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ABSTRACT: High population densities of larger fish withln reserves could result in emigrat~onof fish
to surrounding non-reserve areas, producing a gradient of abundance and mean size across the reserve
boundaries. The difference in fish abundance and size between reserve and non-reserve should be
higher for sedentary than for mobile species and for highly catchable than for less catchable species. To
test these hypotheses we estimated the abundance and size of fishes by trapping and visual census on
fringlng reefs in Barbados: 5 reefs with~nthe 2 . 2 km of the Barbados Marine Reserve (BMR) and 8 reefs
in the non-reserve (NR) area within 4 km of the reserve boundaries. The abundance of large, trappable
size fish of all species combined was higher in the BMR than in the NR, but abundance of small, nontrappable fish did not differ between BMR and NR. Trap catches decreased gradually with distance
from the BMR center, but this gradient of abundance was less evident in visual census counts of trappable size fishes of all species combined, and not apparent in trap or visual census estimates of abundance for individual species. Mean size was larger in the BMR than in the NR for 18 out of 24 species.
The relative differences in both abundance and size between BMR and NR did not differ between
mobile and sedentary fish taxa. However, for sedentary taxa, the relative differences in abundance and
size increased with trappability (the vulnerability to traps, which are the most common fishing method).
These patterns suggest that the BMR does protect the fish community from fishing mortality and that
em~grationrates are generally low. Trappability and mobility depend on complex behavioral characteristics of fishes and are potentially important for the functioning of marine reserves.
KEY WORDS: Manne reserve . Tropical fisheries . Fish traps . Visual census . Fish movements
Barbados . Caribbean . Coral reefs

INTRODUCTION

Over the past 40 yr marine reserves have been
established at numerous locations throughout the
world in the interest of conservation, recreation, education and resource management (Wallis 1971, Pollard
1977, Upton 1992).The role of reserves in the management of coral reef fisheries has gained interest in
recent years (Roberts & Polunin 1991, 1993, DeMartini
1993). Marine reserves have the potential to maintain
and/or enhance surrounding fisheries. They may
restore fish stocks, particularly spawning stocks,
within their boundaries and act a s sources of larvae
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that could eventually settle outside of the reserve.
Reserves could also enhance fisheries by supplying
postsettlement juveniles or adults as emigrants
(Roberts & Polunin 1991, DeMartini 1993). The effectiveness of these 2 functions depends on the degree of
movement of fishes across the reserve boundaries, but
in opposite ways: to protect a spawning stock emigration should be low, but to supply postsettlement
recruits there must be significant emigration.
If fish population density is higher inside a reserve
than in adjacent non-reserve (fishery) areas, random
movements will produce a net emigration from the
reserve. Furthermore, frequency-dependent models of
animal distribution such as the Ideal Free Distribution
(Fretwell & Lucas 1970) predict that animals should
prefer to move from areas where their density is high
relative to resources to areas where it is lower, if their
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Fig. 1. Hypothetical effect of rnanne reserves on the distribution of fishes: ( a ) when all taxa have equal catchability and
mobility; (b) when fish taxa differ in their mobility but have
equal catchability; (c) when fish taxa differ in catchability but
not in mobility

fitness is affected by the interaction between population density and resource availability (e.g. Power
1984).
Coral reef fish are generally described as sedentary
once they settle on a reef after a pelagic larval stage
(Sale 1980). However, many species undertake relatively extensive migrations that can range from a few
meters up to several kilometers (Hobson 1973). These
migrations could take fish out of th.e reserve.
If emigration from reserves is an important factor
determining the distribution of fishes, their abundance
should be maximal in the center of the reserve
decreasing gradually toward and beyond the boundaries (Fig. l a ) . Fish with home ranges centered in the
reserve but close to the boundary are more likely to be
sometimes outside and, hence, more likely to relocate
to non-reserve sites than fish in the center of the

reserve. Relocating fishes sh.ould initially occupy sites
outside the reserve but near the boundary. The frequency of relocating fishes should decrease farther
from the reserve boundary due to their low mobility
and to f1shin.g mortality. However, highly mobile fish
could easily relocate from areas close to the center of a
reserve to areas far outside the reserve. Hence, mobile
fish should exhibit a shallower gradient of abundance
across the reserve boundaries than sedentary fish
(Fig l b ) . Additionally, fish that are not vulnerable to
fishing (noncatchable) due to a small size or to behavioral traits, such as avoiding or escaping from the fishing gear, should not be directly affected by the reserve
(although indirect effects, such as through trophic or
competitive relationships, are possible]. Noncatchable
fish should show an even distribution across the
reserve boundary. As catchability increases, population sizes outside the reserve should be depressed to a
greater extent. Hence, gradients of abundance between the reserve and the fishery areas should be
steeper for highly catchable than for moderately catchable flsh (Fig. l c ) .Thls suggests that reserves will function differently in terms of protecting or supplying
fishes to nearby areas according to behavioral traits of
the species involved: fish with high catchability and
low mobllity should be the most affected by the reserve
(see also D e M a r t ~ n 1993).
~
Reserves should affect
mean size of fish in a similar way they affect abundance. Mean size should be smaller in non-reserve
than in reserve areas because fishing mortality will
reduce the proportion of older (hence larger) fish in the
non-reserve.
Previous studies provided evidence strongly suggesting that marine reserves enhance the abundance
and size of certain fish specles (usually fishery target
species) within their boundaries (Bohnsack 1982, Bell
1983, Alcala 1988, Buxton & Smale 1989, Russ & Alcala
1989, Roberts & Polunin 1991, Bohnsack et al. 1992,
Polunin & Roberts 1993).However, there is little information concerning movement of fishes out of reserves
or other biological correlates of differences among species in the protective effect of reserves.
In thls study we analyzed the distribution of coral
reef fishes in shallow water (less than 10 m) in a
marine reserve in Barbados and in the adjacent fishery area in an attempt to answer 2 questions: (1 ) does
the reserve effectively protect fish stocks within ~ t s
boundaries and (2) IS there emigration of f ~ s hfrom the
reserve? To answer these questions we defined 3 specific objectives. The first was to determine whether
fish were more abundant and of larger size in the Barbados Marine Reserve than in the adjacent nonreserve area. The second objective was to examine
the pattern of fish abundance in relation to distance
from the reserve center. The third objective was to
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assess whether differences among taxa in mobility
and catchability were related to relative differences in
abundance and size between reserve and non-reserve
areas. Specifically, we tested the hypotheses that
mobile taxa were less affected by the reserve than
sedentary taxa and that taxa highly susceptible to the
fishery were more affected by the reserve than taxa
with low catchability.

METHODS
Study area. The study was conducted on an 8 km
shoreline section of the west (leeward) coast of Barbados (59" 38' W, 13" 09' to 13" 12' N, Fig 2). Fringi.ng
reefs are found only on the west coast of the island
growing as flame-shape structures on a gently sloping
shelf extending about 300 m from the beach to a depth
of 10 m (Lewis 1960, Stearn et al. 1977). Reefs are not
continuous along the shore but are separated by 50 to
800 m wide areas of sand and rubble with occasional
small (less than 2 m in diameter) patch reefs. In this
study reefs were divided into 3 ecological zones based
on Lewis (1960) and Stearn et al. (1977).The backreef
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Fig. 2. Map of the study area. Lower right: the Caribbean
region; arrow indicates Barbados. Upper right: Barbddos
island: dashed lines show the location of the study area. Left:
the study area on the west coast of Barbados showing the
location of the Barbados Marine Reserve (dashed lines) and
the fringing reefs (shaded).Reefs are numbered according to
~ncreasingdistance from the center of the Reserve

was the zone adjacent to the shore, 0 to 1 m depth at
low tide, formed by nearly flat and mostly dead coral
rock covered by sand and filamentous algae. The reef
crest was the zone extending approximately 50 m seaward of the backreef, l to 2.5 m depth, formed by
mostly dead reef with some live coral heads and character~zed by high rugosity. The spurs-and-grooves
zone was at the seaward edge of the reef with the tops
of the reef spurs 2 to 3 m deep and the sand bottomed
grooves 4 to 8 m deep.
The study area comprised a marine reserve area and
a non-reserve area. The first was the inshore area
along the entire 2.2 km length (north-south) of the Barbados Marine Reserve (BMR), including 5 fringing
reefs. The BMR was officially established in 1981 and
is managed by the National Conservation Commission
of the Ministry of Tourism and the Environment. Fishing is banned in the BMR, with the exception of cast
netting for clupeids (St. Hill 1987, Wells 1988). However, the enforcement of the reserve management regulations is not strong enough to prevent a certain
amount of illegal fishing (especially spearfishing).
The non-reserve (NR) was part of an area open to the
fishery adjacent to the reserve, stretching approximately 3.5 km to the north and 3.5 km to the south of
the reserve boundaries and comprising 8 fringing
reefs: 4 north and 4 south of the BMR (Fig. 2). Antillean
fish traps are the most common fishing method in Barbados (Miller & Hunte 1987) as in other areas of the
Caribbean (Munro 1974, 1983). Trap fishing goes on
year-round; however, the fishing effort is much higher
between J'une and December when there is no fishing
for pelagic species, and is lower during the peak of the
pelagic fishing season between January and May.
There are no data available on the amount of trap fishing outside of the BMR. Interviews with fishermen suggest that 40 to 60 traps are set and hauled twice a week
within each of the non-reserve areas (north and south
of the BMR) surveyed in this study.
Fish survey. Fish surveys on reefs were conducted
between August and December 1992 using flsh traps
and visual censuses.
Trapping: Traps sample nocturnal as well as diurnal
species and permit nondestructive measurement and
identification of specimens (Miller & Hunte 1987), but
their selectivity depends on complex and poorly understood behavioral traits of fishes (Munro 1974). Arrowhead-shaped traps w ~ t h1 entrance funnel (approximate size 1.8 X 1.5 X 0.6 m) were used, because they
are the most common design in Barbados (hliller &
Hunte 1987).They consist of a frame of wooden poles
covered by galvanized chicken wire, 3.5 X 4.5 cm
hexagonal mesh. Traps were not baited since most
commercial fishermen do not bait their traps. They
were placed on sandy bottom within 2 m of the sea-
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ward edge of the reef near the corresponding visual
census area and left for 4 d before hauling. All the
fishes captured were identified, measured [fork length
(FL) to the nearest 0.5 cm and maximum body height to
the nearest 1 mm] and immediately released at the
place of capture. There were 42 successful trap sets: 19
ln the BMR and 23 in the NR (2 to 5 trap sets per reef)
The sequence of sampling and the number of successful trap sets per reef were affected by weather conditions and loss of traps (possibly due to accidental dragging by speed boats). No successful trap sets were
achieved on Reef 13 (Fig. 2). Only 1 trap was set on a
reef at a time, and no visual census was performed on
a reef while a trap was there.
Visual census: Each visual census covered a 240 m2
area of the reef. On the 8 larger reefs (Reefs 2, 4, 5, 6,
7, 9, l 1 & 12; Fig. 2) 1 census area was laid out in each
reef zone: the backreef, the reef crest and the spursand-grooves zone. On the 5 smaller reefs (Reefs 1, 3, 8,
10 & 13; Fig. 2) only 2 census areas could be laid out: in
the backreef and in the spurs-and-grooves zone. Hotvever, because reef crest did not differ statistically from
reef spurs-and-grooves in either habitat structural
complexity (Rakitin 1994) or fish abundance (see
'Results') these 2 reef zones were combined in a crestspurs zone to simplify the analysis of data. Fish abundance in the combined crest-spurs zone was estimated
as follows: for the 8 larger reefs the average abundance between reef crest and spurs-and-grooves
zones was taken and for the 5 smaller reefs fish abundance in the spurs-and-grooves was used directly.
Backreef was considered separately. To facilitate
counting, the census area was divided into 3 strips
(transects) 4 m wide and 20 m long, demarcated by
four 20 m ropes laid out on the reef parallel to each
other and perpendicular to the shoreline. The census
was carried out by a diver swimming along each transect, counting and recording all the fishes by taxon and
size class (FL < 5 , 5-10, 10-15, 15-20, 20-25, 25-30
and >30 cm). Two counts were made on each transect.
During the first count individuals of FL > 10 cm were
counted over the total transect area (4 X 20 m). During
the second count the more numerous and more easily
overlooked fish of FL < 10 cm were counted on a 1 X
20 m section of the same transect. Th.us fish of FL >
10 cm were counted over 240 m2 and fish with FL <
10 cm over 60 m2.The tlme to census a 240 m2 area was
approximately 30 min in the backreef and 45 min in
each of the other zones. Censuses were conducted
between 09:OO and 1?:00 h and only when visibility
was at least 5 m. Each reef was censused 3 times (same
census areas) at intervals of approximately 1 mo during the 4 mo of this study.
All the visual censuses were performed by the same
observer (A.R.).Prior to data collection, the observer

trained for underwater size estimation by estimating
the size of fish inside a trap under water and checking
the estimations after hauling the trap. Training was
stopped when the error of estimation was less than
10% of FL. Because of difficulties in distinguishing
some species, several related species were sometimes
combined into a single collective taxon.
Minimum trappable size: Fishes counted in the
v~sualcensuses were divided into trappable or nontrappable according to their size. Fishes were considered trappable if they were large enough to be
retained by the 4.5 X 3.5 cm commercial trap mesh.
Because fishermen usually use the entire catch for
sale, personal consumption or bait, all trappable size
fish are potentially vulnerable to the fishery. A minimum trappable FL was defined as the FL correspondlng to a body height of 4.5 cm and estimated by linear
regressions of FL on body h e ~ g h tfor
, all species with a
sufficient range of sizes (Rakitin 1994). In the visual
census fish size was estimated with a precision of 5 cm,
so the estimated minimum trappable FL was rounded
to the nearest 5 cm. Minimum trappable FL was estimated from fish with similar body shape for species
that were present in the visual censuses but not in
traps or that were uncommon in traps. Because fish
with FL > 10 cm were censused over 240 m*, for taxa
with a minimum trappable size of 15 cm the abundance of nontrappable f~sheswas corrected to mean
number of fish per 60 m2 by adding the mean number
of fish with FL < 10 cm In the 60 m2 census area plus
0.25 times the mean number of fish in the size class FL
10 to 15 cm in the 240 m2 census area.
Trappability. The trappability, i.e. the catchability or
vulnerability of a given fish taxon to traps, was estimated as the ratio of the mean number of fish of that
taxon per trap, averaged over all reefs, to the mean
number of trappable size fish of the same taxon per
census area in the combined crest-spurs zone, averaged over all reefs.
Mobility. Fish taxa were classified as either mobile
(M) or sedentary (S) based on literature reports, supplemented by trapping in the sand and rubble gaps
between the surveyed reefs. In the literature we
looked for evidence of migration off the reef or specific
definition of home range size and movement patterns.
Every species that was reported to feed or travel over
open sand was classified as M because it was considered capable of moving from one reef to another. Species reported to exclusively use reef areas to feed, rest
and spawn were classified as S. To estimate the local
movement habits of reef fish in Barbados between
October and December 1993, a year after completing
the main sampling, traps were set on the sand and rubble areas separating reefs, at various distances from
the reefs (approximately 50, 1.50 and 300 m ) foIIowing
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the same procedure as during the trapping on reefs.
The traps were set in the 4 large sand and rubble gaps
between Reefs 5 and 7 , 1 and 4 , 1 and 2, 3 and 6
(Fig. 2). A total of 28 trap sets were successful. Taxa
that had been classified as S or unknown based on the
literature were called S if they did not appear in traps
set on sand or if they appeared only in traps set 50 m
from a reef, but were classified as >Vif present in traps
set 150 or 300 m from a reef. Taxa classified as M based
on the literature were still cqnsidered M even if not
captured in traps away from reefs.
Relative differences in abundance and size. Because
the abundance and the mean size of fish differed
largely among taxa, a direct difference of means
between BMR and NR would not accurately represent
the magnitude of the reserve effect on fish populations.
In order to compare the effect of the reserve anlong
taxa, the differences in abundance and size were standardized. The relative difference in fish abundance
was defined as (NBMK
- NNR)INBCIH,
where NB,,, and
NNRa r e the mean abundances of trappable fish averaged over all sampled reefs in the BMR a n d in the NR,
respectively. For trap data, NBMRand NNRwere the
mean numbers of fish per trap, a n d for visual census
data, NIJhlR
a n d NNRwere the mean numbers of trappable fish per census area in the combined crest-spurs
zone. Mean size differences were standardized to the
maximum size of each species provided by Robins et
al. (1986). Mean relative size difference was defined as
(FLBMR
- FL,k)/FL,,,,
where FLBhIRand FL,,, are the
mean FL in the BMR and in the NR, respectively, estimated by trapping, and FL,,, is the maximum FL
attained by the species.
Data analysis. For the analysis of fish abundance
each reef was the sampling unit (replicate). For trapping, the mean number of fish per trap per reef was
calculated averaging the number of fish captured in all
the trap sets on each reef. For the visual censuses the
mean number of fish per census area was calculated a s
the sum of fish counted on the 3 transects averaged
over the 3 censuses. The census area was 240 m2 for
trappable fish a n d 60 mZfor nontrappable fish. For the
analysis of fish size each individual was a replicate.
Normality of data was tested using Lilliefors probability. Abundance means a n d size means in the BMR and
in the NR were compared by t-test and Mann-Whitney
U-test. A chi-squared goodness of fit test (Zar 1984)
was used to test whether the proportion of taxa showing a larger mean size and/or a larger mean abundance in the BMR than in the NR differed from the
50% expected by chance. The abundances of fish in
the 3 reef zones were compared by ANOVA followed
by Tukey test. Linear regression analysis was used to
study the effect of distance from the BMR center on
mean abundance. Relative differences in mean abun-
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dance and mean size were compared between M and
S taxa by t-test and Mann-Whitney U-test. The effect
of trappability on the relative differences In abundance
and size was evaluated using linear regression (trappabilities were loglo transformed). The correlation
between relative difference in abundance a n d relative
difference in size for all the taxa was evaluated by a
Spearman rank correlation test. The SYSTAT statistical package (Wilkinson 1990) was used for the statistical analysis of data.

RESULTS
Species observed
A total of 89 species belonging to 36 families were
recorded in the study. The combining of species that
could not be consistently identified resulted in a total of
69 taxa (Table 1).In the BMR 66 taxa were found and in
the NR 62, of which 59 were common to both BMR a n d
NR, 7 were exclusive to the BMR and 3 exclusive to the
NR. A total of 33 taxa were seen only in visual censuses
a n d not in traps; 36 taxa were found in traps of which 2
were not seen in visual censuses (Table 1).

Abundance in traps
When all species were pooled together, fish catches
in traps were significantly higher in the BMR than in
the NR (Table 2). The mean number of fish per trap decreased with increasing distance from the reserve center (Fig. 3). A multiple regression analysis of mean
number of fish per trap on distance from the BMR center and location of the reef (inside or outside the BMR)
revealed a highly significant effect of distance (partial p
= 0.005, df = 10) and no effect of reserve (partial p =
0.895, df = l ; overall r2 = 0.76).Although catches tended
to be larger in reefs located south of the BMR center
(mean = 32.9 fish per trap, SD = 9.4) than in reefs north
of the BMR center (mean = 23.8, SD = 6.6), this difference was not significant ( t = 1.782, df = 8.9, p = 0.109).
For 25 of the 36 taxa found in traps the mean number of fish per trap was higher in the BMR than in the
NR. This difference was statistically significant for
only 2 taxa (Table 3), but the number of taxa with
higher abundance in the BMR was significantly more
than the 50% expected by chance (X' = 5.4, df = 1, p <
0.025). For the 15 most common taxa, catches in the
NR ranged from 19% (for Chaetodon striatus) to
163 % (for Caranx rubel-) of catches In the BMR (Table
3 ) . When multiple regressions were calculated on the
6 most common taxa, none of them revealed a significant effect of distance, a n d only C. striatus showed a
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Table 1. List of scientific and common names of all taxa recorded in the study, grouped by family and presented in phylogenetic
order after Nelson (1994). Minimum trappable FL: estimated FL corresponding to a body depth of 4.5 cm (rounded to the nearest
5 cm). Visual census: total number of trappable size fishes (T) and all size fishes, trappable and nontrappable (T+NT),counted
during the 3 visual censuses at the 13 reefs; trapping: total number of fish captured in the 42 trap sets at the 12 reefs surveyed by
trapping in 1992
Taxon

Dasyatidae
Dasyatis americana southern stingray
Muraenidae
Gymnothorax funebris green moray
G moringa spotted moray
Muraena n~lliansgoldentail moray
Ophichthidae
Mynchthys oculat~lsgoldspotted eel
Clupeidae
Harengula humeralis redear sardine
Synodontidae
Synodus spp. lizardfishesd
Mugilidae
Mugil curema white mullet
Holocentridae
Holocentrus spp. squirrelfishesb
Myrjpristjs jacobus blackbar soldierfish
Aulostomidae
Aulostomus rnaculatus trumpetfish
Scorpaenidae
Scorpaena plumieri spotted scorpionfish
Serranidae
Ep~nephelusfulvus coney
Epinephelus spp. other groupersc
Hj~poplectrussp. hamlet
Serranus tabacajus tobaccofish
Rypticus saponaceus greater soapfish
R. subbifrenatusspotted soapfish
Gramrnatidae
Gramma loreto fairy basslet
Priacanthidae
Prjacanthus spp. bigeyesd
Apogon spp, cardinaUishesc'
Carangidae
Caranx crysos blue runner
C. latus horseye jack
C. ruber bar jack
Lutjanidae
Lutjanus mahogoni mahogany snapper
Ocyurus chrysurus yellowtail snctpper
Gerreidae
Gerres cinereus yellowfin mojarra
Eucinostomus sp. mojarra
Haemulidae
Haernulon aurolineatum tomtate
H. chrysargyreum smallmouth grunt
H. flavolineatum French grunt
H. sciurus bluestriped grunt
Sciaenidae
Equetus spp.drumst
Odontoscion dentex reef croaker
Mullidae
Mulloldichthys martinicus yellow goatfish
Pseudopeneus maculatus spotted goatfish
Pempheridae
Pernphens schomburgkiglassy sweeper

Minimum
trappable
FL (cm)

Visual census
T

T+NT

Trapping
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Table l ( c o n t ~ n u e d )
Taxon

Minimum
trappable
FL (cm)

Visual census

T

Trapping

T+NT

-

Chaetodontidae

Chaetodon striatus banded butterflyflsh
C. capistratus foureye butterflyfish

10
10

31
0

37
0

32
4

10
10

7
10

7
14

13
1

15

29

29

0

10

0

9

9

10
10
10
10
15

93
1903
0
335
6

294
2055
894
4843
1119

95
0
28
0
0

15
15
15
15
15
15

30
0
18
7
5
0

117
5087
2955
58
932
337

0
0
0
0
0
30

15
15
15
15

435
273
156
155

600
648
456
192

109

15
15
15

5
12
0

2547
57
129

0
0
0

10
10

979
3698

1282
4662

40
203

10

9

12

1

10

49

50

45

10
10

1
11

1
25

0
5

15

0

35

0

15

30

30

7

Pomacanthidae

Holocan thus tricolor rock beauty
Pomacanthus par11 French angelfish
Kyphosidae

Kyphosus sectatnx Bermuda chub
Cirrhitidae

Arnblycirrhit~ispinus redspotted hawkfish
Pomacentridae

Abudefduf saxatilis sergeant major
micros spat hod on chrysurus yellowtail damselfish
Stegastes partitus bicolor damselfish
Pomacentrus spp other damselfishes''
Chromis multilineatus brown chromls
Labridae

Bodianus rufus Spanish hogfish
Thalassoma bifasciatum bluehead
Halichoeres bivittatus slippery dick
H. garnoti yellowhead wrasse
H, maculipinna clown wrasse
H. radiatus puddingwife
Scaridae

Scarus vetula queen parrotfish
Scarus spp parrotfishh
Sparisoma \rinde stoplight parrotfish
Sparisoma spp. parrotfish'

20
58

Blennidae

Ophioblennius atlanticus redlip blenny
Labrisomus nuchipinnis hairy blenny
Undetermined blennies
Acanthuridae
Acanthurus coeruleus blue tang
Acanthurus spp. other surgeonflshesf
Bothidae
Bothus lunatus peacock flounder
Monacanthidae
Cantherhines pullus orangespotted filefish
Ostraciidae
Lactophrys quadricornis honeycomb cowfish
Lactophrys spp other trunkfishesk
Tetraodontidae
Canthlgaster rostrata sharpnose puffer
Diodontidae
Diodon spp. porcupinefishes'

"Includes the sand diver Synodus intermed~usand the red lizardfish S. S Y R O ~ U S
bIncludes the squirrelfish Holocentrus adscensionis, the longjaw squirrelfish H. marianus, the dusky squirrelfish H. vexillarius, the reef squirrelfish H. coruscus and the longspine squirrelfish H. rufus
Clncludesthe graysby Epinephelus cruentatus and the rock hind E. adscensionis
"ncludes the bigeye Pseudopr~acanthusarenatus and the glasscyc snapper Priacanthus cruentatus
'Includes the barred cardinalfish Apogon binotatus and the flamefish A. n?aculatus
'Includes the spotted drum Equetus punctatus, the lacknife-fish E. lanceolatus and the high-hat E , acumlnatus
qIncludes the cocoa damselfish Stegastes variabilis, the dusky damselfish S fuscus, the beaugregory S. leucosticus and the
threespot damselfish S. planifrons
h ~ n c l u d e the
s striped parrotfish Scarus iserti and the princess parrotfish S. taenlopterus
' Includes the redband parrotfish Sparisoma aurofrenatum, the redtail parrotfish S. chrysopterum a n d the redfin or yellowtail
parrotfish S. rubripinne
Includes the ocean surgeon Acanthurus bahianus a n d the doctorfish A. chirurgus
kIncludes the spotted trunkfish Lactophrys bicaudalis and the smooth trunkfish L. triqueter
'Includes the web burrfish Chilomycterus antillarurn, the porcupinefish Diodon hjrstrixand the balloonfish D. holocanthus
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Table 2 Mean fish abundance of all species combined estimated by trapping and by v ~ s u a lcensus in the Barbados
Marine Reserve (BMR) and in the non-reserve (NR).For the
trapping survey the mean flsh abundance is the mean number
of fish per trap. For the v ~ s u a lcensus the mean fish abundance is the mean number of fish per census area per census
(census area: 240 mZfor trappable size fish and 60 m2 for nontrappable size fish]. n: number of reefs used to calculate the
mean. Zones: B: backreef; C-S: combined reef crest-spurs p:
probability of 2-tailed t-test for separate vanances comparing
fish abundance between BMR and NR
Survey
Zone
Trapping

DISTANCE FROM RESERVE CENTER (km)

Fig. 3 Mean trap catches per reef of all species combined in
r e l a t ~ o nto distance from the BMR center. Each point is the
number of fish per trap averaged over all the trap sets on a
reef (number of trap sets in parentheses). ( A , v ) Reefs in the
BMR; ( A , v) reefs in the NR; ( v , v ) reefs south of the BMR center; ( A , A ) reefs north of the BMR center; line: least squares
linear regression

BMR
Mean (SD) n
36.1 (4.5)

Visual census
Trappable
B
144.6 (42.8)
C-S
165.4 (25.0)
Non-trappable
B
148.6 (34.9)
C-S
223.7 (44.0)

5

NR
Mean (SD) n
22.8 (7.7)

P

7

0.0035

5
5

57.5 (31.9) 8
100.5 (30.3) 8

0.006
0.004

5
5

178.0 (25.4) 8
250.7 (48.9) 8

0.150
0 328

significant effect of reserve (partial p = 0.03, df = 1;
Fig. 4).

Abundance in visual census
Estimated minimum trappable FLs for each taxon are
given in Table 1. The mean number of nontrappable
fish (all taxa combined) differed among reef zones (F=
9.61, df = 2,31, p = 0.001) and fishes were significantly
less abundant in the backreef than in the reef crest ( p =
0.004) and spurs-and-grooves (p = 0.001) but crest and
spurs-and-grooves did not differ significantly (p =
0.686). For trappable fish (all taxa combined), abundance did not differ significantly among the 3 reef
zones ( F = 1.51, df = 2,31, p = 0.238), although means
still tended to be higher in crest and spurs-andgrooves than in backreef. Because no difference was
found between reef crest and spurs-and-grooves in
overall fish abundance, only 2 reef zones, the backreef
and the combined crest-spurs, were considered for further data analyses.
The abundance of trappable fish (all taxa combined)
was significantly higher in the BMR than in the NR in
each of the 2 reef zones (Table 2). For nontrappable
fish there was no significant difference between BMR
and NR, although means in NR were slightly higher
(Table 2)
Contrary to the results of trapping data, in the visual
censuses the abundance of trappable fish did not show

Acanihurus bahianus

a

0

2

3

DISTANCE FROM RESERVE CENTER (km)

Fig. 4. Mean trap catches per reef of the 6 most common taxa
in traps. (e) Reefs in the BMR; ( 0 ) reefs in the NR

Rakltin & Kramer: Effects of a marine reserve on coral reef fishes

105

Regressions of mean number of trappable fish per
a regular decrease with distance from the reserve cencensus area in the crest-spurs zone on distance from
ter. This was true for both the backreef (Fig 5a) and
the BMR center and location of the reef (BMR or NR)
the combined crest-spurs zone (Fig 5b). For the backwere calculated for the 9 most common taxa, but none
reef a multiple regression of number of fish per census
showed a significant positive effect of distance and
area on distance from the BMR center and on location
only Scarus vetula showed a significant effect of locaof the reef (in the BMR or in the NR) revealed a signifition (partial p = 0.04; Fig. 6 ) .
cant effect of location (partial p = 0.048, df = 1 ) but not
of distance (partial p = 0.466, df = 10; overall regression
r2 = 0.639, p = 0.006; Fig. 5a). For the combined crestMean size
spurs zone, there was a highly significant effect of location ( p = 0.002) but only a marginal effect of distance
Of 24 taxa for which the comparison was possible, 18
( p = 0.089, overall regression r2 = 0.605, p = 0.004; Fig.
had a larger mean FL in the BMR than in the NR (x2 =
5b) The number of trappable fish per census area did
6.0, df = 1, p < 0.025),and this difference was significant
not differ between reefs located north and reefs lofor 13 (Table 5 ) .The mean FL in the NR ranged from 75
cated south of the BMR center either in the backreef
=
(mean,,,, h = 85.7, SD = 54.5,
97.2, SD = 62.6, t = 0.35, df = 10.1, p =
Table 3 Mean number of flsh per trap in the BMR and in the NR for all the
0.733) or in the crest-spurs zone (mean,,,,h
taxa sampled by traps. p: one-tailed t-test probability for separate variances
= 137.4, SD = 48.9,
= 111.4, SD =
(for some species t-test was calculated on log,, transformed data to approxi37.0, t = 1.09, df = 10.9, p = 0.30).
mate normality) nB,,, = 5 reefs and n~~ = 7 reefs. Diff relative difference In
fish abundance = (BMR - NR)/BMR, where BMR and NR a r e the mean numFor nontrappable fish in the backreef
ber of fish per trap in the BMR and NR respectively, is indicated only for the
(Fig. 5c) there was no significant trend in
common species in traps
abundance in relation to location ( p =
0.599) or distance from the BMR center
Taxon
Bh4R
NR
P
Diff
( p = 0.402, overall regression, r2 = 0.130,
p = 0.200). For nontrappable fish in the
Gymnothorax f u n e b n s
crest-spurs zone (Fig. 5d) there was no
G. monnga
Aulostomus maculatus
effect of location ( p = 0.523) and a marHolocen trus s p p
ginal positive effect of distance ( p = 0.094,
Myripristis]acobus
overall regression r2 = 0.307, p = 0,172).
Epinephelus fulvus
However, this effect of distance was due
Rypticus saponaceus
to a large aggregation of Haemulon spp.
Caranx r u b e r
C. crysos
at the most distant reef. Excluding this
C. latus
data point, the effect of distance was not
Haemulon aurolineatum
significant.
H. chrysargyreum
For the 24 most common taxa, the abunH. flavol~neatum
dance of t r a ~ ~ a b fish
l e in the visual cenI H. sciurus
0.10
0.04
0 286
0.25
0.00
Lutjanus mahogoni
suses was compared between BMR and
Ocyurus chrysurus
0.05
0.08
0 333
NR. Abundance was higher in the BMR
0.20
0.00
Mullo~dichthysmartinicus
than in the NR for 16 taxa in the backreef,
Pseudooeneus maculatus
0 44
0.14
0.086
significantly for 6, and 19 taxa in the
Kyphosus sectatrix
0 05
Chaetodon s t r ~ a t ~ i s
7 28
crest-spurs zone, significantly for 7 (Table
C.
capistratus
2 00
4). The proportion of taxa with higher
Holocanthus tncolor
0 00
abundance in the BMR was significantly
Pomacanthus p a r u
0 25
larger than 50% in the crest-spurs zone
Abudefduf s a x a t i l ~ s
0 40
Pomacentrus spp.
0 56
(x2= 8.17, df = l , p < 0.005),but not in the
1 86
M~crospathodonchrysurus
backreef (x2= 2.67, df = 1, p = 0.10).In the
3 99
Scarus s p p
backreef, the mean number of fish per
S vetula
0.69
census area in the NR ranged from 10 to
Sparisoma s p p
2 32
1971 % of that in the BMR with a median
S virjde
0.42
Acanthurus bahian us
4.50
at 86%. In the crest-spurs zone the mean
A coeruleus
0 75
number of fish per census area in the NR
Cantherhines pullus
1 20
ranged from 4 to 328% of abundance in
Lactophrys spp.
0 15
the BMR with a median at 51.5%
Dlodon spp.
0.24
(Table 4).

..
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to 117 O/o of mean FL in the B M R with a med ~ a nat 96 % (Table 5). The median of the size
frequency distributions of the 14 most common taxa was higher in the BMR for 11 taxa,
equal in BMR and NR for 1 and higher in the
NR for 2 taxa (Rakitin 1994).

Effect of mobility and trappability on fish

a bundance

0

2

0

Only taxa that were common in either traps
or visual censuses for which both mobility
and trappability could be estimated were
used in this analysis. For the trapping survey,
taxa with more than 0.4 fish per trap in the
BMR and more than 0.3 fish per trap in the
NR were considered 'common' (Table 3 ) . For
the visual censuses, taxa that were present in
both the BMR and NR for which at least 30
individuals of trappable size were counted
over the entire study area during the 3 censuses were considered common (Tables 1 &
4 ) . Trappability was estimated and mobility
determined for 23 taxa (Table 6).
A total of 7 taxa were classified as S and 16
taxa as M (Table 6 ) .The snapper Lutjanusmahogoni, the 2 goatfishes Mulloidichthys mar-

2

40

DISTANCE FROM RESERVE CENTER (km)

g. 5. Mean number of fish of all taxa combined per census area In relan to distance from the BMR center. (a)Trappable size fish in the backef; (b) trappable size flsh In the crest-spurs zone; (c) nontrappable size
h in the backreef; (d) nontrappable size fish in the crest-spurs zone.
(0) Reefs in the BIMR; ( 0 ) reefs in the NR

0

Haernulon flavolineafum

Scarus vefula

0

MulloidicMhys martinicus

10

5

.

0
0

1

.
0

a
*

0

0

O

2

3

4

0

1

0

2

a .

= D

0

3

O

4

0

1

DISTANCE FROM RESERVE CENTER (km)

2

3

4

Flg. 6. Mean number of trappable size flsh
per 240 mZ census area in the crest-spurs
zone in relation to distance from the BMR
center for 9 common taxa in visual census
(0) Reefs in the BMR; (0)
reefs in the NR
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Table 4 M e a n number of trappable size fish per census area (240 m') in the BMR a n d In the NR for the 24 most comlnon taxa in
the visual census, in the backreef and in the crest-spurs zones, n~,, = S reefs and ~ N =R 8 reefs; p = l-tailed t-test probability for
separate variances (for some species and reef zones t-test was calculated on data loglu transformed to approximate normality).
Diff relative difference in fish abundance = (BMR - NR)/BMR, where Bh4R and N R a r e the mean number of fish per census area
in the crest-spurs reef zone
Taxon
A u l o s t o m ~ ~maculatus
s
Myripristis jacobus
Mugil curema
Epinephelus fulvus
R).ptlcus saponaceus
Caranx ruber
Haemulon aurolineatun~
H.chl-ysargyreum
H, flavolineaturn
Lutjanus mahogonl
Mulloidichthys rnartinicus
Pseudopeneus maculatus
Chaetodon stnatus
A b u d e f d u f saxaMis
Pomacentrus spp.
Microspathodon chrysurrts
Bodianus rufus
Scarus spp.
S. vetula
Sparisoma spp.
S. viride
Acanthurus bahianus
A. coeruleus
Cantherhines pullus

BMR

Backreef
NR

0.27
0.00
5.00
0.20
0.00
0.07
0.00
0.13
0.40
0.33
2.27
0.27
0.40
0.00
0.87
6.53
0.13
6.13
8.71
4.53
2.73
69.6
29.2
0.53

0.21
0.08
2.83
0.04
0.04
1.38
0.46
0.54
0.13
0.00
2.33
0.08
0.04
0.00
1.21
2.63
0.21
1.63
1.29
1.21
1.13
30.7
6.20
0.50

P

BMR

Crest-spurs
NR

0.421

2.00
0.66
0.00
1.47
1.50
1.10
2.33
19.03
5.80
0.63
5.90
1.83
1.03
0.80
5.90
33.80
0.67
2.90
9.23
1.63
2.70
40.57
9.27
0.77

2.20
0.44
0.71
1.27
0.75
3.88
4.77
10 10
2 92
121
2.48
0.08
0.02
0.52
3.50
25.88
0.17
1.42
1.52
0.61
0.83
24.63
3.44
0.29

0.283
0.230
0.346
0.401
0.138
0.471
0.032
0.009
0.324
0.070
0.337
0.077
0.004
0.007
0.143
0.004
0.007
0.475

Diff.
P
0.320
0.499

-0.1
0.33

0.431
0.023
0.450
0.185
0.215
0.075
0.380
0.080
0.170
0.002
0.440
0.021
0.070
0.024
0.060
0.001
0.120
0.028
0.150
0.090
0.006

0.14
0.5
-2.52
-1.05
0.47
0.5
-0.91
0.58
0.96
0.98
0.35
0.41
0.23
0.75
0.51
0.84
0.63
0.69
0.39
0.63
0.62

tinicus and Pseudopeneus maculatus, and the 2 surgeonfishes Acanthurus bahianus and A, coeruleus were
the most common species in traps away from the reefs. S
taxa had a slightly but not significantly higher mean relative difference in abundance than M taxa both for traps
(means = 0.33, SD = 0.50; mean^ = 0.12, SD = 0.40; t =
0.94, df = 13.4,p = 0.363) and for visual censuses (means
= 0.46, meanh, = 0.17, Mann-Whitney U-test statistic =
58, p = 0.894).Relative difference in abundance for trap
catches increased with trappability considering all taxa
(r2= 0.638, p < 0.0005), S taxa alone (r2= 0.946, p = 0.001;
Fig. 7a) and M taxa alone (r2= 0.42, p = 0.059; Fig. 7b).
For the visual census, the relative difference in abundance increased with trappability for S (r2= 0.785, p =
0.019; Fig. 7c) but not for M taxa (p = 0.749; Fig. 7d). S
taxa had on average a slightly but not significantly
higher trappability than M taxa (loglo-transformedtrappability: means =-0.07, SD = 0.92, mean,,, = -0.46, SD =
0.61, t=0.95,df = ? . l , p=0.3?2).

(Table 5 ) . S taxa did not have a higher mean relative
difference in size than M taxa (means = 0.08, mean^ =
0.04, Mann-Whitney U-test = 29, p = 0.81, n = 15).
However, the relative difference in size did increase
with trappability for S taxa (r2 = 0.721, p = 0.032; Fig.
8a) but not for M taxa (r2= 0.016, p = 0.76; Fig. 8b). The
pattern was also significant for the data set as a whole
(r2= 0.638, p < 0.0005).The relative difference in abundance was positively, but not quite significantly, correlated with the relative difference in size for trapping
data (Spearman rank correlation = 0.518, p c 0.10).

Effect of mobility and trappability on fish size

Protection of fish stocks

Only common taxa in traps, for which more precise
FL measurements were available, were used here

Both trapping and visual census Indicated a higher
abundance of large trappable size fish in the BMR than

DISCUSSION

Two questions were asked in this study. The first was
whether the BMR protects the fish stocks within its
boundaries. The second was whether there is emigration of fish from the reserve.
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Fig 7 Relative d~fferenceIn abundance
of trappable size f ~ s hbetween the BMR
and the \ < In rclatlnn to trappaLll~ty( a ,
b) based on mean catch, s of commiin (a)
s e d e n t a n dnd (b) moblle taxd In trdps (c,
d ) based on mean ahundancrs of common
(C) sedentart and ( JI moblle tdxa In visual
censuses. Irappabll~t,IS on a loq scale
Am Aulostomus mdculatus 1101 Holocentrus spp , M] Mynpnstls lacobus Ef
E p ~ n e p h e l u sfulvus, Rs Ryptlcus saponCPIJS, Ha Haemulon aurohneatum, H c H
chrysa~gyreumHf H flavol~neatum,Lm
Lullanus mahogonl, )Mm Mullo~dichthys
martinlcus, Pm Pseudopeneus maculatus, CS Chaetodon stnatus, As Abudefduf s a x a t ~ h sPom
,
Pomacentrus spp , MC
M~crospathodon chrysurus, Sca Scarus
spp , Sr. Scarus vetula, Spa Spansoma
spp Spv Spansoma vlrlde Ab Acanthurus bahianus, A c A coeruleus Cp Cantherhlnes pullus

sca
~ f .

5 S ~ z e s(FL cm) of taxa sampled by traps In the BMR a n d the NR Range smallest to largest flsh captured, n total number
s hcaptured In 19 trap sets In the Bh4R and 23 trap sets In the NK, p probability of h?ann-Whltney U-test cornpanng mean FLs
een the RMR and the NR, FL,,, maxlmum FL attalned by the specles (Roblns e t a1 19861, Dllf FL r e l a t ~ v ed~fferenceIn FL =
(mean FLBhlR- mean FLNR)/FL,,,, only for common taxa

on

ocenSrus adscenc~onzs
npnstls jacobus
n e p h e l u sfulvus
t ~ c u saponaceus
s
anx r u b e r
mulon aurollneatum
hrysargyreum
lavohneatum
udopeneus n ~ a c u l a t u s
etodon stnatus
macanthus p a r u
defduf saxat~lis
crospafhodonchrpsurus
acentrus spp
rus spp
etula
nsoma spp
nsoma chrysopterum
~nde
nthurus bahlanus
oeruleus
therhlnes pullus
ophrys s p p
don spp

1Mean
18 14
13 80
20 64
25 50
19 50
1658
1640
1650
19 86
12 20
l 0 25
l 1 06
14 40
10 87
2055
26 19
1966
20 83
23 12
1493
12 69
17 70
11 67
19 00

Bh4R
(Range)

P

hrR
n

( 1 6 0 - 2 1 0) 33
(11 5-16 0)
22
(16 5-29 5)
7
4
(24 0-28 0)
4
(18 5-21 5)
( 1 5 0 - 2 1 0)
13
(15 0-17 5)
11
(130-19 5 ) 53
(17.5-22 0 )
7
(7 5-14 5 ) 146
(8.5-11 5 )
4
(95-14 5 )
8
(9 5- 16 0 ) 31
(10 0-12 5)
12
(16 0-27 5)
81
(21 0 - 3 0 0 )
13
(150-230)
35
(16 0-24 5)
3
(160-34 0 )
8
(105-185)
88
(100-17 0)
13
(14 5-20 0)
23
(9.5-15 0 )
3
5
(13 0-22 0)

Mean
17 17
1 3 34
20 17
2050
17 13
16 32
1590
15 70
2050
9 65
12 00
11 00
14 12
10 81
1955
21 44
17 71
l 8 SO
17 31
13 79
1277
15 20
13 25
1950

(Range)

FL,,,,

Diff
FL

30
20

0 03
0 02

n

( l 4 0-19 0)
17
(11 0-16 0)
13
(17 5-25 0)
3
(20 0-21 0)
2
(15 5-23 0) 23
(14 5-17 5 )
14
(150-170)
11
(14 0-185)
51
4
(18 0-25 0 )
(7 5-13 5) 33
9
(8 0-17 0)
2
( l 1 0-11 0)
(12 0-36 53
70
(10 0-11 0)
16
(125-25 5)
28
( 1 6 0 - 3 5 0)
17
(16 0 - 2 0 0 )
19
(180-190)
4
(15 5 - 1 9 0 )
8
( 1 0 0 - 1 7 0 ) 157
(85-175)
28
( 1 1 0-19 0) 24
(100-165)
2
(170-221))
2

0 073
0 27
0 82
0 06
0 012
0 92
0 055
0 0005
0 92
0 0005
0 25
0 287
0 003
0 81
0 031
0 012
0 0005
0 47
0 007
0 0005
0 96
0 0005
0 jb
0 85

0 01
0 02
0 03
0 17

0 014
0 004
0 03
0 08
0 05
0 11
0 04
0 003
0 13
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Fig. 8. Relative difference in f ~ s hslze
between the BMR ~ ~ the
n dNR in relation
to trappability for common taxa I n traps
(a)sedentary and ( b )mobile taxa Trappability on log,,,scale; species name abbreviations as in Fig. 7
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TRAPPABILITY

in the NR. Trap catches in the NR were 63% of trap
catches in the BMR and mean number of trappable fish
per census area in the NR was 40 of that in the BMR
for the backreef and 58 % for the reef crest and spursand-grooves zones.
Most of the common taxa showed a higher mean
abundance of trappable size fish in the BMR than in
the NR (Tables 3 & 4). However, this difference was

statistically significant for only a few of them. The
low number of significant differences was probably
due to a high level of variation in fish abundance
estimates among reefs and to a small sample size:
only 5 reefs in the BMR and 7 (for trapping) or 8
(for visual census) reefs in the NR resulted in a low
power for the test. Nevertheless, the chi-squared
goodness of fit test indicated that fish taxa have a

Table 6. List of species for which trappability and mobility were est~mated.Mean number of fish per trap in traps set between
reefs, at approximately 50 m In = 14 trap sets). 150 m (n = 9) and 300 m (n = 5 ) from the nearest reef. Source: literature reference
for fish mobility: a: Colettc & Talbot (1972);b: Winn et al. (1964);c: Luckhurst R Luckhurst (1978);d: Colin et al. (1987);e: Randall (1968);f : Randall (1963);g: Moe (1966);h: Starck & D a v ~ s(1966);j: Ogden & Ehrlich (1977);k: McFarland et al. (1979);1: Gore
(1983);m: Stimson (1990);n: Kobertson (198813);o: Bartels (1984); p: Winn & Bardach (1960);q: Dubin & Baker (1982);r: Hanley
(1984); S: Robertson (1983);t: Robertson 11988a); U: Myrberg and Fishelson (1989):v: Mazeroll & Montgomery (1995). Mobility:
M: mobile; S: sedentary. Trappabilitv = IV,,/N,~,
where NT,
is the mean number of fish of species i per trap, averaged over all the
reefs, and N,,, is the mean number of trappable size fish of species i per census area in the crest-spurs zone, averaged over
all reefs
Taxon

Mean no. of fish trap-' at
150 m
300 m
50 m

Aulostomus maculatus
Holocentrus spp
Myripristis jacobus
Epinephelus fulvus
Rypticus saponaceus
Caranx rubelHaernulon a urolineat~im
H. chrysaryyreum
H, fld vohneatum
Lutjanus nlahogonl
A4ullo1dichthys martln~cus
Pseudopeneus maculatus
Chaetodon stnatus
Abudefduf saxa tilis
Pomacentl-us spp.
iWcrospathodon c h r y s ~ i r ~ i s
Scarus spp.
S. vetula
Sparisoma spp.
S. viride
Acanthurus bahian us
A. coeruleus
Cantherhines pullus

0
0.08
0
0
0.08
1.75
0
0
0
1.08
2.63
0.75
0
0
0
0
0
0
1.46
0
8.33
8.02
0.17

0
0
0
0
0.30
0
0
0
0
0.67
0.72
2.17
0
0.11
0
0
0
0
2.97
0
9.06
6.11
0

0
0
0
0
0.20
0
0
0
0
1.20
0.60
0
0
0.20
0
0
0
0
0
0
0.60
3.00
0.18

Source

Mobility

Trappability

a,b,c
a, b, C
d

S
S
S
M
M

0.03
2.63
1.38
0.23
0.12
0.19
0.20
0.04
0.57
0.11
0.02
0 33
8 65
0 28
0 12
0.08
1 09
0.14
1.55
0.25
0.17
0.17
2.01

e
f,g,h,j,k
f , g, h i , k
f , g , h , jk,

l,m

n
o

M
M
M
M
M
M
M
S
M
S
S

P, q
P,

M
M

I

M

r
s,t,u,v
S,t,u,v

M
M
M
S
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higher abundance in the BMR more often than they
do in the NR.
The mean size of most taxa surveyed by trapping
was larger in the BMR than in the NR, and this difference was significant for 13 out of 24 taxa that were
compared (Table 5), but the actual differences were
very small. The larger number of significant differences IS explained by larger degrees of freedom in the
statistical comparison since each individual was considered as a sampling unit.
The abundance and siic, differences imply that the
BMR does protect fish stocks, unless the patterns can
be explained by factors other than the reduction of
fishing mortality. One alternative explanation is that
the area now occupied by the BMR had a higher abundance of fish to start with, due to a better habitat quality. Estimations of fish abundance and distribution in
the studied area prior to the establishment of the BMR
are not available. Th.e Holetown River drains agricultural land into a lagoon which breaks through the
beach when a major rainfall occurs, discharging nutrients into the sea close to the center of the BMR (Wells
1988), and possibly causing an increase in productivity. This could attract fishes or increase their growth
rates. However, the abundance of small (nontrappable
size) fishes was, if anything, higher outside the BMR.
making this explanation unlikely. The number of small
fish could be controlled by the presence of predators.
However, preliminary analyses based on dietary habits
showed no trend in the abundance of predators. In
general, there was a noticeable lack of large piscivorous fish (groupers and snappers) and the only abundant predators were morays. The greater coastal
development in the south than in the north of Barbados
has resulted in a gradient of eutrophication, increasing
from north to south (Tomascik & Sander 1987, Allard
1993). However, this gradient was not reflected in the
distribution of fish in the RMR and across its boundaries. Some studies have shown that habitat structural
complexity is positively correlated with fish abundance
(Luckhurst & Luckhurst 1978, Roberts & Ormond 1987)
and survival (Connell & Jones 1991). But neither reef
structural complexity (rugosity! nor reef surface cover
composition (percentage of live coral, dead coral, algae
or sand) differed statistically between the BMR and the
NR (Rakitin 1994). Nevertheless, a higher abundance
of large (trappable) fish as well as small (nontrappable)
flsh was found in the crest and spurs-and-grooves
zones where rugosity was high th.an in the backreef
where rugosity was low, which is in agreement with
the positive correlation of fish abundance and habitat
structural complexity found in other studies. Furthermore, the relative differences in abundance and size of
the common taxa in both traps and visual censuses
were positively correlated with trappability, i.e. fish

taxa suffering a higher fishing pressure show a higher
difference in fish abundance between fished and
unflshed areas. This supports the conclusion that the
difference in fish abundance and size between the
BMR and the NR is due to the absence of fishing pressure in the BMR rather than to a difference in habitat
quality.
Several previous studies have obtained results comparable to those found in this study. Bell (1983) found
that the densities of species vulnerable to the fishery
were 1.2 times higher on a reef inside a reserve in the
Mediterranean Sea (France)than on a similar reef outside of the reserve, at 2 different depths. Bell (1983)
recorded in
indicated that 11 out of 35 species (31
that study were significantly more abundant in the
reserve areas, and 10 of these were fished species.
Alcala (1988) found an overall density of fishes 1.4
times higher in the Apo Island Reserve (The Philippines) than in similar non-reserve areas. Polunin &
Roberts (1993) studied 2 marine reserves in the
Caribbean and showed that the overall fish biomass
was 1.9 and 2 times greater in reserve than in nonreserve areas. They found that 59 % of the fished species in the Saba Marine Park (Netherlands Antilles)
and 45 % in the Hol Chan Marine Reserve (Belize)had
a greater abundance, biomass or size than in similar
non-reserve areas. These ratios compare to those
obtained in the present study: mean trap catches were
1.6 ti.mes and visual census fish counts 3. .7 times (backreef) and 2.5 times (crest-spurs zone) higher in the
RMR than in the NR, while 6 9 % of th.e common species
in traps, 58% in the backreef visual censuses and 79%
in the crest-spurs visual censuses were more abundant
in the BMR than in the NR.
It has been argued that fishing affects large piscivorous species more than other groups of fish, because
the former are usually targets of fishermen and more
easily retained by the gear (Munro & Williams 1985,
Russ 1993.).This notion is supported by the results of
several stud.ies (e.g. Koslow et al. 1988, Buxton &
Smale 1989, Russ & Alcala 1989). On the same basis,
Russ (1985) suggested that abundance of piscivorous
fish could be an indicator of fishing pressure. However,
larger piscivorous fishes were practically absent on the
fringing reefs of the west coast of Barbados. Very few
large jacks and groupers were seen in the BMR. This
could well be an indication of a general overfishing in
Barbados together with a relatively weak enforcement
of the reserve regulations (a Coast Guard boat patrols
the shore once a day; A.R, pers. obs.). In the present
study chaetodontids and scarids showed a consistent
significant difference in abundance and size between
BMR and NR (Tables 3 & 4). Ferry & Kohler (1987)
compared fish abundances and sizes in 2 areas of shallow water fringing reefs in Haiti that differed in fishing
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intensity and found that scarids and chaetodontids
were significantly larger in the less fished area. This
coincidence in results is probably explained by the
similarity of the study areas: both were shallow water
fringing reefs subjected to coastal trap fishing. Scarids
and chaetodontids are both very vulnerable to trap
fishing and, although chaetodontids a r e not marketable fish, fishermen usually keep all the catch. The
evidence strongly suggests that fishing negatively
affects the abundance and size of reef fishes and that
marine reserves a r e effective in protecting fish stocks
within their boundaries. However, the magnitude of
the effect of reserves on fish abundance and size varies
among different areas and among individual taxa. This
is likely a consequence of several factors, i.e. the habitat where reserves a r e located and the species composition of the fish community, the duration and level of
enforcement of the reserve protective management
and, most importantly, the levels of fishing pressure
outside of the reserve and the type of local fishing gear.

Emigration of fish from the reserve
Emigration of fishes from reserves has been proposed as a potential beneficial effect of reserves for
fisheries (Roberts & Polunin 1991, 1993) and has also
been suggested as a possible explanation for the lack
of significant differences in fish abundance between
reserve and non-reserve areas (Polunin & Roberts
1993). In spite of that, it has never been tested directly.
This is probably because direct measurements of fish
movements by radiotracking or tagging a r e very
expensive and time consuming, restricting the number
of species that can be studied at one time. In the present study, an alternative indirect measure of emigration was used based on patterns of distribution across
the reserve boundaries.
The evidence w e found for emigration of fish from
the BMR was limited a n d inconsistent. The gradual
decrease in trap catches with distance from the center
of the reserve supported the emigration hypothesis.
However, in the visual census the gradient of trappable fish abundance was not evident in the backreef
and only marginally significant in the crest-spurs zone.
Neither trap nor visual census estimates showed a
gradual decrease in fish abundance for individual taxa.
Moreover, sedentary taxa did not show a significantly
higher relative difference in size and abundance than
mobile taxa as would be expected if at least the mobile
fish were emigrating, though all the trends were in the
predicted direction. The fact that sedentary taxa
showed a much stronger increase in relative difference
in abundance than mobile taxa, estimated by both
trapping and visual census as well as in size with trap-
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pability, does provide some support for the emigration
hypothesis. While the evidence is not enough to prove
that emigration from the BMR is frequent, neither does
it allow the rejection of that possibility. Probably, a
more refined mobility categorization based on siteand species-specific studies of movement habits of
fishes is needed.
The patchy nature of the environment studied here
(the fringing reefs a r e separated by sometimes extensive areas of sand a n d gravel) might act as a barrier for
the movement of fish to assess habitats. Habitat discontinuities might not be perceived in the same manner by all animals (Wiens et al. 1985). Mobile animals
should be able to cross some habitat discontinuities
more easily than sedentary animals; the sand and rubble areas separating reefs may represent a n impassable barrier for strictly reef dwelling sedentary fish but
not for mobile fish. However, even some mobile fish
may not readily take the risk of travelling over long
distances of sand. Increased travel cost between habitat patches may prevent animals from moving and visiting habitats, leading to distributions different from
that predicted by Ideal Free Distribution (Bernstein et
al. 1991).
Nevertheless, many of the fish taxa considered
mobile in this study were able to travel over sand for
distances long enough to take them from one reef to
another. Most of the evidence of Caribbean coral reef
fish mobility concerned precise periodic migrations,
such as the die1 feeding migrations performed by
grunts (Starck & Davis 1966, Ogden & Ehrlich 1977,
Ogden & Quinn 1984) a n d parrotfishes (Winn & Bardach 1960, Dubin & Baker 1982) or the spawning
migrations of surgeonfishes (Myrberg & Fishelson
1989, Mazeroll & Montgomery 1995) characterized by
a strong homing behaviour. There is very little evidence of exploratory movements leading to relocation
of fishes (Robertson 1988a, b ) . Some of the taxa considered mobile, therefore, might actually be unwilling to
relocate. Additionally, habitat use patterns of a particular species may vary in different habitats, e.g. some
fish may move over sand if there is seagrass but bare
sand might inhibit them. In other coral reef environments where some of the studies which provided data
for the mobility classification were carried out, reefs
a r e surrounded by seagrass and sand. This is not the
case on the west coast of Barbados where the fringing
reefs a r e separated by areas of only sand a n d rubble,
with occasional small patch reefs. Therefore, the
mobility classification used here might b e inadequate.
An example of such possible misclassification could be
grunts, which were considered mobile based on ample
evidence found in the literature, but were absent from
traps set away from reefs even though they were common in traps on reefs.
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Conclusion
This study indicated that th.e BMR protects the fish
community. There wcls insufficient evidence for emigration of fish from the reserve to the fishery, but neither could it be firmly ruled out. Trappability seemed
to be better than mobility for predicting the effect of
the reserve on the abundance a n d size of fishes. Both
mobility and trappabil~tydepend on complex behavioral traits that seem to be important in the functioning
of mari.ne reserves. Further study In different locations
is needed to assess the importance of mobility a n d vulnerability to the fishing gear for the effect of reserves
on fish abundance and size distributions.
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