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ABSTRACT

The main objective of this paper was to create a baseline for the spatial and temporal characterization of fisheries in
the Chinchorro Bank Biosphere Reserve. Monthly records of one of three fishing cooperatives in the area were taken
between August 2004 and June 2005. The individual length and weight of each fish species were recorded per boat.
Catch per unit effort (CPUE) was calculated as kilograms per fisherman per hour (kg-fisherman-'-hr-'). CPUE values
for Epinephelus striatus, Mycteroperca bonaci, Lachnolaimus maximus and Sphyraena barracuda were highest in the
“Nortes” (northerly-winds) season due to increased fishing effort and to the fact that they were apparently caught in
spawning aggregation sites. Generally, fishing at Chinchorro Bank exerts low to moderate ecological impact because
fishing gear restrictions and fisheries are closely linked to the extraction of spiny lobster, a resource with a higher ag-
gregated-value in contrast to reef fisheries.
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RESUMEN

El objetivo principal de este articulo fue crear la linea base para la caracterizacién espacial y temporal de la pesque-
ria en la Reserva de la Biosfera Banco Chinchorro. Registros mensuales de la captura de escama en una de las tres
cooperativas en el area de estudio fueron realizados entre agosto de 2004 y junio de 2005. La longitud y el peso de los
individuos de las especies de peces fueron registradas por embarcacion. La Captura por Unidad de Esfuerzo (CPUE)
fue calculada como kilogramo por pescador por hora de pesca (kg-pescador'-hr'). Epinephelus striatus, Mycteroper-
ca bonaci, Lachnolaimus maximus'y Sphyraena barracuda presentaron los valores mas altos de la CPUE en la época
de “Nortes”, lo cual esta asociado al incremento en el esfuerzo de pescay al hecho de que aparentemente fueron cap-
turados en sus sitios de agregacion reproductiva. Generalmente la pesca en Banco Chinchorro representa un impacto
ecolégico de bajo a moderado debido a las restricciones en los artes de pesca y a que la principal actividad pesquera
esta dirigida hacia la langosta, un recurso con un mayor valor agregado que la pesca de escama.

Palabras clave: Manejo, pesqueria arrecifal, México, Banco Chinchorro, Reserva de la Biosfera.
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INTRODUCTION

Coastal development in the Caribbean poses a major threat to
coral reef ecosystems and mangroves. Coastal areas of the Mexi-
can Caribbean are no exception and to avoid coral reef degra-
dation by massive tourism and over-fishing, Mexican federal and
state governments have been working to establish marine pro-
tected areas in the Caribbean to protect mangroves and coral
ecosystems. Chinchorro Bank Biosphere Reserve (CHBBR) is
considered to be a priority conservation area. Coral reef systems
of CHBBR support many different species, which are the main
component of fisheries in the area. These fisheries are gener-
ally small-scale, artisanal and multi-specific; however, economic
progress, growing coastal tourism and increased population have
led to greater competition for fishery resources and possible over-
fishing.

Fisheries on the CHBBR are closely linked to the extrac-
tion of spiny lobster, Panulirus argus (Latreille, 1804) and queen
conch, Strombus gigas (Linnaeus, 1758); however, the reef fisher-
ies operate all year round, including the spawning aggregations
of different fish species. Despite their socio-economic and eco-
logical importance, reef fisheries off Chinchorro Bank are poorly
documented. Nevertheless, it is known that in the Mesoamerican
Reef System (MAR), within which the CHBBR is located, there are
68 commercially important fish species from 31 genera and 16
families (WWF, 2006). The majority of the studies in the MAR have
been conducted on the impact of fisheries on the spawning aggre-
gations of different fish species from Serranidae (e.g. Epinephelus
striatus Bloch, 1792) and Lutjanidae (e.g. Lutjanus analis Cuvier,
1828) families (Aguilar-Perera & Aguilar-Davila, 1996; Sala et al.,
2001; Aguilar-Perera, 2006; Graham et al., 2008). Recently, several
studies on fisheries in Belize have reported signs of fishing down
the food web, caused by low lobster and conch catches, resulting
in the finfish being increasingly targeted (Gibson & Hoare, 2006,
Coleman, 2008). This highlights the need for knowledge on what
is being fished and where. Which are the main fishing zones? In
which seasons is maximum fishing effort exerted? Which species
are being exploited and where are fish spawning aggregations
located?

The main objective of this paper is to create a baseline for
the spatial and temporal characterization of fisheries in order to
improve scientific guidance for managing the CHBBR.

MATERIALS AND METHODS

Chinchorro bank is one of the most important platform reefs of
the Caribbean. It was declared a Biosphere Reserve in 1996, mak-
ing it a marine protected area under Mexican law. The CHBBR is
located in southeast Mexico (18°47', 18°23' N; 87°14’, 87°27" W, Fig.
1), in the state of Quintana Roo, approximately 39 km offshore from
Mahahual (Jordan & Merino, 1987).
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The CHBBR is exploited by three fishing cooperatives, but,
due to the complexity of simultaneously sampling catches from all
three, samples were only taken from the largest one: Langoste-
ros del Caribe. Each of the fishermen of this cooperative oper-
ates a boat all around the reef and throughout the year, fishing
lobster and finfish. At the end of a day of fishing every fisherman
downloads and stores their capture in a “mother” ship. Catches
from each fisherman were recorded directly on the mother ship.
Records were taken for one week each month between August
2004 and June 2005. All cooperative boats were surveyed daily
throughout the week and their entire catch was registered per
boat. Each fish species, its abundance and individual length (cm)
and weight (g) were recorded. Fish length was measured from
the anterior extreme of the head (mouth closed) to the end of the
caudalfin (i.e. total length or TL), and weight was measured with a
20 kg-capacity scale. Additional data such as fishing zone, fishing
gear, number of fishermen, and fishing time were obtained via an
interview with the boat’s captain.

Habitat characteristics of principal fishing areas were ob-
tained by recording the benthic coverage via the video transect
method (Aronson & Swanson, 1988). Several stations were posi-
tioned in different fishing areas around the reef. At each sampling
station a geo-referenced (point) 50 m long transect was laid over
the substrate to serve as a guide for recording. Video transect
recordings were processed by viewing them on a high-defini-
tion monitor and freezing the image at determined intervals. A
series of 13 points distributed systematically on the screen were
overlaid on the frozen frame, and the benthic organisms at these
points identified according to morphostructural groups (MSG):
scleractinian corals, hydrocorals, octocorals, sponges, algae,
and seagrass.

Production and species composition. Catch data were used to
extrapolate an estimation of total coral reef production (V) using
the equation (Luchavez et al., 1984):

CcD
dA * 1000

Where C is total recorded catch, d is the number of days
sampled (45 days), D is the number of days fished per year (305
days) and A is the reef area where catches were obtained (238
km?2). Only 305 days were included in the analysis because no reef
fish were caught in July and September (all fishing effort was fo-
cused on the spiny lobster), and severe weather (primarily winter
storms) occasionally prevented navigation.

Spatial and temporal arrangement of fisheries. Catch per unit ef-
fort (CPUE) was calculated as kilograms per fisherman per hour of
catch (kg-fisherman~' - hr!). Each fish species was captured by
using a specific fishing tool (harpoon or hand line) over the entire
period of the study. These data were grouped into 30 fishing quad-
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Figure 1. Geographical location of the Chinchorro Bank Biosphere Reserve (B denote fishing sites and the studied fishing quad-
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rants within the reef system because catch per fisherman was
not spatially explicit. From a preliminary study, the average fishing
area that a fisherman covers to obtain his catch was acquired.
Fifteen random fishermen’s boats were traced using a GPS to
estimate mean fishing area. Quadrant size was based on the ap-
proximate fishing area covered by one boat per trip (Fig. 1).

Determination of fishing zones based on the CPUE per quad-
rant for the ten most commercially important species was carried
out with non-parametric multidimensional scaling (MDS) using
the Bray-Curtis similarity index (Clarke & Warwick, 2001). This
was followed by a similarity percentage analysis (SIMPER; Clarke
& Warwick, 2001) to identify species that discriminate between
fishing zones. All multivariate techniques were carried out using
the PRIMER v6 program. In order to perform a seasonal analysis
of fishing effort, the CPUE was calculated for three climatic sea-
sons: rainy (July-October), “Nortes” (northerly-winds) (Novem-
ber-February) and dry (March-June).

A two-way ANOVA was applied without replication (Zar,
1999) in order to determine differences in the CPUE and size of
organisms of the commercially important species for each fishing
zone and climatic season. Tukey's HSD was used as a post-hoc
multiple comparison test (Zar, 1999). Data were tested for normal
distribution using the Shapiro - Wilk test (Sokal & Rohlf, 1995) and
for homogeneity of variance using Levene's test. The data which
did not meet the assumptions for the application of an ANOVA
were log transformed (x).

The procedure employed by Marquet et al. (1995) was used
to determine the relationship between the CPUE and morpho-
structural benthic groups. This consisted in determining the slope
of the upper limit (maximum CPUE values) of the relationship be-
tween CPUE and live substrate cover, which could be an indica-
tor of energy availability in reef systems. This procedure involves
dividing the X-axis into intervals of equal width and registering
the maximum value of the response variable (CPUE) of the fish-
ing quadrants along the X-axis for each interval. Subsequently,
simple linear regressions (r2) and Pearson correlations (r) were
used to relate these two variables.

An ANOVA was applied to determine the significance of
the relationship between MSG coverage and CPUE values (Zar,
1999).

RESULTS

Production and species composition. Based on annual catch and
the presence of three fishing cooperatives in the CHBBR, total
production for the entire reef system was estimated to be 0.6579
t-km2. yr". The reef area covered by the fishing zones used by
fishermen was calculated to be 238 km?, considering an 18 m iso-
bath. A total of 37 species from 13 families were identified from
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176 fishing trips. Four families were the most representative and
corresponded to 87.88% of the total catch (Table 1): Lutjanidae
(36.42%), Serranidae (27.01%), Balistidae (14.76%) and Labridae
(9.69%). Balistidae, Serranidae and Labridae species were cap-
tured using spear, while Sphyraenidae species were captured
using hand lines. In the case of the Lutjanidae species, Lutjanus
analis and Lutjanus griseus were captured using spear, whereas
Lutjanus vivanus and Ocyurus chrysurus were captured using
hand lines (Table 1).

Spatial and temporal arrangement of fisheries. The results of the
MDS, using the CPUE in the area of the CHBBR, divides the reef
system into seven fishing zones (Fig. 2A-B). In zones 1,2, 4 and 5,
quadrants were located within the lagoon with some patch reefs
formed mainly by scleractinian corals, octocorals, hydrocorals,
sponges, algae, and seagrass, whereas in zone 7 the quadrants
were generally covered by scleractinian corals, octocorals, hy-
drocorals, sponges and algae. Using a 90 % cumulative percent-
age for different species per zone, the SIMPER indicated hogfish,
Lachnolaimus maximus (Walbaum, 1792); E. striatus; black grou-
per, Mycteroperca bonaci (Poey, 1860); L. analis; silk snapper,
Lutjanus vivanus (Cuvier, 1828); and yellowtail snapper, Ocyurus
chrysurus (Bloch, 1791) to be diagnostic species for different fish-
ing zones (Table 2). Analysis of the CPUE by fishing zone with the
ANOVA showed differences between L. analis and L. vivanus;, the
highest values for L. analis were presented in zone 7 (mean
=3.14 £ 3.66 S.D.) in relation to zones 2 (mean = 0.98 + 1.34
S.D.)and 5 (mean = 0.82 + 0.83 S.D.), and the highest values
for L. vivanus were presented in zone 6 (mean = 1.79 + 0.53
S.D.)in comparison with zones 3 (mean = 1.65+ 0.88 S.D.) and 7
(mean=1.03+0.88 S.D.) (Table 1; Fig. 3). Grey triggerfish, Balistes
capriscus (Gmelin, 1789) was caught only in quadrant 32 of zone
7. The size of the organisms captured for each of the species ana-
lyzed showed no significant differences between fishing zones,
except for 0. chrysurus, which presented highest values in zones
7 (mean=44.87 +4.22S.D.) and 2 (mean = 47.47 £ 3.24 S.D.) as op-
posed to zone 1 (mean = 35.55 + 2.65 S.D.) (Table 1; Fig. 3).

The temporal analysis of the CPUE showed significant differ-
ences between climatic seasons. The greatest CPUE values for E.
striatus, M. bonaci, L. maximus and great barracuda, Sphyraena
barracuda (Edwards, 1771) were presented in the “Nortes” sea-
son (Table 1; Fig. 4), whereas for L. analisthe greatest CPUE value
was recorded during the dry season. Balistes capricus was only
captured in February, during the “Nortes” season. The temporal
analysis of the size of individuals was significantly different for L.
analisin the dry season (Table 1; Fig. 4).

The CPUE was significantly related to the cover of scler-
actinian coral and sponges (p < 0.01), although these variables
explained only 37 and 38% of the total variation, respectively
(Fig. 5).
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Table 1. Main species caught in Banco Chinchorro and results of a two-way ANOVA on the comparisons of average CPUE (kg-fisherman~'
-hr') and size (cm) of the fish. Significant p-values (p < 0.05) are indicated in bold.

Family Species Number Fishing Catch Catch Average  Average Response  Factor df. Fvalue p-value
oftrips  gear (t) (%) Size CPUE variable
(+S.D.) (+S.D.)
Balistidae  Balistes 15 Spear 1.14 1476 — — — = —
capriscus gun
Gmelin, 1789
Labridae Lachnolaimus 102 Spear 075 969 48.79+6.44 65+.44 CPUE Fishingzone 101 0.95 0.5447
maximus gun Season 101 458 0.0134
Walbaum, 1792 Mean Fishing zone 101 0.80 0.7340
size Season 101 081 0.7577
Lutjanidae  Lutjanus analis 61 Spear 217 2812 54.89+553 231+3.17 CPUE Fishing zone 60 17.17  0.0001
Cuvier, 1828 gun Season 60 372 0.0426
Mean Fishingzone 60 124  0.2808
size Season 60 484 0.0132
Lutjanus 31 Spear 013 174 43+10.08 .49+.38 CPUE Fishingzone 30 255 0.0917
griseus gun Season 30 0.16 0.8572
Linnaeus, 1758 Mean Fishingzone 30 0.70 0.7348
size Season 30 049 0.6306
Lutjanus 26 hand 037 477 36.14+196 1.70+.81 CPUE Fishingzone 25 6.13  0.0056
vivanus line Season 25 041 0.6807
Cuvier, 1828 Mean Fishingzone 25 120 0.4168
size Season 25 051 0.6237
Ocyurus 26 hand 014 179 41.34+474 37+.44 CPUE Fishingzone 25 021  0.9895
chrysurus line Season 25 011 0.7472
Bloch, 1791 Mean Fishingzone 25 7.99  0.0021
size Season 25 0795 0.3950
Serranidae  Epinephelus 36 Spear 026 334 56.93+11.01 .64+1.05 CPUE Fishingzone 35 0.52  0.9061
guttatus gun Season 35 012 0.8916
Linnaeus, 1758 Mean Fishingzone 35 0.67 0.7956
size Season 35 065 05343
Epinephelus 96 Spear 1 1295 58.14+6.93 1.15+1.03 CPUE Fishingzone 95 0.78  0.7501
striatus gun Season 95 322 0.0467
Bloch, 1792 Mean Fishingzone 95 137 0.1582
size Season 9% 031 07312
Mycteroperca 51 Spear 0.83 1072 781510 1.38+1.35 CPUE Fishingzone 50 165 0.4512
bonaci gun Season 50 476 0.0182
Poey, 1860 Mean Fishingzone 50 0.97 05240
size Season 50 128 0.2947
Spyraenidae Sphyraena 41 hand 029 374 7195+1041 .76+.72 CPUE Fishingzone 40 0.60 0.8604
barracuda line Season 40 470 0.0238
Edwards, 1771 Mean Fishingzone 40 0.63 0.8376
size Season 40 170 0.2124
Other species — 0.65 838 — — — — — = —
Total 176 77 100 — — — — - — —
DISCUSSION diving or nets for any fishing activity is prohibited. These factors

may also be resulting in the exploitation of fewer species (37 spe-
cies) compared to Glovers Reef and the MAR region where 57 and
68 species respectively, are normally exploited (WWF, 2006; Cole-
man, 2008). The annual production estimates made here are differ-
ent from those reported in Cuba (1.4 tkm=2yr~) (Claro et al., 1994);

Production and species composition. Three potential causes of
low yield estimates for the CHBBR are: 1) a low number of fisher-
men due to control by the authorities of the reserve limiting the
number of fishermen per cooperative; 2) fishermen focus most of
their effort on the spiny lobster fishery; and 3) the use of scuba
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Figure 2A-B. Distribution of coral reef fish fisheries in the Chin-
chorro Bank Biosphere Reserve (CHBBR). A) Multi-dimension-
al scaling (MDS) ordination of fishing quadrants (measured by
Bray-Curtis similarity coefficient; B) Spatial distribution of the
fishing zones (based on the MDS) in the CHBBR.
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Table 2. Distinctive species of each fishing zone in accordance
with the percentage similarity analysis (SIMPER), considering the
cumulative percentage of 90%.

Species Average Average % of Cumulative
abundance similarity contribution percentage

Zona 1

L. maximus 0.40 12.15 41.36 41.36
E. striatus 0.52 11.81 40.22 81.58
Zona 2

0. chrysurus 0.31 15.75 3242 32.42
E. striatus 0.34 13.60 28.00 60.43
L. maximus 0.32 12.76 26.28 86.71
Zona 3

L. vivanus 0.90 15.05 64.00 64.00
M. bonaci 1.87 5.87 24.97 88.96
Zona 4

L. griseus 0.28 13.77 76.13 76.13
M. bonaci 0.75 9.25 23.87 100.00
Zona 5

L. maximus 0.49 9.75 65.76 65.76
L. analis 0.09 5.08 34.24 100.00
Zona 6

L. vivanus 1.43 93.67 100.00 100.00
Zona7

L. maximus 0.38 6.63 31.50 31.50
E. striatus 0.55 6.45 30.65 62.16
L. analis 0.88 3.23 15.34 77.50
M. bonaci 0.39 1.74 8.29 85.79

and on the Lesser Antilles (4.0 t km=2 yr") (Gobert, 1990). A reef
system'’s production depends on a number of factors (e.g. depth,
coral cover, fishing area, methodology, etc.), however fishing ef-
fortis by far the most important (Arias-Gonzalez et al,, 1994; Costa
et al, 2003). The species in the sample are characteristic of the
fauna exploited at other sites in the Caribbean and Gulf of Mexico
(Munro, 1983; Butler et al., 1993; Claro et al,, 1994; Coleman et al,,
2000; Schmitter-Soto et al., 2000). Of the 10 species analyzed the
great majority correspond to piscivorous or carnivorous species,
and none correspond to parrotfish or other herbivorous species,
as is the more common in areas of overfishing such as Mexican
fringing reefs (pers. obs.) and Belize coral reefs (Gibson & Hoare,
2006; Coleman, 2008) where fishing down the food web is increas-
ingly notable.

Spatial and temporal arrangement of the fishery. In many reef
systems in the Atlantic, the variability of the CPUE and the distri-
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quadrant where the spawning aggregation is being fished.

bution of the size of the reef fish captured are generally related to
the characteristics of the substrate of the fishing areas and their
depth (e.g. Woff et al, 1999; Gobert, 2000; Costa et al., 2003; Frédou
& Ferreira, 2005). However, in this study the greatest variability
was due to the effort directed towards fishing spiny lobster and
the behaviour of the reproductive activity of certain species of
fish. In the fishing zones in the CHBBR, when the lobster starts
to become scarce, fishermen mainly direct their effort towards
catching larger fish, primarily belonging to Serranidae, Lutjanidae
and Sphyraenidae families. These species are characterized by
their widespread distribution in reef systems in their adult stage
(Hobson, 1973; Meyer et al,, 2000; Appeldoorn et al., 2003), which
results in them being caught throughout the reef. Zones 3 and 6
stood out due to the catch of L. vivanus;in order to catch this spe-
cies, fishermen prefer these zones for two reasons: firstly, these
zones are closer to the fishing village on Cayo Centro, which re-
duces operational costs; and second, calcareous terraces char-
acterize the topographic relief of these zones with no obstacles
for the use of handlines employed for fishing at the 200 to 300 m
isobath. In the particular case of B. capriscus and L. analis, their
highest catch occurred in spawning aggregation sites (zone 7).
The capture site of B. capricus is located within the reef lagoon
(18°25"40.2" N; 87° 24’ 46.7" W), which is characterized by small
reef promontories surrounded by seagrasses and sandy areas
within a depth range of 3 to 6 m. The L. analis site is situated on
the reef border (18° 23' 52.1” N; 87° 24’ 34.2" W) in the windward
section at depths that vary between 12 and 14 m, where a com-
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plex reef development is evident with abundant colonies of gor-
gonians. These are the first records of reproduction aggregation
sites for these two species in the Mexican Caribbean.

The differences in size of the individuals of 0. chrysurus cap-
tured using a hand line may be due to the fact that this species
was fished in different types of habitat. The sites with fish catches
of smaller sizes are located in shallow habitats within the reef la-
goon, which can serve as a shelter, while larger organisms were
fished in deeper areas in the southern zone of the reef lagoon and
in the windward region, which present more complex reef struc-
tures in the CHBBR (Jordan & Merino, 1987). In various studies
this species, in its juvenile state, has been observed to present a
very high dependency on shallow habitats (mangroves, seagrass-
es and small reef structures, whereas the adult organisms have
been found in reefs of greater structural complexity in deeper wa-
ters (Nagelkerken et al,, 2000; Nagelkerken et al., 2002; Mumby et
al.,, 2004; Nagelkerken & van der Velde, 2004a; Nagelkerken & van
der Velde, 2004b; Adams et al., 2006).

The fishing activity of the spiny lobster also apparently influ-
enced the differences infishing effort during the climatic seasons.
The start of the lobster fishing season and the greatest fishing
effort was in July, corresponding to the rainy season. Between
November and February (Nortes) lobster catch became scarce
and effortincreased towards finfish. After the lobster fishing sea-
son from March to June (dry), many boats did not go out to fish
because the capture of finfish is not highly profitable.
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Throughout the Caribbean Sea, certain species present gre-
garious habits during their reproductive activity (Aguilar-Perera
& Aguilar-Davila, 1996; Garcia-Cagide & Garcia, 1996; Domeier &
Colin, 1997; Crabtree & Bullock, 1998; Aguilar-Perera, 2006; Hey-
man & Kjerfve, 2008). In this study, exploitation of E. striatus, L.
maximus and M. bonaci was shown during their spawning ag-
gregation events, which are presented during the Nortes season.
For E. striatus spawning aggregation sites have been reported
near the study area during the Nortes season (Aguilar-Perera &
Aguilar-Davila, 1996; Aguilar-Perera, 2006); whereas the spawn-
ing seasons of S. barracuda are not known, although, in the
study area organisms with mature gonads were found during the
“Nortes” season.

Most studies on spawning aggregations of Lutjanus analisin
reefs of the Atlantic have found that from May to July; this spe-
cies presents this gregarious behaviour in specific sites (Domeier
et al,, 1996; Lindeman et al, 2000; Burton et al., 2005; Graham et
al., 2008; Claro et al., 2009). For Balistes capriscus there is little
information on its spawning aggregation period, however, it has
been reported between November and August (Bernardes & Dias,
2000; Sedberry et al., 2006).

In general, the results suggest that fishing activity in the area
of study is directed towards the resource that offers the maxi-
mum economic benefit (i.e. lobster) and the minimum fishing ef-
fort (i.e. spawning aggregations), which influences the capture of
commercially important fish In this context, resource managers
at CHBBR are currently locating the spawning areas of these
species in order to protect them and thus ensure the supply of
recruits. They are also searching for alternative sources of in-
come for fishermen, such as ecotourism, marine fish culture and
exploitation of pelagic species, which are all more profitable than
directfishing of aggregations. For example, in an evaluation of the
economic impact of fishing the grouper aggregation on Glover’s
Reef, Belize, Sala et al,, (2001) found that ecotourism income from
the aggregation was 20 times greater than that generated from
extracting the resource.

The positive relationship between CPUE and the cover of
scleractinian corals and sponges was due to the combination of
deeper habitats in the southern lagoon and the reef system edge,
generally located in fishing zone 7, which has the highest struc-
tural complexity and consequently greater microhabitat diversity.
The benthic organisms that contribute most to the structural com-
plexity in Caribbean reefs are scleractinian corals and sponges
(Opresko, 1973; Alcolado & Herrera, 1989; Gonzalez-Sanson et al.,
1997; Gonzalez, 1999; Jordan-Dahlgren, 2002; Ruiz-Zarate et al.,
2003; Caballero et al., 2004). Depth may also be affecting cover in
these areas since many studies show higher scleractinian coral
and sponge abundances in environments between 6 and 30 m
depth (e.g. Goreau, 1959; Huston, 1985; Graus & Macintyre, 1989;
Diaz et al,, 2000; Valderrama & Zea, 2003).

Castro-Pérez J. M. et al.

Management implications. Considering the classification by Russ
(1991), the impact of fishing in the CHBBR is low to moderate be-
cause: 1) ituses selective equipment (spear gun) and occasionally
a hand line; 2) the majority of the species caught are top predators
and belong to the snapper-grouper complex, since these species
are highly valued in the market; and 3) fishing is the only activ-
ity that affects the fish communities and their habitats. However,
this investigation proves that the principal species fished are ex-
ploited in their spawning aggregation seasons. This is a common
occurrence in the Caribbean and a great number of records exist
thatindicate that this fishing strategy is harmful to the populations
since it causes the extirpation of reef fish spawning aggregations
(e.g., Sadovy & Eklund, 1999) and changes to the reproductive
population structure, such as decreases in mean fish size (e.g.,
Sadovy, 1994), abundance (e.g., Claro et al,, 2001), genetic diver-
sity (e.g., Chapman et al, 1999) and alterations in aggregation
sex ratio (e.g., Koenig et al,, 1996). For this reason, a strategy for
reducing fishing impact would be the seasonal closure of their
spawning sites. This measure could be accompanied by catch
control policies inthe landing locations. Personal observations in-
dicate that fishermen are starting to fish parrot and angel fish and
shell them as fillets of grouper or snapper. Finally, although this
study presents a general overview of the current state of fishing,
it is important to focus studies at the population level for the spe-
cies of greatest commercial importance and to perform studies at
ecosystem level, analyzing indicators that could measure fishing
stress within fish communities (Pikitch et al.,, 2004).

ACKNOWLEDGEMENTS

This research was financially supported by Fondos Mixtos CONA-
CYT (Ref. QR00-2003-C02-13020). The authors thank members of
the Langosteros del Caribe Fishing Cooperative and the Chinchor-
ro Bank Biosphere Reserve personnel for their cooperation in the
field work.

REFERENCES

Apams, A. J., C. P. DAHLGREN, G. T. KeLLison, M. S. KEnpALL, C. A . Layman, J.
A. Lev, |. NAGELKERKEN & J. E. SERAFY. 2006. Nursery function of tropical
back-reef systems. Marine Ecology Progress Series 318: 287-301.

AGuILAR-PERERA, A. & W. AcuiLAR-DAviLA. 1996. A spawning aggregation
of Nassau grouper Epinephelus striatus (Pisces: Serranidae) in the
Mexican Caribbean. Environmental Biology of Fishes 45: 351-361.

AGUILAR-PERERA, A. 2006. Disappearance of a Nassau grouper spawning
aggregation off the southern Mexican Caribbean coast. Marine
Ecology Progress Series 327: 289-296.

ArcoLano, P. & A. HERRerA. 1989. Estructura de las comunidades de espon-
Jjas del arrecife de Rincén de Guanabo, Cuba. Reporte de Investig-
acion 68, Instituto de Oceanologia. 65 p.

Hidrobioldgica



Reef fisheries in Chincorro Bank Biosphere

ApPELDOORN, R. S., A. FRIEDLANDER, J. SLADEK Nowuis, P. UsSEGILO & A. MITCH-
ELL-CHUI. 2003. Habitat connectivity on the insular platform of Old
Providence-Santa Catalina, Colombia: mechanism, limits and eco-
logical consequences relevant to marine reserve design. Gulf and
Caribbean Research 14: 61-717.

ARrIAS-GONZALEZ, J. E., R. GALzIN, J. NIELSON, R. MaHoN & K. AIKEN. 1994. Ref-
erence area as a factor affecting potential yield estimates of coral
reef fishes. NAGA ICLARM Quarterly 17: 37-40.

Aronson, R. B. & D. W. Swanson. 1988. Video survey of coral reefs: uniand
multivariate applications. Proceedings of the 8th International Coral
Reef Symposium 2: 1441-1446.

BerNARDES R. A. & J. F. Dias. 2000. Aspectos da reprodugdo do peixe-por-
co, Balistes capriscus (Gmelin) (Actinopterygii, Tetraodontiformes,
Balistidae) coletado na costa sul do Estado de Sdo Paulo, Brasil.
Revista Brasileira de Zoologia 17 (3): 687-696.

Burton, M. L, K. J. BRennaN, R. C. Mufioz & R. 0. Jr PARKER. 2005. Pre-
liminary evidence of increased spawning aggregations of mutton
snapper (Lutjanus analis) at Riley's Hump two years after establish-
ment of the Tortugas South Ecological Reserve. Fisheries Bulletin
103: 404-410.

BUTLER, J. N., J. BURNETT-HERKES, J. A. BARNES & J. A. WARD. 1993. The Ber-
muda fisheries: a tragedy of the commons averted? Environment 35:
7-33.

CABALLERO, H., P. P. CHEvALIER, G. VARONA, A. L. CARDENAS, L. PASTOR, A.
PErez-HERNANDEZ & Y. GARCiA. 2004. Componentes mas comunes de
la fauna del arrecife de coral de la costa oriental de Bahia de Co-
chinos, Cuba: corales, esponjas, gorgonaceos y peces. Revista de
Investigaciones Marinas 25 (1): 37-44.

CHapman, R. W., G. R. Sepserry, C. C. Koenig & B. E. Eesy. 1999. Stock
identification of gag, Mycteroperca microlepis, along the southeast
coast of the United States. Marine Biotechnology 1: 137-146.

CLARKE, K. R. & R. M. Warwick. 2001. Change in marine communities: An
approach to statistical analysis and interpretation, 2nd edn. Natural
Environment Research Council, Plymouth Marine Laboratory. Plym-
outh. 172 p.

CLaro, R., J. A. Baisre & J. P. GARCIiA-ARTEAGA. 1994. Evolucion y manejo
de los recursos pesqueros. In: Claro, R. (Ed.). Ecologia de los peces
marinos de Cuba. Instituto de Oceanologia Academias de Ciencias
de Cuba and Centro de Investigaciones de Quintana Roo, México,
pp. 435-456.

CLaro, R., J. A . Baisre, K. LINDEMAN & J. P. GARcia-ARTEAGA. 2001. Cuban
fisheries: historical trends and current status. /n: Claro, R., K.C.
Lindeman & L.R. Parenti (Eds.). Ecology of the marine Fish of Cuba.
Smithsonian Institution, Washington DC, pp. 194-219.

CLaRo, R., Y. Sapovy, K. C. LinoemaN & A. R GARcIA-CAGIDE. 2009. Historical
analysis of Cuban commercial fishing effort and the effects of man-
agement interventions on important reef fishes from 1960-2005. Fish
Research 99 (1): 7-16.

Vol. 21 No. 2+ 2011

207

CoLeman, F. C., C. C. Koenig, G. R. Huntsman, J. A. Musick, M. EkLunp, J. C.
McGovern, R. W. CHaPMAN, G. R. SEpBERRY & C. B. GRiMEs. 2000. Long-
lived reef fishes: the grouper-snapper complex. Fisheries 25: 14-20.

CoLEmAN, R. 2008. Fisheries catch data collection Glover’s Reef Marine
Reserve. Report for the period August 2004-December 2007. Wildlife
Conservation Society, Belize. 16 p.

Costa, P. A. S., A. C. Braca & L. 0. F. RocHa. 2003. Reef fisheries in Porto
Seguro, eastern Brazilian coast. Fisheries Research 60: 577-583.

CraBTREE, R. E. & L. H. BuLLock. 1998. Age, growth, and reproduction of
black grouper, Mycteroperca bonaci, in Florida waters. Fisheries
Bulletin 96: 735-753.

Diaz, J. M., G. Diaz-PuLipo & J. A. SANcHEz. 2000. Distribution and structure
of the southernmost Caribbean coral reefs: Golfo de Uraba, Colom-
bia. Scientia Marina 64 (3): 327-336.

Domeier, M. L. & P. L. Couin. 1997. Tropical reef fish spawning aggrega-
tions: defined and reviewed. Bulletin of Marine Science 60 (3): 698-
726.

Domeier, M. L., C. Koenic & F. CoLemaN. 1996. Reproductive biology of gray
snapper (Lutjanus griseus) with notes on spawning for other west-
ern Atlantic snappers (Lutjanidae). /m: Arreguin-Sanchez, F., J.L.
Munro, M.C. Balgos & D. Pauly (Eds.). Biology, fisheries and culture
of tropical groupers and snappers. ICLARM Manila, Philippines, pp.
189-201.

Frépou, T. & B. P. FerreIRA. 2005. Bathymetric trends of northeastern Bra-
zilian snappers (Pisces, Lutjanidae): implications for the reef fishery
dynamic. Brazilian Archives of Biology and Technology 48: 787-800.

GARciA-CAGIDE, A. & T. GARciA. 1996. Reproduccion de Mycteroperca bo-
naciy Mycteroperca venenosa (Pisces: Serranidae) en la plataforma
cubana. Revista de Biologia Tropical 44 (2): 771-780.

GiBsoN, J. & S. Hoare. 2006. Fisheries catch data collection - Glover's
Reef. Wildlife Conservation Society, Belize. 27 p.

GoserT, B. 1990. Production relative des pécheriescotiéres en Martinique.
Aquatic Living Resources 3: 181-191.

GoserT, B. 2000. Comparative assessment of multispecies reef fish re-
sources in the Lesser Antilles. Fisheries Research 44: 241-260.

GonzALez, P. 1999. Comunidades de esponjas, corales y gorgonias en un
arrecife coralino costero de Ciudad de La Habana. Trabajo de Di-
ploma, Universidad de La Habana. 25 p.

GoNzALEZ-SANSON, G., E. DE LA GuaRDIA, C. AGUILAR, C. GonzALEz & M. ORrTIZ.
1997. Inventario de los componentes mas comunes en un arrecife de
coral costero de la region noroccidental de Cuba. Revista de Inves-
tigaciones Marinas 18 (3): 193-197.

Goreau, T. F. 1959. The ecology of Jamaican coral reefs, 1. Species com-
position and zonation. Ecology 40: 67-90.

GraHaMm, R. T., R. Carcamo, K. L. RHopEs, C.M. RoBerTs & N. Reauena. 2008.
Historical and contemporary evidence of a mutton snapper (Lutjanus



208

analis Cuvier, 1828) spawning aggregation fishery in decline. Coral
Reefs 27: 311-319.

Graus, R. R. & . G. MacINTYRE. 1989. The zonation patterns of Caribbean
coral reefs as controlled by wave and light energy input, bathymet-
ric setting and reef morphology: computer simulation experiments.
Coral Reefs 8: 9-18.

Heyman, W. D. & B. Kuerrve. 2008. Multi-species reef fish spawning ag-
gregations at Gladden Spit, Belize. Bulletin of Marine Science 83
(3): 531-551.

Hosson, E. S. 1973. Diel feeding migrations in tropical reef fishes.
Helgol”nder Meeresuntersuchungen 24: 361-370.

Huston, M. A. 1985. Patterns of species diversity on coral reefs. Annual
Review of Ecology Systematics 16: 149-177.

JorDAN, E. & E. M. Merino. 1987. Chinchorro: morphology and composition
of a Caribbean atoll. Atoll Research Bulletin 310: 1-20.

JoRDAN-DAHLGREN, E. 2002. Gorgonian distribution patterns in coral reef
environments of the Gulf of México: evidence of sporadic ecological
connectivity? Coral Reefs 21: 205-215.

Koenig, C. C., F. C. CoLeman, L.A. CoLLins, Y. Sapovy & P. L. Couin. 1996. Re-
production in gag (Mycteroperca microlepis) (Pisces: Serranidae) in
the eastern Gulf of Mexico and the consequences of fishing spawn-
ing aggregations. /n: Arreguin-Sanchez, F., J. L. Munro, M. C. Balgos
& D. Pauly (Eds.). Biology, fisheries and culture of tropical groupers
and snappers. ICLARM Manila, Philippines, pp. 307-323.

Linpeman, K. C., R. PuGLIESE, G. T. WauGH & J. S. AuLT. 2000. Developmen-
tal patterns within a multispecies reef fishery: management appli-
cations for essential fish habitats and protected areas. Bulletin of
Marine Science 66 (3): 929-956.

LucHavez, T., J. LucHAvez & A. C. ALcALA. 1984. Fish and invertebrate yields
of the coral reefs of Selinog Island in the Mindanao Sea and Hulao-
Hulao in Panay Gulf, Philippines. Silliman Journal 31: 57-11.

MaraueT, P. A., S. A. NAVARRETE & J. C. CAsTILLA. 1995. Body size, population
density, and the energetic equivalence rule. The Journal of Animal
Ecology 64: 325-332.

MEver, C. G., K. N. Hottanp, B. M. WeTHerBee & C. G. Lowe. 2000. Move-
ment patterns, habitat utilization, home range size and site fidelity of
whitesaddle goatfish, Parupeneus porphyreus in a marine reserve.
Environmental Biology of Fishes 53 (3): 235-242.

Muwmsy, P. J., A. E. EbwarDs, J. E. Arias-GonzALez, K. C. Linbeman, P. G.
BrackwelLL, A. GALL, M. I. Gorczynska, A. R. HARBORNE, C. L. Pescop, H.
Renken, C. C. C. WaBNITz & G. LLEWELLYN. 2004. Mangroves enhance
the biomass of coral reef fish communities in the Caribbean. Nature
427: 533-536.

MunRo, J. L. 1983. Coral reef fish and fisheries of the Caribbean Sea. In:
Munro, J.L. (Ed.). Caribbean Coral Reef Fisheries. ICLARM Studies
and Reviews 7, pp. 1-9.

Castro-Pérez J. M. et al.

NAGELKERKEN |. & G. VAN DER VELDE. 2004a. Are Caribbean mangroves impor-
tant feeding grounds for juvenile reef Wsh from adjacent seagrass
beds? Marine Ecology Progress Series 274: 143-151.

NAGELKERKEN |. & G. VAN DER VELDE. 2004b. Relative importance of inter-
linked mangroves and seagrass beds as feeding habitats for juvenile
reef Wsh on a Caribbean island. Marine Ecology Progress Series
274: 153-159.

NAGELKERKEN, I., C. M. RoBERTS, G. VAN DER VELDE, M. DoRenBOSCH, M. C. VAN
RieL, E. CocHERET DE LA MORINIERE & P. H. NiENHUIS. 2002. How important
are mangroves and seagrass beds for coral reef fish? Marine Ecol-
ogy Progress Series 244: 299-305.

NAGELKERKEN, I., G. vAN DER VELDE, M.W. GORISSEN, G. J. MEIJER, T. VAN T HoF
& C. DEN HARTOG. 2000. Importance of mangroves, seagrass beds and
the shallow coral reef as a nursery for important coral reef fishes,
using a visual census technique. Estuarine, Coastal and Shelf 51:
31-44.

Opresko, D. M. 1973. Abundance and distribution of shallow-water gor-
gonians in the area of Miami, Florida. Bulletin of Marine Science 23
(3): 535-558.

PikitcH, E. K., C. SanTora E. A. Bascock, A. BAkuN, R. BonFiL, D. 0. CoNOVER,
P. DavToN, P. Doukakis, D. FLUHARTY, B. HENEMAN, E. D. Houbk, J. LiNk, P.
A. LivingsTon, M. ManGeL, M. K. McALLISTER, J. PoPe & K. J. SAINSBURY.
2004. Ecosystem-based fishery management. Science 305: 346-347.

Ruiz-ZAraTe, M. A., R. HERNANDEZ-LANDA, C. GONZALEZ-SALAS, E. NUNEZ-LARA
& J. E. Arias-GonzALez. 2003. Condition of coral reef ecosystems in
central-southern Quintana Roo (Part 1: stony corals and algae). Atoll
Research Bulletin 496: 318-337.

Russ, G. R. 1991. Coral reef fisheries: effects and yields. /n: Sale, P.F. (Ed.).
The Ecology of Fishes on Coral Reefs. Academic Press, California,
pp. 601-635.

Sanovy, Y. & A. M. EkLunb. 1999. Synopsis of biological data on the Nas-
sau grouper Epinephelus striatus (Bloch, 1792), and the jewfish, E.
itajara (Lichtenstein, 1822). NOAA Technical Report 146. NMFS, FAQ
Fisheries Synopsis. 157 p.

Sapovy, Y. 1994. Grouper stocks of the Western Central Atlantic: the need
for management and management needs. Proceedings of the Gulf
and Caribbean Fisheries Institute 43: 42-64.

SALA, E., E. BaLLesTEROS & R. M. STARR. 2001. Rapid Decline of Nassau
Grouper Spawning Aggregations in Belize: Fishery Management and
Conservation Needs. Fisheries 26: 23-30.

ScHMITTER-S0T0, J. J., L. VAzauez-YEOMANS, A. AGUILAR-PERERA, C. CURIEL-
MoNDRAGON & J. A. CABALLERO-VAZauEz. 2000. Lista de peces marinos
en el Caribe mexicano. Anales del Instituto de Biologia, UNAM, Se-
rie Zoologia 71: 143-178.

SEDBERRY, G. R., 0. PAsHuk, D. M. Wyanskl, J. A. STEPHEN & P. WEINBACH.
2006. Spawning locations of Atlantic reef fishes off the southeastern
U.S. Proceedings of the Gulf and Caribbean Fisheries Institute 57
463-51.

Hidrobioldgica



Reef fisheries in Chincorro Bank Biosphere

SokaL, R. R. & J. F. RouLr. 1995. Biometry: The Principles and Practice of
Statistics in Biological Research, 3rd edn. W. H. Freeman and Com-
pany, New York. 887 p.

VALDERRAMA, D. F. & S. ZEA. 2003. Esquemas de distribucion de esponjas
arrecifales (Porifera) del Noroccidente del Golfo de Uraba, Caribe
sur, Colombia. Boletin de Investigaciones Marinas y Costeras 32:
37-56.

Worr, N., R. GRoMER-DUNSMORE, C. S. RoGers & J. BEETS. 1999. Management
implications of fish trap effective in adjacent coral reef and gorgo-
nian habitats. Environmental Biology of Fishes 55: 81-90.

Vol. 21 No. 2+ 2011

209

Woro WiLb Funo (WWF). 2006. Mejores précticas de pesca en arrec-
ifes coralinos. Guia para la colecta de informacién que apoye el
Manejo de Pesquerias Basado en Ecosistemas. W.W.F. México/
Centroamérica. 81 p.

ZAR, J. H.1999. Biostatistical Analysis, 4th edn. Prentice-Hall, Englewood
Cliffs, NJ. 672 p.

Recibido: 13 de mayo de 2010.
Aceptado: 22 de julio 2011.



