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THE PLANKTONIC COPEPOD COMMUNITY AT
MAHAHUAL REEF, WESTERN CARIBBEAN

E. Suarez-Morales and R. Gasca

ABSTRACT

The species composition, distribution, and abundance of the copepods collected dur-
ing a 4-d zooplankton survey across a Mahahual coral reef system of the Mexican Carib-
bean Sea were studied. Highest mean copepod abundance and diversity were observed in
the fore-reef in daytime samples. Lowest abundances occurred in the reef lagoon and
channel at daytime. Forty-five species were identified, with Temora turbinata, Undinula
vulgaris, Subeucalanus subcrassus, and Calanopia americana as the most abundant. They
belong to a group of planktonic copepods dominant in the Caribbean reefs. Cluster analysis
revealed a primary (fore-reef) and secondary (reef lagoon, channel) oceanic group, showing
the strong oceanic influence across the reef system which was attributed to the narrow-
ness of the shelf and the effect of tidal currents and other hydrological features. Overall
day-night differences were related to the influence of near-benthic migrating forms. Acartia
spinata, an abundant reef lagoon species in the Caribbean, was scarce at Mahahual due to
its breeding cycle. Its scarcity may be correlated with the relatively high diversity in the
reeflagoon, an oceanic predominance in the reef system, and relatively low overall cope-
pod densities. The main features of the copepod community at Mahahual are similar to
those found in other regional reef systems.

The copepod fauna of coastal-neritic and oceanic waters of the Caribbean Sea has been
investigated by several workers (Owre and Foyo, 1964, 1967; Michel and Foyo, 1976;
Sudrez-Morales and Gasca, 1996; Campos and Suarez-Morales, 1994). However, rela-
tively little emphasis has been placed on reef environments, which is a community fea-
tured by a particular combination of oligotrophic, shallow water with relatively high tem-
peratures (Emery, 1968; Alldredge and King, 1977; Alvarez-Cadena et al., 1998). Cope-
pods play a relevant role in the reef-related zooplankton community (Raymont, 1983;
Renon, 1977, 1993; McKinnon, 1991). The world’s second largest barrier reef system
runs along the westernmost coast of the Caribbean, including the Mexican Caribbean Sea
(Jordéan, 1993). On the northern portion of this system, near Cancun, Alvarez-Cadena et
al. (1998) studied the distribution of reef copepods on a monthly basis. However, there
are no previous works dealing with short-term variations of the copepod fauna in the reef
system of the western Caribbean Sea.

The present survey comprised a 4-d period (30 December 1990-2 January 1991), and
describes the AM and PM space and time variation of the local copepod community in
the three reef environments. Previous works on the zooplankton of this reef area are by
Vasquez-Yeomans et al. (1998), by Castellanos and Suarez-Morales (1997), Suarez-Mo-
rales and Gasca (1998), and by Suarez-Morales et al. (1999).

The Mahahual reef area lies between 18°43'and 18°46'N and 87°42'00" and 87°4227"W,
on the southern portion of the Mexican coast of the Caribbean Sea (Fig. 1). The shelf is
narrow and depth increases rapidly offshore. A large barrier reef runs along this coast,
from Isla Contoy in the north, down through the Belizean coast (Jordan, 1993). The reef
lagoon of Mahahual, a small fishing village, is shallow (1.5 m) and narrow (30-180 m)
with abundant beds of Thalassia testudinum Banks ex Konig. Surface-water temperature
is highest in July—August (32°C), and lowest in December—January (21°C). Average sa-
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Figure 1. Surveyed area with zooplankton sampling stations, Mahahual reef zone, Mexican coast of
the Caribbean Sea.

linity along this coast varies throughout the year within the 32-36%o range. Oceano-
graphic conditions over this zone are influenced by the northward flow of the Yucatan
Current, and by a southward flow of a coastal counter-current. Interaction of both cur-
rents produces inshorewards trajectories of drifting objects (Merino, 1986). This flow,
coupled with tidal currents and turbulence, seems to affect the reef plankton distribution
(Suarez-Morales and Rivera-Arriaga, 1998).

METHODS

A 4-d zooplankton sampling program was carried out from 30 December 1990 to 2 January
1991, during the full of the moon. Stations were located to investigate the three main reef-related
zones: fore-reef (FR) (sta. 1 and 2), channel (CH) (sta. 3), and reef lagoon (RL) (sta. 4) (Fig. 1).
Daytime sampling was made in bright light between 07:00 and 12:00, evening (dusk) samples were
collected between 17:30 and 19:30. No evening collections were made on day 4. Zooplankton was
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collected by horizontal surface hauls (0—50 m) using a square-mouthed (0.45 m per side) standard
plankton net (0.3 mm mesh-size). At least one replicate tow was performed at each sampling sta-
tion. A digital flowmeter was attached to the net mouth to estimate the species density (org 100 m™).
The mean amount of water filtered during each trawl was 160 m?. Zooplankton samples were fixed
and preserved in a buffered 4% formaldehyde solution (Smith and Richardson, 1979). Adult plank-
tonic copepods were sorted from the entire sample. Samples, replicates and zooplankton density
data were tested by Vasquez-Yeomans et al. (1998) and found to be statistically valid. An ANOVA
was used to test differences expected due to the reef zones (FR, RL, CH), and day-night sampling.
Shannon-Wiener’s Diversity Index was estimated (bits/individual), and the Bray-Curtis Similarity
Index (Ludwig and Reynolds, 1988) was used to cluster the stations. Calculations were performed
using the ANACOM software (De la Cruz, 1994).

RESuLTS

Conditions throughout the surveyed period were uniform. Mean surface temperature
during the surveyed period ranged from 26° to 28°C. Salinity averaged 36%o, and ranged
from 34 to 38%o.

Variations of total copepod densities throughout the survey period are presented in
Figure 2. Highest total average densities were recorded during the afternoon of the sec-
ond day (61,360 org 100 m~) at the FR zone. Density at the other localities ranged from
10 to 4800 org 100 m=. Highest mean copepod density occurred in day 1 over the FR
(88,250 org 100 m™).

Overall data for the three reef zones considered herein showed that copepods were
most abundant over the FR (mean density 28,025 org 100 m™), followed by the CH (4618
org 100 m~) and by the RL (3461 org 100 m™). Up to 79.7% of the total copepod num-
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Figure 2. Overall densities of copepods in the three reef-related environments during sampling days
1-4. Scale in Log of density (org. 100 m?®). Dark columns indicate dusk samples.
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bers occurred over the FR, and only 7% in the RL. Differences among the three zones
were statistically significant (Fs =42.14, P <0.0001). Total density was two times higher
at dusk (17,250 org 100 m™), than in the morning (8622.9 org 100 m=3); day-night differ-
ences were also significant (Fs = 9.28, P = 0.0022). About 62% of the individuals were
collected during dusk samplings. Over the FR, average density values at daytime (30,140
org 100 m) were lower than at dusk (39,050 org 100 m=). At the RL, values were: 2140
org 100 m= (AM) and 2830 org 100 m= (PM); at the CH zone values were 234 and 765,
respectively (Fig. 2).

Overall mean density varied day-to-day. Values recorded were as follows: day 1, 10,950
org 100 m~ (23% of total copepod numbers) day 2: 20,370 org 100 m= (42%); day 3:
5650 org 100 m= (12%); day 4: 10,840 org 100 m= (23%, only AM). The day-to-day
variation of copepod density in Mahahual reef is presented in Figure 2.

A total of 45 copepod species were identified. The most abundant, 7Temora turbinata, ac-
counted for 31% of the total copepod numbers, with a mean density of 3780 org 100 m=. It
was followed by Undinula vulgaris (15.7%; 1910 org 100 m=), Subeucalanus subcrassus
(11.4%; 1400 org 100 m=>), Calanopia americana (10.2%; 1250 org 100 m=), Farranula
gracilis (5.8%; 710 org 100 m m~), and Acartia spinata (5.85%; 710 org 100 m=3). This
group comprised about 80% of the total overall planktonic copepod catch. The relative abun-
dance, estimated density, and frequency of all the copepod species recorded in the area are
presented in Table 1.

T. turbinata showed an overall mean density in daytime samples of 870 org 100 m=, the
value in dusk samples being much higher (7370 org 100 m~), mainly due to a very high
density value recorded at fore-reef sta.l. Disregarding this value, the figure is lower at
night (550 org 100 m™). The same tendency was observed for U. vulgaris (daytime, 2750
org 100 m=3; dusk, 900 org 100 m=), S. subcrassus (1430 vs 1340), F. gracilis (800 vs
590). The contrary was determined for C. americana (180 vs 2540) and A. spinata (490
vs 980). The ANOVA results showed significant differences due to the combined efect of
species composition and both, reef zone (Fs =2.15, P < 0.0001) and day-night sampling
(Fs=1.89, P <0.0001).

T turbinata was most abundant at the FR, nearly 96% of the total numbers of this
species occurred in this environment. Only 3% occurred in the CH, and only 1% reached
the RL. The figures for U. vulgaris were: 85% at the FR, 10% at the CH, and only 5% in
RF. The same tendency was shown by S. subcrassus (87% in the FR), F. gracilis (73% in
the FR), and A4. spinata (88% in the FR). C. americana was almost equally abundant in
the FR (38%) and in the CH (43%). Several species occurred only at the FR (Copilia
mirabilis, Candacia curta, Corycaeus amazonicus, Labidocera mirabilis, Lucicutia
flavicornis, Phaenna spinifera, Pontellina plumata, and Pontellopsis villosa).

Overall diversity (Shannon-Wiener) was highest at the FR (1.84 bits ind™!). In this
environment daytime and dusk samples were equally diverse (1.84 bits ind™!). The RL
(1.5 bits ind™) and the CH (1.6 bits ind™") zones showed lower overall diversity values,
with dusk values being lowest.

Clustering with the Bray-Curtis Index produced a dendrogram (Fig. 3) in which two
large groups of stations were defined. The one comprised stations with medium and high
densities, it included all the fore-reef and some reef-lagoon stations, and in the other were
clustered the low density stations (all CH and some RL stations).
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Figure 3. Dendrogram from clustering by Bray-Curtis Index showing distribution of clusters in the
three reef-related environments during the surveyed period.

DiscussioN

All the copepod species recorded at Mahahual have been previously reported from
adjacent coastal and reef areas of the Mexican Caribbean (Suarez-Morales and Gasca,
1996; Alvarez-Cadena et al. 1998) and most of them from other Caribbean reef areas
(Moore and Sander, 1976). The number of species recorded in this survey (45) is rela-
tively low when compared with the copepod richness found in adjacent zones. More than
120 species have been recorded from the oceanic waters of the Mexican Caribbean (Cam-
pos and Suarez-Morales, 1994; Suarez-Morales and Gasca, 1997), and more than 80 in
other Caribbean reef zones, including the Mexican Caribbean (Alvarez-Cadena et al. 1998),
Jamaica, and Barbados (Moore and Sander, 1976). Only 35 species were found in a large
embayment of the Mexican Caribbean coast, with reef fauna influence (Suarez-Morales
and Gasca, 1996).
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The reef-related copepod fauna recorded off Puerto Morelos by Alvarez-Cadena et al.
(1998) is compared herein with that recorded over Mahahual reef. Both faunal groups
belong to the same barrier-reef system. Alvarez-Cadena et al. (1998) recorded 80% of
their species in the FR and only 20% in the RL. The corresponding values for Mahahual
were 65% at the FR and the CH zone, and 35% at the RL. It is difficult to explain the
differences in species richness and its distribution with respect to Alvarez-Cadena et al.
(1998) results. They sampled with a 0.33 mm mesh net, filtered an average of 200 m?, and
made surface tows. Up to this point, their methods are similar to those used by us at
Mahahual. The main differences were probably on (1) the larger period covered by that
work, including samples collected during several months, a sampling effort during which
rare species are more likely to be captured, and (2) the fact that all of their samples were
made at midnight, when a major portion of the demersal zooplankton tends to migrate
surfacewards (Alldredge and King, 1977, 1980; Suarez-Morales and Gasca, 1990); our
samples were made at daytime and dusk, when most demersal zooplankters are still near
the bottom (Alldredge and King, 1980). The harpacticoid copepods, C. americana, and
other migrating forms (Gonzalez and Bowman, 1965; Villiers and Bodiou, 1996), clearly
more abundant at dusk hours in Mahahual, probably restructure the reef plankton com-
munity during the night. Significant day-night differences could be attributed to the oc-
currence and distribution of this kind of species.

Although the number of species is higher at Puerto Morelos reef (Alvarez-Cadena et
al., 1998), the measure of species richness, the overall abundance of copepods, and the
relative abundance of the dominant species is similar in the three reef areas. In Puerto
Morelos differences in composition and a higher density within the RL than in the FR
was recorded (Alvarez-Cadena et al., 1998) whereas it was the contrary in Mahahual,
probably due to the low densities of 4. spinata, the most representative reef-lagoon zoop-
lankter in the Caribbean.

Copepod densities are commonly high in reef environments (Sanmarco and Greenshaw,
1984; Morales and Murillo, 1996). The overall mean density recorded at Mahahual dur-
ing December-January is about three-fold lower (12,170 org 100 m~) than that recorded
by Alvarez-Cadena et al. (1998) off Puerto Morelos during the same season (December):
31,432 org 100 m=. It is also lower than the overall average density found by Morales and
Murillo (1996) during January (52,700 org 100 m=3), and to the figures presented by
Ferraris (1982) in a Belizean reef zone (21,287 org 100 m~ in the RL, 52,280 in the FR).
A. spinata is the most common RL species in the Caribbean (Moore and Sander, 1976); it
represented between 60—75% of the total copepod numbers in Puerto Morelos RL (Alvarez-
Cadena et al., 1998). It occurred with very low densities in Mahahual. This seems to be
related to the strong seasonality of the species, which has its lowest breeding and density
levels during the December—March period in the Caribbean (Moore and Sander, 1976); it
was absent during some winter months in the Barbados reef. In Puerto Morelos this spe-
cies had its lowest density during December (Alvarez-Cadena et al., 1998). It is probably
quite abundant in Mahahual during summer (August—September) as recorded in adjacent
systems by Suarez-Morales and Gasca (1996) and Alvarez-Cadena et al. (1998). The
extreme scarcity of A. spinata is the main factor related to the Mahahual overall low total
copepod densities. Subsampling is not considered a factor since the density of other zoop-
lankton groups surveyed in Mahahual (Vasquez- Yeomans et al., 1998; Suarez-Morales et
al., 1999) is similar to that recorded in adjacent areas.
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Alvarez-Cadena et al. (1998) recognized A. spinata, C. americana, T. turbinata, F. gra-
cilis, Calanus minor, U. vulgaris and Clausocalanus furcatus as the most abundant in all
the reef environments. In the Mahahual community and in other Caribbean localities
(Moore and Sander, 1976) the same group of species is dominant in the three reef envi-
ronments but their relative abundance is variable. Communities of planktic copepods in
near-shore and coastal systems are frequently dominated by a few of the commonest
species (Suarez-Morales and Gasca, 1996). The most dominant copepods were distrib-
uted throughout the surveyed area regardless the type of environment (FR, RL, CH).

It is noteworthy also that 7. turbinata has been previously reported as widespread or
moderately abundant in the Caribbean reef zones (Moore and Sander, 1976; Alvarez-
Cadena et al., 1998), but not as a dominant form as it was at Mahahual during the sur-
veyed period. It has been recorded as abundant by Suarez-Morales and Gasca (1996)
during November-February in adjacent coastal zones, when 4. spinata numbers are low-
est. Local coincidence of unexpectedly high numbers of 7. turbinata numbers and lowest
densities of 4. spinata suggest an ecological replacement of 4. spinata.

The near-shore hydrographic structure along the Caribbean coast of Mexico is effected
by the flow of a coastal countercurrent moving southwards (Merino, 1986) from the north-
ernmost edge of the Caribbean coast. Its influence would favor uniformity of hydrologi-
cal conditions and of faunistic features along the entire coast (Suarez-Morales and Rivera-
Arriaga, 1998).

It is generally accepted that most zooplankton drifting across the reef is of oceanic
origin (Alldredge and King, 1977). In the Mexican Caribbean, a number of planktonic
oceanic forms reach even estuarine waters (Suarez-Morales and Gasca, 1996; Suarez-
Morales et al., 1999). Plankton transported northwards by the western edge of the Yucatan
Current tends to drift inshore (Merino, 1986; Suarez-Morales and Rivera-Arriaga, 1998)
giving the oceanic character to the reef community. The mesoscale distribution of zoop-
lankton along the western Caribbean is strongly affected by tidal currents (Greer and
Kjerfve, 1982; Kjerfve, 1982; Kjerfve et al., 1982) which favors the inflow of oceanic
water to the reef lagoon through the channels and over the reef crests. This has been
reported also for Mahahual (Castellanos and Suarez-Morales, 1997; Suarez-Morales et
al., 1999). The low densities consistently recorded in the CH at Mahahual seem to be
related to the effect of the tidal currents, one of the main dynamic factors of in and out
water exchange of the reef system. There is a strong import of oceanic fauna into the
Mahahual reef area, as reflected in the dominance of oceanic forms and the high species
richness along the FR. This would explain the occurrence of oceanic copepods (Candacidae,
Pontellidae) over the innermost portions of the narrow shelf. Some of the most abundant
species across the Mahahual reef zone, such as C. furcatus, F. gracilis, and U. vulgaris,
are considered as oceanic forms which penetrate well inside the reef system; this has been
documented by Moore and Sander (1976) in Jamaica and Barbados. The same effect has
been mentioned also for the reef zooplankton community at Belizean (Ferraris 1982) and
Costarrican (Morales and Murillo, 1996) reefs. Particularly, U. vulgaris has been de-
scribed as indicating the extent of the oceanic influence in reef environments (Renon,
1993). It was distributed even within the reef lagoon, confirming the strong across-reef
intrusion of oceanic water in Mahahual, favored by the narrow shelf.

The arrival of oceanic forms effects a local enrichment of species and a higher FR
diversity. However, a relatively high RL diversity was favored by the low dominance of 4.
spinata, commonly a dominant form in this environment (Moore and Sander, 1976;



266 BULLETIN OF MARINE SCIENCE, VOL. 66, NO. 1, 2000

Alvarez-Cadena et al., 1998). Mahahual FR ichthyoplankton is also more diverse (Vasquez-
Yeomans et al., 1998).

The assemblages defined by the Bray-Curtis Index showed a coast-ocean gradient in
the surveyed area. The first and second clusters comprised all the high density FR sta-
tions, and only some PM samples of RL and CH. It represents the primary influence of
the oceanic fauna over the reef front. The second group, which included most of the CH
and RL stations, showed the lowest densities, and a secondary oceanic influence. There-
fore, density is the main difference between the local FR and RL copepod communities,
the ANOVA results seem to support zonal differences between RL and FR. Alvarez-Cadena
et al. (1998) reported a clearly defined RL community, featured by A. spinata. The local
absence of 4. spinata could not mask the RL-FR zonation of the community at Mahahual.
Variations from this pattern could occur in the summer months, during which A. spinata
populations are expected to peak.
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