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SUMMARY: Mycteroperca fusca is one of the main predators of the Canarian archipelago coastal marine ecosystem. Noth-
ing is known on the life history or population dynamics of this predatory serranid fish. In this study, age and growth of M.
fusca were investigated by annual growth increment counts from 214 fish collected between January 2004 and December
2005. A year’s growth is represented by one opaque and one translucent ring. The island grouper is a slow-growing and
long-lived species, with ages up to twenty years recorded. Length at age was described by the von Bertalanffy growth
model (L_=898 mm; k=0.062 year'; and t,= —-3.83 year), the Schnute growth model (y,=262 mm; y,=707 mm; a=0.008;
and b=1.98), and the seasonalised von Bertalanffy growth model (L,=908 mm; k=0.061 year!; t;= —3.§3 year; C=2.58; and
t=0.542). Males and females show differences in growth.
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RESUMEN: ESTIMACION DE LA EDAD Y PATRON DE CRECIMIENTO DEL ABADE, MYCTEROPERCA FUSCA (SERRANIDAE) EN UNA
POBLACION ISLENA EN LA COSTA NOROESTE DE AFRICA. — Mycteroperca fusca es uno de los principales depredadores de
los ecosistemas marinos del Archipiélago Canario, del que nada se conoce sobre su biologia. En este trabajo, se aborda el
estudio de la edad y el crecimiento de M. fusca mediante el recuento de los incrementos anuales de crecimiento a partir de
214 ejemplares recolectados entre enero de 2004 y diciembre de 2005. EI crecimiento anual estd representado por un anillo
opaco y otro transldcido. El abade es una especie perteneciente a la familia Serranidae de crecimiento lento y de vida larga,
con edades registradas superiores a los veinte afios. La relacion entre la talla y la edad se estim6 mediante el modelo de von
Bertalanffy (L_=898 mm; k=0.062 afios™; y t,= —3.83 afios), el modelo de Schnute (y,=262 mm; y,=707 mm; a=0.008; y
b=1.98), y el modelo estacional de von Bertalanffy (L_=908 mm; k=0.061 afios™'; t,= —3.83 afios; C=2.58; y t=0.542). Los
machos y las hembras presentaron diferencias en el crecimiento.

Palabras clave: Mycteroperca fusca, abade, edad, crecimiento, otolitos.

INTRODUCTION

Fish communities pass through a series of struc-
tural changes as they are increasingly heavily fished
(Jennings et al., 2001). High trophic level species de-
crease in abundance, and high trophic level specimens
form a smaller proportion of the total abundance and
biomass. Ultimately, fish communities are dominated
by smaller individuals of a low trophic level and short-

lived species (Jennings et al., 2001). This is the result
of the intensity of fishing for high trophic level and
long-lived fish, a phenomenon now widely known as
“fishing down marine food webs” (Pauly et al., 1988).
Overexploitation of the fishery resources of the Ca-
nary Islands has resulted in the collapse of the popula-
tion of large predators present in the area, mainly the
large species of the Serranidae and Sparidae families
(Pajuelo and Lorenzo, 1995; Tuya et al., 2005).


https://core.ac.uk/display/235697657?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

320 « R. BUSTOS et al.

One of the main serranid species present in the
waters of the Canary Islands is the island grouper
Mycteroperca fusca (Loewe, 1836). Its population
has collapsed, with a depletion of the total landing of
this species of approximately 95% over the last fifty
years, due to the heavy pressure of fishing (Tuya et
al., 2005; Bustos, 2008). No bag limits are currently
imposed on its fishery and only minimum size legis-
lation (350 mm) has been implemented.

Mycteroperca fusca is a sub-tropical species
found in the central-east Atlantic, around the is-
lands of Madeira, the Azores, the Savage Islands,
the Canary Islands and Cape Verde (Heemstra and
Randall, 1993, 1999). There is no information about
the characteristics of its life cycle. This is due to the
fact that for many years M. fusca were confused with
Mycteroperca rubra (Bloch, 1793), until Heemstra
(1991) established that the species found in the Mac-
aronesian region in Atlantic waters was M. fusca,
with the distribution of M. rubra being limited to
the west coast of Africa and Mediterranean waters
(Heemstra and Randall, 1993, 1999).

The lack of biological data of the island grouper
is particularly worrying since it is considered that
the correct management of biological resources
should be grounded in the most complete informa-
tion about the ecology of the species involved. The
aim of this paper is to estimate the age composition,
longevity, and growth rate of the population of the
island grouper by means of otolith reading, applying
some indirect age validation methods to support the
accuracy of age estimates. These results may con-
tribute to a better understanding of the ecology of
this poorly known species, and can be used to revise
the management rules applied to Mycteroperca fusca
based on the biological characteristics of M. rubra.

MATERIALS AND METHODS

A total of 214 individuals of the island grouper
were collected from commercial catches taken be-
tween January 2004 and December 2005 off Gran
Canaria and Fuerteventura (Canary Islands, north-
west Africa). Fish were caught with line at depths
of 5-150 m.

Each fish was measured to the nearest mm for
total length (Lt) and weighed to the nearest g for
body weight (Wt). All gonads were also fixed and
preserved in 4% buffered formaldehyde and subse-
quently processed, histologically. Slices of tissue

were embedded in paraffin, sectioned at 5 wm and
stained with Harris haematoxylin followed by eosin
counter stain. Sectioned and stained tissue was sub-
sequently examined under a light microscope. The
sex was determined from the histological sections.
Fish were identified as females, males or in transition
from female-to-male following Sadovy and Shapiro
(1987) and Brulé€ et al. (2003a,b).

Sagittal otoliths were removed, cleaned, and
stored dry for later age determination. In order
to determine the most adequate reading method,
whole and frontal sections of otoliths, out of a sub-
sample of 40 specimens of differing sizes between
400 and 720 millimetres, were compared using an
age bias plot and a paired #-test analysis, and the
following three section-based age categories, 11-
13, 14-16, 17+ years, were estimated by dividing
the age range by three (Campana et al., 1995; Cam-
pana, 2001). Otoliths were embedded in series in
aluminium moulds. They were laid out on a base
of black-coloured polyester resin. Frontal sections
of 3 mm otoliths were cut with a high-speed dia-
mond saw. Finally, the sections were polished by
hand using wet abrasive paper, following McCurdy
et al. (2002). The age was determined by inter-
preting growth rings on the whole and sectioned
otoliths. Annuli were counted from the core to the
rostrum on the distal face of the otoliths along the
antero-posterior axis (Panfili and Morales-Nin,
2002b; Wright et al., 2002). Each pair of otoliths
was observed and subjected to two readings by the
same observer using both pieces simultaneously.
To avoid subjectivity and to achieve independent
interpretations, each of the readings was separated
from the other by a space of three weeks, without
any details of the fish being known in advance. The
data obtained from each of the readings were re-
corded in independent files, following the nomen-
clature of the growth rings proposed by Morales-
Nin (1987) and Morales-Nin and Panfili (2002b).
To carry out the readings, a binocular magnifying
glass was used (10X). The otoliths were read using
light reflected by the concave part on the upper side
(distal face). By using this type of illumination, the
opaque rings were observed more clearly than the
rest of the otolith, and the translucent rings were
seen to be darker. Previous to these readings, dif-
ferent liquids, which included sea water, ethanol
and glycerol were used to enhance the growth rings.
Burning and staining techniques were also used to
enhance the growth rings (McCurdy et al., 2002).
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There were no effects of the quality of the prepara-
tion technique on the enhancement of the growth
ring. Therefore, water was adopted as the standard
protocol. It is not recommended that the parts be
left submerged in water for a long time since the
rings cease to be visible and readings may be erro-
neous. The marginal increment (distance from the
inner margin of the outermost translucent ring and
the periphery of each otolith, MI) was measured on
whole otoliths.

To determine the periodicity of the growth rings,
the proportion of opaque and translucent margins
was calculated on a monthly basis (Morales-Nin
and Panfili, 2002a). The outer ring was considered
to be either opaque or translucent only when the en-
tire edge showed this characteristic. To validate the
periodicity in the increment formation at each age
class, the marginal increment analysis was estimated
(Panfili and Morales-Nin, 2002a). Marginal incre-
ment analyses should be standardised for age because
younger fish grow faster than older ones. However,
age classes above 10 years were poorly represented
and the width of the marginal increments was only
modelled for individuals aged 10 years and below.

Estimates of ageing precision were determined
using two methods: the index of average percentage
error (Beamish and Fournier, 1981) and the coeffi-
cient of variation (Chang, 1982).

Individual ages were corrected by the birthdate (1
July), corresponding to the mid-point of the spawn-
ing period (Bustos, 2008), the main periods of sea-
sonal increment formation and the nature of the oto-
lith edge, and took into account the date of capture
(Morales-Nin and Panfili, 2002b). The difference
between the date of capture and the birth date helps
the reader to estimate the annual fraction elapsed
since the last birthdate, and the annual fraction is
added to the number of complete hyaline zones read
in the otoliths to avoid any potential bias in growth
estimates due to the differences in sampling date
(Gordoa and Moli, 1997). The Kolmogorov-Smir-
nov non-parametric Z-test was used to analyse the
differences in the range of male and female sizes
(Sokal and Rohlf, 1995).

Length-at-age was described by the von Berta-
lanffy growth model (Ricker, 1975),

L=L,(1-e*i-1),

the model of four parameters, according to Schnute
(1981),
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where A, is the lowest age in the sample; A, is the
highest age in the sample; 7, is the age at zero length;
L, is the length-at-age t; L is the predicted asymp-
totic length; y is the estimated mean length of A,
year old fish; y, is the estimated mean length of A,
year old fish; C is the amplitude of the fluctuation in
seasonal growth; 7_is the addition of the point of the
minimum growth (WP) + 0.5; a and b are parameters
estimated by the models; and k is the Brody growth
constant. A non-linear method of Levenberg-Mard-
quart’s algorithm was used to estimate the growth
parameters. Temperature data provided by the
satellite reception station, SESAP (Gran Canaria),
were used to relate formation of growth rings to sea
surface temperature. Hotelling’s T2 test was used
to compare growth parameters between males and
females (Bernard, 1981).

RESULTS

The lowest values of the monthly mean width of the
marginal increment were recorded in January-Febru-
ary with an increasing trend throughout the year (Fig.
1). Thus, irrespective of the number of translucent
rings in the otoliths, one mode was observed during a
12-month period. Therefore, it was assumed that each
translucent ring represented an annulus, with a year’s
growth represented by an opaque ring and its adjacent
translucent one. One growth increment consisting of
one opaque and one translucent ring was formed on
an annual basis, with the opaque ring being deposited
mainly between May and October (Fig. 2). There was
no apparent time lag from the start of the increase in
seawater temperature and the beginning of formation
of the opaque ring. The formation of the translucent
rings coincided with the decrease in surface seawater
temperature (Fig. 2).

The shape of the sagittal otolith was oblong. An-
nuli were clearly differentiated under reflected light
on a black background with the opaque rings milky
in appearance and the translucent rings relatively
transparent (Figs. 3, 4).
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FiG. 1. — Mean monthly width of the marginal increment from

otoliths of Mycteroperca fusca for specimens of 2-4 years (circle;

n=50), 5-7 years (solid circle; n=63), and 7-10 years (squares; n=33)

off the Canary Islands. Each error bar represents the standard devia-
tion. Age 11+ fish were not used.

Whole otoliths and sectioned counts were com-
pared using a paired #-test for the following age cat-
egories: 11-13 (n=14), 14-16 (n=15), 17-20 (n=11).
The values of the matched pair #-test revealed that
there were no significant differences between the

Dorsal

100 27

Opaque edge (%)
Temperature °C

Month

F1G. 2. — Monthly proportion of opaque edge (circle) observed in
whole otoliths of Mycteroperca fusca off the Canary Islands, and
mean monthly variation of the sea surface temperature (squares).
The arrows represent the months of annual opaque ring formation.

ages as determined by whole otoliths or sections
across all the age groups section-based (p>0.01).
Age bias plots of ages estimated from whole otoliths
compared to ages estimated from sections revealed
no discrepancy between the two methods (Fig. 5), so
the age was estimated from whole otoliths.

Out of 214 otoliths examined, only 26 (12.15%)
were discarded because they were unreadable, bro-

Anterior

Ventral

A

Posterior

F1G. 3. — Sagittal otoliths of Mycteroperca fusca off the Canary Islands. A, a 2-year-old specimen (272 mm); B, a 3-year-old specimen (317
mm); and C, a 10-year-old specimen (521 mm). M/ is the width of the marginal increment measured. Annuli are represented at the outer
margin of the translucent bands.
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F1G. 4. — Sagittal otoliths of Mycteroperca fusca off the Canary Islands. A, Frontal section oriented in the antero-posterior axis of the otolith
of 10-years-old specimen (521 mm); B, frontal section oriented in the antero-posterior axis of the otolith of 12-year-old specimen (567 mm).
Annuli are represented at the outer margin of the translucent bands.
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F1G. 5. — Age bias plot for ageing whole otoliths and sectioned oto-

liths of Mycteroperca fusca. Each error bar represents the standard

deviation and circle the mean value. The 1:1 equivalence (solid line)
is also indicated.

ken or provided different age estimates across read-
ings. Overall, 35 males between 332 mm and 720
mm and 153 females between 229 mm and 710 mm
were aged. The range of length differed significantly
(Kolmogorov-Smirnov non-parametric test, Z=5.34,

p<0.0001) between males and females. The values
of the index of average percentage error IAPE=5.1
and the coefficient of variation CV=5.9%, p>0.05
were both low, indicating the goodness of the ageing
procedure adopted and a reasonable level of consist-
ency (or reproducibility) between readings.

Up to twenty marks, assumed to be annuli, were
visible in the otoliths sampled. Two- to nine-year-
old fish were the dominant age classes and only
22% of fish were ten years old or older (Table 1).
Over 28% of the growth was achieved by the second
year. In the fourth year of life, the fish attained a
length approximately half of the maximum length
observed. Age estimates ranged between 2 and 20
years for females and 3 and 20 years for males.
Significant differences were found between males
(10.31 year) and females (7.07 years) in mean age
(t-test, t=3.97>1 o5 146=1.96).

The three growth models provided a good fit to
the data (Fig. 6, Table 2). The computed value of
0.042 for the winter point of the seasonalised von
Bertalanffy model indicated that the lowest growth

SCI. MAR., 73(2), June 2009, 319-328. ISSN 0214-8358 doi: 10.3989/scimar.2009.73n2319



324 « R. BUSTOS et al.

TaBLE 1. — Age-length key of Mycteroperca fusca off the Canary Islands; x is the mean length; n, the number of fish by age class; and sd the
standard deviation. Total length classes are in 20 mm intervals.

TL (mm)
2 3 4 5 6 7 8 9

Age group (year)
10 11 12

13 14 15 16 17 18 19 20

220
240
260
280
300
320
340
360 13 9
380 2
400 4
420 4 1
440 3 7
460 2
480

500 3
520
540
560
580
600
620
640
660
680
700
720

RS R SR
LW W

w3 W

—

X 262 313 352 379 410 442 464 489 518 540 574

n 9 11 30 32 21 10 15 12
sd 20 18 13 9 13 9 14 11

—

6
9

._.
D — N —
—_
—_DN =
[\

588 608 628 644 642 659 676 707
4 6 4 6 4 5 4 4 3 2
16 23 24 22 22 11 26 37 44 33

800

von Bertalanffy

700 4 o Observed

von Bertalanffy seasonal

600 - Schnute

o

o

o
L

Total length (mm)
ES
o
o

0 T T T T T T T T T T

0 2 4 6 8 10 12 14 16 18 20 22
Age (years)

FiG. 6. — Observed total length-at-age and relationship of age to

total length predicted from von Bertalanffy growth model, Schnute

growth model, and seasonalised von Bertalanffy growth model
(n=188) for Mycteroperca fusca off the Canary Islands.

rate occurs about six months after the date of birth,
meaning that the growth is reduced in winter. No
significant difference was found between the von
Bertalanffy models and the Schnute model (Like-
lihood ratio test; F<F 052.184)- Therefore, the von
Bertalanffy growth model was chosen, since the
model is more solid from the statistical perspective,
describing growth in the simplest way, using fewer
parameters, and allowing ease of comparison be-

TABLE 2. — Parameter estimates for the von Bertalanffy growth

model (VB), the Schnute growth model (S), and the seasonalised

von Bertalanffy growth model (SVB) for all fish of Mycteroperca
fusca off the Canary Islands.

Parameter Value Standart error
VB (r>=0.976)

L, (mm) 898 35.99
k (years™) 0.062 0.006
t, (years) -3.83 0.343
S (r2=0.970)

y, (mm) 262

y, (mm) 707

A 0.008 0.017
b 1.98 0.311
SVB (2=0.976)

L, (mm) 908 34.73
k (years™) 0.061 0.005
t. (years) -3.83 0.318
¢ 2.58 0.439
t 0.542 0.024

s

tween growth studies conducted on other Myctero-
perca species.

Table 3 shows the results of the growth param-
eters obtained for males and females and all the
specimens by fitting the growth equation of von
Bertalanffy to the size-age data estimated by direct
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TaBLE 3. — Von Bertalanffy growth parameters for males, females
and all fish of Mycteroperca fusca off the Canary Islands.

L, (mm) k(years!) t,(years) n 12
Males 952 0.053 =5.11 35 0.915
Females 888 0.063 -3.73 153 0.977
Total 898 0.062 -3.83 188 0.976

reading of the otoliths. The growth curves for males
and females show significant differences (7> Hotel-
ling-test, T72=12.43>T 2 ;s 5 15,=7-86).

DISCUSSION

The estimation of age in serranids is often com-
plicated due to the narrow fit between the growth
rings towards the edge of the otolith, especially in
older specimens (Harris and Collins, 2000; Manick-
chand-Heileman and Phillip, 2000). On occasions,
the estimation of age is made more difficult due to
the thickness of the otoliths, making it necessary to
carry out sections of the otoliths. In the case of the
island grouper, the narrowness of the otoliths allows
us to carry out a correct reading of age without the
need for sectioning. The values of the index of aver-
age percentage of error and of the coefficient variant
suggest that the levels of precision obtained are in
line with the reference values as indicated by Cam-
pana (2001).

Each year, an opaque ring and a translucent ring
are formed, allowing the age to be defined with rela-
tive ease. The formation of a sole translucent and
opaque ring per year has been detected across all the
studies carried out on species of this genus (Collins
etal., 1987, 1996; Hood and Schlieder, 1992; Harris
and Collins, 2000).

The translucent and opaque rings are each totally
deposited on the otoliths of the grouper in winter and
summer months, respectively. The opaque ring is to-
tally formed when the temperature of the water reach-
es its highest levels (24-26°C), whereas the translu-
cent ring is totally formed when the temperature of
the water is lower (18°C). Manickchand-Heileman
and Phillip (2000) and Diaz-Uribe et al. (2001) indi-
cate that a seasonal difference of 2-6°C is sufficient
to cause the formation of these growth rings. This
pattern of opaque ring formation is characterised
by being broad-ranging in time and taking place in
the summer months, coincident with the pattern de-
scribed by Matheson et al. (1986) for Mycteroperca

GROWTH OF THE ISLAND GROUPER - 325

phenax, Hood and Schlieder (1992) and Harris and
Collins (2000) for Mycteroperca microlepis, Bullock
and Murphy (1994) and Diaz-Uribe et al. (2001) for
Mycteroperca rosacea, and Manickchand-Heileman
and Phillip (2000) for Mycteroperca intertitialis.
The data available suggest that the increase in wa-
ter temperature causes the formation of the opaque
ring. The same close link between water temperature
and the forming of opaque rings has been found for
other species of the same genus, such as M. rosacea
(Diaz-Uribe et al., 2001). Moreover, Beckman and
Wilson (1995) found that for most species distrib-
uted over lower latitudes, the period of formation of
opaque rings essentially coincided basically with the
summer months. Although these cycles of growth
in the Serranids may be related to physiological
changes linked to temperature, food regimen and
the reproductive cycle (Moe, 1969), in this study,
the formation of the opaque ring during the period
immediately subsequent to the reproduction (Febru-
ary-May) of the species (Bustos, 2008)—coinciding
with what occurs in other species of the genus, such
as M. phenax (Matheson et al., 1986), M. microlepis
(Hood and Schlieder, 1992), Mycteroperca bonaci
(Crabtree and Bullock, 1998) and M. interstitialis
(Manickchand-Heileman and Phillip, 2000)—would
suggest that the formation of rings is associated in
these species with changes in the environment rather
than being linked to the reproduction process. How-
ever, on some occasions the determination of the
opaque ring was very difficult because little varia-
tion was observed in the environmental conditions
(Matheson et al., 1986; Hood and Schlieder, 1992)
The oldest fish found in this study was 20 years
old. The maximum age observed was very similar to
that found by Matheson et al. (1986) and Manooch
(1987) for Mycteropera phenax along the waters of
the Atlantic coastline of the USA, where specimens
of up to 21 or 17 years were found, respectively. It
also coincides with the findings described by Col-
lins et al. (1987) and Diaz-Uribe ef al. (2001) for M.
microlepis and M. Rosacea, in which specimens of
22 years of age and slightly more were registered,
and with the findings described by Manooch (1987)
in the case of M. bonaci (14 years), M. microlepis
(16 years) and M. venenosa (15 years), in the waters
of Florida. However, the maximum age observed
differs substantially from that found for Myctero-
perca olfax (7 years) in the waters of the Galapagos
Islands (Rodriguez, 1984), M. bonaci (33 years) in
the waters of Florida (Crabtree and Bullock, 1998),
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M. microlepis (28 years) in the waters of Southern
USA (Harris and Collins, 2000), M. rubra (30 years
old) in waters off Brasil (Paiva er al., 2004) and M.
interstitialis (28 and 41 years old) in the waters of
the Gulf of Mexico (Bullock and Murphy, 1994) and
Trinidad and Tobago (Manickchand-Heileman and
Phillip, 2000). The differences found in these areas
between the same species or species of the same
genus, especially in the island populations, may be
attributed to differences in environmental conditions
(upwelling), to differences in the reading method
used (whole or sectioned otoliths), or to differences
in levels of exploitation. Related to this, the popula-
tions under high levels of exploitation show changes
in growth and in the reproductive pattern (Gulland,
1983), as well as the depletion of the oldest age
classes, causing an underestimation of the longevity.
In general, the species of the genus Mycteroperca
are characteristically long-lived and show slow
growth (Hood and Schlieder, 1992; Manickchand-
Heileman and Phillip, 2000; Diaz-Uribe et al., 2001;
Paiva et al., 2004). Age 0 to age 1 specimens were
largely unavailable in our sampling effort owing to
minimum size limits applied to the fishery. The very
low number of individuals of age higher than ten
years old in the sample population probably results
from their removal from the population through both
fishing and natural mortality.

The three models of growth explain over 97% of
the growth pattern, as shown by the determination
coefficients for each curve. The use of the von Berta-
lanffy model has been criticised on various accounts
(Booth, 1997), such as the use of parameters of
scarce biological significance (Schnute, 1981), or the
absence of parameters which bear in mind seasonal
variations in the growth rate (Pauly, 1980; Moreau,
1987). Nevertheless, von Bertalanffy’s model was
chosen for a more exhaustive study of the growth
of the grouper, since it affords a simple model with
a smaller number of parameters than other models,
but allows comparison between species and groups
of species.

The island grouper is a slow-growing species,
especially as compared with its relative species,
Mycteroperca bonaci (0.16 years™', Manooch, 1987),
M. olfax (0.181 years™', Rodriguez, 1984), M. mic-
rolepis (0.12-0.16 years'!, Manooch and Haimovici,
1978; Manooch, 1987; Hood and Schlieder, 1992),
M. phenax (0.091 years™!, Manooch, 1987; Matheson
et al., 1986), M. tigris (0.11 years™'; Garcia-Arteaga
et al., 1999), M. rubra (0.106 years’!, Paiva et al.,

2004) and M. rosacea (0.092 years'!, Diaz-Uribe et
al., 2001). The value of the estimated growth rate in
this study is very similar to that given for M. intersti-
tialis by Manickchand-Heileman and Phillip (2000)
in Trinidad and Tobago (0.057 years™'). This low
growth pattern, common to all species of the genus
Moycteroperca, is characteristic of species with the
highest trophic level and a long life cycle (Matheson
et al., 1986; Hood and Schlieder, 1992; Bullock and
Murphy, 1994; Paiva et al., 2004).

In general, the 7, values obtained in this, and
all the other studies carried out on this genus, are
negative. Related to this, the negative values of t, are
frequent between species with rapid growth in their
first phases of life and slow growth later (Craig et
al., 1997). The growth among the species of the ge-
nus Myteroperca tends to be faster in the first stages
of life, slowing down considerably later (Bullock
and Murphy, 1994; Manickchand-Heileman and
Phillip, 2000; Strelcheck et al., 2003). The growth
rate of 0.24-1.24 mm/day during the juvenile phase
of M. Microlepis allows it to increase some 80 mm
in size in just 70 days (Strelcheck et al., 2003), and
M. interstitialis increases by up to 200 mm/year in
the first few years of life in the waters of Mexico,
with a marked later reduction to 25 mm/year for the
ages between 2 and 5 years (Bullock and Murphy,
1994). All this shows that von Bertalanffy’s model
does not describe the growth of the species of the
Mycteroperca genus properly for the first few years
of life.

The difference in the growth of males and females
is a characteristic of hermaphrodite species (Manick-
chand-Heileman and Phillip, 2000). Alekseev (1983)
indicates that the difference in sizes between males
and females of the same age cannot be considered
as evidence of the difference in growth rates, since
both represent the same specimen in different phases
of sexual progression. Bullock and Murphy (1994),
however, indicate that the oldest females in each age
group are those that reverse to males.

The characteristics of the growth and reproduc-
tive aspects (Bustos, 2008) of Mycteroperca fusca
make it highly susceptible to overfishing. In order
to achieve the right management and recovery of its
populations it is necessary to analyse and determine
the characteristics of its habitat, and its possible
alteration due to anthropic factors, the distribution
and the movement of the age groups, and the exist-
ence of possible processes of aggregation during the
spawning period, as is the case with other species of
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the genus (White et al., 2002; Claro and Lindeman,
2003; Tuz-Sulub et al., 2006). It is also necessary to
evaluate how fishing activity affects these aggrega-
tion processes, which, in other species, makes them
especially vulnerable (Sadovy, 1997).
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