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ABSTRACT

In 1984, the Caribbean coast of Martinique Island (French West Indies)
possessed flourishing coral reef communities. Since then, a community of the
benthic phaeophyte Sargassum spp. has developed in this area between 5 and 30
meters deep. These algae strongly competed with corals which were the
dominant group of the original community. This phenomenon has induced
important changes in the benthic community and a decrease in the abundance of
the associated fishes.

RESUME

Les récifs coralliens de la Martinique (Antilles frangaises) ont fait I'objet
d'une étude par les auteurs en 1984. A cette époque, la cOte caraibe possédait un
écosysteme corallien florissant. Depuis lors, une population de Sargassum spp.
s'est développée dans cette zone entre 5 et 30 m. Ces algues sont entrées en
compétition avec les coraux qui constituaient le groupe dominant de la
communauté précédente. Ce phénomene a provoqué des changements dans les
communauiés benthiques et entrainé une chute de la densité des peuplements
ichthyologiques. Ce développement explosif de Sargasses a vraisemblablement
ét6 provoqué par une eutrophisation des eaux cotidres par les effluents de la ville
de Fori-de-France.

INTRODUCTION

The coral reef communities of Martinique island (French West Indies) and
their associated ichthyofauna were previously studied in December 1983 and
January 1984 (Bouchon and Laborel, 1986; Bouchon-Navaro and Louis, 1986).
At this time, some important symptoms of degradation of the benthic
communities and their effects on the fish assemblages were noticed (Bouchon et
al., 1987). Since then, certain stations were checked from time to time and in
1987, a dense scitlement of algae of the genus Sargassum was noticed on the
Caribbean coast. The present paper reports on this phenomenon and presents the
changes observed for the coral communities and their associated fish
assemblages.
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Table 1. Numbers, location and depth of the stations surveyed in 1984, 1987,
and 1988,

YEAR STATION LOCATION DEPTH
1984 1 Pointe de {a Baleine 3m
2 Pointe de |a Baleine 10m
3 Paointe de la Baleine 15m
4 Cap Salomon 3m
5 Cap Salomon 10m
6 Cap Salomon 20m
7 Pointe Burgos am
8 Pointe Burgos 15m
9 Trois Rivieres 10m
10 Trois Rivieres 20m
1987 1 Pointe de la Baleine 10m
12 Cap Salomon 10m
13 Pointe Burgos 10m
14 Trois Rivieres 10m
1088 15 Cap Salomon am
16 Cap Salomon 10m
17 Cap Salomon 20m
18 Pointe Burgos am
19 Pointe Burgos 10m
20 Pointe Burgos 15m
METHODS

During the 1983-1984 field wip, 67 stations for the coral communities and
41 for the fish communities were surveyed around Martinique Island. In July
and September 1987 and Janvary 1988, 20 stations were visited in order to
precisely determine the geographic extension of the phenomenon on the leeward
coast of Martinique (Table 1 and Figure 1).

The scleractinian coral communities were investigated in 1983-1984, using
a semi-quantitative technique. An index ranging from 1 to 5 was assigned to
each species according to its abundance. The coverage of the substratum was
estimated visually. In 1987 and 1988, the coral assemblage, which was the
major component of the benthic community, was surveyed with a quantitative
method using a quadrat of 20 m? at each station, The data were rank coded on a
semi-quantitative scale in order o be homogeneocus with those of 1983-1984.

The fish communities were quantitatively studied using a transect technique
(Bouchon-Navaro and Harmelin-Vivien, 1981; Bouchon-Navaro and Louis,
1986). The fishes were counted by two SCUBA divers along a transect 50 m

172



Gulf and Caribbean Fisheries Institute

La Perle 2
®

Presquie de La
Caravelle

Saint Pierre
Atlantic

\ Ocean

Martinique

Fort de France

Caribbean
Sea
) R Trois
Pointe Burgos rividres /
Bp @ %
2 R;f.“":::’ Pointe Borgnesse
® Stations oy 4
Banc du
o . Ciamant
¢ sargassum fielas 0 5 km
X D s—

Figure 1. Martinique Istand. Location of the stations studied. The dashed areas
represents the extension of the Sargassum fields.
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long, indicated by a rope unrolled by one of the divers. Each observer counted
the fishes within a band 2 m wide. Thus, in most cases, a total area of 200 m?
was studied at each station. The fishes encountered were grouped in numerical
categories : group 1, solitary individuals ; group 2, from 2 to 4 individuals ;
group 3, from 5 to 9 individuals ; group 4, from 10 to 29 individuals ; group 5,
from 30 to 49 and group 6, more than 50. To calculate the mean density of fishes
per 200 m?, the size of each class was multiplied by its median.

From these data, several parameters characterizing the communities were
compuied : the species richness, the Pielou index of evenness, the coverage of
the substratum for the corals and the density of fishes per 100 m2. Statistical
comparisons between the data obtained for the coral communities before and
after the Sargassum outbreak were made using the non-parametric Wilcoxon
signed-rank test. Comparisons beiween the species ordinated by their decreasing
dominance {corals) or abundance (fishes) were made by the computation of the
rank correlation coefficient of Spearman.

RESULTS
The Settlement of Sargassum

In 1984, algae of the genus Sargassum were only found on the windward
coast of Martinique, their usual habitat in the French West Indies. None was
observed on the Caribbean coast. In 1986, algae settled on the coast south of the
bay of Fort-de-France. They settled on the substratum beiween the benthic
organisms but were also able to grow directly on the coral colonies, the
gorgonians and the sponges, inducing the alteration and finally the death of the
colonies.

In 1987, they occupied about 20 km of coast (Figure 1) between Pointe de
la Baleine and the town of Sainte-Luce. They did not develop inside the bay of
Fort-de-France which is very muddy and only a few thalli were observed on the
coast north of Fort-de-France (Cap Enragé, Pointe du Vétiver). Several species
were incriminated but the dominant one was Sargassum filipeadula.

In the stations located near the Bay of Fort-de-France, the thalli measured
between 0,5 to 1 m high and their density varied between 5 to 10 per m2. More
to the south, on the Rocher du Diamant and the bank, their size was around 0,5
m and their density about 5 per m2. Farther, near Sainte-Luce, the thalli
measured about 20 ¢cm and the density was lower. So, there was a decreasing
gradient of the size and density of the Sargassum from the Bay of
Fort-de-France towards the south. Their bathymetric distribution ranged
between 3 10 30 m (lower limit of the hard substrate). Between these limits, the
size and density of the algac were homogeneous, for each station. Between the
surface and 3 m, the Sargassum did not settle, probably hampered by wave
action. Conversely, an abnormal development of large green filamentous algae
was noticed in this zone.
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Impact on the Coral Communities

In 1984, 32 species of Scleractinian corals were censused (Table 2). In 1987
and 1088, nine of these species were not observed anymore. This corresponds o
a decrease of 28 % in the mumber of coral species. Nevertheless, the
disappearance of the species occorred at all the stations, because there is no
significant difference when the species richness is compared with a Wilcoxon
test, between the 14 matched stations (3, 4, 5, 6, 7, 8, 9 in 1984 versus 11, 12,
14, 15, 18 in 1987 and 1988). Furthermore, the sum of the abundances of the
species in 1984 (for the 10 first census) were compared with the sum of the
abundance of the species for 1987 - 1988 (census 10 to 20, Table 2) by the
computation of the Spearman rank correlation coefficient. The correlation found
was highly significant (rejection level: 99%). This means that there was no
major change in the ordination of the dominant species of the coral community.
The coverage rate of the substratum dropped from 6 to 75 % of its initial value
at the different stations. A Wilcoxon test calculated between the matched
stations indicates that the difference between the coral coverage (Table 2) in
1984 and after the Sargassum outbreak was statistically significant (rejection
tevel: 98 %). In the same way, the statistical comparison of the evenness of
Pielou (Table 2) demonstrates a significant difference (rejection level: 98 %).

The Sargassum has strongly competed with the corals and has induced an
alteration of the original community expressed by the disappearance of some
species, a drop in the coverage of the substratum by the corals and a decrease in
evenness. This last phenomenon indicates an alteration of the community
structure.

Impact on the Fish Communities

The fish communities were investigated by SCUBA diving in 1987 and
1088 between 10 and 20 m during the period of maximal development of
Sargassum on the reefs (Table 1). In 1984, 3 stations were quantitatively
investigated (Bouchon-Navaro and Louis, 1986).

A total of 78 species belonging to 23 families were observed on the study
reefs (Table 3). They belong mainly to the Serranidac (12 species), the
Pomacentridae (9 species), the Labridac (8 species) and the Scaridae (10
species). The species richness recorded at each station in 1988 did not differ
much from the one recorded in 1984. The average number of species per
transect remained equivalent in 1984 and 1987-1988. Apparently, the
development of Sargassum on the reefs did not affect the number of fish species.

In contrast, we observed that the fish density (number of individuals per 100
m2) decreased in all areas in 1988 in comparison with the resuits of 1984. The
percentage of decrease was 59 % at 20 m (Station 6), 17 % at 15 m (Station 8)
and 31 % at 10 m (Station 9). All the counts made in 1987 and 1988 revealed
that the fish density in areas covered with Sargassum was low at 10 m deep with
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numbers varying from 175 to 379 individuals per 100 m2, but remained
relatively high at 15 m deep for one station (Station 19: 450 individuals per 100
m2).

The values of evenness in 1987-1988 compared to those in 1984 are lower
for two stations at 10 and 15 m deep (Stations 8 and 9) but slightly higher at 20
m (Station 6}. In general, the values obtained at this latter station are higher than
those obtained elsewhere, in 1984 as well as 1988. These high values correspond
to a better distribution of the number of individuals per species. For example in
1988, at 10 m deep (Cap Salomon), evenmess reached 0.73. At this station, the
most abundant species (Thalassoma bifasciatum) only represented 23.3 % of the
total population. The lowest evenness (E = 0.49) was found at 10 m and 15 m
(Pointe Burgos) where the dominant species reached over 58 %.

The numerical abundance of the species in 1984 and 1987-1988 was
compared with a Spearman rank correlation coefficient. The results showed that
there was no significant correiation of the classification of the species
abundance between the two periods. The close examination of the species
abundance (Table 3) shows that certain species abundant in 1984 had decreased
in 1988 (Myripristis jacobus, Paranthias furcifer, Haemulon chrysargyreum,
Mulloidichthys martinicus). Conversely, the abundance of certain species
increased in 1988 (Sparisoma aurofrenatum and Acanthurus bahianus).

Furthermore, in order to evaluate if the changes observed affected all the
trophic categories, the fishes were divided into different groups according to
their diets following Randall (1967) (Table 4) :

group 1 : berbivorous fishes

group 2 : omnivorous fishes

group 3 : planktivorous fishes

group 4 : carnivorous fishes feeding on invertebrates

group 4 : camivorous fishes feeding on invertebrates and also on fishes
group 6 : camivorous fishes with piscivorous tendencies (more than 80 %
of fishes in their diets)

. s 8 & » @

We can first notice that the fish community is in all cases dominated by the
plantivorous fishes. They always represent more than 60 % of the number of
fishes and sometimes they reach up to 80 % (Table 4).We can also notice that
there is a general decrease of all the trophic categories except the category of
herbivorcus fishes. In the 3 study areas, the number of herbivorous fishes
(mainly the Acanthuridae and the Scaridae) is more important in 1988 than in
1984 (Table 4). Considering the proportion of each group in the fish population,
the dominance of herbivorous fishes also increased in 1988 (Figure 2).
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Cap Salomon (20 m)

L [mpstf] |

1984 Piscivores 1988

1984 ' 1988

Trois Riviéres (10 m)

1984 1987

Figure 2. Importance of the main trophic groups in three stations before and
during the Sargassum outbreak (Carnivores | : feeders on invertebrates;
carnivores |l : feeders on invertebrate and fishes).
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DISCUSSION AND CONCLUSION

The occusrence of algae of the genus Sazgassum in the French West Indies
is usually restricted to the windward side of the islands (Adey ef al, 1977,
Bouchon and Laborel, 1986). The cause of the outbreak of Sargassum on the
leeward coast of Martinique is still unclear. It is most likely due to
eutrophication of the water south of the Bay of Fort-de France by the sewage
from the town. This hypothesis is supported by the fact that the size and the
density of the algae decreased from the north of the Bay to the south, and also
by the proliferation of large green filamentous algae, between the surface and
3m, in the same¢ area. The scarcity of Sargassum north to the bay of
Fort-de-France implies the existence of a coastal current setting to the south.
Another hypothesis would be that such a phenomenon is natural and appears
randomly in time. No report in the literature was found supporting either one or
the other hypothesis.

The scleractinian corals, which are the major componeats of the reef
ecosystem, were poor competitors with Sargassum. The effect of the algae on
the benthic animals is direct (by growing on the colonies) and indirect by
shadowing the underneath organisms (as demonstrated by Rogers, 1979) and
modifying the hydrodynamic factors near the bottoms. The general resuit is a
deterioration of the coral community. This competition between Sargassum and
corals probably explains the low coverage of the substratum by sessile animals
on the reefs of the windward coast in the West Indies where Sargassum are
permanently present and abundant.

Numerous publications have dealt with the effect of environmental stress on
the coral communities. The stress can be due to natural factors (Randall and
Eldredge, 1977; Woodley et al.., 1981; Rogers, 1985) or buman activities such
as organic and chemical pollution {Smith ef al., 1973; Johannes, 1975;
Marszalek, 1982). From the work of Rogers (1985), it appears that most of the
Caribbean reefs exhibit some forms of man induced alterations. In Martinique,
in 1984, heavy signs of pollution were concentrated inside the Bay of
Fort-de-France (Bouchon and Laborel, 1986). The coral reef community of the
Caribbean coast was then considered as the richest of the island. Presently, this
ecosystem is threatened and it is likely that the ability of the ecosystem 1o
recover is not strong enough to balance the impact of human activities.

Many studies have already shown the influence of physical disturbances on
the fish communities. These distrbances were sometimes natural such as
tropical storms or cyclones (Lassig,1983; Waish, 1983; Woodley et al., 1981;
Kaufman, 1983), due to cold spell, (Bohnsack, 1983), caused by Acanthaster
planci infestation (Sano ef al., 1984, 1987; Williams, 1986; Bouchon-Navaro ef
al., 1985), or sometimes due to human activities (Galzin, 1979; Amesbury,
1982; Bouchon et al., 1987).

In the present study, some changes of the fish communitics were observed
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after a disturbance due to an outbreak of Sargassum. This outbreak did not seem
to have affected the species richness. The major changes were a strong decrease
of the fish density (about 30} %) and a change in the species dominating the
community. Morcover, the close examination of the trophic categories and of
the numerical abundance of the species revealed that the number of herbivorous
fishes in 1988 increased in the areas occupied by the Sargassum. Their increase
may be due to an augmentation in the cover of filamentous algaec on dead
substrate following the decay of the coral colonies, rather than a direct feeding
on the Sargassum.

However, the results on evenness, which indicates the level of equilibrium
of the fish communities, show that the values remained stable for a same station.
In spite of the decrease in fish density and the increase in the numbers of
herbivorous fishes, it may be expected that these communities which have still
kept their original species richness could be able 10 recover their initial level of
organization. Nevertheless, man-induced disturbances have long-term effects
and are often non-reversing as previously demonstrated in Martinique (Bouchon
et al., 1987). This requires a higher control of pollution in order (o preserve the
coastal resources which are still presently altered.
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