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Figure 1. AGRRA survey sites in the Virgin Islands. (1) Caret Bay, (2) Brewer's Bay, (3) Flat Cay, 
(4) Buck Island, (5) Sprat Bay, (6) Cane Bay, (7) Salt River, (8) Long Reef, (9) Fish Bay east outer, 
(10) Fish Bay west outer, (11) Fish Bay east inner, (12) Great Lameshur Donkey, (13) Great 
Lameshur VIERS, (14) Fish Bay west inner, (15) Great Lameshur Tektite, (16) Great Lameshur 
Yawzi, (17) Iguana head, (18) Eustatia Reef, (19) Herman's Reef, (20) Horseshoe Reef, (21) Jack 
Bay, (22) West Cow Wreck. 
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The Atlantic and Gulf Rapid Reef Assessment (AGRRA) fish survey Max 
conducted in depths of 3-14 m at 22 coral reef sites in the U.S. Virgin Islands (St. C'ro~\,. 
Si. John. St. Thomas) and the British Virgin Islands (Anegada, Guana IsIand. Virgin 
Gorcla). 'rota1 fish cpecies richness. determined by using the roving diver ~echnique \\ax 
77- 160 specic-s. i: total of 13.341 fish from 54 species of selected families iYcri coiiiiti'd 
in belt transccts. The select fish fauna was dominated by the Scaridae (35%), 
Acanthuridae (35%) and Haemulidae (1 6%). Key herbivorous fish densities among sites 
ranged from -4-49 fisId100m2 for scarids and from 1-60 fish11 00m2 for acanthurids. 
Predatory fish densities among sites ranged from 0.2-5.5 fish//100in2 for serranids and 
from 0-1 1.5 fisld100in' for lutjanids. 'The density of large herbivorous fishes showed a 
significant negative relationship with macroalgal index and with the percent of coral 
colonies occupied by territorial damselfish. Also significant were the positive 
relationships between total fish species richness and coral cover, between chaetodontid 
density and total fish species richness. and between pomacanthid density and depth. 

'The Virgin lslands (1 8'20' N, 64'50'W) lie between two ins-jor island 
archipelagoes: the Greater Antilles to the west and the Lesser Antilles to the southeast. 
With the exception of St. Croix, the northern United States Virgin Islands (USVI), 
together with British Virgin Islands (BVI) and the islands of Puerto Rico, rise from a 
geological shelf that is surrounded by deep water (Dammann, 1969, unpublished report). 
This shelf covers approximately 3,200 km2, contains about 500 km of shelf edge and is 
generally less than 100 m in depth. St. Croix sits on a similar but smaller shelf that is 
separated from the northerly Virgin Islands by the 4,685 m-deep and 60 km-wide Virgin 
Islands trough. The three main U.S. islands of St. Thomas, St. John and St. Croix are 
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surrounded by ihorethan 90 uninhabitea islands, cays: and roc 
substrata suitable for the growth of coral reefs (Towle, 1970, unpublished report; 
Dammaim and Nellis, 1992). Many of these reefs are adjacent to mangrove forests, 
seagrass beds and algal plains, which are important nursery habitats for reef-associated 
fishes (Austin, 197 1 ; Parrish, 1989; Heck and Weinstein, 1989). 

The USVI, like other populated regions of the world, have witnessed steady 
declines in catches of con~mercially important marine fishes (Caribbean Fisheries 
Management Council, 1985, unpublished report; Roberts, 1997). Millions of people in 
developing countries depend upon coral reef fishes for their livelihoods (Roberts, 1993). 
However, declining fisheries cannot only be attributed to overfishing but to a suite of 
other Fxtors since evidence suggests that degradation of coral reefs can influeilce reel' 
fish conmunities (Bell a i d  Galrin, 1934: Bouchon-Navaro et al., 1985). Over thc past 20 
years, eight major hurricanes, numerous disease outbreaks, sporadic bleaching events, 
ship groundings, anchor damage, plus inputs of sediment and pollutioil have caused 
excessive damage to the coral reefs surrounding the Virgin Islands (Gladfelter, 1932; 
Rogers et al.. 1991: Rogers and Garrison, 2001). 

The USVI fishing comnunity has remained relatively stable since the early 
1900's. Licensed fishermen have consistently numbered approximately 400 between 
1930 and today, even though the total population of the islands has increased from 22,012 
to about 100,000 (Fielder and Jarvis, 1932; Department of Commerce Census, 2000). 
Since the early 1970's, fish stocks in the near shore USVI have been declining steadily 
despite government-funded research and development programs for the deep-water 
fisheries around the Virgin Islands plateau (Brownell and Rainey, 1971, unpublished 
report). The catch of fishery products fluctuated between 550,000 and 1,650,000 pounds 
per year between 1930 and 1997 (Fielder and Jarvis, 1932; de Graff and Moore, 1987, 
unpublished report; Tobias, 1997, unpublished report), but the fishing effort increased 
dramatically. For example, in the USVI the average number of traps fished per full-time 
fisherman illcreased from 4 in 1930, to 8 in 1967, to > lo0  in 1997 (Fielder and Sarah, 
1932; Dammann, 1969; unpublished report; T. Tobias, USVI Fish and Wildlife, 1998). 
The maximum number of traps fished by a single fisherman in 1930 was 30 traps 
whereas today it can be as high as 2000 traps (Fielder and Jarvis, 1932; Downs and 
Petterson, 1997, unpublished report). The pursuit of declining stocks not only puts fish 
populations at risk of commercial extinction but often increases reef damage associated 
with fishing (Sladek Nowlis and Roberts, 1998; Appeldoorn, 2001, unpublished 
manuscript; Nemeth, unpublished data). 

Increased fishing pressure on nearshore and offshore fish populations has already 
resulted in the collapse of several species. For example, in the 1970's unregulated fishing 
in spawning aggregations of Nassau grouper (Epinephelus striatus) and yellowfin 
grouper (Mycteroperca venenosa) off St. Thomas led to the commercial extinction of 
these species (Olsen and LaPlace, 1978; Beets and Friedlander, 1992, 1999). In the 
absence of Nassau grouper, fishermen targeted red hind (E. guttatus) spawning 
aggregations. Within 10 years, the St. Thomas red hind population was on the verge of 
collapse when a seasonal (December through February) closed area at the red hind 
spawning aggregation site was implemented in 1990 (Beets and Friedlander, 1992). 
Within 6 years of the closure, Beets and Friedlander (1 999) reported that an increase in 



their average siz-and-an improved sex ratio-(red-hind areprotogynous hermaphro-dites)'-- 
were indications of red hind population recovery. 

Without proper management tools, sustained fishing mortality can decrease the 
capacity, productivity and genetic diversity of the fishery (Bohnsack, 1990). Moreover, 
selective removal of ecologically important species can lead to ecosystem damage and 
produce major ecological shifts (Hay, 1984; Roberts, 1995; Botsford et al., 1997). In 
response to these threats to coral reefs, Ginsburg et al. (I 996) initiated a process of rapid 
reef assessment. After development of the AGRRA protocols, a Caribbean-wide effort to 
assess thc condition of coral reefs and associated fishes throughout the region was 
launched. The Center for Marine and Environmental Studies of the University of the 
Virgin Islands (UVl) joined the effort and set out to conduct a broad survey of the fish 
asszmblagcs of the Virgin Islands nith a focus on commercially and ecologically 
1mportan.r specles using the AGRRA protocol. This paper reports on the Initial find~ngs of 
our assessinene. Results oi'thc benthic surbeys are given in Nemeth et al. (this volume). 

MOD 

An assessment of fish species abundance and diversity was conducted at 22 sites 
in the Virgin Islands (Fig. 1)  between May 1998 and July 2000. Site selection criteria in 
the USVI and the BVI varied among the different islands, but most (1 8/22) choices were 
made for strategic reasons. In St. Thomas, five sites were selected based on their 
inclusion in long-term sedimentation and reef fish monitoring projects, their proximity to 
the UVI MacLean Marine Science Center and the presence of historical data (i.e., Rogers, 
1982, unpublished report; Nemeth and Sladek Nowlis, 2001). Three popular recreational 
diving sites were selected in St. Croix, one of which is within the Salt River Bay National 
Historic Park and Ecological Preserve. The eight sites off St. John were part of a study 
comparing sedimentation rates between Great Lameshur Bay, which is within the 
National Park Boundary, and Fish Bay, which has been experiencing heavy development 
within its watershed. Four of these sites were shallow reefs (< 6 m) located inside the 
bays and four sites were deeper reefs (> 6 m) located outside the bays. Four of the six 
sites surveyed in the BVI (Iguana Head on Guana IsIand, Eustatia Reef on Virgin Gorda, 
West Cow Wreck Bay and Herman's Reef on Anegada) were selected haphazardly. 
Eustatia Reef, off Virgin Gorda, is a heavily visited dive site whereas Guana Island is a 
private island with few inhabitants. The other two sites on Anegada (Jack Bay and 
Horseshoe Reef-a designated protected area) were selected because of historical surveys 
(Dunne and Brown, 1976; West Indies Laboratory, 1983, unpublished reports). The reefs 
of Anegada were included in the AGRRA survey to provide a remote reference site with 
low human population and little landmass. The major difference in fishing regulations 
between the USVI and the BVI is that spearfishing is prohibited in the BVI. A qualitative 
assessment of natural and human impacts, including fishing pressure, at each site 
surveyed in the Virgin Islands is given in Appendix A of Nemeth et al. (this paper). 

The AGRRA fish protocol Version 2.0 (see Appendix One, this volume) was used 
except off St. Croix where Version 2.1 was employed. Three divers (authors) constituted 
the primary fish survey team with R. Nemeth conducting the majority of surveys on all 
islands except those off St. Croix. Fish identification guides included Humann (1994), 
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least ten 30 s 2 m transects, and one 30-minute roving diver survey was conducted at 
each site except in Brewer's Bay, St. Thomas (n = 2 surveys) and off St. Croix, where 
longer (60-90 minute) survey were conducted in Cane Bay (n = 3), Long Reef (11 = 5) and 
Salt River (11 = 6). During fish transects, transect width and fish lengths (cin) were 
estimated using a 1 m-wide T-bar constructed of polyvinylchloride pipe marked in 5 cm 
and 10 cin increments. In all sites except St. Croix, scarids (parrotfish) and haemulids 
(grunts) less than 5 cm in length were counted and identified to species whenever 
possible. Using transects as replicates, the average density (#1100m') and size (cm) of 
each species and family were calculated for each site and island group (see below). The 
size distributions of herbivores [parrotfish. surgeonfish (acanthurids) and the yellowtail 
damsellish, Microspcrtlzodon chyy.r urns)] and of the AGRRA carnivores [select groupers 
(serranids) and all lutjanids] were also calculated. 

Data were summarized by island groups within three geographic areas to examine 
general trends in reef fish assemblages and to be comparable with the Virgin islands 
benthic data which are presented in Nemeth et al. (this volume). The geographic areas 
were: (1) Anegada; (2) the shallow and deep reefs of the northern USVI and BVI (NVI); 
and (3) St. Croix. Anegada was considered a geogiaphic unit because of its isolation from 
the other Virgin Islands and its unique geology (low coral island). St. Croix was 
considered a geographic unit also because of its isolation from the NVI, its unique 
geology (sedimentarylcarbonate) and because it is completely within the Caribbean Sea. 
The NVI (USVI = St. John, St. Thomas; BVI = Guana island, Virgin Gorda) were 
grouped because of their close proximity to one another, their similar geologic origins 
u 

and topographies (high volcanic islands) and their exposure to both Atlantic waters from 
the north and Caribbean waters from the south. The shallow sites off St. John were 
analyzed separately from the deep reefs within the NVT archipelago. 

A total of 256 fish transects and 34 roving diver surveys were conducted at 22 
sites throughout the USVI and the BVI (Table 1). During visual belt transects of the 
selected AGRRA fishes (Appendix One). divers recorded 54 species and counted a total 
of 8,227 fish (n= 14,441 fish when grunts and parrotfishes <5 cm in Anegada and the 
NVI are included). Fish species richness, based upon the maximum number of species 
seen during any single roving diver survey, varied between a high of 74 species in Cane 
Bay (St. Croix) and a low of 40 species in Fish Bay (shallow St. John) with >90% (20122) 
having values between 40 and 70 species (Table 1). The average number of fish species 
by island group was greatest in St. Croix (68 species), followed by the deep NVI reefs 
(59), Anegada (52) and the shallow St. John sites (47), although these differences were 
not significant (F3,29 = 2.75, p = 0.061). Total cumulative reef fish richness by island 
group was 160 species in the NVI (n = 12 surveys at 1 1 sites), 13 1 species in St. Croix (n 
= 14 surve1.s at 3 sites), 98 species in Anegada (n = 4 surveys at 4 sites) and 72 species in 
the shallow St. John sites (n = 4 surveys at 4 sites). The additional roving diver surveys 
conducted in St. Croix and the large number of deeper sites in the NVI most likely 
contributed to a higher number of fish species seen within these island groups. To 



illustrate, divers in St;-Goix counted:-58,458 and74 fish species during threc~nvi  
surveys in Cane Ray; 45, 53, 63, 65, and 68 species during five roving surveys in Long 
Reef'; and 37, 49, 54, 58, 60 and 63 species during six roving surveys in Salt River. The 
cumulative numbers of fish species seen in Cane Bay, Long Reef and Salt River reefs 
during these n~ultiple surveys were 92, 88 and 1 17, respectively (Table I ) .  Based on an 
analysis of the six roving diver surveys at Salt River where search times averaged 73 
minutes per survey. a species accumulation curve showed that at least four such surveys 
(i.e. 4.8 hours search tinx) arc necessary to record at least 90% of the fish species and at 
least six surveys (i.e., 7.3 hours search time) to approximate total species diversity at a 
site. Thus. depending upon thc skill level of'thc diver, species diversity estimaks based 
on a single 60-minute soking diver survey may represent only 40% to 70% of'thc actual 
number o f  species present in a reef, Thc 25 most co~nrnonly seer-! species during roving 
diver survey  it ere represcnted by ! 1 fish families (Pornacentridae, Scariclac., 1,abridac. 
Serranidae, Acantlluridae, Holoce~lrridae, Iiaenlulidae, Chaztotfoniidae, {iobiid:!~, 
Mull~dae. and Tetraodontidae) with T/drrssornr! hifbscicrtzmi, 2 4 ~ a n l l i i ~ , ~ ~ r ~  coei-r:lriis. 
S~m~isomcr crlrmfkncrt~irv, 5 \ 1 1 r - r &  and l?c~e/~rrrlon jJavolineutz~n7 being ubiquitous in ,dl 
sites (Table 2). 

Of the 54 AGRRA species sighted in belt transects, scarids and haemulids were 
each represented by 9 species, lutjanids by 7 species, serranids and pomacanthids each by 
6 species, balistids by 5 species, chaetodontids by 4 species, acanthurids by 3 species, 
labrids by 2 species, and pomacentrids, sphyraenids and carangids each by 1 species. The 
25 most abundant of these species (Table 3) represented nearly 94% of all fish sighted in 
the belt transects. Numerically the AGRRA fish fauna in the Virgin Islands was 
dominated by the families Scaridae (3596, all 25 a n ) ,  Acanthuridae (35%) and 
Hacmulidae (1 6% all >5 cm) (Fig. 2, Tablc 3). The herbivosous scarids and acanthun-ids 
represented 7 of'the 10 most abundant species, with the ocean surgeonfish (Acun th~~~zo  
bahicmus) ranked first overall. Three carnivores. the French grunt (Huernulon 
flcn.olineutirn7), tomtate (H. uurolii.~ci~tutizj and yellowtail snapper (Ocyui-tis clity,szrt.~!s i 
were also ranked among the top 10 most abundant species (Table 3). Although neM iy 
recruited grunts were not included in this analysis, high densities of juvenile haemulids 
(<5 cm) were observed in the NVI off'Guana Island (71 0.7 grunts1100 in') and Buck 
Island, St. Thomas (10.7 grunts1100 11i2), as well as in VIERS (8.3 gruntsllOOin~ and 
Fish Bay East Inner (3 grunts11 00 in2) in shallow St. John. High densities ofjuvenile 
scarids were also recorded. Scarids <5 cin comprised 24-77% of parrotfish densities in 
Anegada and the NVI (Fig. 3). We found a general increase in the density of juvenile 
scarids off Anegada (the easternmost reefs) through the lower BVI to the shallow St. 
John sites where they were most abundant (Fig. 3). Juvenile densities dropped in the deep 
St. John sites and were slightly higher around St. Thomas. A weak negative relationship 
between the density of juvenile scarids <5cm and depth (r2 = 0.1 8, FlO,, = 4.48, p< 0.05) 
was found in a regression analysis. 

Herbivorous fish densities (# fish1100 m2) among sites ranged from 3.8 (Fish Bay 
West Inner, St. John) to 48.8 (Great Lameshur, Yawzi, St. John) for the Scaridae and 1.0 
(Brewer's Bay, St. Thomas) to 60.5 (Fish Bay East Outer, St. John) for the Acanthuridae 
(Table 4). Overall, the abundance of parrotfishes (>5 cm) and surgeonfishes were similar 
in both shallow (1 1.6 scarids versus 13.1 acanthurids1100 in2) and deeper (1 9.4 scarids 
versus 18.2 acanthuridsll00 m') reefs. Predatory fish densities (# fish1100 m') among 
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Figure 2. Fish density (mean no. fish1100 m2 + standard error) for AGRRA fishes in shallow St. John, 
deeper NVI (St. Thomas, St. John >6 m deep, Guana Is., Virgin Gorda), St. Croix and Anegada. 
Other = Bodianus rufus, Caranx ruber, Lachnolaimus maximus, Microspathodon chrysurus, Sphyraena 
barracuda. 

sites ranged from 0.2 (Fish Bay East Inner, St. John) to 5.5 (Cane Bay, St. Croix) for the 
Serranidae, and from 0.0 (Herman's Reef, Anegada) to 1 1.5 (Sprat Bay, St. Thomas) for 
the Lutjanidae (Table 4). It is unusual to note that no snappers were seen at Herman's 
Reef during transects or roving diver surveys and no grunts were counted during transects 
at Horseshoe Reef (one French grunt was seen during a roving diver survey). 

The size distributions of fishes comprising the two major feeding guilds 
(herbivores and carnivores) were found to be fairly similar among the deeper NVI reefs 
and those of St. Croix (Fig. 4). Anegada was unique in that it had twice the density of 21- 
30 cm carnivores and 1 1-20 cm herbivores as the other sites and an abundance of juvenile 
acanthurids <5 cm (Fig. 4). Jack Bay was unusual in that it had considerably smaller 
groupers than other sites in Anegada (Table 5). The shallow St. John sites had 
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igure 3. Density (mean no. fish11 00 m2) of scarids <5cm and 25 cm in  length for Anegada (four reefs). 
Lower RVI  (two reefs), shallow St. John (four reds), deeper St. John (four reefs) and St. Thomas (five 
reefs). Scarids <5 cm were not recorded in  St. Crois. 
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Figure 4. Size composition (mean density h standard error) of (A) carnivores (lutjanids, large serranids) 
and (B) herbivores (acanthurids, scarids 15 cm, Microspathodon chrysurus) in shallow St. John, deeper 
NVI, St. Croix and Anegada. 
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y f e w e ~  group-ers-an-&snappeE 'n the 2 1 7 0  Cm size ClZss-(Fig?t] 'ouf 
twice as many newly settled ( 4  cm) scarids as the other sites (Fig. 3). Within the deeper 
NVI sites, two reefs in the BVI (Virgin Gorda and Guana Island) and most of the deeper 
sites around St. John had larger groupers than the reefs around St. Thomas (Table 5). 
With the exception of Buck Island and Sprat Bay, the reefs off St. Thomas also tended to 
have smaller snappers and parrotfish relative to the other NVI sites. One site in Great 
Lameshur Bay (VIERS) had smaller groupers than the other shallow sites off St. John. 
Similarly, Cane Bay generally had smaller snappers than the other two reefs off St. Croix 
(Table 5). 

A series of multiple regression analyses were conducted between the average fish 
density or the total fish species richness and each of the following: depth, live stony coral 
cover ad, for "large" (225 cm diameter) stony corals, mean s i ~ e  and recent partial- 
colony mortality (Nemcth et al., this volume). Only one of these comparisons was 
significant. Total fish species richness (using results from a single roving diver survey per 
site) showed a positive relationship with percent live stony coral cover (Fig 5). Upon 
further analysis of fish guilds or individual species. some other interesting patterns 
emerged. A significant negative relationship was found between the density of 
herbivorous fishes greater than 5 cm in length and inacroalgal index calculated from 
percent absolute abundance of macroalgae (Fig 6). This relationship remained significant 
even when herbivore density was compared to inacroalgal index calculated with percent 
relative abundance of macroalgae (r2 = 0.28, p < 0.04) or when compared directly to 
absolute macroalgal abundance (r2 = 0.64, p < 0.001). Significant positive relationships 
were also found between the density of butterflyfish (Chaetodontidae) and total fish 
species richness from either a single roving diver survey per site (r' = 0.19, p < 0.04) or 
from results of multiple roving diver surveys (Fig. 7). However, no significant 
relationship was found between the density of chaetodontids and percent live stony coral 
cover (p < 0.62). A significant positive relationship was found between the density of 
angelfish (Pomacanthidae) and depth (Fig. 8). Finally an interesting negative relationship 
was found between the density of large herbivores (21 0 cm) and the percent of large 
stony corals occupied by territorial dainselfishes (Siegusies plun@ons, S. diencueus and, 
S. fuscus; Fig. 9). 

live stony coral cover (%) 

Figure 5. Regression between total fish species richness and percent live stony coral cover 
(r2 = 0.30, p < 0.01), by site in the Virgin Islands. 



Regression equation: 
macroalgal index = 134 7 - 1.75 herbivore density 
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Figure 6. Regression of herbivore (acanthurids, scarids 25 cm, Microspathodon chtysur~ts) 
density versus the macroalgal index (absolute abundance of macroalgae x macroalgal height) 
by site in the Virgin Islands. r2 = 0.24, F2",, = 6.33, p < 0.02. 
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Figure 7. Regressions between chaetodontid density and total fish-species richness 
(r2 = 0.564, < 0.0001) by site in the Virgin Islands. 



Figure 8. Regression of pomacanthid density and depth (r' = 0.32, p < 0.005) by site in the Virgin Islands. 
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Figure 9. Relationship between the density of adult (210 cm length) herbivores (acanthurids, scarids, 
Microspathodon chrysurus) and the percent of large (225 cm) stony corals occupied by territorial 
damselfish by site in the Virgin Islands. Nonlinear stepwise regression analysis produced a significant 
fit (r2 = 0.97, p < 0.0001) with an inverse second order quadratic equation (F = yo +a/x = b/x2). 

DISCUSSION 

Fish assemblage structure was relatively similar among island groups within the 
USVI and BVI. Herbivorous fishes, especially the parrotfishes and surgeonfishes, 
dominated the reefs at all sites and, overall (25 cm scarids only), comprised 72% of the 
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Haemulidae showing a five-fold increase in abundance relative to the deeper reef areas 
throughout the region. The abundance of haemulids in shallow reefs can be attributed 
most likely to the proximity of seagrass beds (Parrish, 1989; Muehlstein and Beets, 1992; 
Nagelkerken et a]., 2000a,b,c, 200 I), which are prevalent along the south coast of St. 
John. Juvenile scarids were a major component (24% to 77%) of parrotfish densities in 
Anegada and the NVI. Thcre mas a general increase in density ofjuvenile parrotfish from 
the easternmost reefs of Anegada to the shallow reefs of St. John, which may indicate an 
upstream source of larval fish recruitment (Roberts, 1997). However, a weak negative 
relationship with depth or the lowcr number oi' large carnivores on the shallow reefs of 
St. John may also explain some of the spatial variation in juvenile scarid densities. 
Although tcmporal ., ariatioii in 1 ccmitment patterns may have influenced juvenile scarid 
densities on the shallow St. .lohn reef;, many of'the fish surveys were conducted during 
similar time periods. 

The remaining selcctzd f'ish families [i.e., snappers. groupers, angeltish, 
butt~rflyfish, and triggerfisli (balistids)] were similar in abundance among the deep reef 
areas but imch less common in thc s h a l l ~ w  St. John sites. Total fish species richness was 
also similar among the island groups, although estimates were greatly influenced by the 
number of sites visited or the number of roving diver surveys performed at a site. Based 
on species accumulation curves, a minimum of six roving diving surveys or more than 
seven hours search time would be needed to approximate the actual species diversity at a 
site. Although this level of effort would not be practical considering that AGRRA is 
supposed be a rapid assessment technique, it is recommended that future AGRRA 
surveys conduct at least one, but preferably two, 60-minute roving diver surveys. 

Multiple regression analyses detected some interesting regional patterns of 
abundance associated with benthic parameters which accounted for a significant portion 
of the variability in total fish species richness and in the density of butterflyfish and 
angelfish. The significant relationship between total fish species richness and percent 
cover of live stony corals (Fig. 5) suggests thar species packing occurs where well- 
developed reefs provide greater structural complexity (Risk, 1972; Luckhurst and 
Luckhurst, 1978; Bell and Galzin, 1984; Roberts and Ormond, 1987). In earlier studies of 
chaetodontid fish assemblages around the world, significant relationships were found 
between their densities and the percent living coral cover and coral diversity (Bell et a]., 
1985; Bouchon-Navaro et a]., 1985; Bouchon-Navaro and Bouchon, 1989; Roberts et a]., 
1992). Our analysis differed from these results in that the density of butterflyfishes was 
not associated with any benthic factor. A positive relationship between butterflyfish 
density and total fish species richness in the Virgin Islands (Fig. 7) complemented the 
results of Roberts et al. (1992), who found a positive relationship between the density and 
total abundance of butterflyfishes and species richness in the Red Sea. 

Important differences in fish size distribution patterns were apparent among the 
island groups. Within the Virgin Islands archipelago, Anegada is the most remote and 
least populated island, and its reefs probably experience the lowest level of fishing 
pressure relative to the other islands. Moreover, large portions of the extensive reef 
system surrounding Anegada, along with 12 other sites in the BVI, are marine 
conservation parks protected by the BVI National Parks Trust. All commercial and 
recreational fishing is prohibited within marine park boundaries (BVI National Parks 



Trust, unpubli-shed). 'M~ese factors proiably contributed ro a grcaTCr abundance of the 
large-size classes of predators and herbivores in Anegada as well as in the two other BVI 
reefs ((Iguana IHead, Guana Island and Eustatia Reef, Virgin Gorda). 

Patterns also emerged when the average sitcs of several commercially important 
fish families were compared among islands. In gcneral, most sites off St. Thomas had 
smaller groupers, snappers, grunts and parrotfishes than decper reefs off other islands 
(~.e . ,  St. John, St. Croix. Virgin Gorda and Guana Island). These differences were 
probably due to a suite of factors specific to each island. For example, St. Thomas has the 
greatest human popillation density of all the islands, the largest number of seasonal 
workers from other Caribbean islands (who ofien supplement their diet by fishing in near 
shorc waters), and the highest number of tourists who participate in recreational 01 iport 
llshing a c t i ~  iiics (US :9cpartment of C O I I I I ~ ~ ~ S C C ,  2000; Virgin fslands D z p a r l i x n ~  c;f T,s11 
and W~ldlil'e, 200 1 .  unpublished report). Fishing regulations, prmary targct s p c c i t . ~  m d  
gear types may also mihence h a r ~  est raleb. 111 a survey ofrecrcational iishers in  he 
Virgin Islands, Jennings (1992) reported that nearly 65% of the fishers targeted groupers 
and snappers. He also Sound that up to 8% speared fish in the St. 'I'11omnas:St. John area, 
whcrcas none spear fished in St. Croix. In contrast, spear fishing is prcsh:bitcd throughout 
the BVI and within the Virgin Islands National Park waters surrounding approximately 
50% of St. John. In the Florida Keys, sites protected from spear fyshing had higher 
densities and larger sizes of several species especially snappers and grunts (Roberts and 
Polunin, 1993). Even low levels of protection within an area have resulted in increased 
biomass of commercially important fishes (Bohnsack, 1996; Roberts and Hawkins, 
1997). In a recreational fisher survey conducted in the USVI in 2001 by the Virgin 
Islands Division of Fish and Wildlife, 67% of the people interviewed indicated that they 
spear fished or bottom fished less than 3 miles from shore (unpublished report). These 
and other factors would greatly intensify the fishing prcssure on ncar-shore stocks and 
result in over-harvest around the St. Thomas ai ea (Jennings, 1992). 

By focusing on the variation in fish size wlthin each island or island group, we 
also observed that some sites had consistently smaller fjsh across most commcrc~ally 
important families (Table 5) .  These sites included the VIERS shallow reef and Tektite 
deep reef (St. John), Brewer's Bay (St. Thomas), C'ane Bay (St. Croix ) and Jack Bay 
(Anegada). Although many natural factors may contribute to the impacts on reef 
fisheries, one of the most important similarities among all of these sites seems to be 
accessibility to skin or scuba divers. Easy access from shore and popularity of a dive site 
(i.e., presence of a public mooring) will concentrate fishing activity in these locations. 
This is especially true when commercial dive charters allow patrons to spear fish. VIERS 
reef, Brewer's Bay, C'ane Bay and Jack Bay are unique among all the sites surveyed since 
they are easily accessible from shore by skin and scuba divers who may participate in 
spear fishing (R. Nemeth, personal observation). Brewer's Bay, in particular, is a beach 
frequently (e.g. weekly) used by local spear fishermen (R. Nemeth, personal 
observation). Tektite reef is also a popular dive destination, and may experience 
increased fishing pressure even though it is within the Virgin Islands National Park. The 
fact that Rogers and Beets (2001) found no apparent difference in fish assemblage 
structure inside or outside the national park boundaries indicates that fishing pressure is 
still substantial at some sites within the park. 



Furthersupport oytlie hypothesis that size structure is-largely determine-d by 
access to divers can be gained by looking at reefs off islands that consistently had larger 
fish in most commercially important families. Sites such as Caret Bay (St. Thomas) and 
Fish Bay East Outer (St. John) are rarely, if ever, visited by skin or scuba divers, and Salt 
River (St. Croix), although a popular dive area, is within the Salt River Bay National 
Historic Park and Ecological Preserve. Thus fishing pressure at these sites is very low 
relative to more popular or unprotected sites. 

Overall densities of parrotfishes and surgeonfishes in the shallow and deeper reefs 
of the Virgin Islands were comparable to those reported by Lewis and Wainwright (1985) 
with the exception that parrotfishes of all sizes in the shallow St. John sites were 7.5 time 
more abundai~t than in Belize (50.9 \ ersus. 6.7 scarids/ 100m2). The significant negative 
!t.latioi1ship hct\r,czn iic-rbivol-e density <,ncl macroalgal index (Fig. 6) suggests that 
grazing pressure o f h e r b i ~  orous fishes is an mportant factor in deterinin~ng the structure - 
ol'eropicai benth~c communities (!<ewis and iA,'ainwright, 1985; Lewis, 1985, 1986). 
Graring pressure. !%,as strongl)~ correlated to herbivore density in Belize tLen.is. 1985. 
1986). Lewis 11 986) showed a nearly 30% increase in the cover of' macroalgae (primarily 
P o l l l m  and Dicrj~otii) relative to controls when h e r b ~ v ~ r o u s  ilshcs were excluded from 
experimental plots in back-reef habitats 111 Belize. Total macroalgal index calculated from 
Lewis (1 986) was 150 within shallow back-reef exclusion cages compared to an average 
macroalgal index of 126 on shallow reefs and 99 on deeper reefs of the Virgin Islands 
archipelago (Nemeth et a]., this volume). 

I11 the Virgin Islands, the density of large (>I0 cm) herbivores (parrotfishes and 
surgeonfishes) was negatively related to the percent of large stony corals occupied by 
territorial damseltishes (Fig. 9). The presence of territorial damselfishes, which 
aggressively defend their algal turfs, has been shown to have a dramatic effect on the 
social behavior, abundance, and feeding strategies of other herbivorous competitors 
(Will~sms, 1979: I-lourigan, 1986). In the Caribbean and Pacific, several studies have 
show11 that parrotlishes and surgeonfishes form iarge schools to feed In the territories 01' 
other species, espec~ally territorial darnselfishes (Vine, 1974; Robertson et a]., 1976; 
I-Iourigan, 1984;). Robertson et al. (1 976) found that schooling parrotfishes and 
surgeonfishes, which settled and fed en masse within damselfish territories, had higher 
feeding rates and fewer aggressive episodes than non-schooling individuals. The 
experimental removal of territorial damselfish within a defined area typically results in a 
rapid increase in the abundance of other herbivorous fishes (Robertson et al., 1976; 
Hourigan, 1986; Nemeth, unpublished data). The negative relationship between the 
density of large herbivores and the density of territorial damselfish could be due to an 
actual competitive exclusion of herbivores in the area andior an artifact of the belt- 
transect method, which may underestimate the densities of schooling herbivores. By 
comparing the relative densities of herbivores from fish transects and roving diver 
surveys, we found that density estimates were comparable in magnitude at 85% (1 11 13) 
of the sites where damselfish occupied less than 10% of the coral heads but in only one of 
the six (1 7%) sites where damselfish occupied more than 10% of the coral heads. This 
suggests that, in areas with high densities of territorial damselfishes, the abundance of 
large herbivores were underestimated using fish transects since roving schools of 
parrotfishes and surgeonfishes can move unpredictably over large areas of coral reef 
(Robertson et al. 1976). 
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Considering the-wide range ofbenthfc-conditions; human f'actors, and - -- 

management regulations that could potentially influence fish assemblage structures, we 
were surprised to find that the abundance and size structure of con~mercially and 
ecologically important species were relatively similar among island groups of the Virgin 
Islands. Within the island groups, the primary notable differences were the larger size 
structure of herbivores and carnivores in Anegada and the greater abundance of 
haeniulids in the shallow reefs of St. John. The significant relationships between selected 
fish families and various benthic parameters generally supported the observations of 
previous studies within the Caribbean and other tropical regions. Within each island, site- 
specific differences in fish-size structure may be explained by variations in fishing 
pressure from recreational fishermen, including spear fishers. 
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Table 1. Site-information foruAAGRRA fish surveys in the Vi-rgm Is1 

Site name 

Northern Virgin 
Islands 
SI John (slrullow) 

Great l,ameshur, 
Donkey 

Great L.ameshur: 
VIERS 

1:ish Bay East, 
Inner 

Fish Bay U'cst. 
Inncr .....-.......-.. 

St. Johrr (deep) 

Circat I..ameshur, 
'l'cktitr 

Great I-arnrshur, 
Y awzi 

Fish 13ay Fast; 
Outer 

I-is11 Ray West. 
Outer ...-.-...-.----. 

SI. T1tornu.s 

Brewr ' s  Bay 

Buck Island 

Caret Bay 

Flat Ca) 

Sprat I3ay 
.........-.-... 

Virgin Gordo 

Eustatia Reef 

Guurru I,dand 

Iguana Head 
- 

St. C r o h  

Cane Bay 

Long Reef 

Salt River East 

Anegada 

Herman's Reef 

Horseshoe Reef 

Jack Bay 

W. Cow Wreck 

'F = fringing; F 0 

5iw Reef Lxitudc L.ongitude Survey Depth >25 cm % live stony # 30 m fish Total fish 
ode ~ y ~ e ' l  ( " '  " N) ( " '  " W) Date(s) (m) stony corals coral cover 

Exposure (#/lOm)' (mean i sd)' 

FIW 18 18.853 64 43.312 May 26 00 3 

FIW 18 19.094 64 43.390 Oct 23 99 5.5 

h!W 18 19.073 64 45.808 Nov 14 99 5 

I:lW 18 18.572 64 43.302 "Wg 3 99, 11 
Nov 29 99 

J'W 18 18.83 1 64 43.596 July 23 99 12.5 

F W 18 I8  948 64 45.777 Fcb 08 00 6.5 

FIW 18 18.850 64 45.845 Aug 02 99 7.5 

F/W 18 20.670 64 59.157 May 26 99, 8.5 
June 9 00 

FIW 18 19.781 64 57.097 May 19 98, 14 
July 14 99 

FIW 18 22.421 64 59.371 May 21 98, 9.5 
July 17 00 

FIW 18 19.072 64 59.444 July 7 99, 12 
June 12 00 

F BIW 18 19.718 64 55.630 Aug 31 00 10.5 

F BIW 18 30.50 64 20.250 July 24 00 9 

F/W 18 28.477 64 34.941 Aug 06 99 10 

speciss 
(q4 

5 7 

47 

4 4 

40 

- - - - - - . . 

70 

5 9 

5 6 

4 7 

. - - - - . - - 

58 (65)' 

7 1 

58 

5 1 

54 

6 FIW 17 46.230 64 48.530 Oct 14 99, 10 7.5 30.5 i l l .O 12 (3) 74 (92)' 
Dec I6 99 

8 F B / W  1746.1186441.490 O c t 1 3 9 9  13.5 7.5 16.0 i 3.5 24 (5) 68 (88)' 

7 FIW 17 47.227 64 45.330 Oct 13 99 10 6 14.0 i 4.0 24 (6) 63 (1 17)' 

19 B B / L  18 33.841 64 14.320 July 24 00 13 10 19.5 + 5.5 10 ( I )  5 3 

20 B B /W 18 39.965 64 13.890 July 22 00 10.5 6 14.0 i 6.5 10 ( I )  49 

21 F B/W 18 44.961 64 19.246 July 22 00 9 4.5 8.0 i 4 . 5  10 ( I )  49 

22 F BIW 18 45.164 64 24.596 July 23 00 8.5 7 1 1 . 5 i 3 . 5  IO(1) 55 

fringing barrier; B B = bank barrier; W = windward, L. =leeward 
2~:rom Nemeth et al. (this volume) 
'RDT = roving diver technique surveys 
'Number offish species based on the maximum number seen on any one RDT survey. 
 umber in parenthesis = cumulative number of species for multiple RDT surveys. 



'fable 2. T-l-wenty-jive most fiequerrtly sighted fish species during roving diversurveys for - - 

all sites combined in the Virgin Islands, with density (mean ? standard deviation) for 
spccies in belt transects. 

Hnlzchoere~ m i c ~ r r I 1 p r i 1 1 7 ~ 1  

'Rank o f ' s p e c ~ ~ s  w t h  the same sightnig 

Rank' Sighting Frequency2 Density (#I1 00m2) 

-- 
; frequency was (leternlined by calculating the REEF density index 

for each species based upon the weighted abundance categories: S ( s i n g l ~ l ) ,  F (few = 2): h? (many = 3) 
and A (abundant = 4). Equation to calculate weighted density average was: 

Density = [(S") + (F"2) + (M*3) + (A"4)lI (nutnber of  surveys in which species was observed) 
'sighting frequency (%SF) for each species was calculated using the equation: 

%SF = [S + F + M + A] I (number of surveys) 
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. 'The toral number arid density (mean +_ standard deviation) of the -twenty=five 
most common species counted in belt transects for all sites combined in the Virgin 
Islands. 

Fish species l ian k AGIIJIA fishes without AGRRA fishes with 
<j cm scarids -1- hacmulids <5 cm scarids + haernulids' 

Sum Density Sum Density 
- ($11 0 0  n1') (:o (XI I 0 0  n?) 

1176 7.7 i 7.91 

57 0.4 ? I I ?  

Except St. C~o ix ,  where 55 cm scarids and haemulids were not counted. 
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Table-4. f)enstty-(rnean -f standsrct deviation) of AGRR-A fish 
Islands. 

Siw ~ i m w  

Northcrr~ Virgin 
Islands 

St. John (.slrallon 

Great I '!lllcsllll 
I1onl;i.y 

Grsat L.anli~ihur 
V!!<R" 

Fish l3:3! l 3>!  
111111'1. 

l,'isl1 13:!;, ',\!C.<I 

Irintr 
............... 
St. J I I ~ I I  ( d ~ e p j  

(irerii 12anleshi~r 
'l'~.ktite 

Grcat I,a~iiesliur 
Yanzi  

Fish Bq East 
Outer 

Fish Bay Wssi 
Outer 

............... 
Sb Tlt~~mcrs 

13re\vcr's 13q 
I3ucl; Islnnd 
Caret R3y 

1:131 Cay 

Sprat l3ay 
............... 

P"rgh Gordu 

Eustxia  I<eci' 
............... 

Grrum I.slurtd 

Iguana I-lead 

Sr. Croh 

Cane Bay 

Long Reef 
Salt I<ivc.r East 

Anqurlu  

I-ierrnan's Reel' 

Horseshoe Reef 

Jack Bay 
W. Cow Wreck 

83 ( I  IS) 

177 i 9 b )  

1 10 (52)  

43 (53) 

247 ( 2 0  1 ) 

\din 
2~ l~ i , iq~he lu .s  spp. arid Myc/eropercu spp. 
'Rel= % relative lnacroalgal abundance s ~nacroalgal height; Abs. = % absolute macroalgal abundance x macroalgal height; fiorn 
Nerneth et al. (this volume). 



Tablc5. Length (mcnn + standard deviation) i3.t em of-MRRA-fishes bysite ~n the - -- - -- 

Virgin Islands. 

Northern Virgin 
Isl;llltls 

Sf. Jolrrr (vlrtl l l~~~r.) 

l.'ish Bay West 
Outcl- 

..-.---.-----.-- 
Sf, 7'/1OJll~S 

Long IiceE 

Salt River k t  

Anqudrr 
I-lcrman's Reel' 

1101-scshoc I<zel' 

Jack Bay A ~ / l i ~ W / l h f / u . ~  Spp. and ~ h ~ l K ' l f ~ ~ / ~ ~ ~ ~  Spp. 

'llunking = number. ol' times a site within nn island (i.c. St. Thomas) or group (e.g.. St. John shallow) was represenred by the s~iiallest 
(-1 or largest (+) value within the size range o f a  Family. Angelfish were excluded due to the ~nunlbcr ofmissing cells and Virgin Gorda 
and G u a m  Island ~ c r c  excluded since they only had one site per island. 




