related once
fishes are fully retainable by the fishing gear and that the samples are therefore
reasonable representations of the entire recruited stock. Hartsuijker (1982) has sug-
gested that the catchabilities of reef fishes in traps change with increasing size. Most
of the species so far tested show reasonably linear descending arms of the catch
curves. The exceptions are Epinephelus guttatus and E. fulva in which there appear
to be systematic decreases in the catchabilities of larger fishes or progressive in-
creases in mortality with increasing size.

It is concluded that length-converted catch curves offer an excellent means for
deriving estimates of mortality rates from length-frequency, data and for deriving
information on such matters as the effects of exploitation of the community upon
natural mortality rates (Munro, 1974a; 1980b; Jones, 1979).

Stock Assessments

The perfection of SCUBA diving equipment has led to the development of highly
sophisticated visual censusing techniques (Craik, 1981; Brock, 1982; Sale and
Douglas, 1981}, giving considerable confidence in density estimates of diurnally
active species when surveys are properly executed. However, with very few excep-
tions, such techniques have not been applied to commercially-exploited species.

Additionally, Eggers et al. (1982} have presented a method whereby it is possible
to estimate the average area from which a trap or other stationary fishing gear draws
its catch of a particular species. The method has not yet been applied to coral reef
fisheries but it appears that this, combined with the visual-census techniques and
further advances in our understanding of how traps actually function (Stevenson and
Stuart-Sharkey, 1980; Olsen et al., 1978; Craig, 1976; Munro, 1974b; Munro et al.,
1971) gives promise of population estimation based on trapping. If a set of definitive
experiments are conducted, it might be possible to convert the results of previous
trap fishery investigations (Wolf and Chislett, 1974; Munro, 1980a; Hartsuijker,
1982) to estimates of population densities.

Although as demonstrated by Munro (1975; 1977), it is possible to merely sum
the results of conventional single species assessments in a multispecies coral reef
fishery, the degree of uncertainty attached to the input parameters and most espe-
cially the unknown extent to which parameters are influenced by species interac-
tions, limits the usefulness of this approach (Munro, 1980b).

Making assessments using total biomass — fishing intensity surplus yield curves
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in which the fishing intensities per unit area are regressed against catch-per-unit of

effort from different, but ecologically similar areas (Munro and Thompson, 1973)

has found some usefulness in making assessments in other coral reef areas (Gulland,
1979}, but application to coral reef fisheries remains limited by the acute non-avail-
ability of appropriate statistics. The work of Bazigos (1974) offers some hope of

correcting this situation.

A number of multi-species models have been proposed in recent years (Andersen
and Ursin, 1977; Pope, 1979; Saila, 1982; Powers and Crow, 1982) but all remain
bedevilled by the problems of parameter estimation. A promising approach arising
from a simplification of ecosystemn models, such as that of Laevastu and Favorite
(1978) has been developed by Polovina and Tagami (1980) for the French Frigate
Shoals, in which an ecosystem model is simply based upon estimates of biomass,
production and consumption at different trophic levels. A similar approach has been
developed by Larkin and Gazey (1982). Given the availability of good census tech-
niques combined with a much improved knowledge of food and feeding of reef
fishes (Talbot and Goldman, 1972; Ogden, 1976; Ogden and Lobel, 1978; Hobson
and Chess, 1978; Parrish et al., 1980; Randall, 1980; Hay, 1981) it would appear that
such models have the greatest potential for giving an insight into the complex reac-
tions wrought on a community by exploitation, which is almost invariably selective,

At a more immediate level, multispecies analyses by Stevenson (1978) of the
Puerto Rican trap fishery and by Ralston (1980) demonstrate that useful results can
still be generated by using fairly conventional techniques. There is clearly scope for
further conventional stock assessments, particularly if length composition data
(Jones, 1981} are effectively utilized to conduct virtual population analysis (VPA)
and cohort analysis.

Potential Harvests from Coral Reef Areas

This particular topic has generated considerable interest (Smith, 1978) and an
equal amount of confusion in recent years. Most available data have been summa-
rized by Marshall (1980} and recapitulated by Marten and Polovina (1982). Basi-
cally, it appears from the available evidence that harvests of fish of 4-6 mt km* yr
are attainable from coralline shelves (Munro, 1977; Wijkstrom, 1974; Carpenter,
1977; Murdy and Ferraris, 1980; Bayliss-Smith, in press). Such shelves, extending
from the shore to an arbitrary 200-m isobath encompass seagrass beds, sand flats,
submerged reefs and emergent reefs, and all other habitats (Marshall, 1980). The
fishes included in the statistics have usually comprised all neritic species.

More recent evidence from fisheries based on reef flats and almost pure stands of
coral has shown that harvests of reef fish and invertebrates per unit area of actively
growing coral are far in excess of those mentioned above. Hill (1978) and Wass
{1982}, respectively estimated average yields of fish of 8 mt km* yr ' and 18 km*
yr' for the shoreline fishery of American Samoa, plus very large catches of inverte-
brates when harvests from depths of only 0-8 m are considered. In the Central Phil-
ippines, Alcala (1981) and Alcala and Luchavez (1981) have estimated harvests of
13 mt km yr' at Apo Island and a range of 9.7-23.7 (mean 16.5) mt km” yr' overa
S-year period at Sumilon Island. In both cases, only reef fish are considered and
invertebrates and transient pelagics were excluded from the estimation. The harvesis
in the above-mentioned instances are from depths down to 60 m and the intervening
depths are substantially covered with living corals. Both island shelves have been
subjected to exploitation for many years.

1t is clear that questions of potential productivity of coralline shelves relate closely
to the depths involved, to the areas of living coral cover and to the productivity of
adjacent habitats, and a recent workshop (Saila and Roedel, 1980) has recom-
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mended that the possibility of relating coral reef fishing potential to a morpho-
edaphic index be pursued. This has been further explored by Marshall (1981), but
these questions require additional field work, backed up by a solid statistical base,
before they can be resolved.

LITERATURE CITED

Aiken, K. A. ]
1975a. The biology, ecology and bionomics of Caribbean reef fishes: Chactodonti-

dae (butterfly and angel fishes). Res. Rep. Zool. Dept. Univ. West Indies 3
(V.g):57p.

1975b. The biology, ecology and bionomics of Caribbean reef fishes: Balistidae
(triggerfishes). Res. Rep. Zool. Dept. Univ. West Indies 3 (V.j): 57 p.
Alcala, A.C.

1981. Fish yield of coral reefs of Sumilon Island, Central Philippines. Nat. Res.
Counc. Philipp. Res. Bull. 36: 1-7.
and T. Luchavez.

1981. Fish yield of the coral reef surrounding Apo Island, Negros Occidental,
Central Visayas, Philippines. Proc. 4th Int. Coral Reef Symp. 1: 69-73.
Andersen, K.P. and E. Ursin.

1977. A nultispecies extension to the Beverton and Holt theory of fishing, with
accounts of phosphorus circulation and primary production. Meddr. Dan.
Fisk.-Havunders. (Ny Ser.) 7: 319-435.

Bakun, A., I. Beyer, D. Pauly, I.G. Pope and G.D. Sharp.

1982. Ocean sciences in relation to living resources. Can. J. Fish. Aquat. Sci. 39:

1059-1070.

Bayliss-Smith, T.
The price of protein: marine fisheries in Pacific subsistence. /n H.C. Brook-
field (ed.) “Man’s place in the Island Ecosystem-Revisited” MAB Tech.
Note, UNESCOQ, Paris. {in press)

Bazigos, G.P.

1974, The design of fisheries statistical surveys—inland waters. FAQ Fish. Tech.
Pap. 133: 122 p.

Beverton, R.J.H. and S.J. Holt.

1956. A review of methods for estimating mortality rates in exploited populations,
with special reference to sources of bias in catch sampling. Rapp. P.-v. Réun.
Cons. Perm. Int. Explor. Mer. 140: 67-83.

Billings, V.C. and J.L. Munro.

1974. The biclogy, ecology and bionomics of Caribbean reef fishes: Pomada-

syidae (grunts). Res. Rep. Zool. Dept. Univ. West Indies 3 (Ve): 128 p.
Boardman, C. and D. Weiler.

1980. Aspects of the life history of three deep water snappers around Puerto Rico.

Proc. Guif Caribb. Fish. Inst. 32: 158-172.
Bohnsack, J.A. and EH. Talbot.

1980. Species packing by reef fishes on Australian and Caribbean reefs; an ex-

perimental approach. Bull. Mar. Sci. 30: 710-723.
Bradley, E. and C.E. Bryan.

1974, Life history and fishery of the red snapper (Lutjanus campechanus} in the
North-western Gulf of Mexico: 1970-1974. Proc. Gulf Caribb. Fish. Inst.
27: 77-106.

Brock, R.E.

1982. A critique of the visual census methaod for assessing coral reef fish popula-
tions. Bull. Mar. Sci. 32: 269-276.

. C. Lewis and R.C. Wass.

1979. Stability and structure of a fish community on a coral patch reef in Hawaii.
Mar. Biol. 54: 281-292.

Brothers, E.B.

1980. Age and growth studies in tropical fishes, p. 119-136. In S.B. Saila and PM.
Roedel (eds.) Stock assessment for tropical small-scale fisheries. Int. Cent.
Mar. Res. Dev. University of Rhede Island, Kingston.

170




1982. Aging reef fishes, p. 3-23. In G.R. Huntsman, W.R. Nicholson and W, W,
Fox (eds.) The biological bases for reef fishery management. NOAA Tech.
Memo. NMFS-SEFC-80.
and W.N. McFarland.

1981. Correlations between otolith microstructure, growth and life history transi-
tions in newly-recruited French grunts Heemulon flavolinearum Des-
marest), Haemulidae. Rapp. P-v. Réun. Cons. Int. Explor. Mer. 178:
369-374.

Burnett-Herkes, J.N.

1975. Contribution to the biology of the red hind, Epinephelus guttatus, a com-
mercially-important serranid fish from the tropical western Atlantic. Ph.D.
thesis: Univ. Miami.

Carpenter, K.E.
1977. Philippine coral reef fisheries resources. Philipp. 1. Fish. 17: 95-125.
Chen, C-P, H-L. Hsieh and K-H. Chang.

1980. Some aspects of the sex change and reproductive biology of the grouper,
Epinephelus diacanthus (Cuvier et Valenciennes), Bull. Inst. Zool. Acad.
Sin. 19: 11-17.

Colin, PL.

1978. Daily and summer-winter variation in mass spawning of the striped parrot

fish, Scarus croicensis. Fish Bull. U.S. Nat. Mar. Fish Serv. 76: 117-124.

1982. Aspects of the spawning of Western Atlantic reef fishes, p. 69-78. In G.R.
Huntsman, W.R. Nicholson and WW. Fox (eds.) The biological bases for
reef fishery management. NOAA Tech. Memo NMFS-SEFC-80.

Craig, A K.

1976. Trapping experiments with snappers in South Florida, p. 222-236. In H.R.
Bullis and A.C. Jones (eds.) Proc. colloguim on snapper-grouper fishery
resources of the Western Central Atlantic Ocean. Florida Sea Grant Program
Report 17.

Craik. W.

1981. Underwater surveys of coral trout Plectropomus leopardus (Serranidae) in
the Capricornia section of the Great Barrier Reef Marine Park. Proc. 4th
Int. Coral Reef Symp. 1: 53-58.

Dale, G.

1578. Money in the bank: a model for coral reef fish coexistence. Environ. Biol.

Fish 3: 103:108.
De Sylva, D.P and J.B. Higman.

198G. A plan to reduce ciguatera in the tropical Western Atlantic region. Proc.

Gulf Caribb. Fish. Inst. 32: 139-153.
Doherty, PJ.

1981, Coral reef fishes: recruitment—Ilimited assemblages. Proc. 4th Int. Coral

Reef Symp. 2: 465-470.
Ebert. TA.

1973. Estimating growth and mortality rates from size data. Oecologia (Berl.) 11:
281-298.

Eggers, D.M_, N.A. Rickard, D.A. Chapman and R.R. Whitney.

1982, A methodology for estimating area fished for baited hooks and traps along a
ground line. Can. J. Fish. Aquat. Sci. 39: 448-453.

Erdman, D.S.

1977. Spawning patterns of fishes from the northeast Caribbean. FAQ Fish, Rep.

200: 145-170.
Fischer, W., Editor.

1978. FAO species identification sheets for fishery purposes; Western Atlantic
(Fishing Area 31) Vols. I-VII pag. var. FAQ, Rome.
and PJ.I. Whitehead, Editors.

1974. FAO species identification sheets for fishery purposes. Eastern Indian
Ocean (Fishing Area 57) and Western Central Pacific (Fishing Area 71)
Vols. 1-4, FAO, Rome.

171




Futch, R.B. and G.E. Bruger.
1976. Age, growth and reproduction of red snapper in Florida waters, p. 165-184,
In H.R. Bullis and A.C. Jones {eds.) Proc. colloquim on snapper-grouper
fishery resources of the Western Central Atlantic Ocean. Florida Sea Grant
Program. Report 17.
Goeden, G.B.
1978. A menograph of the coral trout Plectropomus leopardus Lacepede.
Queensland Fish. Serv. Res. Bull. 1:1-42,
Green, R.H.
1970. Graphical estimation of rates of mortality and growth. J. Fish. Res. Bd. Can-
ada 27:204-208.
Grimes, C.G.
1978. Age, growth and length-weight relationship of vermiliion snapper, Rhombo-
plites aurorubens, from North Carolina and South Carelina waters. Trans.
Amer. Fish. Soc. 107: 454-456.
Grimes, C.B. and G.R. Huntsman.
1980. Reproductive biology of the vermillion snapper, Rhomboplites aurorubens,
from North Carolina and South Carolina. Fish. Bull. U.S. Nat. Mar. Fish.
Serv. 78: 137-146.
Gulland, J.H.
1979. Report of the FAO/IOP workshop on the fishery resources of the Western
Indian Ocean south of the equator. Mahé, Seychelles Oct.-Nov. 1978. IOFC/
DEV/79/45.
Hartsuijker, L.
1982. A re-assessment of the stocks of reef fish on Pedro Bank. Fisheries Division,
Min, of Agric., Jamaica Trap Fishery survey of Pedro Bank (Jamaica) 2nd
phase. Tech. Rep. 4. pag. var.
Hay, M.E. 1981. Spatial patterns of grazing intensity on a Caribbean barrier reef: herbivory
and algal distribution. Aquat. Bot. 11: 97-109.
Helfman, G.S.
1978. Patterns of community structure in fishes: summary and overview. Environ.
Biol. Fish 3: 129-148,
Hill, R.B.
1978. The use of nearshore marine life as a food resource by American Samoans.
Pacific Island Studies Program. Univ. of Hawaii, 170 p.
Hobson, E.S. and J.R. Chess.
1978. Trophic relationships among fishes and plankton in the lagoon at Enewetak
Atoll, Marshall Islands. Fish Bull. U.S. Nat. Mar. Fish Serv. 76:133-153.
Johannes, R.E.
1978. Reproductive sirategics of coastal marines fishes in the tropics. Env. Biol.
Fish 3: 65-84.
, G.S. Helfman and 1. M. Leis.
1981. Stock boundaries of reef and lagoon food fishes (abstract). Proc. 4th Int.
Coral Reef Symp. 1: 112.
Jones, G.P.
1980. Contribution to the biology of the redbanded perch, Eflerkeldia huntii (Hec-
tor), with a discussion on hermaphroditism. J. Fish Biol. 17: 197-207.
Jones, R.
1979. Predator-prey relationships with particular reference to vertebrates. Biol.
Rev. 54: 73-97.

1981. The use of length composition data in fish stock assessments (with notes on
VPA and cohort analysis). FAQ Fish. Circ, 734. 55 p.
Kami, H.1. and L.I. Ikehara.

1976. Notes on the annual juvenile siganid harvest in Guam, Micronesica 12;
323-325.

Kawaguchi, K.
1974. Hand line and long line fishery explorations for snapper and related species
in the Caribbean and adjacent waters. Mar. Fish. Rev. 36(9): 8-30.

172




Laevastu, T. and FE. Favorite

1978. Numerical evaluation of marine ecosystems. Part 1. Deterministic Bulk Bio-
mass Model (BBM). Northwest and Alaska Fisheries Center, NNM.ES.
Processed Report. 22 p.

Larkin, PA. and W. Gazey.

1982. Applications of ecological simulation models to management of tropical
multispecies fisheries, p. 123-140. In D. Pauly and G.1. Murphy (eds.) The-
ory and management of tropical fisheries. ICLARM Conference Proceed-
ings 9,

Lebeau, A. and 1.C. Cueff.

1975. Biologie et péche du capitaine Lethrinus enigmaticus (Smith) 1959 du bane

Saya de Malha (Ocean Indien). Rev. Trav. Inst. Péches Marit. 39: 415-442.
Leis, JM,

1981. Distribution of fish larvae around Lizard Island, Great Barrier Reef: coral
reef lagoon as refuge? Proc. 4th Int. Coral Reef Symp. 2: 471-478.
and J.M. Miller.

1976. Offshore distributional patterns of Hawaiian fish larvaec. Mar. Biol. 36:
359-367.

Loubens, G.

1978. Biologie de quelques espéces de poisson du lagon Néo-Calédonien I. Déter-
mination de I'dge (otolithométrie). Cah. ORSTOM, Sér. Océanogr. 15(3-4):
263-283.

Luckhurst, B. and K. Luckhurst.

1977. Recruitment patterns of coral reef fishes on the fringing reef of Curacao,

Netherlands Antilles. Can. J. Zool. 55: 681-689.
Manooch, C.S8.

1976. Age, growth and mortality of the white grunt, Haemulon plumieri Lacepede
(Pisces: Pomadasyidae), from North Carolina and South Carolina. Proc.
Annu. Conf. Southeast. Assoc. Game Fish Comm., 30: 58-70.

and C.A. Barans.

1982. Distribution, abundance, age and growth of the tomtate, Haemulon auroli-
neatum, along the south-eastern United States coast. Fish. Bull. U.S. Nat.
Mar. Fish. Serv. 80: 1-20.

and M. Haimovica.

1978. Ageand growth of the gag, Mycreroperca microlepis, and age and size com-
position of the recreational catch off the south-eastern United States. Trans.
Amer. Fish. Soc. 107: 234-240,

Marshall, N.

1980. Fishery yield of coral reefs and adjacent shallow-water environments, p-
103-109. In 8.B. Saila and P.M. Roedel {eds.) Stock assessment for tropical
small-scale fisheries. Int. Cent. Mar. Res. Dev. University of Rhode Island,
Kingston.

1981. Exploring the applicability of the edaphomorphic index concept to estimat-
ing the fisheries potential of coral reef environment (abstract). Proc. 4th Int.
Coral Reef Symp. 1: 112.
Marten, G.G. and J.J. Polovina.
1982. A comparative study of fish yields from various tropical ecosystems, p. 255-
289. In D. Pauly and G.I. Murphy (eds.) Theory and management of tropical
fisheries. ICLARM Conference Proceedings 9.
McFarland, W.N.
1982. Recruitment patterns in tropical reef fishes, p. 83-91. fn G.R. Huntsman,
W.R. Nicholson and W.W. Fox (eds.) The biological bases for reef fishery
management. NOAA Tech. Memo. NMFS-SEFC-80.
Melo, A.EM,
1976. Aspectos biologico-pesqueros de Epinephelus morio (Val), “mero? p. 223-
266. In Memonas del Primer Simposio Nacional de Recursos Pesqueros
Marinos de Mexico, Mexico. Instituto Nacional de Pesca 2.
Moe, M A,
1969. Biology of the red grouper Epinephelus morio (Valenciennes) from the East-
€rn Gulf of Mexico. Prof. Pap. Ser. Fla. Dept. Natr. Resources 10: 1-95.

173




Moffitt, R.B.
1980. A preliminary report on bottom fishing in the North-west Hawaiian Islands,
p. 216-225. in R. Grigg and R. Pfund (eds.) Proc. Symp. on status of re-
source investigations in the N.W. Hawaiian Islands. Univ. Hawaii Sea Grant
Misc. Rept. UNTHI-SEAGRANT-MR-8004.
Moyer, J.T. and P. Nakazono.
1978. Protandrous hermaphroditism in six species of the anemonefish genus Am-
phiprion in Japan. Jap. 1. Ichthyol. 25: 101-106.
Munro, J.L.
1974a. Summary of biological and ecological data pertaining to Caribbean reef
fishes. Res. Rep. Zool. Dept. Univ. West Indies 3 (V.m): 25 p.

1974b. The mode of operation of Antillean fish traps and the relationships
between ingress, escapement, catch and soak. J. Cons. Int. Explor. Mer. 35:
337-350.

1974¢. The biology, ecology and bionomics of Caribbean reef fishes: Mullidae
(goat fishes). Res. Rep. Zool, Dept. Univ. West Indies 3 (V.f): 44 p.

1975. Assessment of the potential productivity of Jamaican Fisheries. Res. Rep.
Zool. Dept. Univ. West Indies 3 (VI): 56 p.

1977. Actual and potential fish production from the coralline shelves of the Carib-
bean Sea. FAO Fish. Rep. 200: 301-321.

1980a. The composition and magnitude of trap catches in Jamaica waters. Res.
Rep. Zool. Dept. Univ. West Indies 3(IV): 49 p.

1980b. Stock assessment models: applicability and utility in tropical small-scale
fisheries, p. 3547. Ir $.B. Saila and PM. Roedel (eds.) Stock assessment
for tropical small-scale fisheries. Int. Center Mar. Res. Dev. University of
Rhode Island, Kingston.
, V.C. Gaut, R. Thompson and P-H. Reeson.
1973. The spawning seasons of Caribbean reef fishes. J. Fish Biol. 5: 69-84.
, PH. Reeson and V.C. Gaut.
1971. Dynamic factors affecting the performance of the Antillean fish trap. Proc.
Guif Caribb. Fish. Inst. 23: 184-194.
and R. Thompson.
1973. The Jamaican fishing industry, the area investigated and the objectives and
methodology of the ODA/UWI Fisheries Ecology Research Project. Res.
Rep. Zool. Dept. Univ. West Indies 3 (II): 44 p.
Munrdy, E.O. and C.J. Ferraris.
1980. The contribution of coral reef fisheries to Philippine fisheries production,
ICLARM Newsletter 3(1): 21-22.
Nagelkerken, WP
1979. Biology of the grayshy, Epinephelus cruentatus, of the coral reef of Curagao.
Studies Fauna Curagac 60. 118 p.

1981. Distribution and ecology of the groupers (Serranidae) and snappers (Lut-
janidae) of the Netherlands Antilles. Publ. Found. Scient. Res. Surinam
Netherlands Antilles, Nat. Hist. Ser. 3. 71p.
Nelson, R.S. and C.S. Manooch.
1982. Growth and mortality of red snappers in the West-Central Atlantic Ocean
and the Northern Gulf of Mexico. Trans. Amer. Fish. Soc. 111: 465-475.
Nzioka, R.M.
1979. Observations on the spawning seasons of Bast African reef fishes. J. Fish
Riol. 14: 329-342,
Ogden, J.C.
1976. Some aspects of herbivore-plant relationships on Caribbean reef and sea-
grass beds. Aquat. Bot. 2: 103-116.

174




and P.S. Lobel.
1978. The role of herbivorous fishes and urchins in coral reef communities, Envi-
ron. Biol. Fish. 3: 49-63.
Olsen, D.A., A.E. Dammann and J. A. La Place.
1978. Mesh selectivity of West Indian fish traps. Mar. Fish. Rev. 40(7): 15-16.

and JA. La Place.
1979. A study of a Virgin Islands grouper fishery based on a breeding aggregation.
Proc. Gulf Caribb. Fish. Inst. 31: 130:144.

Pannella, G.
1971. Fish otoliths: daily growth layers and periodical patterns. Science 173:
1124-1127.

1974. Otolith growth patterns: an aid in age determination in temperate and tropi-
cal fishes, p. 28-39. In T.B. Bagenal (ed.) Proceedings of an international
symposium on the ageing of fish, Unwin Bros, Ltd., Surrey, England.

Parrish, I, L. Taylor, M. De Crosta, S. Feldkamp, L. Sanderson and C. Sorden.
1980. Trophic studies of shallow water fish communities in the Northwestern Ha-
waiian Islands, p. 175-190. In R. Grigg and R. Pfund (eds.) Proceedings
Symposium on Status of Resource Investigations in the N.W., Hawaiian Is-
lands. Univ. Hawaii Sea Grant Public. UNIHI-SEAGRANT-MR-80-04.
Pauly, D.
1980a. On the interrelationships between natural mortality, growth parameters, and
mean environmental temperature in 175 fish stocks. J. Cons. Int. Explor.
Mer. 39: 175-192.

1980b. A new methodology for rapidly acquiring basic informations on tropical fish
stocks: growth, mortality and stock-recruitment relationships, p. 154-172.
In S.B. Saila and PM. Roedel (eds.) Stock assessment for tropical small-
scale fisheries. Int. Cent. Mar. Res. Dev., Univ. Rhode Island, Kingston.

1981. The relationships between gill surface area and growth performance in fish:
a generalization of von Bertalanfty’s theory of growth, Meeresforsch. 28:
251-282.

1982. Studying single-species dynamics in a tropical multi-species context, p. 33-
70. In D. Pauly and G.I. Murphy (eds.) Theory and management of tropical
fisheries. ICLARM Conference Proceedings 9.
and N. David.

198]1. ELEFAN [, a basic program for the objective extraction of growth parame-
ters from length-frequency data. Meeresforsch. 28: 205-211.
and I Ingles.

1981. Aspects of the growth and natural mortality of exploited coral reef fishes.
Proc. 4th Int. Coral Reef Symp. 1: 89-93.

Polovina, J.J. and D.T. Tagami.

1980. Preliminary results from ecosystem modeling at French Frigate Shoals, p.
286-298. In R. Grigg and R. Pfund (eds.) Proceedings Symposium on Sta-
tus of Resource Investigations in the N.'W. Hawaiian Islands. Univ. Hawaii
Seagrant Public. UNIHI-SEAGRANT-MR-80-04.

Pope, J.

1979. Stock assessment in multispecies fisheries with special reference to the trawl
fishery in the Gulf of Thailand. South China Sea Fisheries Development
and Coordinating Programme. Fisheries Technical Papers SCS/DEV/79/
19,106 p.

Powell, D.G.

1979. Estimation of mortality and growth parameters from the length-frequency of
acatch. Rapp. P.-v. Réun. Cons. Int. Explor. Mer. 175: 167-169.
Powers, 1L.E. and M.E Crow.
1982. Towards models of reef fish exploitation, p. 185-201. /n G.R. Huntsman,
W.R. Nicholson and W.W. Fox {eds.) The biological bases for reef fishery
management. NOAA Tech. Memo. NMFS-SEFC-80.

175




Powles, H.W.

1975. Abundance, seasonality, distribution and aspects of the ecology of some lar-

Ralston, S. o ) .
1977. Age determination of a tropical butterfly fish utilizing daily growth rings of

val fishes off Barbados. Ph.D. thesis. McGill University.

otoliths. Fish. Bull. U:S. Nat. Mar. Fish. Serv. 74: 990-994.

1980. An analysis of the Hawaiian offshore handline fishery: a progress report, p.

204-215. In R. Grigg and R. Pfund {eds.) Proceedings Symposium on Status
of Resources Investigations in the N.W. Hawaiian Islands. Univ. Hawaii Sea
grant Misc. Rept. UNIHI-SEAGRANT-MR-80-04.

and G.T. Miyamoto

1981. Estimation of the age of tropical fishes using the density of daily growth

Randall, L.E. ) ) .
1961. Observations on the spawning of surgeon fishes (Acanthuridae) in the Soci-

increments. Proc. 4th Int. Coral Reef Symp. 1: 83-88.

ety Islands. Copeia 1961: 237-238.

1980. A survey of ciguatera at Enewetak and Bikini, Marshall Islands, with notes

on the systematics and food habits of ciguatoxic fishes. Fish. Bull. U.5. Nat.
Mar. Fish. Serv. 78: 201-249.

and H.A. Randall.

1963. The spawning and early development of the Atlantic parrot fish, Sparisoma

Reeson, PH.

rubripinne, with notes on other scarid and labrid fishes. Zoologica N. Y. 48:
49-60.

1975a. The biology, ecology and bionomics of Caribbean reef fishes: Scaridae (par-

rot fishes). Res. Rep. Zool. Dept. Univ. West Indies 3 (V.h): 49 p.

1975b. The biology, ecology and bionomics of Caribbean reef fishes: Acanthuridae

(surgeon fishes). Res. Rep. Zool. Dept. Univ. West Indies 3 (V.i) 65 p.

Russell, B.C., G.R.V. Anderson and FH. Talbot.
1977. Seasonality and recruitment of coral reef fishes. Aust. I. Mar. Freshw. Res.

28:521-528.
, EH. Talbot and 8. Domm.

1974. Patterns of colonisation of artificial reefs by coral reef fishes. Proc. 2nd Int.

Saila, 5.B.

Coral Reef Symp. 1: 193-206.

1982. Markov models in fish community studies—some basic concepts and sug-

Sale, PE

gested applications, p. 202-210. in G.R. Huntsman, W.R. Nicholson and
W W. Fox (eds.) The biclogical bases for reef fishery management. NOAA
Tech. Memo. NMFS-SEFC-80.

and R.G. Lough.

1981. Mortality and growth estimation from size data—an application to some

Atlantic herring larvae. Proc. P-v. Réun. Cons. Int. Explor. Mer. 178; 7-14.
and PM. Roede!, Editors.

1980. Stock assessment for tropical small-scale fisheries. Int, Center for Marine

Resource Dev., Univ. Rhode Island, Kingston. 198 p.

1976. Reef fish lottery. Nat. Hist. N.Y. 85: 61-64.

1978. Coexistence of coral reef fishes—a lottery for living space. Environ. Biol.

Fish. 3: 85-102.

1982. The structure and dynamics of coral reef fish communities, p. 241-253. In

D. Pauly and G.1. Murphy (eds.) Theory and management of tropical fish-
eries. ICLARM Conference Proceedings 9.

and WA, Douglas.

1981. Precision and accuracy of visual census techniques for fish assemblages on

coral patch reef. Environ. Biol. Fish. 6: 333-340.

176



Saloman, C.H. and WA . Fable, Jr.
1981. Length-frequency distributions of recreationally caught reef fishes from
Panama City, Florida in 1978 and 1979. NOAA Tech. Memo. NMFS-SEFC-
6l.
Smith, C.L.
1975. The evolution of hermaphroditism in fishes, p. 295-310. In R. Reinboth
(ed.) Intersexuality in the animal kingdom. Springer-Verlag, New York.

1978. Coral reef fish communities: a compromise view. Environ. Biol. Fish. 3:
109-128.

1982. Patterns of reproduction in coral reef fishes, p. 49-60. In G.R. Huntsman,
W.R. Nicholson and W.W. Fox {eds.) The biological bases for reef fishery
management. NOAA Tech. Memo. NMFS-SEFC-80,
Smith, 8.V,
1978. Coral-reef area and contributions of reefs to processes and resources of the
world’s oceans. Nature, 273: 225-226.
Ssentongo, G.W. and PA. Larkin.
1973. Some simple methods of estimating mortality rates of exploited fish popula-
tions. J. Fish. Res. Bd. Canada 30: 695-698.
Stevenson, D.K.
1978. Management of a tropical pot fishery for maximum sustainable yield. Proc.
Gulf Caribb. Fish. Inst. 30: 95-115.
and P Stuart-Sharkey.
1980. Performance of wire fish traps on the Western Coast of Puerto Rico. Proc.
Gulf Caribb. Fish. Inst. 32: 173-193.
Talbot, FH.
1960. Notes on the biclogy of the Lutjanidae (Pisces) of the East African Coast,
with special reference to L. bohar (Forskal). Annals. S. Afric. Mus. 65:
549-573.
and B. Goldman.
1972. A preliminary report on the diversity and feeding relationships of the reef
fishes of One Tree Island, Great Barrier Reef System. Proc. Symp. Coral
and Coral Reefs Mar. Biol. Ass. India. p. 425-444.
, B.C. Russel and G.R.V. Anderson.
1978. Coral reef fish communities: unstable, high-diversity systems? Ecol.
Monogr. 48: 455-440.
Thompson, R.W.
1978. Results of the UNDP/FAO Bahamas deep water fishery survey 1972-1975,
Proc. Gulf Caribb. Fish. Inst. 30: 44-70.
Thompson, R. and J.L.. Munro.
1974a. The biology, ecology and bionomics of Caribbean reef fishes: Serranidae
(hinds and groupers). Res. Rep. Zool. Dept. Univ. West Indies. 3 (V.b): 82 p.
and J.L. Munro.
1974b. The biology, ecology and bionomics of Caribbean reef fishes: Carangidae
(Jacks). Res. Rep. Zool. Dept. Univ. West Indies 3 (V.c): 43 p.
and I.L.. Munro.
1974c. The biology, ecology and bionomics of Caribbean reef fishes: Lutjanidae
{snappers). Res. Rep. Zool. Dept. Univ. West Indies 3 (V.d): 69 p.
. Van Sickle, J.
1977. Mortality rates from size distributions. The application of a conservation
law. Qecologia 27: 311-318.
Wass, R.C.
1982. The shoreline fishery of American Samoa — past and present p. 51-83. In
JL. Munro (ed.) Ecological aspects of coastal zone management. Proc.
Seminar on Marine and Coastal Processes in the Pacific. Motupore Is. Res.
Centre. July 1980. UNESCO, Jakarta.
Watson, W. and 1. M. Leis.
1974. Ichthyoplankton in Kanehoe Bay, Hawaii. A one year study of fish eggs and
larvae. Univ. Hawaii Sea Grant Tech. Rep. TR-75-01. 178 p.

177




Wheeler, L EG. and FD. Ommanney.
1953. Report on the Mauritius-Seychelles Fisheries Survey. 1948-49. Fish. Publ.,

Lond. 3: 1-143.
Wijkstrom, V.N.
1974, Processing and marketing marine fish—possible guidelines for the 1975-
1979 period, p. 55-67. In A.S. Msangi and ].J. Griffin (eds.) International
Conference on Marine Resources Development in Eastern Africa. Univer-
sity of Dar es Salaam and International Center for Marine Resources Devel-
opment, University of Rhode Island, Kingston.
Wolf, R.S. and G.R. Chislett.
1974. Trap fishing explorations for snapper and related species in the Caribbean
and adjacent waters, Mar. Fish. Rev. 36(9): 49-60.
Watt, J.
1976. The biology, ecology and bionomics of Caribbean reef fishes: Holocentridae
(squirrel fishes). Res. Rep. Zool. Dept. Univ. West Indies 3 (V.a): 42 p.
Yasumoto, T., I. Nakajima, R. Bagnis and R. Adachi.
1977. Finding of a dinoflagellate as a likely culprit of ciguatera. Bull. Jap. Soc.
Sci. Fish. 43: 1021-1026.

178




