
Fig. 3. Comparison of paleocli- 
matic records from GlSP2 (30) 
(blue line) and from MD 90- 
917 versus cal yr B.P. Chronol-
ogy of the SST record is ob- 
tained by linear fits between 
two successive AMS 14C ages 
on tephra (red arrows) and 
within peaks of abundance of 
planktonic foraminifera (black 
arrows) (9, 7 7). The 14C ages 
were corrected from the vary- 
ing measured R,,,, (red line) 
(70) and using a constant R,,,, 
of 390 years (74) (green line), 
then converted to  calendar 
ages (8). The use of the -520- 
year RSufi  estimate at -8200 
years (4), slightly older than the 
modern one during the sapropel 
event, permits a better correla- 
tion between the two records. 

shifts (Fig. 3), a better correlation, particularly in 
the steepness of the cold-to-wm transition at 
-15,600 cal yr B.P., is obtained by using a R,, 
of -800 years between 15,000 and 17,000 cal 
yr B.P. The large R,, values at 17,000 and 
15,700 cal yr B.P. could correspond either to a 
pervasive feature of H1 or to separate short 
events. Adkins et al. (7) pointed out that Rintem 
would have changed rapidly in -160 years from 
the estimate of the lifetime of modem benthic 
corals. Hence, the H1 event may have constitut- 
ed a succession of short surges and therefore a 
balance of rapid invasion and retreat between 
the Southern intermediate waters and the 
G N ~ .  changes would then be Atlantic R,, 

the rapid and cessa-
tion of thermohaline convection (23). 
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Effects of Marine Reserves on 

Adjacent Fisheries 


Callum M. Roberts,',2* James A. B~hnsack,~Fiona 
Julie P. H a ~ k i n s , ~Renata Goodridge4 

Marine reserves have been widely promoted as conservation and fishery man- 
agement tools. There are robust demonstrations of conservation benefits, but 
fishery benefits remain controversial. We show that marine reserves i n  Florida 
(United States) and St. Lucia have enhanced adjacent fisheries. Within 5 years 
of creation, a network of five small reserves in  St. Lucia increased adjacent 
catches of artisanal fishers by between 46 and 90%, depending on the type o f  
gear the fishers used. In Florida, reserve zones in  the Merritt Island National 
Wildlife Refuge have supplied increasing numbers o f  world record-sized fish t o  
adjacent recreational fisheries since the 1970s. Our study confirms theoretical 
predictions that marine reserves can play a key role i n  supporting fisheries. 

Marine reserves, areas that are closed to all that protection from fishing leads to rapid in- 
fishing, have been attracting much attention for creases in biomass, abundance, and average 
their dual potential as conservation and fishery size of exploited organisms and to increased 
management tools (1-5). A synthesis of more species diversity (6).  Such effects are of great 
than 100 studies of reserves worldwide shows interest to fishery managers, because rebuilding 
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exploited populations in reserves offers pros- 
pects of fishery enhancement (3, 7). 

Because reserves contain more and larger 
fish, protected populations can potentially pro- 
duce many times more offspring than can ex- 
ploited populations. In some cases, studies have 
estimated order-of-magnitude differences in 
egg production (8). Increased egg output is 
predicted to supply adjacent fisheries through 
export of offspring on ocean currents (9-11). In 
addition, as protected stocks .build up, reserves 
are predicted to supply local fisheries through 
density-dependent spillover of juveniles and 
adults into fishing grounds (7). 

Whereas the effects of reserves within their 
boundaries have strong empirical support, evi- 
dence that they enhance fisheries is sparse (4). 
Several studies have suggested export by show- 
ing higher densities of exploited species or 
greater catch per unit effort adiacent to reserve 
borders (12-14). When a reserve in the Philip- 
pines was reopened to fishing, catches col- 
lapsed in nearby areas, which suggests that the 
reserve had previously supported fisheries (15). 
Catches rose again after renewed compliance 
(16). However, none of these studies showed 
an increase in total production after reserve 
creation. We investigated the effects on neigh- 
boring fisheries of marine reserves in Florida 
(United States) and St. Lucia. 

The Soufribe Marine Management Area 
(SMMA) was created in 1995 along the 
southwest coast of the Caribbean island of St. 
Lucia (2, 17). It encompasses 11 km of coast 
and includes a network of five marine re- 
serves that constitute about 35% of coral reef 
fishing grounds (Fig. 1). This network was 
designed to rehabilitate the severely overex- 
ploited reef fishery (2). 

The marine reserves had a rapid impact on 
reef fish populations. Visual censuses of re- 
serves and adjacent fishing areas (18) revealed 
that combined biomass of five commercially 
important fish families tripled in reserves in 3 
years (Fig. 2). Biomass doubled in adjacent 
fishing areas, despite redirection of fishing ef- 
fort from reserves (Fig. 2). In the last 2 years, 
biomass held fairly steady, with M e r  increas- 
es probably prevented by damage to reefs from 
Hunicane Lenny in late 1999 (19). 

We studied the reef fishery in the SMMA 
for two 5-month periods (20), in 1995-1996, 
immediately after reserves were mated, and in 
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Fig. 1. Location of the study sites and marine re 
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Fig. 2. Build-up of commercially important fish 
biomass in marine reserves and adjacent fishing 
grounds in St. Lucia (mean ? SE). Two-way 
analysis of variance: protection from fishing, 
P < 0.001; time, P < 0.001; protection from 
fishing X time, NS). 

2000-2001, after 5 years of protection. We 
collected data from two trap-fishing metho* 
large traps soaked overnight and small drop- 
and-lift traps, baited and soaked for 1 or 2 
hours-that account for >70% of fish caught. 
Catches increased significantly between 1995- 
1996 and 2000-2001 (Fig. 3). Mean total catch 
per trip for fishers with large traps increased by 
46%, and for fishers with small traps by 90%. 
Catch per trap increased 36% for big traps and 
by 80% for small traps (Fig. 3). 

Total fishing effort remained stable over the 
course of the study. There were 22 full-time 
trap fishers in 1995-1996 and 20 in 2000- 
2001. There was no significant change in the 
number of trips per week that fishers made [(4.4 
per fisher in 1995-1996 versus 3.9 in 2000- 
2001, Mann-Whitney U test, not significant 
(NS)] or in numbers of large or small traps set 

,serve zones in St. Lucia (left) and Florida (right). 

0 
Big traps Small traps 

Fig. 3. Comparison of fish catches and catch per 
unit effort between 1995-1996 and 
2000-2001 for the two principal forms of fish- 
ing gear used in the St. Lucian reef fishery. 
Differences were tested with the Mann-Whit- 
ney U test and were significant at P < 0.001 
(**) and P < 0.002 (*). For sample sizes see 
(20). 

per fisher (Mann Whitney U tests, NS in both 
cases). Goodridge (21) reported on the imme- 
diate impacts of the SMMA on the reef fishery. 
Comparing data from 1994 and 1995 (before 
protection) with data from 1995 and 1996 (after 
protection), she found that mean catch per unit 
effort (CPUE) for small traps had decreased by 
28%, whereas CPUE for large traps increased 
by 24%, resulting in little net change in total 
landings. Seventy-five percent of 12 full-time 
reef fishers interviewed in the year after reserve 
creation reported having to increase their fish- 
ing effort to catch the same amount of fish as 
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before. The remaining 25% said they were un- 
able to catch as much. 

Our findings indicate that in 5 years, re- 
serves have led to improvement in the 
SMMA fishery, despite the 35% decrease in 
area of fishing grounds (22). There were 
more fish in the sea, and evidence for little 
initial impact of reserves on total catches in 
the first year of implementation (21), together 
with constant fishing effort since protection 
began, indicates a greater weight of total 
landings. Interviews with local fishers (con- 
ducted in Creole via an interpreter) showed 
that most felt better off with reserves than 
without (Table 1). Younger fishers were es- 
pecially positive about the benefits. 

The Memtt Island National Wildlife Refuge 
at Cape Canaveral, Florida, has the oldest fully 
protected marine reserve in the United States. It 
encompasses two areas of estuarine habitat that 

25 1 Black drum I 
I 

I 

5 1960 1970 1980 1990 2000 

0 35 i
iz1 Spotted seatrout 


20 - I I 

Fig. 4. Cumulative world records for game fish 
in the 200-km coastal section adjoining the 
Merritt Island refuge (open circles) compared t o  
records from all the rest of Florida (filled cir- 
cles). Asterisks mark the time of ~ro tec t ion  
fro& fishing within the refuge. ~ e r t i k a l  dashed 
lines show a period of rapid accumulation of 
new world records after addition of new line 
classes by the ICFA. Arrows mark the points at 
which there was a rapid increase in accumula- 
t ion of new records for each species from areas 
around the Merritt Island refuge. 

have been closed to public access and fishmg 
since 1962, for security of the Kennedy Space 
Center (Fig. 1). The Banana Creek reserve cov- 
ers 16 km2 and is separated by land from the 
2 4 - k d  North Banana k v e r  reserve. 

Johnson et al. (23) showed that protection 
from fishing at Merritt Island has benefited 
several game-fish species. When protected 
areas were compared with adjacent fishing 
grounds, relative abundances (standardized 
catch per unit experimental fishing effort) 
were 12.8 times greater for black drum 
(Pogonias cromis), 6.3 times greater for red 
drum (Sciaenops ocellatus), 2.3 times greater 
for spotted sea trout (Cynoscion nebulosus), 
and 5.3 times greater for common snook 
(Centvopomtls undecinzalis). Reserves also 
had more larger and older fish. 

Long-established reserves are predicted to 
supply trophy-sized fish to recreational fish- 
eries through spillover across boundaries (9). 
The International Game Fish Association 
(IGFA) registers world-record fish catches 
according to strict criteria for line-strength 
classes, rod types, and the gender of fishers 
(24, 25). Examining frequencies of world 
record-sized catches in relation to proximity 
to Merritt Island allowed a test of the hypoth- 
esis that the refuge exports trophy fish. 

For analysis, the area defined as adjacent to 
the reserves extended 100 km north and 100 km 
south of the land bridge that separated the re- 
serves (26). World-record catches were concen- 
trated in the area adjacent to the Memtt Island 
refuge for three of the four species. This region 
encompasses only 13% of the Florida coast, but 
of world record-size fish caught in Florida be- 
tween 1939 and 1999, it accounted for 62% of 
39 records for black drum, 54% of 67 records 
for red drum,50% of 32 records for spotted sea 
trout. but only 2% of 84 records for common 
snook. ~lack-drum, red drum, and spotted sea 
trout are year-round residents of the refuge, 

tagging studies they may 
distances of tens of kilometers (23, 27-30). 
Common snook are at the northern limit of their 
range at Memtt Island and tend to disappear 

- A  

fro& the estuary in winter (23). Because the 
refuge does not appear to supply snook 
to the fishery, this species was not analyzed 
further. 

Before closure, the area near Merritt Island 

Table 1. Results of a survey of Soufriere fishers asked the question: "Has the fishery gotten better, gotten 
worse, or stayed the same since the Soufrigre Marine Management Area was established?" Figures show 
percentage of interviewees responding in each way. 

Age of  Number Fishery Fishery Fishery Don't know theinterviewees interviewed better 	 worse or won't say same 

supported an intensive recreational fishey (3 1). 
Recovey from thls heavily exploited state takes 
time, particularly for the accumulation of large 
individuals of long-lived species in reserves (13, 
32, 33). If the Merritt Island refuge were sup- 
plying fish to the adjacent recreational fishery, 
we would expect frequencies of world-record 
catches to increase over time. Figure 4 shows 
cumulative numbers of world record-size fish 
caught adjacent to the refuge compared with 
numbers of those caught elsewhere in Flonda. 
For each species, a threshold point was 
reached at which the reserve began to supply 
trophy fish. The abrupt nature of these thresh- 
olds is easily explained. It is only when fish 
originating from the reserves have grown 
larger than existing fish of world-record sizes 
that new records can accumulate. 

The time at which species crossed that 
threshold was linked to their longevity: after 
9 years for spotted sea trout (longevity 15 
years) (28), 27 years for red drum (longevity 
35 years) (27), and 31 years for black drum 
(longevity 70 years) (29). Reserves would 
also have been supplying smaller fish for 
years before catches of record-sized fish be- 
came apparent. 

Figure 4 also shows rapid accumulation of 
new records between 1981 and 1985, when 
new line classes were introduced (24). By 
1985, only spotted sea trout had passed the 
record size threshold at Merritt Island refuge. 
Black and red drum do not show any compa- 
rable burst of new records. By the late 1980s, 
the shorter-lived spotted sea trout had evi- 
dently reached its full growth potential, and 
the rate of accumulation of new records tailed 
off. By contrast, black and red drum records 
are still accumulating rapidly. Since 1985, all 
the new Florida records for black drum, and 
most records for red drum, have been won for 
fish caught adjacent to Merritt Island refuge. 

The marine reserves described here differ in 
many ways. In St. Lucia, reserves were designed 
to enhance artisanal, subsistence fisheries. They 
protect coral reef habitats and relatively seden- 
tary fish species. In Florida, reserves were de- 
signed to prohibit access to a rocket launch site, 
and wildlife protection was a subsidiary goal. 
However, they have protected estuarine habitats 
and relatively mobile fish species, and they have 
supplied recreational fisheries with record-size 
fish. Despite these contrasts, both examples 
demonstrate that reserve effects extend beyond 
their boundaries. In these cases, we believe the 
keys to successful fishery enhancement have 
been the relatively large fractions of habitat 
protected and resolute enforcement, and, in 
Florida, the long period over which protection 
has extended. 
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up view argue that herbivores are limited by 
low forage quality and/or by constitutive and 
inducible plant defenses, which render much 
foliage unpalatable or indigestible (5, 6). 

A naive test of the top-down versus bottom-
up models is simple in principle but difficult in 
practice because vertebrate predators and their 
prey operate on spatial scales lying beyond the 
practical reach of direct experimentation (7). 
However, if all relevant predators could be 
excluded from a sufficiently large experimental 
area, the top-down model would predict that 
consumer populations would expand, whereas 
the bottom-up model would predict little 
change in consumer numbers. The prediction is 
naive, because many ecosystems have both top-
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The manner in which terrestrial ecosystems are regulated is controversial. 
The "top-down" school holds that predators l imit herbivores and thereby 
prevent them from overexploiting vegetation. "Bottom-up" proponents 
stress the role of plant chemical defenses in l imit ing plant depredation by 
herbivores. A set of predator-free islands created by a hydroelectric im
poundment in Venezuela allows a test of these competing world views. 
Limited area restricts the fauna of small (0.25 to 0.9 hectare) islands to 
predators of invertebrates (birds, lizards, anurans, and spiders), seed pred
ators (rodents), and herbivores (howler monkeys, iguanas, and leaf-cutter 
ants). Predators of vertebrates are absent, and densities of rodents, howler 
monkeys, iguanas, and leaf-cutter ants are 10 to 100 times greater than on 
the nearby mainland, suggesting that predators normally l imit their pop
ulations. The densities of seedlings and saplings of canopy trees are severely 
reduced on herbivore-affected islands, providing evidence of a trophic cas
cade unleashed in the absence of top-down regulation. 
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