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Abstract: Fishing with a variety of methods and gears, including traps, is allowed within the waters of Vrrgin Islands 
National Park (St. 10hn, U.S. Virgin Islands). Randall's 1961  observation of the effects of overushing in nearshore 
waters off Sto John has been followed by three and a half decades of reports documenting the declining reef fish catch 
in the Vrrgin Islands and much of the Caribbean. To assess the state of the trap fishery in St. John waters, traps set 
by fishers were visually censused in situ in 1 992, 1 993 and 1 994 both inside and outside park waters. Fifty-nine 
species of fishes representing 23 farnilies and 1 340 individuals were identified from 285 traps set in five habitat types 
(coral reef, octocoral hard-bottom, seagrass beds, algal plains and non-living substrate). The greatest number of 
observed traps were in algal plain (3 1 %) and gorgonian habitat (27%), pointing to greater exploitation of deeper, non
coral habitats. Coral habitat accounted for the most species trapped (41 ), whereas the mean number of fishes per trap 
was highest in algal plain (5.7, se=O.6) .. Six species rnade up 5 1  % of all fish observed in traps. The Acanthuridae 
was the most abundant family. Species composition and number of fishes per trap were similar inside and outside 
park waters. Scarids and serranids were more frequently observed in traps inside the park. Between 1 992 and 1994. 
pattems in the data emerged: smaller numbers of fish per trap; shifts to smaller size classes; fewer serranids, lutjanids, 
sparids, and balistids, and all (eeding guilds except herbivores per trap; more acanthurids per trap. Compared with 
other trap data from the Virgin Islands and the Caribbean - Florida region, the mean number of fish and biomass per 
St. John trap are low, serranid numbers are low, and acanthurid and herbivore numbers are high.' The reef-associat-

ed fishes of Sto John appear to be overexploited. 
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The Virgin Islands fishery dates back at 
least 2800 years, when pre-Taino and Taino 
inhabitants gathered a variety of reef fishes for 
consumption (K. Wild et al. unpublished), 
using many of the same techniques fishers 
employ today (Price 1966). The multigear, 
small-scale fishery harvests over 100 species of 
reef-associated and open water fishes, with fish 
traps the most commonly used gear since at 
least the 1930s (Fiedler and Jarvis 1932, 

Randall 1961). The gear is non-selective. effi
cient and requires little capital investment or 
expertise to use (Fiedler and Jarvis 1932, Idyll 
and Randal11959, Swingle et al. 1970). 

Although fishery surveys were conducted 
in the Caribbean and southwest north Atlantic 
in the late 1800s and early 1900s (Bayer 1968), 
the first assessment in the Virgin Islands was 
carried out in 1931 (Fiedler and Jarvis 1932). 
Since then, a considerable number of reports 
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and publications have documented fue status 
and changes in fue S1. Thomas and St. Croíx 
fisheries (eg. Dammann 1969-, Olsen and 
LaPlace 1978, deGraf and Moore 1987, Beets 
1997) but none addressed St. John specifical1y 
until 1959, when the Marine Laboratory oí the 
University of Miamí initiated a series of studies 
(eg. Idyll and Randall 1959, Randall 1961, 
1963, 1965, 1967, 1968) for the National Park 
Service (NPS). 

Historically, Virgin Islands fish traps con
tained primarily serranids and lutjanids (deGraf 
& Moore 1987), but by the mid 1980s, herbiv
orous scarids and acanthurids dominated catch 
(de Graf & Moore 1987}. Beginning in the late 
1960s and through the 1980s, Virgin Islands 
Department of Fish & Wildlife reports docu
mented disturbing signs: decreases in fue aver
age size of fishes trapped; a high proportion of 
juveniles in the catch; increased trapping effort 
without a proportionate in crease in landings 
(Dammann 1969); the near extirpation of the 
most valuable commercial species, 
Epinephelus striatus (Olsen and LaPlace 
1978). These reports of decreasing finfish 
stocks furoughout fue Virgin Islands and con
cern over the adequacy of the protection pro
vided by territorial, federal and Virgin Islands 
National Park (VINP) regulations in Sto John 
waters, prompted the initiation of a series of 
fisheries projects in 1992. The purpose of the 
studies was to assess the status of and trends in 
the St. John reef fish assemblages, fishery 
resources and the effects of the trap fishery on 
the reef fishes both inside and outside VINP 
park waters. Were the reef fish assemblages 
inside the park (wruch is also an International 
Biosphere Reserve) being altered by fishing? 
As a corollary, were park fishing regulations 
and their enforcement protecting fue resources 
that the park is mandated to "protect for the 
enjoyment of future generations"? The primary 
objectives of this study were to: quantify the 
species, number and size (biomass) of aU fish
es observed in traps in St. John waters; record 
locations and habitats where fishes were 
trapped; document species composition in traps 
over the study period; and determine any dif-

ferences in species composition and biomass 
between park and non-park waters. 

Study site: St. John, U.S. Virgin Islands 
líes near the northeastern edge of the Caribbean 
PI ate and fue eastern extremíty of the Greater 
Antilles. The prevailing ocean currents are 00-
ven by fue trade winds and f10w to fue west
northwest, with fue Antillean current to the 
north of the island and the Caribbean current on 
the south. Seawater temperatures vary annual
ly from 24.4 to 30.9° e [NPSlBiological 
Resources Divisíon, USGS, Department of 
Interior (BRD) unpublished data]. Water qual
ity elosely approaches Sargasso Sea values for 
most pararneters [NPSIBRD unpublished data}, 
with fue exception of a few bays wifu sluggish 
circulation, altered shorelines (remo val of man
gro ves and importation of sand) and developed 
watersheds. Tropical storrns and hurricanes 
periodically darnage the fringing coral reefs 
(Rogers et al. 1991, Rogers 1993) and seagrass 
beds (Muehlstein 1997), and sometimes tem
porarily alter the composition of reef fish 
assemblages (Beets, unpublished). St. John 
rises from a shelf with average depths of 20-30 
m a few hundred meters from shore. 
Approximately 11 km to the south, the shelf 
drops abruptly from 45 m to the abyssal depths 
of the Anegada Trough (National Ocean Survey 
ChartNo. 25641) and extends nearly 25 km to 
the north before sloplng into the Puer¡:o Rican 
Trench. 

St. John is the site of Virgin Islands 
National Park (VINP) and International 
Bíosphere Reserve. Estabiished in 1956, VINP 
¡neludes 56% (2816 ha or 25.9 krn2) of the 
island and 2 287 ha of the adjacent marine 
waters (added in 1962). Fishing is allowed in 
park waters; specifically, the park's enabling 
legislation allows for fue "customary uses of or 
access" to park waters for físhing, including the 
use of traps of "conventÍonal" Vírgin Islands 
designo VINP regulations prohibit spearfíshing, 
commercial fishing and the use of cast nets 
with mesh >2.5 cm (1.0 in) or over 6.1 m (20 
ft) in length within park waters (Code of 
Federal Regulations, Title 36, Section 7.74). 
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Territ()riaI fishing regulationsalso apply in 
park waters (eg. fish trap pennits, operational 
biodegradable panel, minimum mesh size, 
buoy colors). 

Five habitats were identifíed where fishers 
set traps around St. John: scleractinian coral 
reef, gorgonian hard-bottom, algal plain,sea
grass bedsand nonlivingsubstrllte. Coralr¡')efs 
occur primarily nearshore as fringing or patch 
reefs with sc1eractiniancover less than 30% 
(Rogers el al 1997). At least 19 species of gor
gonians dominate the gorgonian hard-bottom 

where coral heads and sponges also occur 
(Boulon 1986aand b, Gladfelter, unpublished). 
The rugosi�y of the hard substrate is low. 
However, sorne gorgonian species provide ver
tical relief of up to a meter or more. The sea
grass btMs are small, not well developed and 
have been subject to cumulative damage from 
hurricanes and boat anchors in the last decade, 
especially nearshore. Thalassia testudinum, 
SyringQ.diumfiliforme,and Halodule. wrightii 
OCCUl". The. algal pIains ;are large areas of very 
l()w relief, deeper{ over 20 m) t,han the other 
major habita�s ánd dominated. by· one or more. 
specitls oL alga( e), often in association. with 
sponge¡¡ and· Carbonate nodulesfrom coralline 
algae (Olsen.etal. 1981, uppublishedrFifty� 
two spedes of'álgaeand25 specie.s ofspol]ges 
were reported by Olsenetal. (unpublished). 
Non-living substrate habítats include.areas of 
sand, rubble andlor pavement.Spatial reHef is 
yery low. 

MATERIALS AND METHODS 

Thís isthe first study in which insitu obser
vati9ns haye been llláde to.visllally censlls !he 

.
.

. cQntents of físher-seftraps; thedisti,nct advan-
,. t�ges ofthis methodareknowing eiactly where 

the fishes are being barvested, from whathabi
taí, with w}1af type oftraps and the species 
composition <:tnd ilumbers. 

Visual (:ensuse.s:. For . seven consecutive 
daysin November 1992, July 1993, and July 
1994, all buoyed fish trapsobserved within 2 

km of St. John were visuallycensused by 
divers using SCUBA. Theextent of the area 
censused to the south was dependent on weath
er (visibility of buoys) and depth (for SCUBA) 
at which traps were set. The following infor
mation was recorded: location, depth,·· sub
strate/habitat, trap type (AntiUean chevron, rec
tangular or sguare), trap JJ1ªterials,Illesh type 
(hexagonal, square, rectangular), nlinímum 
mesh diameter (cm), number of traps connect
ed in a "string", number of buoys, buoy colors, 
pre8ence/absence of a functional biodegradable 
panel, presence of anodes. Foreach trap, fish
es were enumerated by species andfork lengths 
(mm) were estimated for each individual. Trap 
dimensions (cm) and typesofbait, if any, were 
recorded in July 1993 and 1994. 

"Soaktime" was unknown .and only 

observed buoyed traps were sampled. 
Unbuoyed traps werenotcensused and repre
sented an· unknown percentage ofall traps. In 
the Virgin· Islands the average soak time i8 
reported to be 3c4 and7-8 days(Dammann 
1969, Olsen et aL unpublished, W91ff etal. in 
press). Based onour knowledge of thetrapp,íng 
schedul¡;:sofmany ofthefishers, webelieve the 
censllsedtrapshad been setJor l;t98 days. On 
several.occasions, traps Were seen being hauled 
within anhüur of�ein.g.cenSll¡;ed... 

.
....
.. . .. •. 

Because data w�re nOí Tecorded when the 
traps were hauled, éxactcatch py .the fisher is 

. llnknown. Nonetheless, we b¡;:lieye the insitu 
"ensus data verY,cIosely approximate the 
species,numbers .md sizes o(fishes extr�cled; 

D�taanalysis: Species· ·were as�igned · t6 
feeding groups based pn RandalI (1963, 1967, 
1968) and the authors' observatiQns. The 
groups �re:c.herbiV.Ql;es; . omnivores; s¡;:ssile 
ittvertebratefeeders; mobile inverteorate feed
ers; mobile invert�brate feeder,s/pisciyores; pis
civores .. ··.Specieswere considered mobile inyer- . 

tebratefeed\ijrs/píscivQres if both prey groups 
contdbuted �llbstantiaUy to die diet. 

AH data were .�ntered and verifi�Q. in 

,Quattrol'ro and . .Exce1 tllldanalyzed using 
ParadQx, Syslftt6 and .. SigmaStat. Calamus 
bajon{J(jo, C.calamus¡ C. penna and C. pennat-
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TABLE 1 

Summary ofvisually censusedjish traps 

Bouyed megal No bio- Mesh Live 
traps 

In park waters 

traps (�) panel (%) <1.25 inch (%) substrate (%) 

Nov 1992 25 64 64 8 84 
luly 1993 44 23 23 O 84 
luly 1994 58 16 59 O 90 
Out of park waters 
Nov 1992 21 14 14 19 18 
luly 1993 104 45 45 3 15 
luly 1994 31 18 10 6 81 
Sto lohn Tota1s 
Nov 1992 52 69 69 13 81 
luly 1993 148 39 39 2 18 
luly 1994 95 11 63 2 86 
1992-1994 295 56 52 4 81 

Percent of traps are shown for each of too following categories: "Illegal traps" - all traps which do not meet territorial or fed
eral requirements (eg. no biodegradable panel, not buoyed, mesh size too smal1); "No bio-Panel" - traps with no functioning 
biodegradable panel (required); "Mesh < 1.2 in" - minimum diameter mesh less than 1.25 in (minimum mesh diameter); "Live 
substrate" - traps set on living substrate (coral, gorgonian, seagrass, etc). 

ula were pooled into Calamus spp. due to diffi
culties in differentiating those species in 
crowded traps. Because all parameters were not 
consistently recorded for every trap, sample 
size of analyzed categories varied. Complete 
data exist for 285 of the 295 traps censused. 

Relative abundance of taxa is a useful mea
sure which can mask or enhance changes in 
populations/assemblages; therefore, we present 
both mimber of individuals per trap and relative 
abundance data. 

A Biomass Index was calculated for each 
species (Bohnsack and Harper 1988 and 
unpublished data). 

{Iog(gm)= log(a) + [b*log(mm)J}, where a and b are con

stants for a species 

When the lengthlweight relationship for a 
species was not known, the constants for a mor
phologically similar species in the same genus 
were used (Bohnsack and Harper 1988). To 
assign a length to each of n fish in a size class 
delineated by a maximum and minimum 
1ength, one individual was assumed to be the 
minimum length. one the maximum length and 
each of the remaining n-2 individuals were 
assumed to be (min+max/2) (Bohnsack and 

Harper 1988). The biomass index for each indi
vidual was then calculated based on the indi
vidual's estimated length. 

Although the observational nature of the 
study, short time period and large number of 
traps with no fish prevented us from analyzing 
for statistically significant temporal changes 
in number of fishes per trap, relative abun
dance and species composition, the data are 
presented. 

Frequency data for families and feeding 
guilds in relation to location inside or outside 
park waters were tested for independence, 
based on an asymptotic mode1. The null 
hypothesis: 

Ho: no difference in the frequency of a fam
ily or feeding guild in traps inside and outside 
park watefS. 

Pearson's Chi Square statistics and associ
ated p values are reported. The large. variance 
in the number of fish per trap and abundance 
data (approximately five times the mean) and 
high proportion (25%) of empty traps preclud
ed further statistical analysis. A much larger 
sample size would be needed to satisfy the 
assumptions of the tests. 
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TABLE2 

Trap summary by habitat type in which they were set (standard errors in parentheses). 

Number of species 
Number of fish ' 
Percent of total 
Number of traps 
Mean numberfisNtra� 
Mean depth of traps (m) 

All habitats 
59 

1340 
100 

295* 
4.7 <º,3) 

* Fish in 10 traps were not censused. 

RESULTS 

Algal plains 

39 
517 

38.6 
91 

5 .7 (0.6) 
23 .4 

Traps: A total of 295 traps were censused 
(Table 1). Traps were Antillean chevron 
(arrowhead) (50%) or rectangular (49%). Most 
were reinforced with a steel rebar frame (58%) 
and covered with 3.1-5.0 cm mesh (94%). 
Hexagonal mesh was most commonly used 
(61%). One third were set as single traps. The 
remaining were set in strings of 2 to at least 23 
traps connected by polypropylene line (mean 
4.8 traps/string). Fifty-two percent of all traps 
had no biodegradable panel or one that was not 
functional (wired closed). Traps were set with 
and without bait. 1)rpes of bait incIuded bread, 
cactus, lobster exoskeletons/carapace, bait fish 
in a plastic bag, and whelk shells. 

Censused traps were set between 3 - 38 m 
(mean 19.6m), with 68% deeper than 15.1 m 

(50 ft) and containing 1,045 (80%) of the 
fish. Eighty-one percent of traps were set on 
live substrate. Over half of the traps were set 
in algal plain or gorgonian hard-bottom habi
tats and contained 63% of all censused fish 
(Table 2). 

Fish Abundance: A total of 1 340 fish (59 
species and 23 families) were identified and 
their lengths estimated in 285 visually censused 
traps of which 211 (74%; range 68-80% 'per 
census period) contained fish (Table 3). Traps 
averaged 4.7 individuals/trap (se=Ü.3, range 0-
31) (Table 4). The effect of mesh size was not 
tested for due to the low sample size of traps 
with mesh <31 or >50 mm andother confound
ing factors (habitat, depth, size of funnel open-

Coral reef 
41 

224 
16.7 

47 
4.8 (1.0) 

- 1 7:3 

Gorgonian 
36 

321 
24 

'79* 
4.7 (1.0) 

17.4 

Seagrass Non- living 
22 28 
74 204 

5.5 15.2 
22 56 

3 .4 (1.0) 3 .6 (0.7) ' 21.5 - -- '20:8-

ings, trap design and materials, etc.). More fish 
were observed in traps constructed of both 
wood and steel (mean of 7.0 fishltrap, se=0.9) 
than in those of steel (4.6 fishltrap, se=O.5) or 
wooden frames (2.9 fish/trap, se=Ü.4). A total 
of 779 fish were in 147 Antillean chevron traps 
and 541 were in 145 rectangular traps. AIgal 
plain habitat produced the greatest number of 
fish per trap (mean of 5.7, se=0.6) and seagrass 
habitat caught the least (mean of 3.4, se=1.0), 
although this may reflect the low number of 
traps (22) in seagrass (Table 2). 

LengthlBiomass: The mean fork length of 
pooled individuals was 250 mm (se=20) . Mean 
biomass per trap was 2.0 kg (se=0.17) and 
somewhat greater inside the park (Table 4). 

Species: The mean number of species per 
trap with fish was 3.1 (se=O.I; range 1 to 13). 
Six of the 59 species trapped accounted' for 
51.4% of individuals. Only nine species were 
trapped every census period, both inside and 
outside park waters: Haemulon plumieri, H. 
sciurus, Calamus spp., Pomacanthus arcuatus, 

Sparisoma aurofrenatum, Acanthurus bahi

anus, A. coeruleus, Lactophrys quadricornis, 

and L. triqueter. T he three most abundant 
species were also the most frequent occupants 
of traps: A. coeruleus, pooled Calamus spp. and 
P. arcuatus (Table 5). 

Families: Acanthurids and ostraciids were 
the most frequently trapped families (Fig. 1). 
The acanthuridae was numerically the most 
abundant family in traps; ostraciids were second 
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TABLE 3 

Summary of species identified in visual censusing of Sto John, USVI traps: number of individua/s; relative abundance; mean 
number offish per trap; frequency in traps; mean, mínimum, maximum length; biomass index (percent of biomass con-

tributed by a species) and ¡he trophic guild. 

Fish species No. % Fish/ Freq. Mean Sld. Min. Max. B iomass Mean Sld. Trophic 
indiv. abundo trap length error Iength length index Ind. error guild 

mm mm mm (%) bio. 
Ginglymostoma 
cirratum 4 0.3 0.01 0.003 813 278 550 1200 3.1 4.416 4.399 P 

Holocentrus 
adscensionis 39 2.9 0.14 0.058 244 48 160 350 2.3 0.332 0.178 MI 

Scorpaena sp. * 1 0.1 0.00 0.003 200 200 200 0.0 0.132 MIIP 
Cephalopholis 
cruentatus 1 0.1 0.00 0.003 220 220 220 0.0 0.169 MIIP 
C. fulvus 7 0.5 0.02 0.017 261 23 230 300 0.4 0.280 0.075 MIIP 
Epinephelus 
adscensionis 1 0.1 0.00 0.003 300 300 300 0.0 0.438 MIIP 

E. guttatus 39 2.9 0.14 0.081 296 49 190 400 3.1 0.460 0.228 MIIP 
E. morio 2 0.1 0.00 0.007 500 71 450 550 0.6 1.812 0.757 MIIP 
E. strialUS 6 0.4 0.02 0.ü20 488 115 350 650 2.3 2.155 1.5 1 5  MIIP 
Mycteroperca 
tigris I 0.1 0.00 0.003 500 500 500 0.3 1.830 P 

Echeneis sp. * 1 0.1 0.00 0.003 830 830 830 0.3 1.437 O 
Caranx crysos J 0.1 0;00 0.003 250 250 250 0.0 0.302 P 
C. ruber 17 L3 0.06 0.027 330 43 250 400 1.9 0.642 0.262 P 
Lutjanus analis 9 0.7 0.03 0.017 437 186 100 730 3.3 2.064 2.043 MIIP 
L. apodus * 4 0.3 0.01 0.014 295 71 250 400 0.4 0.525 0.414 MIIP 
L. griseus 5 0.4 0.02 0.014 360 65 300 450 0.7 0.757 0.394 MIIP 
L. jocu I 0.1 0.00 0.003 650 650 650 0.8 4.670 MIIP 
L. synagris 31 2.3 0.11 0.068 293 56 190 360 2.4 0.432 0.201 MIIP 
Ocyurus 
chrysurus 60 4.5 0.21 0.054 282 89 150 500 4.5 0.437 0.358 MIIP 

Gerres cinereus 2 0.1 0.00 0.003 210 O 210 210 0.0 0.220 0.000 MI 

Haemulon 
aurolineatum 3 0.2 0.01 0.007 167 29 ISO 200 0.0 0.089 0.052 MI 

H. flavolineatum 4 0.3 0.01 0.007 230 26 200 260 0.2 0.269 0.093 MI 

H. parra 2 0.1 0.00 0.003 325 35 300 350 0.2 0.678 0.217 MI 

H. plumier; 60 4.5 0.21 0.105 298 55 190 450 6.5 0.619 0.352 MI 

H. sciurus 16 1.2 0.06 0.044 299 46 230 380 1.6 0.555 0.251 MI 

Calamus spp. 157 11.7 0.55 0.190 278 55 180 500 13.6 0.493 0.319 MI 

Equetus 
punctatus * 2 0.1 0.00 0.007 310 13 220 400 0.2 0.673 0.707 MI 

Mulloidichthys 
martinicus 4 0.3 0.01 omo 338 25 300 350 0.6 0.855 0.207 MI 

Pseudupeneus 
maculatus 2 0.1 0.00 0.003 275 35 250 300 0.1 0.370 0.141 MI 

Chaetodon 
capistratus * 12 0.9 0.04 0.031 H2 21 80 120 0.1 0.051 0.026 SI 

C. sedentarius * 8 0.6 0.03 0.020 118 17 100 140 0.0 0.052 0.023 SI 

C. striatus 20 1.5 0.07 0.037 119 17 70 ISO 0.2 0.055 0.023 SI 

Holacanthus 
ciliaris 20 1.5 0.07 0.044 218 46 150 300 1.0 0.287 0.164 SI 

H. tricolor 11 0.8 0.04 0.027 179 38 100 250 0.3 0.180 0.103 SI 

Pomacanthus 
arcuatus 126 9.4 0.44 0.197 240 68 80 450 lLB 0.534 0.456 SI 

P. paru 2 0.1 0.00 0.007 225 64 180 270 0.1 0.389 0.308 SI 
Abudefduf 
saxatilis ,. 0.1 0.00 0.003 100 100 100 0.0 0.032 O 
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Halichoeres 
radia tus 1 0. 1 0.00 0.003 400 400 400 0.2 0.963 MI 

Sea rus eroicensis 20 1 .5 0.07 0.007 182 42 ISO 250 0.4 0. 1 2 1  0.083 H 
S. taeniopterus 1 3  1 .0 0.05 0.03 1 288 75 1 50 400 0.8 0.344 0.201 H 
S. vetuta 1 0. 1 0.00 0.003 280 280 280 0.0 0.395 H 
Sparisoma 
aurofrenatum 37 2.8 0. 1 3  0.061 233 50 1 40 400 1 .8 0.278 0.297 H 

S. chrysopterum 18  1 .3 0.06 0.020 278 59 200 380 1 .4 0.434 0.292 H 
S. rubripinne 6 0.4 0.02 0.01 0  3 1 8  23 280 350 0.7 0.638 0. 1 37 H 
S. viride 8 0.6 0.03 0.020 293 48 220 350 0.7 0.5 1 3  0.229 H 
Aeanthurus 
bahianus 47 3.5 0 . 1 6  0.07! 205 39 1 40 290 1 .7 0.209 0. 1 1 4  H 

A. chirurgus 20 1 .5 0.07 0.044 242 44 1 40 340 1 .2 0.354 0.2 1 7  H 
A. coeruleus 206 1 5.4 0.72 0.2 10  200 44 1 00 500 8.3 0.229 0.21 2  H 
Bothus lunatus 0. 1 0.00 0.003 250 250 250 0.0 0.282 P 
Aluterus seriptus * 6 0.4 0.02 0.014  408 20 400 450 0.7 0.688 0.644 O 
Balistes vetula 59 4.4 0 .21  0. 1 05 298 72 1 50 420 8.3 0.802 0.5 1 4  M I  
Cantherhines 
macrocerus 9 0.7 0.03 0.020 3 1 4  100 1 60 450 1 .0 0.633 0.470 MI 
C. pullus 5 0.4 0.02 0.014 184 9 1 80 200 0. 1 0. 1 20 0.01 6  O 
Lactophrys 
bieaudalís 25 1 .9 0.09 0.061 232 69 ISO 400 1 .6 0.360 0.239 MI 

L. polygonia 42 3 . 1  0. 1 5  0.075 248 43 1 50 350 2.0 0.268 0. 164 MI 
L. quadricornis 79 5.9 0.28 0. 1 32 245 50 1 50 350 3 .6 0.259 0. 1 1 3  M I  
L. triq ue te r 50 3.7 0. 1 8  0. 1 12 186 38 1 20 270 1 .9 0.222 0. 10 1  MI 
Chilomycterus 
antennatus * 3 0.2 0.01 0.01 0  1 67 47 1 30 220 0.0 0. 1 84 0. 1 62 MI 

Diodon 
holoeanthus * 2 0. 1 0.00 0.003 290 57 250 330 0.2 0.529 0.240 MI 

(H==herbivore; MI==mobile invertebrate feeder; MIIP==mobile invertebrate feeder/piscivore, O==omnivore, P == piscivore and S 
== sessile invertebrate feeder). 
* species not eaten. 

TABLE 4 

Summarized data from visually censused traps by year and location inside or outside park waters. 

Inside Outside 
park park 1 992 1 993 1 994 

Number of species 55  43 45 46 38 
Number of fish 692 648 3 1 5  658 367 
Number of traps 1 27 1 68* 52 1 48* 95 

.Mean number fishltrap 5.4 (0.6) 4 . 1  (0.4) 6 . 1  ( 1 . 1) 4.8 (0.5) 3.9 (0.5) 
Total kg of fish 296.4 273.9 144.6 298.6 l 27 .5  
Mean kgltrap 2.3 (0.3) 1 .7 (0.2) 2.8 (0.4) 2.2 (0.3) 1 .3 (0.2) 
Mean kglfish 0.428 (0.02) 0.423 (0.02) 0.459 (0.02) 0.453 (0.02) 0.347 (0.03) 
Mean length (mm) 250 (4) 25 1 (3. 1 )  262 (5) 254 (4) 233 (4) 

Standard error of the mean in parentheses. * indicates contents of 10 traps were no! recorded. 

and pomacanthids third, Oyeran and in the park Feedillg guilds: The mobile invertebrate 
(Fig. 2a). Scarids (Chi Sq= 10.2, p=O.05) and feeder guild exceeded other feeding guilds in 
serranids (Chi Sq= 9.3, p= 0.05) occurred signif- frequency trapped (Fig. 3a) and relative abun-
icantly more frequently in traps inside !he park dance (Fig. 3b). Piscivorous fish numbers 
!han outside (Fig. 2b). All other families occurred remained very low (2%). AH species feeding on 
equaUy in traps inside and outside the park. fishes (both piscivores and mobile invertebrate 

feeders/piscivores) accounted for 14% of indi-
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TABLE 5 

Relative abundan ce by year and location inside/outside park waters of the nine most abundant species in visually censl/sed 
traps in St. John waters. 

Species Pooled (%) 1 992 (%) 1 993 (%) 1 994 (%) In park (%) Outside (%) 
Acanthurus coeruleus 1 5.4 ( 1 )  6.0 1 1 .3 30.8  1 6.9 1 3. 8  
Calamus spp. 1 1.7 (2) 9.2 1 5.0 8.2 6.7 1 7.2 
Pomacanthus arcuatus 9.4 (3) 9.8 1 1 .6 5.2 1 0.4 8.3 
Lactophrys quadricornis 5.9 (4) 6.7 6.8 3.5 7.2 4.5 
Haemulon plumieri 4.5 (5) 5.7 5.2 2.2 4.6 4.3 
Ocyurus chrysurus 4.5 (6) 6.3 5.9 4.6 5.9 2.9 
Balistes vetula 4.4 (7) 3.2 5.8 3.0 1 .9 7. 1 * 
Lactophrys trique ter 3.7 (8) 3.8 4.3 2.7 2 .3  5.3 
Aeanthurus bahiwlUs 3.5 (9) 2.2 4.9 2.2 3.9 3. 1 

TABLE 6 

The number of individual fishes (and biomass) observed in fish traps in Sto John waters by year and location illside or out
side park waters extrapolated to the mínimum number of fishes extraeted annually. 

1 992 
Total number of indíviduals/week 3 1 5  

- i n  park 1 89 
Total number of individuals/year 1 6 380 

in park 9 829 
Total estimated kglweek 145 

in park 9 1  
Total estimated kglyear 7 5 1 9  

- i n  park 4 71 1  

viduals. Herbivorous fishes (Chi Sq=9.3, 
p=0.05) and mobile invertebrate feeders/pisci
vores (Chi Sq=5.0, p=0.05) occurred more fre
quently in traps inside the park (Fig. 3a). 

Extraded individuals and biomass: 

During the three years of this study, an estimat
ed 36 000 fish weighing 15 400 kg were 
extracted from the waters of Virgin Islands 
National Park by fish trap, while a minimum of 
69 700 individuals weighing 29 500 kg were 
taken from St. John waters (Table 6). Annual 
extraction estimates were calculated by multi
plying the total number of fishes (and estimat
ed biomasses) censused during each of the 7 

day census periods by 52 weeks per year. The 
annual estimates were then summed. These 
estimates are very conservative as they do not 
inelude traps set without marker buoys 
("blind"), uncensused buoyed trap, or fishes 
taken by "ghost traps" or other gears (hook and 
line, nets, spearguns). 

1 99 3  1 994 
658 367 
199  304 

34 2 1 6  1 9 084 
10 348 1 5 808 

298 128  
1 0 1  J 05 

1 5 506 6 630 
5 27 3  5 450 

Temporal patterns: Although changes in 
the relative abundance and number of fish per 
trap by year primarily reflect temporal varia
lion, annual data are presented to document the 
variation, whatever the underlying causes. 

From 1992 through 1994, several patterns 
emerged from the trap data: 
\11 mean number of fish per trap fell fram 6.1 

(se=1.l, ntrap=52) in 1992 to 3.9 (se=0.5, 
ntrap=95) in 1994 (Fig. 4). 

8 mean biomass per trap dropped from 2.8 kg 
(se=OA) in 1992 to 1.3 kg (se=O.2) in 1994 
(Fig. 4). 

\11 mean fork length changed from 262 mm 
(se=5, nfish=315) in 1992 to 233 mm (se=4, 
nfish=367) in 1994 (Table 4). 

il size frequency distributions shifted to 
smaller size elasses for pooled data (Hg. 5) 
and Epinephelus guttatus (J:lig. 6) 

G Acanthurus coeruleus was five times as 
abundant in 1994 (Table 5). 

\11 in 1994, traps contained a greater number of 
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Fig. 6 Size frequency distribution of Epinephelus guttatus 
in 1 992 (n= 1 6, median 350 mm), 1 993 (n=4, median 300 
mm) and 1 994 (n=20, median 270 mm). 

er trap sets and increased exploitation of alga! 
pImn and gorgonian-dominated habitats since 
Randall's observation in 1961 (Randall 1963). 
This move to deeper and/or offshore areas may 
be the result of a combination of factors: over
fishing in the nearshore, shallow reef habitat; 
an increase in the number of traps to offset a 
decreasing catch; the replacement of traditional 
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propulsion and fishing gear with more modern 
materials and technology (eg. engines, dectrie 
willehes); higher market value increasing the 
incentive to invest more time and capital in 
fishing; attempts to decrease the allegedly high 

incidence of theft of traps; the greater abun
dance of targeted species in deeper, previously 
les s exploited habitats; or higher yield in deep
er areas due to lower habitat complexity. 
Numerous publications have documented 
declines in the abundance and size of a number 
of speeies in Caribbean reef fisheries (Olsen 
and LaPlace 1978, Bohnsack et al. 1986, 
Munro 1983, Appeldoom and Lindeman 1985, 
Koslow et al. 1988, Recksiek et al. 1991, 
Appeldoorn et al. 1992, Beets and Friedlander 
1992, Butler et a.l 1993, Beets et al. 1994, 
Hughes 1994, Koslow et al. 1994, Sadovy 
1994, Rakitin and Kramer 1996, Beets 1997). 
Data from this and previous studies corroborate 
the growing evidence that many reef-associated 
species of finfish in the Caribbean are decreas
ing in abundance and size. 

Comparisons of our data froID visually cen
sused traps with historie al St. John and Virgin 
Islands data sHow the following changes in the 
St. John resource: 
l. fewer fish per trap. 
2. lower biomass per trap. 
3. shift to smaHer size classes. 
4a. fewer individuals per trap and lower rela

tive abundance of serranids, lutjanids, 
sparids, balistids, and all feeding guilds 
except herbivores. 

4b. greater number of acanthurids and herbi
vores per trap. 

5. exploitation of deeper non-coral habitats, 
not traditionaUy exploited, 

These are the patterns of an overfished 
resource (Rus s 1985, 1991, Koslow et al. 1988, 
Russ and Alcala 1989, G. Sedberry and 1. 
McGovern, unpublished, Jennings and Polunin 
1996 and references). 

Changes in Virgin Islands trap contents 

Changes in iength and size: Mean length 
of fishes in traps can be affected by changes in 
species composition and other factors including 
intensive fishing. Average length (or weight) 
can be an indicator of the state of and/or 
changes in the fishery. The change in mean 
length of observed fish from 262 mm in 1992 
to 233 mm in 1994 ís reflected by a shift in the 
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TABLE 7 

Comparison of Sto John and Sr. Thomas trap eateh in number of individuals and biomass 

Year SI. John SI. JOM St. Thomas Sto Thomas St Thomas Reference 
mean mean mean mean mean 

kgltrap fishltrap kgltrap fishltrap kglyr/trap 
1917 1000 Census of the VI 1917 
1967 4.6 4.0 Swingle el al. 1970 
1968 980 Darnmann 1969 
1970 20-25 Munro 1983 

l-ll 
mid 1970s 6.6 B oulon 1986 
1975-76 2.3 01sen & McCrain 

unpublished 
1978-79 19 Mudre, unpublished 
1988-90 1.6 Beets, unpublished 
1988-92 5.2-5.7 Beets, unpublished 
1993 6.8* Beets, unpublished 
1992-94 2.0 4.7 This study 

* Catch in experimental trap seis off St John in 1993 (Beets, unpublished) appears high because traps without fish were no! 
included in the data and a small mesh diameter (1 in) was used, retaining smaller and therefore greater numbers of fish. 

length-frequency histograms to smaller sizes 
with time. Although the number of smaller fish
es reaching exploitable size each year appears 
fairly steady, fewer and fewer fishes are over 
250 mm in length. The extraction of individu
als from all exploitable size c1asses over a num
ber of years could shift the length-frequency 
curve to smaller individuals, yet retain similar 
catches of individuals in the first exploitable 
size c1asses. A relatively large pool of smaller 
individuals growíng to a size retained by traps 
could replenish fue smallest exploitable size 
c1asses. AIso, natural fluctuations in species 
composition and abundance could account for 
fue observed shift. 

The observed changes in maximum and 
mean length of E. guttatus and fue shift to 
smal1er sizes could be due to removal of larger 
fishes tbrough trapping, natural mortality, or 
variations in recruitment. However, the shift 
could be an artifact of the small sample size 
(n=39). 

Changes in the Virgin Islands catch size and 
biomass over fue last two decades are evident 
from a comparison of data from previous 
Virgin Islands fishery studies and this observa
lional study (Table 7). 

The catch in experimental trap sets off Sto 
John in 1993 (J. Beets unpublished) appears 

high because a smaller mesh diameter (2.5 cm) 
was used, retaining smaller and therefore 
greater numbers of fishes, and traps without 
fish were not included in the analysis. Declines 
in average annual catch also appear in Virgin 
Islands port sampling data. Port sampling 
between August 1986 and July 1987 document
ed a 20% decrease in the average length of 
landed fish (deGraf and Moore 1987). Olsen 
(unpublished) suggested that landings in the 
Virgin Islands in 1979 probably exceeded max
imum sustainable yield. In 1979 the average 
annual catch was 159 kg (350 lb) per trap and 
dropped to 45.4 kg (lOO lb) per trap in 1989 
(Appeldoorn et al. 1992). 

Changes in family and spedes composi

!ion and abundance: Serranids, lutjanids and 
balistids dominated trap catch in fue Virgin 
Islands (Dammann 1969, Brownell and Rainey 
1971, Olsen and LaPlace 1978, Olsen et al. 

1978, Boulon and Clavijo 1986) until the early 
1980s. Epinephelus striatus, E. adscensionis, 

E. guttatus, and Cephalopholis fulvus were a11 
reported to be cornmon components of shallow 
water trap catch in the Virgín Islands in 1970 
(Brownell and Rainey 1971). E. guttatus, a 
highly sought food fish, was the most abundant 
species in trap landings on St. John in 1984 
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(Boulon and Clavijo 1986), fourth in abun
dance in traps in a 1994 experimental trappii)g 
study in coral reef and gorgonian habitats 
(Wolff et al. in press) but the eleventh most 
abundanf in this study (Table 3). Not only has 
the relative abundance of many targeted 
species declined, but so has the number of fish 

. per trap . .  In Dammann 's comprehensive analy" 
sis of the VI fishery (1969), catch data for 1 2  

species were detailed from an experimental 
trapping study off of Sto Thomas in 1 968.  A 
comparison with this study shows lower num
bers of C. fulvus, E. guttatus, and B. vetula 

(commerciaHy targeted species) and greater 
numbers of A. coeruleus, Lactophrys spp.,  and 
Calamus spp. per Sto John trap (Table 8). 
Comparing by family, traps from this study 
contained fewer serranids arid balistids and 
more acanthurids and lutjaníds (Table 9). This 
apparent rise in numbers of lu�anids is most 
likely due to the ptesen.ce of 0, chrysurus and 
not the larger lutjanids . EvidetJce from three 
other Virgin Island expetimental trapping stud
ies cortoborate ourfindings of acant�urid dom" 
irMted<trap conteIlts and a low relatív� abun
dance(2�5% )of serranids, {Beets J997, Wolff et 

· · al. in press) . 
Beets ( 1997) do.cument�d declines in ... the 

average Iength �md nurnbe( 6fspecies ' of hit
janids and serranids . trapped from a St. John 
reef between 1982 aúd 1993; he also found 
declines in serranid and lutjanid . densities 
(using belt transects) between 1994 and 1996 
on four Si: John reefs (unpublished). The abun
dance' atld lengths Qf two srnall>serranid 

TABLE 8 

A comparison ofmean numberof individuals per trap 
from 1St. Thomas (Datnmann 1969) wid 2St. John (this 

study) (standard error of the mean in parentheses) 

Species Fish/trap Fish/tra� 
19681 1992,94-

Epinephelus gutta·tus . 052 0.14 (0.03) 
BalisteS verula 0.48 0..:n (0,05) 
Lactophrys spp. 0 .44 0.69 (0.09) 
Holocentrus spp. 0.31 0.18 (0.04) 
Acallthurus coeruleus 0.24 0.72 (O. l!) 
Calamus spp. 0..22 055 (0.10) 
A. bahianus 0 .1 6  0.16 (0.05) 
Haemu/on plumier! 0 0 1 5  0.21 (0 .05) 
OcyuruS chrysurus 0.13 0.2 1 (0.08) 
H. sciurus 0.13 0 .06 (0 .02) 
Sparisome¡ chrysopterum 0.13 0.06 (0.03) 
Cephalopholis fulvus 0.31 0 .02 (O.O!)  

species ,  K fulvus and K guttatus declined in 

the Virgin · Islands (Olsen et al. unpublished, 
Beets and Friedlander 1992; Beets et al. 1994). 
Epinephelus 'stríatus wa,s

. 
common trap 

catí;hes in 197 1  (Brownell.and Rainey 1971 )  
and was frequently «aught by hand-line in .the 
Virgin · Islands until a Iarge �pawning 

,
aggrega

tion was fished . to extirpation in the1até
.

1970s 
(OlS<tll all;d . La,J>hwe 1978). , TlJe rarity ofE. 
striat¡.¡,s and Lutjanus analisin 198.5.landings in 
the Virgin Islands and PÚert9 Rico}ndicated 
they were · "essentially extinq� f(jf fisileries P%� 
poses" (Bo�nsack et al. J�86), Duril1g experÍ" 
mental trappingin 1994, 41  K striatUS (O.7% ()f 
catch) were t(apped in: 45 1 hauls (Wolff et al. in 
press). QnI)' . six inqividuals (O:4%) were 
observed inthps during this study; �hs: species 
is .. rarelY seen today. (Beets

. 
and Frledlander 

1992; Beets 1997; Wolff et aLjn press). , " , , -- ' , " ' -' , ' , 

TABLE 9 

Mean number offish/trap by famíly for Sto Thomas in 1969 (Dammann J969) and St, ]ohn, this study (standard errors il! 
parenth:eses) 

1969 1992-4 1992 . 1993 1994 
Serranidae 0.6 0.2 (0.04) 0.4 (0. 12) 0.1 (0.03) Q.3 (0.09) 

Balistidáe 0.5 0.3 (0.06) 0.3 (0. 12) Q,4 (0.1 1) 0.1 (0.04) 

Acaniliuridae 0.4 1.0 (0,13) 0 .5 (0.22) 0.9 (0 .16) 1.3 (0.29) 
Ostraciidae 0.4 0.7 (0.09) 0.9 (0.25) 0.8 (0. 12) 0.5 (0. 14) 
Haerriulidae 0.3 0.3 (0.06) 0.5 (0.17) 0.3 {O. lO) 0.2 (0.05) 

Spatidae 0.2 0.6 (0.10) 0.6 (0.16) 0.7 (0.18) 0.3 (0 . 1 2) 
Lutjariidae . U.l 0.4 (0.09) 0.6 (0. 19) 0.5 (0.17) 0 .2 (0.06) 
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Comparison with other tropical reef fish· 

enes: How does the Sto John fishery compare 
to other tropical reef fisheries? Comparing the 
trap data from this observational study to pre
vious trap studies, Sto John traps contaín fewer 
fishes and lower biomass than most other 
reported values (Fig. 8) and appear closest to 
Jamaícan shelf data from the early 1970s 
(Munro 1974) and Virgin Islands data from 
1988-1992 (J. Beets, unpublished). In this 
study, onJy six species aecounted for over 50% 
of the fishes in traps. Other studies have 
reported a greater number of species compris
ing the majority of the catch (JuhI 1969, Munro 
et al 1971, Munro 1974, Craíg 1976, Olsen et 
al 1978, Stevenson and Stuart-Sharkey 1980, 
Taylor and McMiehael 1983, Bohnsaek et al 
1994). The indication is that the St. John fish
ery has been under heavy fisrung pressure. 

Serranids: Serranids grow slowly and are 
relatively oId at first sexual maturity; they are 
known to be vulnerable to most fishing gears, 
aggressive (High and BeardsJey 1970), rela
tively large and highly 50ugbt after for food. 
Because of these faetors, their abundance and 
mean size have been suggested to be the best 
measure of the state of a fishery (Stevenson and 
Stuart-Sharkey 1980; Munro and Smith 1984; 
Munro and Williams 1985; Russ 1985, 1991). 
Declines in these predators have been doeu
mented in Barbados (Rakítín and Kramer 
1996), Berrnuda (Butler et al. 1993), Jamaica 
(Koslow et al. 1988; Koslow et al. 1994), the 
Philippines (Russ and Aleala 1989) and Florida 
(Bohnsack et al. 1994). Ferry and Kohler 
(1987), however, reported a higher serranid 
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Fig. 8 Trap data showing mean number of fish per trap and 
respective mean biomass (kg) per trap from Caribbean 
studies: South Florida (Sutherland & Harper 1983, Taylor 
& McMichael 1 983, Bohnsack et al 1 989); Jamaican Banks 
(Hartsjuiker & Nicholson 198 1 ); Jamaican shelf (Munro 
1 974, 1 983); Virgin Islands (Dammann 1 969, Sylvester & 
Dammann 1 972); SI. John (this study). 

catch rate on the more heavily exploited of two 
Haítian reefs. 

Compared with other published data, the 
number of serranids per trap in thís study 
exceeds only that from the Port Royal Cays and 
SE Pedro Bank, Jamaica (Koslow et al. 1988) 
(Table 10). The relative abundance of serranids 
(4%) in this study was much lower than record
ed in any other study. Because preferred food
fish species represent a greater proportion of 
the reported or marketed cateh than of the total 
catch, the relative abundance of serranids and 
other targeted fishes from this observational 
study and other studies using total catch would 
be expected to appear slightly deflated eom
pared to studies using port samplíng or fisher 
reports. Koslow et al (1994) suggested that in 

TABLE 10 

Number of serranids per trap reported in Caribbean studies 

Date 
1 983 
1986 
1969 
1984 
1992-4 
1986 
1986 

Location 
South Florida 
SW Pedro Bank, Jamaica 
Virgin Islands 
Haiti 
Sto Jobo, USVI 
SE Pedro B ank, Jamaica 
Port Royal Cays, Jamaica 

Serranids/trap 
6.0 
1.8 
0.6 
0 .5 
0 .2  

0 .14 
0.01 

Study 
Taylor & McMichael 1983 

Koslow et al. 1988 
Darnmann 1969 

Ferry & Kohler 1987 
this study 

Koslow et al. 1988 
Koslow et al. 1 988 
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a light to moderately fished area large pisci
vores would account for 5- 1 0  % of the catch, 
while in a heavily fished area, they might con
tribute 1 -2%. This would indicate the Sto John 
resource is moderately fished. However, 
Koslow developed this yardstick with hook
and-line and trap data from Belize and 
Jamaica. The proportion of �erranids and lut
janids in the catch from both gears would be 
expected to be higher than in trap catch alone, 
due to the higher catcliability of both fiunilies 
with hook-and-line. 

Factors affecting tbe Sto John Fishery 

OveñlShing: Certain patterns associated 
with overfishing (Koslow et al. 1988 ,  G. 
Sedberry and J.  McGovern , unpublished, 
Jennings and Polunin 1 996 and references) 
have been identified in this study. The observed 
dominance by acanthurids in this study fit 
Jennings' and Polunin's (1996) prediction that 
a small, fast-growing species from a lower 
trophic level would eventually dominate as a 
result of intense fishing pressure. Change in 
species composition would result from fishers 
simply targeting or keeping species previously 
considered "trash" fish or "bycatch". 
However, as Jennings et al. ( 1 995) point out, it 
is difficult to determine whether changes in a 
fishery are due to changes in recruitment, dif
ferences in growth, andlor degrees of fishing 
intensity. 

Mesb size: Mesh size may have contributed 
to the smaller sizes and numbers of fisb 
observed in Sto John traps. Sorne of the most 
commonly (and legally) used mesh sizes, in Sto 
John and the Caribbean region in general, 
retain sexually immature fishes and individuals 
smaller than the legal minimum size for har
vesting (Munro 1 974, 1983 ,  Thompson and 
Munro 1974, Olsen et al. 1 978, Stevenson 
1 978, Taylor and McMichael 1983,  Bohnsack 
et al. 1989). The legal minimum mesh diame
ter in the Vrrgin Islands between' 1 992- 1 994 

was 32 mm ( 1 .25 in), smaller than meshes 
known to retain sexually irnmature individuals 
of commercially important species. T he 

observed change in maximum length of scarids 
(400 to 33Omm) and serranids (525 to 400mm) 
and shift to smaller sizes (Fig. 6) may be the 
result of "growth overfishing" (Russ 199 1 ), due 
to long-term use of small mesh traps. 

VariatioDS in recruitment: The observed 
changes in abundance of fishes in St. John traps 
may result from temporal · or spaual vanauons 
in recruitment (Munro and Williams 1985,  

Doherty and Williams 1988 ,  Doherty 1 99 1 ). 

Shifts in the length-frequency distribution by 
year were associated with a fairly constant 
number of individuals in the smallest exploited 
size classes over time. A series of lean recruit- . 
ment years for a large number of species from 
several families and trophic guilds is unlikely, 
especially across habitats, depths and at the 
scale of kilometers. However, it is possible that 
a decrease in recruitment of species A could be 
balanced out in OUT pooled data by a large 
increase in species B, with the net result of no 
observed change in the smallest exploited size 
classes. Only after a period of time would the 
differences in the growth rates and size at matu
rity show up in the length-frequency distribu
tions. If recruitment of smaller species such as 
acanthurids was high and of large scarids was 
low, within a few years, the frequency of, for 
example, individuals under 250 mm would 
increase and the number larger than that would 
have decreased. If removal of individuals from 
the system increased, the number of larger fish 
would plummet. Overfishing of the sources of 
recruitment to St. John, be they hundreds of 
kilometers upcurrent or local, inay already be a 
factor. 

We suggest that the high relative abundance 
and number of herbivores per trap, and acan
thurids in particular, is most probably the result 
of a number of factors: the removal of predators 
through fishing (Olsen and LaPlace 1978 ,  

Beets 1 997); an . abundance of food (Rogers e t  
al 1 99 1 ,  Rogers et  a l  1 997 ; unpublished 
NPSIBRD data); and good recruitment years 
(Williams 1980, 1 99 1 ,  Munro and Williams 
1985). 
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Habitat degradation: A combination of 
natural processes (hurricanes and diseases) and 
human activities (land clearing, boat ground
ings, anchoring, fishing, snorkeling and diving) 
are responsible for a decrease in the extent and 
density of seagrass beds, a decrease in coral 
and an increase in macroalgal cover on sorne 
reefs in Sto John waters. Since the late 1980s, 
there has been no recovery on two damaged 
scleractínian coral reefs and little recovery in 
seagrass beds in St. John (Muehlstein 1997, 
Rogers et al. 1997). Damage to these habitats 
which are used as nurseries, shelter for adults 
and sources of food, undoubtedly has far-reach
ing effects on the abundan ce and species com
position of reef fishes (Hughes 1994, Jennings 
and Polunin 1996). With the rapid increase in 
development, the island's population, tourism, 
and marine recreational activities, habitat 
degradation will undoubtedly continue, if not 
accelerate. 

Inside versus outside park waters: The 
primary mission of the National Park Service is 
to preserve and protect the natural and hístori
cal resources of national parks for the enjoy
ment of future generations. T heoreticaJly, 
Virgin Islands National Park fishing regula
tions protect the species diversity and age-c1ass 
structure of the finfishes withín parle waters, 
providing greater protection to reef fishes with
in than outside the parle. Were that the case and 
assuming the same habitats and depths inside 
and outside the parle, we would expect the num
ber of fishes per trap to be greater, fishes to be 
larger and commercially targeted taxa more 
abundant in the parle. 

Data from this observational study, a gener
al trapping study around St. John and visual 
point censuses (l Beets, unpublished) all have 
documented similar species, family and feed
ing guild composition, abundance and number 
of fishes per trap inside and outsíde the park. 
However, the number of commerciaUy sought 
sparids and balistids per trap appeared hígher 
outside park waters while more acanthurids and 
scarids were in traps within park waters. 
Serranids and scarids occurred significantIy 

more frequently in traps inside park waters. For 
serranids, this is probably a sampling artifact 
due to the small sample size and low number of 
serranids in traps. Of the few serranids in traps 
(n=49), 39 were the small E. guttatus and not 
the larger, híghly sought piscivorous serranids. 
Habitat and depth preference do not appear to 
be confounding factors, as similar habitats and 
depths (over 90% deeper than 15m) were cen
sused inside and outside the park. 

From these data, it appears that either the 
park's present fishing regulations are ínsuffi
cient to protect the reef-associated fishes, 
enforcement of existíng regulations (mesh size, 
functioning biodegradable panel, non-commer
cíal fishing only) is lacking, or a combinatíon 
of both. 

This 1992-1994 study of the St. John trap 
fishery documented disturbing patterns. AIgal 
pIain, gorgonian hard-bottom and non-living 
substrates contributed 78% of the fish, pointing 
to increased pressure on the non-coral habitats 
and deeper waters. The low number of indi
viduals per trap, low relatíve abundance of ser
ranids, rise in relative abundance and number 
of herbivores per trap, change in species com
positíon, shift to smaller size classes, and the 
dwindling numbers of most commercially tar
geted species are all indications of an over
fished resource (Russ 1985, Koslow et al 1988, 
Sedberry and McGovern, unpublished, 
Jennings and Polunin 1996 and references 
therein). UnJess Virgin Islands National Park 
and the Territorial government of the U.S. 
Virgin Islands provide increased protection for 
the reef-associated fishes, the trap fishery may 
go the way of the Jamaican shelf (Hughes 
1994). 

ACKNOWLEDGMENTS 

The authors thanle the National Parle Service 
(NRPP funds) and the National Biological 
Service (now the Biological Resources 
Division of the USGS) for funding the study. 



GARRISON et al. : Reef fisbes, overfishing and fish traps in Virgin Islands 57 

We ·are grateful to G. Beretta and C. Koenings 
who assisted in the pioneer dives on traps, 
spending rnany hours on and in the water and 
the censusing efforts of A. Friedlander, J. 
Garrison, E. Link, J. Kirnmel, R. Grober
Dunsrnore, and N. Wolff. We thank A. 
Friedlander and J. B ohnsack for their insightful 
cornrnents on the rnanuscript, R. Dorazio for 
bis sage statistical advice and an anonyrnous 
reviewer for cornments wbich greatIy iInproved 
the rnanuscript. 

REFERENCES 

Appeldoorn, R. ,  J. Beets, l Bohnsack, S. B olden, D.  
Matos, S .  Meyers, A .  Rosario, Y. Sadovy & W. Tobias. 
1 992. Shallow water reef fish stock assessrnent for the 
U .S .  Caribbean. NOAA Technical Mernorandum 
NMFS-SEFSC-304. 70 p. 

Appeldoorn, RS. & K.C. Lindeman. 1 9 85 .  Multispecies 
assessment in coral reef fisberies using higher taxo
nomic categories as unít stocks, with an analysis of the 
artisanal haernulid fisbery. Proc . 5th Int.Coral Reef 
Congr., Tahiti 5 :507-514 .  

B ayer, F.M . .  1 968 .  A review of research and exploration in  
the Caribbean Sea and adjacent waters. Scientific 
Contribution No. from the Institute of Marine 
Sciences, University of Miami. 

Beets, J. 1 997. Can coral reef fish assemblages be sustained 
as fishing intensity increases? Proc. 8ili Int. Coral Reef 
Sym. Panamá. 2: 2009-201 4. 

Beets, J. & A. Friedlander. 1 992. Stock analysis and man
agement strategies for red hind, Epinephelus guttatus, 
in the U.S. Vugin Islands .  Proc . Gulf Carib. Fish. Inst. 
42:66-79. 

Beets, J., A. Friedlander & T. Tobias. 1 994. Stock analysis 
of coney, Epinephelusfulvus, in Sto Croix, U.S.  Vugin 
Islands. Proc. Gulf Carib. Fish. lnst. 43 :403-41 6. 

Bohnsack, J.A. & D.E. Harper. 1 988 .  Length-weight rela
tionships of selected marine reef fishes from the south
eastern United States and the Caribbean. National 
Oceanic and Atmospheric Administration Technical 
Memof<lJldurn, NMFS-SEFC-215 ,  Miami, 3 1pp. 

B ohnsack, lA., D.E. Harper & D.B. McClellan. 1 994. 
Fisheries trends from Monroe County, Florida. Bull. 
Mar. Sci. 54:982-1 0 1 8. 

Bohnsack, lA., DL. Sutherland, A. Brown, DE. Harper & 
D.B. McClellan. 1 986. An analysis of the Caribbean 
Biostatistical database for 1 985. Miami Lab., SE. Fish 
Ctr., NMFS, Coastal Res. Div. Contr. No. 86/87- 1 0, 
Miami. 39 p .  

Bohnsack, J .A . ,  D.L.Sutherland, D .E .  Harper, D.B . 
McClellan, M.W. Hulsbeck & C.M. Holt. 1 989. The 
effects of fish trap mesh size on reef catch off south
eastern Florida. Mar. Fish. Rev. 5 1 :36-46. 

Boulon, R 1 986a Map of fishery habitats within the Vrrgin 
Islands Biosphere Reserve. VIRMC Res. Rep. No. 8, 
Virgin Islands, 70 pp. 

Boulon, R . 1986b. Fisheries habitat of the Virgin Islands 
region of ecological importance �to Jhe __ fiSbeJY 
resources of the Virgin Islands Biosphere Reserve. 
VIRMC Res. Rep. No. 9, Virgin Islands, 22p. 

Boulon, R & l. Clavijo. 1 986. Utilization of the VIBR by 
artisanal fisherrnen. VIRMC Res .  Rep. No. 1 1 ,  Virgin 
Islands, 37 p.  

Brownell, W. N .  & W.E. Rainey. 1 97 1 .  Special Report. 
Research and development of deep water cornrnercial 
and sport fisheries around the Vrrgin Islands Plateau. 
Virgin Islands Ecol. Res. Sto. ,  Carib. Res. Inst. Contr. 
3, Virgin Islands. 88 p. 

Bureau of Census. 1 9 1 7. Census of the Virgin Islands, 
19 17 .  

Butler, lN . ,  l Burnett-Herkes, J .A .  Bames & l Ward. , 
1 993. The Bermuda fisheries: a tragedy of the com
mons in the making? Environment 35(1 ):7-33. 

Code of Federal Regulations Title 36, Section 7.74. , U.S. 
Printing Office, Washington D.C . .  

Craig, A.K. 1 976. Trapping experiments with snappers in 
South Florida Proc. Collq. Snapper-grouper Fish. 
Res. OC West Central Atlantic Ocean, Fla. Sea Grant 
Rep. No. 1 7 :222-236. 

Darnrnann, A.E. 1 969. Special Report. Study of the 
Fisheries potential of the Vrrgin Islands. Virgin Islands 
Ecol. Res. Stn. Contr. 1 ,  Virgin Islands, 1 97 p. 

Graf, J .  de & D. Moore. Ed. 1987. Proceedings of the 
Conference on fisheries in crisis. Gov't of the VI, 
DCCA, Div. Fish & Wild. ,  Vrrgin Islands. 1 57 p, 

Doherty, P.J. 1 99 1 .  Spatial and temporal patterns in recruit
ment, p.26 1 -293. In. P.F. Sale (ed.) The Ecology of 
Fishes on Coral Reefs. Academic Press, San Diego, 
CA. 

Doherty, P.J. & D .  McB. WilIiarns. 1 988 .  The replenish
ment of coral reef populations. Ocean. and Mar. Biol. 
Ano. Rev. 26:487-5 5 1 .  

Ferry, RE. & C.C. Kohler. 1 987. Effects of trap fishing on 
fish populations inhabiting a fringing coral reef. North 
Amer. J. of Fisheries Management 7 :580-588.  

Fiedler, R.H. & N .D. Jarvis .  1 932. Fisheries of the Vrrgin 
Islands of the United States. Bureau OC Fisberies, 
lnvestigational Rep. No. 1 4. 32 p .  



58  REVISTA DE BIOLOGIA TROPICAL 

Furevik, D.M. 1 994. Behavior of fish in relation to pots, 
p.28-44. In A. Ferno & S.  Olsen (eds.) .  Marine fish 
behavior in capture and abundance estimation. Fishing 
News Book, Cambridge. 

Hartsuijker, L & WE. Nicholson. 1 98 1 .  Results of a pot
fishing survey on Pedro Bank (Jamaica): The re1ations 
between catch rates, catch composítion, the síze of fish 
and their recruitment to tbe fishery. Fish. Div., Mín. 
Agr., Jamaica. Tech. Rep. NO.2 of the project. 
FAOrrCO/JAM 8902: Potfishing survey of Pedro 
Bank, Kingston, Jamaica. 44 p.  

High, WL & AJ. Beardsley. 1 970. Fish behavior studies 
from an undersea habitat. Comm. Fish. Rev. 32: 3 1 -
37. 

Hughes, T.P. 1 994. Catastrophes, phase shifts, and large
scale degradation of a Caribbean coral reef. Science 
265 : 1 547-1 5 5 L  

Idyll, c.p & l.E. RandalL 1959. Sport and cornrnercial fish
eries potentíal of SI. John, Virgin Islands .  4th Int'1 
Game Fish Conf., Nassau. 10 p.  

Jennings, S . ,  E.M. Grandcourt & NYC. Polunin. 1 995.  
The effects of fishing on the diveesity, biomass and 
trophic structure of Seychelles' reef fish communities. 
Coral Reefs 14: 225-235. 

Jennings, S .  & NYC. Polunin. 1 996. Impacts of fishing on 
tropical reef ecosystems. Ambio 25:44-49. 

Juhl,R. 1969. Exploratory fishing surveys and gear tests in 
Puerto Rico. Contribuciones Agropecuarias y 
Pesqueria 1 :39 p.  

Koslow, lA, K. Aiken, S. Auil & A. Clementson. 1 994. 
Catch and effort analysis of the reef fisheries of 
Jamaica and Belize. Fishery Bulletin 92:737-747. 

Koslow, JA, F. Hanley & R. Wicklund. 1 988 .  Effects of 
fishing on reef fish cornrnunities al Pedro Bank and 
Port Royal Cays, Jamaica. Mar. EcoL Prog. Ser. 43 : 
2 1 0-21 2. 

Muehlstein, L. 1 997. Rhizophytic algal successional pat
terns within a disturbed seagrass community. Proc. Sth 

Int. Coral Reef Sym. Panamá. 1 :495-498 .  

Munro, J .L (ed.). 1 983.  Caribbean Coral Reef Fishery 
Resources. ICLARM Stud. Rev.7.  In!. Cení. Living 
Aquat Resour. Manage., Manila. 276 p .  

Munro, J .L .  1 974. The mode of operation of Antillean fish 
traps and the relationships between ingress, escape
ment, catch and soak. J .  Cons. int. perm. Explor. Mer. 
35:337-550. 

Munro, J.L. ,  P.H. Reeson & v.e. Gaut. 1 97 1 .  Dynamie fac
toes affecting the performance of ¡be Antillean fish 
trap. Proe. Gulf Carib. Fish. lnst. 23 : 1 84- 1 94. 

Munro, lL. & D.  McE. Williams. 1985 .  Assessment and 
management of coral reef fisheries: biological, envi
ronmental and socio-economie aspects. Proc. 5th Intl. 
CoraJ Reef Cong, Tahiti, 4: 544-58 1 -

Munro, J .L & LR Smith. 1 984. Management strategies fOf 
multispecies complexes in artisinal fisheries. ProC. 
Gulf Carib. Fish. lns!. 36: 1 27-4 1 .  

Olsen, D.A.,  A.E. Darnrnann, & l.A. LaPlace. 1 978. Mesh 
selectivity of West lndian Fish Traps .  Mar. Fish. Rev. 
40: 15 - 16 .  

Olsen, D .A .  & l .A LaPlace. 1 978 .  A study of a Virgin 
Islands grouper fishery based on a breeding aggrega
tion. Proc. Gulf Carib. Fish. lnst. 3 ¡ :  130- 1 44. 

Price, R .  1 966. Caribbean fishing and fishermen: an histor
ieal sketch. Amer. Anthrop. 6 : 1 363-l 383 .  

Rakitin, A .  & D.L.  Kramer. 1 996. Effects of a marine 
reserve on ¡he distributÍon of coral reef fishes in 
Barbados. Mar. Eco!. Prog. Ser. 1 00: 1 67- 1 76. 

Randall, J .E. 1 96 1 .  Tagging reef fishes in tbe Virgin 
Islands. Proc. Gulf & Carib. Fish. lnst. 14 :  201 -24 1 .  

Randall, J.E: 1 963.  A n  analysis o f  the fish populations of 
artificial and natural reefs in the Virgin Islands .  Carib. 
1. Sci. 3: 3 1 -47. 

RandaJl, J .E. 1 965. Grazing effect on sea grasses by her
bivorous reef fishes in the west lndies. Ecology 46: 
255-260. 

RandaJ!, J.E. 1 967 . Food habits of reef fishes of tbe West 
lndies .  Studies in Trop. Ocean. 5: 665-847. 

Randal!, J.E. 1 968 .  Caribbean reef fishes . T.FH.  
Publications, Hong Kong. 3 1Sp .  

Recksiek, c.w., R.S .  Appledoorn & RG.  Turingan. 1 99 1 .  
Studies o f  fish traps a s  stock assessment devices o n  a 
shallow reef in soulh-western Puerto Rico. Fish. Res. 
10: 177- 197.  

Rogers, C .S .  1993. Hurncanes and coral reefs: ¡he inter
mediate disturbance hypothesis revisited. Coral Reefs 
i 2 : 1 27-l 37. 

Rogers, C.S. ,  V. Garrison & R. Grober-Dunsmore. 1997. A 
fishy story abou! hurncanes and herbivory: Seven 
years of research on a reef in St. John, U.S.  VI. Proc 
8th Int. Coral Reef Symp. Panamá. 1 :555-560. 

Rogers, e.S. ,  L.N. McClain & C.R. Tobias. 1 99 1 .  Effects 
of Hurncane Hugo ( 1989) on a coraJ reef in St. John, 
USVI .  Mar. EcoL Prog. Ser. 78 :  1 89- 199.  

Russ, G.R 1 99 1 .  CoraJ Reef Fisheries: Effects and yields, 
p.  601-635. 111 P.FSaJe (ed.) .  The Ecology ofFishes on 
Coral Reefs, Academic, San Diego, California. 

Russ, G.R 1 985.  Effects of proteclive management on 
coral reef fishes in the central Philippines. Proc. Int!. 
CoraJ Reef Congo 5: 2 19-224. 



GARRISON et al. : Reef fishes, overfishing and fish traps in Virgin Islands 59 

Russ, G.R. & A. C. Alcala. 1 989. Effects of intense fishing 
pressure on an assemblage of coral reef fishes. Mar. 
Ecol. Prog. Ser. 56: 1 3-27. 

Sadovy, y. 1 994. Grouper stocks and their management in 
me Caribbean. Proc. Gulf Carib. Fish. lnsl. 43 : 43-64. 

Stevenson, D.K. 1 978 .  Management of a tropical fish pOI 
fishery for maximum sustainable yield. Proc. Gulf 
Carib. Fish. Inst. 30: 95- 1 1 2 .  

Stevenson, D.K. & P. Stuart-Sharkey. 1980. Performance of 
wire fish traps on the western coast of Puerto Rico. 
Proc. Gulf Carib. Fish . lnst. 32: 173-193 .  

Sutherland, D.L.  & D. E. Harper. 1983.  The wire fish-trap 
fishery of Dade and Broward counties ,  Florida. 
December 1 979-September 1 980. Fla. Mar. Res. Pub!. 
40, Miami. 21 p. 

Swingle, w.E., A.E. Darnmann & l.A. Yntema. 1 970. 
Survey of the cornmercial fishery of me Virgin Islands 
of the United States. Proc. Gulf. Carib. Fish. lnst. 20: 
1 1 0- 1 2 1 .  

Sylvester, J .R.  & A.E. Darnmann. 1 972. POi fishing i n  (he 
Virgin Islands .  Mar. Fish. Rev. 34: 33-35. 

Taylor,R.G. & R.B. Michael, Jr. 1983. The wire fish-trap 
fisheries in Monroe and Collier Counties, Florida. Fla. 
Mar. Res. Pub!. 39, Miami. 19 p .  

Thompson, R .  & J .  Munro. 1 974. The bio!ogy, ecology, 
exploitation and management of Caribbean reef fishes. 
V. The biology, ecology and bionomies of Caribbean 
reef fishes: Vd. Lutjanidae (snappers). Zool. Dept. 
Univ. West lndies . Res. Rep. 3, Kingston, Janlaica. 69 
p. 

WilIiarns, D. McB . 1 980. Dynarnies of the pomacentrid 
eornmunity on small patch reefs in Oue Tree Lagoon 
(Great Barrier Reef). B ul! .  Mar. Sei. 30: 1 59- 170.  

Williams, D. MeB . 1 99 1 .  Pattern and processes in the dis
tribution of coral reef fishes, p. 437-474. In P.F.Sale 
(ed . ) .  The Eeology of Fishes on Coral Reefs, 
Aeademic, San Diego, California. 

Wolff, N.M., R. Grober-Dunsmore, C.S. Rogers and J. 
Beets . (in press). A eomparison of fish trap cateh rates 
in coral reef and gorgonian habitats. Envíron. Biol. 
Fishes. 


