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ABSTRACT. — The Indo-Pacific area has been recognised as the most diverse
biogeographic area among marine ecosystems. This diversity shows gradient with
higher diversity in the Indonesia-Philippines area and decrease of species richness
going East in the Pacific islands. Three major theories (center of origins, center
of accumulation, and center of overlap) have proposed mechanisms that lead to
higher diversity in the Indonesian-Philippines area. Up to now, classic
biogeography based on species richness is unable to distinguish the most likely
model among the three. We investigate genetic approach as a new tool that could
give evolutionary perspective in biogeography. The rationale of such an approach
is that genetic diversity has been found to be correlated to species richness. First
results on coral reef fishes, revealed a hierarchy of the factors affecting the genetic
diversity and consequently the species richness.

RESUME. - La province biogéographique Indo-Pacifique est certainement
I’écosystéeme marin le plus diversifié. Cependant, cette diversité n’est pas
homogéne; trés forte dans la région Indonésie-Philippines, elle diminue plus on
s’éloigne en direction des iles situées & 1I’Est. Trois théories ont été proposées pour
expliquer la forte diversité de la région Indonésie-Philippines : centre de dispersion,
centre de convergence et centre de recouvrement. Les recherches en biogéographie,
uniquement basées sur 1’étude de la richesse spécifique, ont été incapables jusqu’a
présent de distinguer la plus vraisemblable de ces trois théories. Nous pensons
qu'une analyse génétique pourrait fournir les réponses souhaitées, en terme
d’évolution. Les fondements d’une telle approche reposent sur le fait que la
diversité génétique peut étre corrélée a la richesse spécifique. Les premiers résultats
obtenus sur les Poissons des récifs coralliens semblent hierarchiser les facteurs
affectant la diversité génétique et, par cela méme, la richesse spécifique.

major theories (center of origins, center of accu-
mulation, and center of overlap) can be distinguis-
hed (Palumbi 1996). Basically, they proposed

The Indo-Pacific area contains thousands of
marine species which make of this ecosystem one
of the most diverse among marine habitats. Such
a high diversity is not uniformly distributed over
the Pacific plate but shows gradient of species
richness that extends from the highly diverse cen-
ter of the Indonesian-Philippines area to the sur-
rounding archipelagos laying East (Briggs, 1974).
Reasons for the present-day distribution are
complex and are the subject of fascinating studies,
much of which are fairly recent and ongoing.

Among the several hypotheses that have been
proposed to explain biogeographic patterns in the
Pacific Ocean (see review in Rosen 1988), three

mechanisms that lead to a high diversity in the
Indonesian-Phillipines area (Fig. 1). The center of
origins theory suggests that the Indonesian-Philli-
pines area is the place were speciation takes place
and that new species diffuse to peripheral habitats
such as Pacific archipelagos (Ekman 1953). As an
opposite view, it has been proposed that speciation
has more chance to occur in isolated peripheral
archipelagos and new species would be transpor-
ted to the Indonesian-Phillipines area via prevai-
ling currents (Ladd 1960). In this case the
Indonesian-Phillipines area can be viewed as a
center of accumulation, consequence of migrations
of new species from peripheral archipelagos. Fi-
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Fig. 1. — Map of the Pacific Ocean area indicating species richness of shorefish. The three major theories proposed
to explain the species distribution and more specially the high diversity in the Indonesia-Philippines area are also
represented : center of origins with white arrows, center of accumulation with black arrows, and center of overlap

with grey ellipses.

nally, the third theory describes a center of overlap
where the high diversity of the Indonesian-Philli-
pines area corresponds to a cross-road of several
biogeographic provinces. These biogeographic
provinces could result from past geological events
or present environmental conditions and overlap
in the Indonesian-Phillipines area where they
create high species diversity. Many studies on
corals, sea-grasses, molluscs and fishes (Salvat
1971; Springer 1982; Vermeij 1987; Rosen 1988;
Kay 1990; Wallace et al. 1989; Jokiel and Marti-
nelli 1992; Mukai 1992; Pandolfi 1992; Stoddart
1992; Veron 1995) have investigated species distri-
bution and support one or the other of the theory.
However, up to now, it appears that there is no
consensus on which model may be more generally
suitable.

INTEREST OF THE POPULATION
GENETICS APPROACH

Population genetics can contribute in this de-
bate, in the sense that using intra-specific markers,
such as allozymes, gives a new opportunity to

distinguish diversity of different islands and/or
archipelagos. Up to recent years biogeographic
surveys were restricted to compare the number of
species or taxa between areas. The population
genetics approach gives a new view in biogeogra-
phic research because it reveals the structure of
genetic variability of marine species. Allelic va-
riation within a species can be used to track pat-
terns of migration. Concordance of species-level
and allele-level biogeography have already been
demonstrated in some places in the sense that
processes determining species distribution are si-
milar to those controling gene flows (Avise 1994).
Consequently, patterns of gene flow, computed
from allelic variations within a species, can contri-
bute to explain the origin of species in an evolu-
tionary perspective. In addition, the analysis of
genetic markers can help : (1) to distinguish sib-
ling species (Knowlton, 1993) and to provid new
data on species diversity; (2) to determine diver-
gence time between species or populations once
appropriate calibration is made (Martin er al
1992); (3) and finally to calibrate relationships
between species (phylogenies) and to identify de-
rived species.
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Such approaches were already developed for
giant clam using allozymes (Benzie 1994) and for
sea urchin using mitochondrial DNA (Palumbi
1996). Both surveys showed differentiation bet-
ween populations despite the dispersal capacities
inferred from the pelagic larval phase of both
species. The giant clam study showed that gene
flows were favoured along latitudinal gradient in
the Indo-West Pacific. In fact, populations appea-
red genetically homogeneous within similar lati-
tudes while major differences occurred between
samples located on different latitudes. Such a pat-
tern is opposite to diversity clines in the entire
fauna which show a decreasing gradient going
East along the same latitudes. Research on sea
urchin revealed a pattern opposite to giant clams
one. Clines of mtDNA variation within species
were similar to the total species diversity ones.
However, these results are both based on the ana-
lysis of single species, while a multi-species ana-
lysis would be necessary to average variation in
genetic patterns between species.

INDO-PACIFIC CORAL REEF FISHES
MODEL

The Indo-Pacific region, which strechs from the
Red Sea to the Polynesian Islands, contains the
world’s largest shorefish fauna estimated at over
4 000 species (Springer 1982; Myers 1989). As
we mentioned previously, the distribution of spe-
cies richness shows higher diversity in the Indo-
nesian-Phillipines area which decreases further
East, in the Pacific islands (Fig. 1). According to
species lists, we can observe four major steps in
terms of diversity : (1) about 2 500 species in the
Indonesian-Phillipines waters; (2) around 1 000 to
1 300 species in Micronesica and Australia; (3)
about 600 further East in the Hawaiian and Poly-
nesian island and (4) finally only 200 remain in
isolated island such as Pitcairn, Eastern of Johns-
ton islands.

Most coral reef fishes have a pelagic larval
stage, resulting in a life history with two distinct
phases. Pelagic and benthic stages differ in almost
all characteristics from morphology to size, habi-
tat, food and behaviour. Although a few types of
larvae complete their pelagic stage in the imme-
diate vicinity of their natal reef, the large majority
apparently moves some distance away from the
reef to more open water (Leis, 1991). The
common idea is that planktonic larvae are disper-
sed from their spawning sites. This transport is
fundamental in maintaining the integrity of spe-
cies and avoiding speciation that could result from
isolation. Evidence to support this broad hypothe-
sis initially came from surveys of marine inver-
tebrates : species with planktonic larvae are re-

ported to be more widely distributed (Shuto 1974;
Scheltema and Williams 1983), to have genetically
more homogeneous populations (Scheltema 1977)
and to persist longer in the fossil records (Hansen
1978; Scheltema 1978). Similarly, it has been
hypothesised that species with long larval plank-
tonic stage will tend to have larger distribution
than species with shorter ones (Thorson 1961;
Scheltema and Williams 1983). Data on fish fauna
are far less extensive, only a few studies were
devoted to the duration and the distribution of
planktonic larvae and results have suggested si-
milar hypothesis (Rosenblatt et al. 1972; Leis,
1984; Avise et al. 1987; Waples and Rosenblatt
1987). Such initial surveys were limited to the
analysis of the relationship between planktonic
duration and population structure because of the
difficulty of measuring the duration of the plank-
tonic larval stage which was estimated by rearing
larvae to metamorphosis. Recent progress in using
otoliths to estimate larval stage duration in coun-
ting daily rings up to the “settlement mark” give
more reliable data to address the relationship bet-
ween planktonic duration and population structure
(Victor 1986). Up to now, studies developed on
coral reef fish fauna of the Indo-Pacific (Thresher
and Brothers 1985; Brothers and Thresher 1985;
Thresher et al. 1989) did not show any correlation
between either the size of distribution and larval
distribution, or between the mean planktonic du-
ration of a genus and either species richness or
degree of endemism in that genus. The only si-
gnificant result indicated that species with mean
planktonic stages longer than 45 days were almost
invariably broadly distributed across the Pacific,
whereas those with shorter planktonic stages va-
ried in the extent of their distributions (Brothers
and Thresher 1985). However, Thresher et al.
(1989) investigating Pomacentridae family did not
find any correlation with planktonic larval dura-
tion.

EXAMPLES OF POPULATION GENETICS
APPROACH ON CORAL REEF FISH

Up to now there is no general survey of coral
reef fish realised over the Pacific and all genetic
analyses are restricted to regional scales such as
the Great Barrier Reef, Polynesian archipelagos,
Hawaiian archipelago, etc. In reef fishes of the
Pacific, results of genetic surveys ranged from
panmixia (genetically homogeneous populations)
within an archipelago (Shaklee 1984; Shaklee and
Somollow 1984, Planes et al. 1993) to regional
(Bell et al. 1982; Planes 1993; Doherty et al.
1995; Lacson and Clark 1995) and local (Planes
1993; Doherty et al. 1994; Johnson et al. 1993)
differentiations. We will present three examples
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and their interpretations in terms of mechanism
to explain the observed population structures.

One of the largest study concerned the genetic
structure of Acanthurus triostegus (Planes 1993)
and Dascyllus aruanus (Planes et al. 1993) within
French Polynesia. Each species showed a different
genetic structure. D. aruanus populations appea-
red homogeneous overall the Polynesia while A.
triostegus populations were highly structured with
large genetic differences between islands. The ge-
netic structure of populations of A. triostegus was
directly linked with the major oceanic currents
within the area and led authors to propose a “pat-
chy population” model — a atypical metapopula-
tion model — (Planes et al. 1996). Comparison of
results obtained on D. aruanus and A. triostegus
did not fit with the idea that species with long
pelagic larval stages exhibit larger dispersals and
consequently show higher gene flows between
populations. In fact, D. aruanus larvae spend
about 25 days in the ocean when A. triostegus
ones stay about 60 days. Authors proposed that
this contradiction was due to historical factors.
During the last glaciation that occurred 10 to 8
thousand years B.P. the sea-levels was 120 meters
under present sea-level and lagoons of classic
Darwinian atolls that are of 50 to 70 meter deep
at the maximum were completely dry. Because D.
aruanus inhabits only lagoons, and such habitats
were not available in French Polynesia during the
last glaciation, we proposed that at that time the
species was absent from the area and that the
actual population is a result of a unique and recent
recolonisation. Consequently there is not enough
time for the appearance of genetic structures as a
result of genetic drift. A. friostegus is more ubi-
quist and inhabits lagoons as well as oceanic
slope. Because this fish could be maintained on
oceanic slope, A. triostegus populations would be
older and showing longer evolution with genetic
differentiation due to long term genetic drift. This
study suggested that oceanic currents as well as
historical events affect the population structures
between oceanic islands. In these interpretations,
historical factors played a more crucial role than
pelagic larval duration.

Doherty er al. (1995) selected seven species of
coral reef fish, to provide a range of pelagic larval
duration from 0-55 days, for genetic comparison
between two regions of the Great Barrier Reef
separated by 1 000 km. Only one species, an ane-
mone fish, did not show significant heterogeneity
among reefs within regions indicating chaotic ge-
netic patchiness at local scales, probably arising
from recruitment. After pooling regional variation,
all but two species also showed significant regio-
nal differences. The two exceptions were a lutja-
nid and a surgeonfish, which had the longest pe-
lagic larval durations. The logarithm of genetic
differentiation between regions was correlated

with pelagic larval duration by an inverse linear
relationship that explained 85 % of the variance
among species. On this basis, it was estimated
that larval periods longer than one month should
result in enough gene flow to homogenize fish
populations over half of the Great Barrier Reef.
Comparisons with invertebrates taxa sampled over
the same sites show that fish populations are more
differentiated for a given pelagic larval duration.
Such a differene between invertebrate and fish
suggests that fish larvae may use their greater
mobility to resist to dispersal using either their
swimming abilities or favorable currents to limit
dispersal. This study clearly demonstrates that wi-
thin the fishes taxa the pelagic larval duration is
a predominant factor explaining larval dispersal
and colonisation. At the same time, Doherty et al.
(1995) compared populations of the Great Barrier
Reef with an outgroup (Chesterfield reefs) and
confirmed the genetic homogeneity of mainland
population but demonstrated that the relationship
between pelagic larval duration and genetic diffe-
rentiation does not apply to island systems. In the
Great Barrier Reef, which represent a continuous
reef matrix, the pelagic larval duration comes out
as the major factor explaining the population
structure. The Great Barrier Reef also was affec-
ted by sea-level variations but because it makes
a geomorphological unit, the evolutions of diffe-
rent species were parallel and in that situation,
the biology of each species the key factor of
population structures. Evidence that historical
events are predominant to biological ones can be
found in the population structures observed in the
Capricorn and Bunker reefs (located at the ex-
treme south of the Great Barrier Reef where reefs
are at their actual limit of extention). They show
large genetic differences when compared to popu-
lations of the central Great Barrier Reef (Doherty
et al. 1994)

Finally, population genetic structure of Ste-
gastes nigricans, Epinephelus merra and Acanthu-
rus triostegus was investigated throughout New
Caledonia (Planes er al. in press). Each species
was sampled in three sites all around the lagoon
of New Caledonia. Analysis of genetic differen-
tiation between sites showed inconsistent results
between species, with limited gene flow in two
species (Acanthurus triostegus and Stegastes ni-
gricans) and homogeneity in one species (Epine-
phelus merra). Survey of hydrological and
climatic data from the lagoon which surrounds
New Caledonia suggests that the eastern and wes-
tern sides of the lagoon could be isolated because
they lie in water masses of different origin and
this may explain the genetic differentiation found
at local scale. Homogeneity in Epinephelus merra
populations is possibly related to its low genetic
diversity and the reproductive behaviour of mem-
bers of this family.
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CONCLUSIONS

Considering the three examples described pre-
viously, we can divide factors affecting genetic
structure of coral reef population in the Pacific
ocean into three majors groups. (1) Functional
factors which are related to the ecology and the
biology of each species. This includes parameters
such as, reproduction behaviour or pelagic larval
duration. (2) Historical factors such as colonisa-
tion or extinction consequent to sea-level varia-
tion, which will modify directly the population
structure. (3) Physical factors including the effect
of oceanic currents and/or the geomorphological
structure of the reef. We have shown that the
patterns observed along the Great Barrier Reef are
not similar to those found around isolated island
systems. In that case the genetic structures seem
to fit an unusual metapopulation model where
currents appear as the determining factors. The
three major factors acting on the genetic structures
are not equivalent : historical factors seem predo-
minant to the other ones. Phylogeography and
population genetics will in the future provide data
to ascertain such a hierarchy and its biological
consequences.

ACKNOWLEDGMENTS — This dicussion was initiated by
the Marine Biodiversity Programm and we wish to
thank F. Bonhomme, J. Benzie, P. Borsa, P. Doherty,
R. Robertson, P. Sale for extended discussions on bio-
geography and the role of pelagic larval stage. This
work is part of the Marine Biodiversity Programm and
the French National Programm on Coral Reefs.

LITERATURE CITED

AVISE J.C. 1994. Molecular markers, natural history
and evolution. Chapman and Hall, New York.

AVISE J.C.,, ARNOLD J., BALL R.M.JR., BERMIN-
GHAM E., LAMB T., NEIGEL J.E.,, REEB C.A.,
SAUNDERS N.C., 1987. Intraspecific phylogeogra-
phy : the mitochondrial DNA bridge between popu-
lation genetics and systematics. Ann. Rev. Ecol. Syst.
18 : 489-522.

BELL L.J., MOYER J.T., NUMACHI K. 1982. Mor-
phological and genetic variation in Japanese popu-
lations of the Anemone fish Amphiprion clarkii. Mar.
Biol. 72 : 99-108.

BENZIE J.A.H. 1994. Patterns of gene flow in the Great
Barrier Reef and the Coral Sea. In Genetics and
Evolution of Aquatic Organisms. Edited by A.R.
Beaumont, Chapman & Hall, London, England : 67-
79.

BRIGGS J.C. 1974. Marine Zoogeography, McGraw-
Hill, New York.

BROTHERS E.B., THRESHER R.E. 1985. Pelagic du-
ration, dispersal and the distribution of Indo-Pacific
coral reef fishes. In NOAA symposium series on

undersea research 3. The ecology of deep and shal-
low reefs. Edited by M.L. Reaka, United States
Department of Commerce, Washington D.C., USA :
53-69.

DOHERTY PJ., MATHER P., PLANES S. 1994. Acan-
thochromis polyacanthus, a fish lacking larval dis-
persal, has genetically differentiated populations at
local and regional scales on the Great Barrier Reef.
Mar. Biol. 121 : 11-21.

DOHERTY P.J., PLANES S., MATHER P. 1995. Gene
flow and larval duration in seven species of fish
from the Great Barrier Reef. Ecology 76 : 2373-
2391.

EKMAN S. 1953. Zoogeography of the Sea. Sidgwick
and Jackson, London.

HANSEN T.A. 1978. Larval dispersal and species lon-
gevity in Lower Tertiary gasteropods. Science 199 :
885-886.

JOKIEL P., MARTINELLI E.J. 1992. The vortex model
of coral reef biogeography. J. Biogeog. 19 : 449-458.

JOHNSON M.S., HEBBERT D.R., MORAN M.J. 1993.
Genetic analysis of population of north-western Aus-
tralian fish species. Austr. J. Mar. Freshwater Res.
44 : 673-685.

KAY E.A. 1990. Cypraeidae of the Indo-Pacific : Ce-
nozoic fossil history and biogeography. Bul. Mar.
Sci. 47 : 23-43.

KNOWLTON N. 1993. Sibling species in the sea. Ann.
Rev. Ecol. Syst. 24 : 189-216.

LACSON J.M., CLARK S. 1995. Genetic divergence
of Maldivian and Micronesian demes of the damsel-
fishes Stegates nigricans, Chrysiptera biocellata, C.
glauca and C. leucopoma (Pomacentridae). Mar.
Biol. 121 : 585-590.

LADD H.S. 1960. Origin of the Pacific island mollus-
can fauna. Am. J. Sci. 258 : 137-150.

LEIS J.M. 1984. Larval fish dispersal and the East
Pacific Barrier. Océanogr. Trop. 19 : 181-192.

LEIS J.M. 1991. The pelagic stage of reef fishes : The
larval biology of coral reef fishes. In The ecology
of fishes on coral reefs, Edited by P.F. Sale, Acade-
mic Press Inc, 183-227.

MARTIN A.P., NAYLOR G.J.P,, PALUMBI S.R., 1992.
Rate of mitochondrial DNA evolution in sharks are
slow compared to mammals. Nature 357 : 153-155.

MUKAI H. 1992. Biogeography of the tropical sea-
grasses in the western Pacific. Aust. J. Mar. Fresh-
water Res. 44 : 1-17.

MYERS R.F. 1989. Micronesian Reef Fishes. Coral
Graphics ed. Guam, USA.

PALUMBI S.R. 1996. What can molecular genetics
contribute to marine biogeography ? An urchin’s tale.
J. Exp. Mar. Biol. Ecol. 203 : 75-92.

PANDOLFI J.M. 1992. Successive isolation rather than
evolutionary centers for the origination of the Indo-
Pacific reef corals. J. Biogeogr. 19 : 593-609.

PLANES S. 1993. Genetic differentiation in relation to
restricted larval dispersal of the convict surgeon fish
Acanthurus triostegus in French Polynesia. Mar.
Ecol. Prog. Ser. 98 : 237-246.



380 S. PLANES, R. GALZIN

PLANES S., BONHOMME F., GALZIN R. 1996. A
genetic metapopulation model for reef fishes in ocea-
nic islands : the case of the surgeonfish, Acanthurus
triostegus. J. Evol. Biol. 9: 103-117.

PLANES S., GALZIN R., BONHOMME F. 1993. Ge-
netic structure of Dascyllus aruanus populations in
French Polynesia. Mar. Biol. 117 : 665-674.

PLANES S., PARRONI M., CHAUVET C. Evidence
of limited gene flow in three coral reef fish species
in the lagoon of New Caledonia. Mar. Biol. (in
press).

ROSEN B.R. 1988. Progress, problems and patterns in
the biogeography of reef corals and other tropical
marine organisms. Helg. Meer. 42 : 269-301.

ROSENBLATT R.H., MCCOSKER J.E., RUBINOFF I.
1972. Inod-West Pacific fishes from the Gulf of
Chiriqui, Panama. Nat Hist. Mus. L.A. County Cont.
Sci. 234 : 1-18.

SALVAT B. 1971. Biogéographie malacologique de la
Polynésie a la lumi¢re des récentes recherches sur
I’histoire géologique des iles hautes et des atolls de
cette région. Atti. Soc. It. Sc. Nat. Mus. Civ. St. Nat.
Milano 112 : 330-334.

SCHELTEMA R.S. 1977. Dispersal of marine inverte-
brate organisms : paleobiogeography and biogeogra-
phic implication. /n Concepts and methods of
biostratigraphy, Edited by E.G. Kauffman and J.E.
Hazels, Dowen, Hutchison and Ross, Strousburg,
Pennsylvania : 72-108.

SCHELTEMA R.S. 1978. On the relationship between
dispersal of pelagic larvae and the evolution of ma-
rine prosobranch gasteropods. /n Marine organisms
— genetics, ecology and evolution. Edited by B.
Battaglia and J.A. Beardmore : 303-322.

SCHELTEMA R.S., WILLIAMS LP. 1983. Long-dis-
tance dispersal of planktonic larvae and the biogeo-
graphy and evolution of some polynesian and
western pacific mollusk. Bul. Mar. Sci. 33 : 545-565.

SHAKLEE 1.B. 1984. Genetic variation and population
structure in the damsel fish, Stegastes fasciolatus,
throughout the Hawaiian archipelago. Copeia 1984 :
629-640.

SHAKLEE J].B., SAMOLLOW P.B. 1984. Genetic va-
riation and population structure in a deep water
snapper, Pristipomoides filamentosus, in the Ha-
waiian archipelago. Fish. Bull. 82 : 703-713.

SHUTO T. 1974. Larval ecology of prosobranch gaste-
ropods and its bearing on biogeography and paleon-
tology. Lethaia 7 : 239-256.

SPRINGER V.G. 1982. Pacific plate Biogeography,
with Special Reference to Shorefishes, Smithsonian
Contribution to Zoology, Washington DC.

STODDART D.R. 1992. Biogeography of the Tropical
Pacific. Pacific Sci. 46 : 276-293.

THORSON G. 1961. Length of larval life in marine
bottom invertebrates as related to larval transport by
ocean currents. Am. Assoc. Adv. Sci. Publ. 67 : 455-
474.

THRESHER R.E., BROTHERS E.B. 1985. Reproduc-
tive ecology and biogeography of Indo-West Pacific
angelfishes (Pisces : Pomacanthidae). Evolution 39 :
878-887.

THRESHE R.E., COLIN P.L., BELL L.J. 1989. Plank-
tonic duration, distribution and population structure
of western and central Pacific damselfishes (Poma-
centridae). Copeia 1989 : 420-434.

VERMEIJ G. 1987. The dispersal barrier in the tropical
Pacific : implications for molluscan speciation and
extinction. Evolution 41 : 1046-1058.

VERON J.E.N. 1995. Corals in space and time. The
biogeography and evolution of the Scleractinia. Uni-
versity of New South Wales Press, Sydney.

VICTOR B.C. 1986. Duration of the planktonic larval
stage of one hundred species of Pacific and Atlantic
wrasses (family Labridae). Mar. Biol. 90 : 317-326.

WALLACE C.C., PANDOLFI J.M., ROSS R., CRONIN
T.M. 1989. Indo-Pacific coral biogeography : a case
study from the Acropora selago group. Austr. Syst.
Bot. — Austr. Biogeogr. 4 : 199-210.

WAPLES R.S., ROSENBLATT R.H. 1987. Patterns of
larval drift in southernCalifornia marien shore fishes
inferred from allozyme data. Fish. Bull. 85: 1-11.

Recu le 19 février 1997; received February 19, 1997
Accepté le 5 aoiit 1997; accepted August 5, 1997



