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TEMPORAL VARIATION IN THE RED GROUPER, 
EPINEPHELUS MORIO, DEMOGRAPHIC STRUCTURE 

FROM SOUTHERN GULF OF MEXICO

Doralice Caballero-Arango¹*, Thierry Brule¹, Jorge L. Montero-Muñoz¹ & Teresa Colás-Marrufo¹

ABSTRACT
Changes in the demographic structure of red grouper Epinephelus morio from the southern part of the 
Gulf of Mexico, were evaluated during periods when total catches, CPUE and annual yields of the specie 
decreased. Fishery-dependent samples (n = 1887) were obtained between August 1989 and February 2004 
from the Campeche Bank, and size-frequency distributions by sex, sex ratios and sizes of sexual matura-
tion and sex change were compared between three periods: P11989-1992 (n = 886); P21996-1998 (n = 413); and 
P32003-2004 (n = 588). The temporal stability of size-frequency distribution by sex, with males always being 
larger than females, and the sex ratios always biased towards females, were consistent with this species’ 
type of sexuality. Size for females and males, as well as sizes at first sexual maturity and at sex reversal all 
decreased from the oldest period to the more recent one and could be a consequence of the fishing intensity 
applied to this stock. The reductions in size of females and males associated with a relatively stable sex ratio 
and the lack of any drastic decrease in the number of males can be explained by this species’ reproductive 
ecology. Results are discussed regarding the capacity for reproductive resilience of red grouper in response 
to fishing pressure like that currently experienced by the Campeche Bank stock.

Keywords: Serranidae, Epinephelus morio, demographic structure, fishing pressure, Southern Gulf of 
Mexico.

RESUMEN
Los cambios en la estructura demográfica del mero rojo Epinephelus morio en el sureste del Golfo de Méxi-
co fueron evaluados para períodos durante los cuales se observaron una disminución en las capturas totales, 
la CPUE y el rendimiento anual de la especie. Las muestras (n = 1887) fueron obtenidas a partir de las cap-
turas comerciales realizadas entre agosto de 1989 y febrero del 2004 y las distribuciones de frecuencia de 
talla por sexos, la proporción por sexos, las tallas de primera madurez sexual y de inversión sexual, fueron 
comparadas entre tres períodos: P11989-1992 (n = 886); P21996-1998 (n = 413) y P32003-2004 (n = 588). La estabilidad 
temporal de las distribuciones de frecuencia de talla por sexos con los machos siempre de tamaño superior 
al de las hembras, y los valores de proporción sexual siempre sesgados a favor de las hembras fueron con-
gruentes con el tipo de sexualidad presentada por la especie. La disminución del tamaño de las hembras y 
de los machos, así como de las tallas de primera madurez sexual y de inversión sexual de la especie entre el 
período de estudio más lejano hasta el más reciente, podrían ser una consecuencia de la intensidad pesquera 
ejercida sobre este stock. Las disminuciones de talla de las hembras y de los machos, asociadas a la relativa 
estabilidad de la proporción sexual y a la ausencia de una reducción drástica de la proporción del  macho, 
pueden ser explicadas por la ecología reproductiva de la especie. Los resultados obtenidos son discutidos 
en relación con la capacidad de resiliencia reproductiva del mero rojo a la presión por pesca sufrida actual-
mente por el stock del Banco de Campeche.

Palabras claves: Serranidae, Epinephelus morio, estructura demográfica, presión pesquera, sureste del 
Golfo de México.
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INTRODUCTION

Reproductive ecology research provid-
ing data on the mechanisms and potential 
for population renewal are particularly 
vital for determining the long-term demo-
graphic effects of fishing on an exploited 
stock, and consequent implementation 
and fine-tuning of fisheries organization 
strategies (Vincent & Sadovy, 1998). The 
reproductive biology of reef fish species 
has received limited attention compared to 
other aspects of their natural history. From 
a fisheries point of view, there is an urgent 
need to better evaluate the reproductive po-
tential of reef fish populations, particularly 
for commercial species (Sadovy, 1996). 

Groupers constitute an important eco-
logical and economic component of the 
reef fish communities in the Gulf of Mexi-
co (Bannerot et al. 1987). Due to their biol-
ogy, these species can be very sensitive to 
intensive fishing. They are hermaphroditic 
with slow growth, late sexual maturity, 
long lifespan, low natural mortality rates 
and highly asymptotic sizes (Coleman et 
al. 1999; Coleman et al. 2000; Levin & 
Grimes, 2002; Alonzo & Mangel, 2004). 
A number of grouper species also form 
spawning aggregations, making them 
even more vulnerable to fishing (Ralston, 
1987). According to Morris et al. (2000) 
of the 18 grouper species commercially 
exploited in the Gulf of Mexico, 13 are 
currently considered to be threatened.

 Intensive fishing of groupers leads to 
decreases in catches, catch per unit ef-
fort (CPUE) and average size and weight 
of the organisms caught. It also produces 
reductions in the size of spawning aggre-
gations, a sex ratio progressively more 
biased towards females and a decrease 
in size at first sexual maturity in females 
(Vincent & Sadovy, 1998). However, the 

response of each grouper species to inten-
sive fishing pressure is directly related to 
its reproductive strategy, which varies be-
tween species. For instance, species that 
form spawning aggregations, such as gag, 
Mycteroperca microlepis (Goode & Bean, 
1880), and scamp, Mycteroperca phenax 
(Jordan & Swain, 1885) would be more 
affected by fishing than species that do not 
aggregate to spawn, such as red grouper, 
Epinephelus morio (Valenciennes, 1828), 
graysby, Cephalopholis cruentata (Lace-
pède, 1802), and coney, Cephalopholis 
fulva (Linnaeus, 1758) (Coleman et al. 
1996; Vincent & Sadovy, 1998; Levin & 
Grimes, 2002).

To date, the red grouper is the most 
heavily exploited grouper species in the 
southern Gulf of Mexico and especially 
on the continental shelf of the Yucatan 
Peninsula known as the Campeche Bank. 
Notwithstanding, over a 12-year period 
red grouper catches from Campeche Bank 
have decreased 47%: from 13933 t in 1991 
to 6475 t in 2003. In addition, CPUE (kg/
fishing day) decreased by 60% between 
1980 (2400-2900 kg/fishing day) and 2002 
(1150 kg/fishing day) (SAGARPA, 2005; 
2006). Recent studies on the condition of 
this stock in the waters of the Yucatan Pen-
insula demonstrated that this fishery has 
reached a point of overexploitation. Bio-
economic yield-mortality models, fitted 
to the red grouper from Campeche Bank 
for the period 1980-1998, indicated that 
this species was overexploited (Burgos 
& Defeo, 2004). Furthermore, a marked 
long-term decrease of annual yields of red 
grouper and a significant linear increase 
in total mortality of the species observed 
from 1980 to 2000, had been also viewed 
as a signal of stock overexplotation by 
Burgos & Defeo (2004). Finally, accord-
ing to Giménez-Hurtado et al. (2005) the 
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Campeche Bank red grouper spawning 
stock size had decreased by 25% between 
1986 and 2000, which could produce re-
cruitment overfishing. 

In response to the eventual impact 
of fishing on the reproductive potential 
of red grouper, the study aim was to 
evaluate changes in the demography of 
this species due to fishing pressure, by 
analyzing variations in size frequency 
distribution by sex, median size by sex 
distribution, sex ratio, median size at 
sexual maturity and median size at sex 
reversal for the Campeche Bank stock 
between 1989 and 2004.

MATERIALS AND METHODS

Red grouper individuals (n = 1887) 
were collected from commercial catches 
by the Mexican fishing fleet on Campeche 
Bank (20 - 23 ºN, 86 - 92 ºW). Catches 
were made between August 1989 and 
February 2004 using bottom longlines 
on hard rocky or bedrock bottoms, and at 
depths ranging from 18 to 210 m. Three 
sample periods were defined based on 
catch dates: P11989-1992 (June 1989-April 
1992, 23 months, n = 886); P21996-1998 
(April 1996-January 1998, 15 months, n 
= 413); and P32003-2004 (February-March 
2003, 1 month, n = 255; and January-Feb-
ruary 2004, 1 month, n = 333). Each of 
these three periods includes catches from 
January to March, the peak reproductive 
period for red grouper in this region (Brulé 
et al. 1999). Specimens were analyzed in 
the laboratory for the ones collected dur-
ing P1 or directly aboard fishery boats for 
these collected during P2 and P3. Fork 
length (FL) was measured to the nearest 
mm for each specimen and a fragment of 
its gonads preserved in Bouin liquid.

The gonad fragments were placed in 
Paraplast, sectioned (6 µm thickness) 
with a microtome and stained with Mas-
son trichrome (Gabe, 1968). Organism 
sex (i.e. female, male or sex reversal) was 
determined microscopically from the his-
tological sections, considering the criteria 
proposed by Smith (1959) and Sadovy 
and Shapiro (1987) for characterizing her-
maphroditism in teleost fish. The degree 
of sexual development in females was 
determined using the five oogenesis cel-
lular development stages defined by Wal-
lace and Selman (1981). The reproductive 
condition was determined according to 
sexual maturity classes defined by Brulé 
et al. (1999) for female red grouper. Us-
ing the criteria of Shapiro et al. (1993) 
and Rhodes and Sadovy (2002), mature 
resting females were distinguished from 
immature females by the presence of 
abundant bundles of muscle in the ovarian 
lamellae and blood vessel-associated con-
nective tissue.

Size frequency distributions by sex for 
each sampling period were determined 
and compared using the Kolmogorov-
Smirnov non-parametric test (Sokal & 
Rholf, 1997). First, a comparison was 
made of size frequency distributions be-
tween sex (male and female) for the same 
period, and second, a comparison was 
made between periods for each sex.

Median size for females and males was 
calculated for each period. This measure-
ment of the central trend was used be-
cause it is less susceptible to effects from 
extreme values. Median values were com-
pared with a Kruskal-Wallis non-paramet-
ric test (Sokal & Rholf, 1997). Median 
size was also compared between sex for 
the same period and between periods for 
each sex group.
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Sex ratio was defined as the number 
of females per male (i.e. male: female 
= 1: x) (Kartas & Quignard, 1984) and 
calculated for each sampling period. The 
replicated G-test (Sokal & Rholf, 1997) 
was used to determine if the sex ratio 
for each period differed from a balanced 
sex ratio (1:1).

All the analyzed specimens (size range 
= 32.0-89.0 cm FL) were obtained from 
catches landed by the commercial fleet, 
mainly including members of the adult 
fraction of the red grouper population 
caught in deep waters of the Campeche 
Bank. Consequently, median female size 
was calculated from a length range en-
compassing both immature and mature 
females, and was thus considered the size 
at which this species can reach first sexual 
maturity. Median sizes were calculated for 
each sampling period and compared using 
a Kruskal-Wallis non-parametric test (So-
kal & Rholf, 1997).

Following Shapiro (1984), median fe-
male size at which sex reversal could oc-
cur was estimated using the length range 
within which females and males occurred 
simultaneously. Median size at sex rever-
sal was calculated for each period, and 
compared using a Kruskal-Wallis non-
parametric test (Sokal & Rholf, 1997). For 
all statistical analyses α = 0.05 (Infostat 
professional Version 1.1).

RESULTS

Size frequency distribution and median 
sizes by sex

Of the total number of the analyzed 
red grouper specimens, 75% (n = 1418) 
were female, 24% (n = 454) were male 
and 1% (n = 15) were classified as in sex 
reversal. Independent of period and size 
interval, the size frequency distributions 

of females overlapped those of males 
(Fig. 1). Notwithstanding, size frequen-
cy distributions of females were always 
positively skewed, whilst those of males 
were generally negatively skewed, ex-
cepted during P21996-1998 when size distri-
bution appeared positively skewed but 
with a more long right tail than in the 
case of females. Males were not observed 
in size classes less than 35 cm FL and 
females were not present in size classes 
more than 85 cm FL. Thus, for each pe-
riod, the size frequency distributions of 
males were different from those of fe-
males (Kolmogorov-Smirnov; Table 1). 
Moreover, the median sizes in females 
(59.0 cm FL for P11989-1992; 53.5 cm FL 
for P21996-1998 and 47.0 cm FL for P32003-

2004) were lower than in males (66.6 cm 
FL for P11989-1992; 58.0 cm FL for P21996-

1998 and 53.0 cm FL for P32003-2004) for all 
periods (Kruskal-Wallis; Table 1). On the 
other hand, the size frequency distribu-
tions for females and males also differed 
between periods (Kolmogorov-Smirnov; 
Table 2) and median size for both sexes 
decreased significantly from the older to 
the most recent period (Kruskal-Wallis; 
Table 3 and Fig. 2).

Sex ratio
Sex-ratio results obtained for each stud-

ied period are presented in Table 4. Inde-
pendently of the period, females were al-
ways more abundant than males in catches 
and consequently the calculated sex ratio 
(male: female) was biased towards females 
in all cases: 1:3.4 for P11989-1992; 1:1.9 for 
P21996-1998 and 1:4.1 for P32003-2004. These val-
ues clearly differed from a balanced (1:1) 
sex ratio (G test; Table 4). The proportion 
of males observed during each period was: 
22.7% in P11989-1992, 34.3% in P21996-1998 
and 19.4% in P32003-2004. No progressive or 
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Table 1. Comparisons between size-frequency distributions and median sizes for female 
and male red grouper from Campeche Bank for each study period, between 1989 and 2004.  
df = degrees of freedom; H = Kruskal-Wallis test value; KS = Kolmogorov-Smirnov test 
value; * = P < 0.05; ** = P < 0.01
Cuadro 1. Comparación entre las distribuciones de frecuencia de tallas y medianas de 
machos y hembras del mero rojo del Banco de Campeche para cada período de estudio, 
entre 1989-2004. df  = grados de libertad; H = valor de la prueba de Kruskal-Wallis; KS 
= valor de la prueba de Kolmogorov-Smirnov; * = P < 0.05; ** = P < 0.01 

Period Sex n Mode
(FL; cm)

Size range
(FL; cm)

KS Median size
(FL; cm)

H df

P11989-1992 Female
Male

676
199

55.0
75.0

40.0-85.0
40.0-90.0

0.32* 59.0
66.6

73.1** 1

P21996-1998 Female
Male

270
141

50.0
55.0

40.0-80.0
45.0-90.0

0.25* 53.5
58.0

31.0** 1

P32003-2004 Female
Male

472
114

45.0
65.0

30.0-80.0
35.0-80.0

0.31* 47.0
53.0

31.7** 1

Fig. 1. Size frequency distributions for females, males and sex reversal red grouper from Cam-
peche Bank collected during the three study periods, between 1989 and 2004
Fig. 1. Distribuciones de frecuencia de tallas para machos, hembras e individuos en inversión sexual 
del mero rojo del Banco de Campeche durante los tres períodos de estudio, entre 1989-2004
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Table 2.  Comparisons of size frequency distributions for female and male red grouper 
from Campeche Bank between the three study periods, during 1989-2004. KS = 
Kolmogorov-Smirnov test value; * = P < 0.05
Cuadro 2. Comparaciones de las distribuciones de frecuencia de tallas para hembras y 
machos del mero rojo del Banco de Campeche entre los tres períodos de estudio, durante 
1989-2004. KS = valor de la prueba de Kolmogorov-Smirnov; * = P < 0.05

Sex Period N Mode
(FL; cm)

Size range
(FL; cm)

KS

Female

P11989-1992
P21996-1998

676
270

55.0
50.0

40.0-85.0
40.0-80.0 0.27*

P11989-1992
P32003-2004

676
472

55.0
45.0

40.0-85.0
30.0-80.0 0.54*

P21996-1998
P32003-2004

270
472

50.0
45.0

40.0-80.0
30.0-80.0 0.38*

Male

P11989-1992
P21996-1998

199
141

75.0
55.0

40.0-90.0
45.0-90.0 0.31*

P11989-1992
P32003-2004

199
114

75.0
65.0

40.0-90.0
35.0-80.0 0.38*

P21996-1998
P32003-2004

141
114

55.0
65.0

45.0-90.0
35.0-80.0 0.27*

Fig. 2. Median size evolution of females and males red grouper from Campeche Bank collected during the 
three study periods, between 1989 and 2004. Within each box 50% of individuals analyzed are represented; 
points correspond to averages and lines medians
Fig. 2. Evolución de las medianas de talla de hembras y machos del mero rojo del Banco de Campeche 
colectadas durante los tres períodos de estudio, entre 1989-2004. Cada caja representa al 50% de los indi-
viduos analizados, los puntos corresponden a los promedios y las líneas a las medianas
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drastic decrease from the older to the most 
recent period was observed in the propor-
tion of male present in the catches.

Sizes at first sexual maturity and sex 
reversal

Median sizes at first sexual maturity 
for females red grouper were calculated 
based on the size frequency distributions 
of immature and mature females pre-
sented in Fig. 3. These decreased progres-
sively from the older to the most recent 
period: 59.0 cm FL for P11989-1992; 53.5 cm 

for P21996-1998 and 47 cm FL for P32003-2004 
and differed between periods (Kruskal-
Wallis; Table 5). 

Median sizes at sex reversal for fe-
males red grouper were calculated from 
the female and male size frequency dis-
tributions presented in Fig. 4. Size at 
sex reversal in females also tended to 
decrease progressively from the older to 
the most recent period: 60.5 cm for P11989-

1992; 55.0 cm for P21996-1998 and 48.3 cm for 
P32003-2004 and differed between periods 
(Kruskal-Wallis; Table 5). 

Table 3. Comparisons of median size for female and male red grouper from Campeche 
Bank between the three study periods, during 1989-2004. df = degrees of freedom; H =df = degrees of freedom; H =H = 
Kruskall-Wallis test value; ** =** = P < 0.01
Cuadro 3. Comparaciones de las medianas de talla para hembras y machos del mero rojo 
del Banco de Campeche entre tres períodos de estudio, durante 1989-2004. df = grados 
de libertad; H = valor de la prueba de Kruskall-Wallis; ** = P < 0.01

Sex Period N Median
(FL; cm)

df H

Female
P11989-1992
P21996-1998
P32003-2004

676
270
472

59.0
53.5
47.0

2
403.8**

Male
P11989-1992
P21996-1998
P32003-2004

199
141
114

66.6
58.0
53.0

2
64.9**

Table 4. Number of females and males; proportion of males and sex ratios observedNumber of females and males; proportion of males and sex ratios observed 
during each study period for the red grouper from Campeche Bank between 1989 and 
2004. G = G replicated test value; * = P < 0.05 
Cuadro 4. Número de hembras y machos; proporción de machos observados durante 
cada período de estudio para el mero rojo del Banco de Campeche colectado durante 
1989-2004. G = valor de la prueba G replicada; * = P < 0.05 

Period Female
Male Sex ratio

(male: female) GN %

P11989-1992 676 199 22.7 1:3.4 2197.3*

P21996-1998 270 141 34.3 1:1.9 944.2*

P32003-2004 472 114 19.4 1:4.1 1522.4*
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Table 5. Comparisons of median sizes at first sexual maturity and at sex reversal for 
female red grouper from Campeche Bank between the three study periods, during 1989-
2004. df = degrees of freedom; H = Kruskal-Wallis test value; ** =df = degrees of freedom; H = Kruskal-Wallis test value; ** = P < 0.01
Cuadro 5. Comparación de las medianas de talla de primera madurez sexual y de 
inversión sexual para las hembras del mero rojo del Banco de Campeche entre los tres 
períodos de estudio, durante 1989-2004. df = grados de libertad; H = valor de la prueba 
de Kruskal-Wallis; ** = P < 0.01

Period
Size at 1 st maturity Size at sex reversalsex reversal

N Median
(FL; cm) df H n Median

(FL; cm) df H

P11989-1992
P21996-1998
P32003-2004

666
270
468

59.0
53.5
47.0

2 410.2**
874
389
584

60.5
55.0
48.3

2 445.6**

Fig. 3. Size frequency distributions for females red grouper from Campeche Bank, considering the 
size range within which mature and immature organisms occurred simultaneously for each study 
period, between 1989 and 2004. The black arrow indicates the median value as calculated from the 
distributions:  59.0 cm FL for P159.0 cm FL for P11989-1992; 53.5 cm FL for P21996-1998; 47.0 cm FL for P32003-2004

Fig. 3. Distribuciones de frecuencia de tallas para las hembras del mero rojo del Banco de Campeche, 
considerando el rango donde ocurrieron las hembras maduras e inmaduras para cada período entre 
1989 y 2004. La flecha negra indica el valor de la mediana calculada a partir de las distribuciones: 
59.0 cm FL para P11989-1992;  53.5 cm FL para P21996-1998; 47.0 cm FL para P32003-2004
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DISCUSSION

Size frequency distributions for fe-
males and males exhibited no change 
over time: males were always larger than 
females, independently of the period. Size 
difference by sex is often observed in fish 
species with successive protogynous her-
maphroditism (Sadovy & Shapiro, 1987), 

like red grouper (Valdés & Padrón, 1980; 
Brulé et al. 1999; Burgos et al. 2007). 
This species is considered monandric 
(Brulé et al. 1999; Burgos et al. 2007), 
and males (called secondary) develop af-
ter an initial female stage and subsequent 
sex reversal (Reinboth, 1970; Sadovy 
& Shapiro, 1987). Males are therefore 
largely absent in smaller size classes and 

Fig. 4. Size frequency distributions for red grouper from Campeche Bank, considering the size 
range within which females and males occurred simultaneously for each study period, between 
1989 and 2004. The black arrow indicates the median value as calculated from the distributions: 
60.5 cm FL for P11989-1992; 55.0 cm FL for P21996-1998; 48.3 cm FL for P32003-2004

Fig. 4. Distribuciones de frecuencia de tallas del mero rojo del Banco de Campeche, considerando 
el rango de talla donde ocurrieron simultáneamente las hembras y los machos para cada período 
de estudio entre 1989-2004. La flecha negra indica el valor de la mediana calculado a partir de las 
distribuciones: 60.5 cm FL para P11989-1992;  55.0 cm FL para P21996-1998; 48.3 cm FL para P32003-2004
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dominate in the larger size classes (Levin 
& Grimes, 2002).

Size frequency distributions for each 
sex and median sizes for females and 
males decreased over time. In a commer-
cially-exploited fish stock, a decrease in 
the average size of organisms caught is 
an indicator of increased fishing pressure 
(King, 1995). Chiappone et al. (2000) state 
that intensive fishing pressure on grouper 
stocks causes diminished abundance, den-
sity and biomass, as well as a reduction in 
average size. For instance, Shapiro et al. 
(1993) reported decreases in average size 
of red hind Epinephelus guttatus in Puerto 
Rico due to fishing pressure. In a simi-
lar case, Coleman et al. (1996) observed 
changes in the demographics of the Gulf 
of Mexico gag population. These authors 
noted that, between 1980 and 1991-1993, 
the number of larger organisms and average 
size in females and males decreased in the 
northeastern Gulf of Mexico. McGovern et 
al. (1998) suggested that these demographic 
changes in the gag stock were the result of 
heavy fishing pressure in the years previous 
to the study.

The sex ratio was always biased to-
wards females during all three periods. 
Based on the analysis of demographic 
structure by sex, this bias is coherent with 
this species’ sexuality (Levin & Grimes, 
2002); red grouper is a protogynous her-
maphroditic species and its populations 
contain a higher number of females than 
males (Valdés & Padrón, 1980; Coleman 
et al. 1996; Brulé et al. 1999; Burgos et 
al. 2007). Although there were irregular 
variations in the number of males between 
periods, there was no trend towards a pro-
gressive or drastic decrease in the percent-
age of males over time. In protogynous 
hermaphroditic species, size selective 
catching of the largest individuals is sex 

selective, and can lead to gradual reduction 
in the number of males in stock (Bannerot 
et al. 1987). For example the proportion 
of males in the gag stock decreased, from 
17% during 1977-1980 to 1% in 1991 in 
the north eastern Gulf of Mexico and from 
17% before the 80’s to 3.4% in 1994 in the 
U.S. South Atlantic. The same occurred in 
the Gulf of Mexico scamp stock, where 
the percentage of males decreased from 
36% in the late 1970’s to 18% in the early 
1990’s (Coleman et al. 1996).

Both median sizes at which females 
could reach first sexual maturity and sex 
reversal decreased progressively from the 
older to the most recent period. Selective 
catch of larger females may lead surviv-
ing, smaller females to reach sexual ma-
turity and, in the case of hermaphroditic 
species, cause them to reach sex reversal 
at an earlier age and smaller size (Vincent 
& Sadovy, 1998). Coleman et al. (1996) 
reported a similar trend for gag in the 
north eastern Gulf of Mexico, where fe-
males reached first sexual maturity and 
began the sex reversal process at smaller 
sizes during 1991-1993 compared to 1977-
1980 (Hood & Schlieder, 1992). This was 
confirmed by McGovern et al. (1998) 
who reported that female gag matured at 
smaller sizes during 1994-1995 than dur-
ing 1976-1982.

The reductions observed here in size 
of females and males, as well as in size at 
first maturity and sex reversal in females 
are probably the consequence of fishing 
intensity on the Campeche Bank red grou-
per stock. Notwithstanding, the Campeche 
Bank red grouper stock has maintained a 
relatively stable sex ratio, independent of 
the period analyzed. In addition, no dras-
tic decline in the number of males was 
observed, contrary to what generally oc-
curs when a protogynous species is caught 
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selectively based on organism size. These 
results may be explained by the ethologi-
cal characteristics of red grouper. Coleman 
et al. (1996) stated that a grouper species’ 
reproductive behaviour can cause different 
responses to fishing impact. Although the 
grouper species studied to date generally 
exhibits the same pattern of sexuality (pro-
togynous hermaphroditism), their reproduc-
tive behaviour differs markedly by species 
(Coleman et al. 1996; Levin & Grimes, 
2002). For example, gag and scamp mi-
grate long distances to their spawning sites 
and form many, relatively small (10-100 
individuals) and disperse aggregations 
(Coleman et al. 1996). Fishing on spawn-
ing aggregations means males could be 
more vulnerable than females. According 
to Gilmore & Jones (1992), male gag and 
scamp remained relatively high in the wa-
ter column during courtship behaviours 
and appeared to take baited hooks more 
aggressively than did females. Over time 
this kind of fishing can modify the demo-
graphic structure of stock in terms of size 
and age, as well as lead to the progressive 
and preferential disappearance of males. 
This process can produce a marked skew-
ing of sex ratios in favour of females and 
consequently a progressive decrease in the 
proportion of males in the stock (Coleman 
et al. 2000). In contrast, males in species 
that do not form reproductive aggregations 
and which reproduces in small groups in 
extensive zones (e.g. red grouper) would 
be less vulnerable to the selective fishing 
effort focused on males. Under these con-
ditions the sex ratio values and percent-
age of males would not experience sig-
nificant temporal variations, independent 
of the fishing effort applied to the stock. 
The reduction in median size in females 
and males associated with the relative 
stability in the sex ratio of red grouper on 

Campeche Bank may also be explained by 
the determinism that controls sex change in 
hermaphroditic species. According to Vin-
cent & Sadovy (1998) sex change in these 
species may be influenced by both social 
(exogenous control) and genetic (endoge-
nous control) factors, with variations in the 
dominance of one or the other according 
to species. Social factors offer the option 
of compensated sex change, that is, disap-
pearance of males from a social group (for 
example, due to selective fishing) would 
be compensated for through sex reversal 
in an equivalent number of females (usu-
ally larger individuals) in the same group. 
In this case, group sex ratio would remain 
stable whereas both abundance and aver-
age size of females and males would tend 
to decrease as fishing continued. Genetic 
factors would induce uncompensated sex 
change at a fixed size or age with no in-
fluence from local changes in group social 
structure. In this case, sex ratio would tend 
to be more biased towards females, and 
abundance and average size would remain 
stable for females, but would decrease for 
males as selective fishing continued. The 
median size by sex and sex ratio results 
observed here imply that the studied red 
grouper stock may experience mostly com-
pensated sex change under the influence 
of social factors. Finally, the sex reversal 
process in species with compensated sex 
change cannot occur without the presence 
of both sexes at the same time and place 
(Coleman et al. 1996). For some grouper 
species this time can be temporally limited 
within a year. For example, gag has a short 
reproduction period and both sexes are in 
the same sites only during spawning ag-
gregations. The reproductive period of red 
grouper, by comparison, is longer, spawn-
ing does not occur in aggregations and 
both sexes inhabit the same habitats year 
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round (Coleman et al. 1996). For red grou-
per, then, the sex change process is prob-
ably not restricted in time, which would 
allow this species to compensate for the 
loss of males caused by fishing, whenever 
this impact occurs. Therefore, Burgos et 
al. (2007) observed the occurrence of tran-
sitional red grouper individuals year round 
in the U.S. South Atlantic. 

Red grouper is an important component 
of the grouper fishery off the U.S. South At-
lantic coast, in the eastern and southern Gulf 
of Mexico and along the coast of Venezuela 
(Heemstra & Randall, 1993). In the Gulf 
of Mexico, the Campeche Bank red grou-
per stock is probably more intensely fished 
than that of Florida. Indeed, Coleman et al. 
(1996) reported no notable change in organ-
ism size or sex ratio in the red grouper stock 
in the eastern Gulf of Mexico during the 25 
to 30 years before their study, even though 
it is one of the most heavily exploited grou-
pers in that region. The present results sug-
gest that, despite its status as overfished and 
because of the red grouper reproductive 
strategy, the Campeche Bank red grouper 
stock may have a certain capacity for resil-
ience in response to fishing pressure. The 
presence of compensated sex change could 
allow it to reduce the risks of a male deficit 
and any consequent scarcity of the sperm 
needed to fertilize oocytes. This is consistent 
with Coleman et al. (1996), who concluded 
that the response of shallow-water groupers 
to intense fishing pressure is directly related 
to their respective reproductive styles and 
that of the serranids red grouper is one of the 
least susceptible to local extinctions. None-
theless, the risk of reproductive disruption 
may persist in species with compensated sex 
change, because mean female fecundity can 
decline as larger females are removed by se-
lective extraction and sex change (Vincent 
& Sadovy, 1998).
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