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ABSTRACT

The fish assemblages at 33 sites around the islands of Grand Cayman and Little
Cayman were assessed in June 1999 for the Atlantic and Gulf Rapid Reef Assessment
initiative using belt transects and Roving Diver Technique surveys. A comprehensive
species list, with 58 new records, was compiled for the Cayman Islands based on these
data and survey data from the Reef Environmental Education Foundation database. In
general, the reefs on Little Cayman appeared to support larger and more individual fishes
than those of Grand Cayman. A multidimensional scaling ordination plot showed no clear
island pattern but did reveal that the windward or leeward location of each site was an
important factor affecting fish community composition. All but two sites followed a
pattern of distinct windward and leeward clusters, and these clusters also correlated to
macroalgal abundance. The relationship between macroalgal abundance and herbivore
density was analyzed and significant correlations were found with surgeonfishes
(Acanthuridae) and parrotfishes (Scaridae) using multiple regression.

INTRODUCTION

Fishes have the potential to provide sensitive indices of reef health. Certain
predatory fish species dominate the top of coral reef food webs, hence their density
reflects a vast number of human and natural disturbances from habitat alteration to direct
exploitation (Ferreira et al., 1998). Similarly, the presence and abundance of herbivorous
fishes affect algal composition and cover (Ogden and Lobel, 1978).

In response to concerns about the widespread deterioration of reef condition in the
Caribbean basin, the Atlantic and Gulf Rapid Reef Assessment (AGRRA) initiative was
designed to provide a regional perspective using a standardized methodology. The rapid
assessment protocol is focused on three main components of the reef community: stony
corals, fish, and algae. As part of this initiative, the reefs of Grand Cayman (GC) and
Little Cayman (LC) were assessed in June 1999.
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The Cayman Islands are a British Crown Colony located in the western
Caribbean. The three islands lie between 19° 15' and 19° 45' N latitude and between 79°
44 "and 81° 27" W longitude (Fig. 1). GC is the largest and most populous. LC lies
approximately 145 km to its east-northeast and is about 10 km from Cayman Brac. The
three islands are limestone, horst-and-graben structures associated with the Cayman
Ridge (Jones, 1994). Freshwater is scarce and the islands lack rivers and streams. The
fringing reefs that surround most of the islands contain shallow reef crests (rubble
ramparts) as well as mid-shelf and shelf-edge fore reefs (Blanchon and Jones, 1997).
These fringing reefs are particularly well-developed on the windward (eastern and
southern) coasts of both islands. Other submerged benthic habitats include seagrass beds
and mangrove fringes.

The level of human disturbance on GC is significantly greater than on LC, which
is relatively remote and undeveloped. Anthropogenic impacts on GC reefs include habitat
destruction from anchors and increased suspended sediment load from dredging and
mangrove removal. Fishing pressure is considerably greater on GC than around LC. Five
spawning aggregations of Nassau grouper (Epinephelus striatus) have been heavily
harvested (during the 2002 spawning season, all but one had been depleted). Five
hundred local residents are licensed to snorkel with spearguns. Fish pots (Antillean Z-
traps) probably represent the biggest threat to the fish communities of both islands
(personal observations).

An extensive marine park system was established in the Cayman Islands in 1986.
Reefs in marine park and replenishment zone areas are protected from fish traps,
spearguns, anchoring, and line fishing, although line fishing from shore and beyond the
drop-off (shelf edge) is allowed. The Cayman Islands’ Department of the Environment
maintains a system of 257 permanent mooring buoys throughout the three islands.

The benthos of the Cayman Islands has been well studied, including descriptions
of the coral communities, reef status, and analysis of spatial patterns (Roberts, 1988;
Logan, 1994; Roberts, 1994). In contrast, apart from descriptions of Nassau grouper
spawning aggregations (Colin et al., 1987; Tucker et al., 1993), there are few scientific
descriptions of its reef fishes. However, Burgess et al.’s (1994) taxonomic review of
collection expeditions contained an annotated list of 381 species known to occur in the
Cayman Islands, including the endemic y-lined blenny (Starksia y-lineata) described by
Gilbert (1965).

Since 1994, fish sighting and relative abundance data have been collected around
the Cayman Islands as part of the Reef Environmental Education Foundation (REEF)
Fish Survey Project, an ongoing volunteer monitoring effort. REEF volunteers use the
Roving Diver Technique (RDT) (Schmitt and Sullivan, 1996) and the survey data are
maintained in a publicly-accessible database. By the end of 2001, the REEF database
contained over 40,000 surveys from over 2,000 sites, including approximately 2,200
surveys from the Cayman Islands.

This paper describes the fish assemblages of the Cayman Islands using the 1999
AGRRA data for GC and LC, along with REEF data from the two islands collected
between 1994 and 2001. An updated species list and comparisons between islands and
among sites are provided. The relationship between herbivorous fishes and macroalgal
abundance is also investigated.
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METHODS

In June 1999, AGRRA fish and benthos surveys were simultaneously conducted
at 15 sites on GC and 18 sites on LC (Fig. 1, Table 1). Sites were chosen by a mixed
representative/strategic strategy: 12 were on the windward sides of the islands and 21
were on their leeward sides (the southwest side of GC was underrepresented). Six sites on
LC and three on GC were located within marine park or replenishment zone areas. The
benthic component is reported by Manfrino et al. (this volume). To assess the fishes, the
AGRRA protocol Version 2 was used (Appendix One). At each site, a team of three
(occasionally two) divers conducted at least 10 2 m x 30 m belt transects. Counts of
serranids (groupers) were restricted to species of Epinephelus and Mycteroperca; scarids
(parrotfishes) and haemulids (grunts) less than 5 cm in length were not tallied. Each diver
also conducted a 45-60 minute RDT survey at each site. All fieldwork was undertaken
between 9:00 a.m. and 3:00 p.m. Field identifications were based on Humann (1994),
Stokes (1980), and Robins et al. (1986).

The fish transect data were entered into a custom AGRRA Excel spreadsheet.
REEF provided the RDT data in ASCII format. Using the transects as replicates, the
average density (#/100 m?) and size (cm) of each species and family were calculated for
each site. Analyses were done at the regional (GC versus LC) and site levels,
incorporating reef location (windward, leeward) and benthic parameters when
appropriate. The average density and size of each species and family were compared
between regions using a t-test after testing the data for normality. Due to confounding
factors such as differences in use (e.g., recreation, harvest) and hydrographic features,
comparisons between protected (marine park) and unprotected sites were not attempted.
The site data were used in a hierarchical cluster analysis using Pearson’s similarity index.
The similarity matrix was generated using log-transformed density values for each
species documented in at least three (10%) of the sites; the other 22 rare species were
eliminated (per Grossman et al., 1982). A two-dimensional multidimensional scaling
(MDS) ordination plot was also generated using the similarity matrix.

The transect data were also used to investigate interactions between the fish
assemblages and the benthic community. This preliminary investigation was focused on
herbivore/algae interactions. A regression was calculated on the densities of parrotfish
and surgeonfish against percent absolute macroalgal abundance in quadrats (hereafter
macroalgal abundance) and height at each site. Other coral factors (percent live coral
cover, average colony height, percent diseased colonies) and environmental
(windward/leeward) parameters were also plotted against each fish family. All values
were transformed prior to regression (transformations were log+1 for fish density and
algal height and arcsine of the square root for proportions).

The RDT survey data provided species lists, frequency of occurrence, and relative
abundance estimates. Percent sighting frequency (%SF) for each species was the
percentage of all dives in which the species was recorded. An estimate of abundance was
calculated as: abundance score = D x %SF, where the density score (D) for each species
was a weighted average index based on the frequency of observations in different
abundance categories. Density score was calculated as:

D= ((ngx1)+(npx2)+(nyx3)+(nax4)) / (ns + ng + ny+nu), where ng, ng, ny, and na
represented the number of times each abundance category (Single, Few, Many,
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Figure 1. AGRRA survey sites in Grand Cayman and Little Cayman, Cayman Islands.
See Table 1 for site codes.
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Abundant) was assigned for a given species. The RDT data were pooled and compared
by island using the Wilcoxon Sign Rank test. Only species that were seen in at least 10%
of the RDT AGRRA surveys were included in the analysis (103 species), reducing the
effect of rare species (Grossman et al., 1982). SYSTAT 7.0 was used for all the analyses.

All expert-level REEF data from GC and LC, including the RDT data collected
during the AGRRA expedition, were used to compile a species list of reef fishes for the
Cayman Islands (REEF, 2001).

RESULTS

A total of 341 transects (142 - GC; 199 - LC) and 79 RDT surveys (32- GC and
47- LC) documenting 173 species were conducted at 33 reefs (Table 1). The RDT survey
data were added to the existing REEF database. The total number of species recorded by
REEF experts on the Cayman Islands between 1994 and 2001 was 276 (Appendix A, this
paper). When compared with Burgess et al.’s (1994) ichthyofaunal list, the REEF survey
data added 58 new species records for a total of 423 reef fishes documented on the
Cayman Islands (five freshwater species, 10 deepwater (>300 m) species, and a
misidentification (Stegastes mellis) listed by Burgess et al. (1994) were not included in
this tally). The 25 most common species, according to %SF in the REEF database, are
noted in Table 2.

Parrotfish (Scaridae) was the most abundant family recorded during the belt
transects (Fig. 2). Average density of snapper (Lutjanidae) on LC was approximately
twice that of GC reefs. Size frequency distributions of carnivores (select grouper genera
and all snappers) and herbivores (parrotfishes >5 cm, surgeonfish (Acanthuridae), and the
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Figure 2. Mean fish density (no. individuals/100m” + sd) for AGRRA fishes in Grand Cayman and Little
Cayman. Other = Bodianus rufus, Caranx ruber, Lachnolaimus maximus, Microspathodon chrysurus,
Sphyraena barracuda.
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yellowtail damselfish Microspathodon chrysurus) are shown in Figure 3. Approximately
75% of the carnivores were less than 30 cm in length, and 85% of the herbivores were
less than 20 cm in length. T-tests on these data showed that the average density and size
for most species and families did not differ between islands. However, many species
were reported in RDT surveys with greater than average abundance on the LC reefs
(Wilcoxon Sign Rank p<0.0005). In particular, the sighting frequencies of six species of
large groupers were considerably greater in LC (Table 3; Wilcoxon Sign Rank p<0.05).
Exceptions included yellowtail snapper (Ocyurus chrysurus) and sergeant major
(Abudefduf saxatilis), two species that become abundant when fed regularly by divers.
Fish feeding is much more commonplace on GC reefs (Burgess et al., 1994; personal

observations).
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Figure 3. Size frequency distribution of (A) carnivores (all Lutjanids, select Serranids) and (B) herbivores
(Acanthurids, Scarids > 5 cm, Microspathodon chrysurus) in GC (Grand Cayman) and LC (Little Cayman).
Total number of individuals counted (n) is given.

Site comparisons at the assemblage level showed no clear, intra-island groupings.
However, two distinct clusters were obvious in the MDS plot (Fig. 4A) and, to a lesser
extent, in the cluster diagram (Fig. 4B). The only environmental characteristics
significantly related to fish density were reef location (windward/leeward) and
macroalgal abundance. The windward (high-wave exposure) or leeward/protected
windward (low wave-exposure) location of the sites was an important factor in the MDS
cluster for all but two of the sites (LC02 and GC30). Leeward sites also had significantly
higher macroalgal abundance than windward sites (45% versus 31%, respectively: F-test
p<0.001; multiple R = 0.560).
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Figure 4. (A) MDS ordination plot (left cluster is windward) and (B) hierarchical cluster analysis of
AGRRA reef fish transect data in GC (Grand Cayman) and LC (Little Cayman).

Surgeonfish density showed an inverse relationship with macroalgal abundance
(p<0.01; r2 = 0.209), whereas parrotfish density was positively related to macroalgal
abundance (p<0.01; r2 = 0.215) (Fig. 5). Adding macroalgal height to a multiple
regression significantly improved the relationships with macroalgal abundance for
parrotfish (p<0.001; r* = 0.413) and surgeonfish (p=0.001; r* = 0.367) densities. A strong
inverse relationship between parrotfish and surgeonfish densities was also found
(p<0.001; r* = 0.384).
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Figure 5. Regression plot between mean parrotfish density (¢) and mean surgeonfish density (o) (no.
individuals/100m?) and mean absolute macroalgal density, by site in the Cayman Islands.
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DISCUSSION

The reefs of the Cayman Islands support relatively diverse and abundant fish
assemblages. This richness is probably a result of several factors including high local
habitat diversity, a significant (34%) area of coastal reserves, and a reef system that is
generally in fair condition (Manfrino et al., this volume). However, significant
differences were revealed between GC and LC, most likely a result of the greater
anthropogenic impacts on GC reefs. Higher harvest pressure on GC was reflected in the
lower density and size of large groupers, parrotfishes and snappers (Table 4) and lower
sighting frequencies of large groupers (Table 3). Analyses of RDT data indicated that
regardless of commercial importance, the average abundance of most fish species was
higher on LC, hence other factors, such as coastal development and water pollution, may
also adversely impact fish communities on GC.

The site-level transect density data correlated most strongly with relative wave
exposure (Fig. 4A,B). Macroalgae were significantly less abundant overall on windward
(high-wave exposure) sites than on leeward and protected windward (low-wave
exposure) sites, where parrotfish were the most abundant fishes in the transects. It is
clear, however, that macroalgal abundance does not by itself adequately explain site-level
assemblage composition, given that LC sites had only slight differences between wave-
exposed and non wave-exposed sites (Manfrino et al., this volume). The correlation
between fish communities at sites with similar wave exposure highlights the effect of
physical parameters on fish assemblage structure, and should be taken into consideration
in future analyses of fish data for the Cayman Islands.

In a simple system, one might expect the presence and density of herbivorous
species to be negatively correlated with algal abundance and height. In other words, a site
with many herbivorous fish would have relatively low algal abundance due to grazing.
Our analysis at the site level indicates that this expectation holds true for surgeonfish.
However, the inverse is evident in parrotfish. This implies either or both of the following:
1) there is a direct or indirect interaction between parrotfish and surgeonfish, or, more
generally 2) the dynamic spatial and temporal characteristics of reef fish confound simple
relationships between resource availability and fish abundance. Recent work on stoplight
parrotfish (Sparisoma viride) indicates that whereas there are few, if any, direct
interactions between surgeonfish and parrotfish, the use of space on the reef by individual
fish is complex (territorial behavior, depth partitioning based on social grouping), and
varies as a function of social status and intraspecific interactions (van Rooij et al., 1996a;
van Rooijj et al., 1996b). Clearly, more research is needed to understand the use of space
by reef fish if accurate conclusions are to be drawn from relationships between fish
abundance and benthic conditions.

One of the crucial tasks that scientists face in implementing a “reef health scale”
using AGRRA data is to determine exactly what indicators within the collected data track
health. An additional challenge lies in assessing how to evaluate and analyze the broad
and complementary set of information collected on fishes, stony corals, and algae.
Results from this paper and others in this volume will provide valuable insight on these
issues. Due to the inherently complex nature of coral reef communities, the manner in
which AGRRA data will dictate a scale of reef condition is most certainly also complex.
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The negative relationship between surgeonfish and parrotfish at the site level is a good
example of how community complexity may confound seemingly logical indicators of
reef health such as herbivore biomass. Given our results, it is possible that Cayman Island
reefs with similar herbivore biomass constituted by predominately different taxa may
reflect dramatic differences in benthic conditions. The disparity between grouper
abundance between the transect and RDT data and the dramatic increase in species
reported in the Cayman Islands that resulted from the RDT surveys (18% based on the
published list by Burgess et al., 1994) highlights the importance of using the two
complementary visual fish-survey methods.

Because certain fish species dominate the top of coral reef food webs, a baseline
of fish community composition and richness provides a useful tool for future assessment
of reef health, given that a change in reef communities at lower trophic levels will most
likely result in changes in the reef fish community composition (Choat, 1991; Jones et al.,
1991). Additionally, because fish tend to be the most charismatic group of reef
community members, changes in their community are most likely to be noticed and
documented.
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