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Abstract.

We investigated the reproductive parameters of a dusky grouper Epinephelus marginatus population at the

southern limit of its distribution in the south-western Atlantic. The analysed specimens were captured between January
2008 and April 2011 at Carpinteiro Bank (CB) (32°16'S; 051°47'W), a seamount located at the 20 m isobath ~ 16 nautical
miles from the coast. The gonads of a total of 201 individuals (184 females, 16 males and 1 individual in sexual transition)
with a total length (TL, mm) between 278 and 1160 mm were analysed microscopically. Histological analyses of the
gonads suggested that the species is a partial spawner with a long spawning period (between November and March) and
with a reproductive peak between November and January. The average female length at first maturity (L50) was 496
(TL, mm). We also observed partially spawned ovaries and partially spawned testes, which indicated reproductive activity,
and we noted the presence of hyalinised follicles. These findings reveal that CB is the southernmost portion of the south-
western Atlantic in which the dusky grouper reproduces. Additionally, an inshore-offshore comparison suggested that
deeper (>20m) rocky bottoms, such as the studied seamount, constitute higher quality habitats for this species when

compared with littoral (<5 m) rocky reefs.
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Introduction

The groupers (Family: Epinephelidae) are represented by
several species of great importance in marine ecosystems and
play a fundamental role in maintaining the trophic chain and its
equilibrium because they often act as top predators in their
ecosystems (Parrish 1987; Refiones et al. 2002). The different
grouper species exhibit K-strategist species characteristics such
as a complex reproductive mode, late sexual maturity and a slow
growth rate (Manooch 1987). These characteristics, along with
the large commercial value of groupers throughout their
range of occurrence (Heemstra and Randall 1993), make these
species vulnerable to overfishing (Huntsman et al. 1999;
Coleman et al. 2000).

The dusky grouper Epinephelus marginatus (Lowe, 1834) is
a monoandric protogynous hermaphroditic species (Marino
et al. 2001) that belongs to the Epinephelidae family. This
species has a wide distribution, occurring in the Mediterranean
Sea and along both coasts of the Atlantic Ocean; in the Indian
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Ocean, it is found along the southern and south-eastern coasts of
Africa (Fennessy 2006). On the western coast of the Atlantic
Ocean, the dusky grouper has been recorded from Rio de Janeiro
to the Patagonia region of Argentina (Figueiredo and Menezes
1980; Irigoyen et al. 2005), whereas on the eastern coast, this
species occurs from the British Isles to South Africa (Heemstra
and Randall 1993). The groupers live on rocky bottoms at a
depth of up to 250m, although they are present in higher
densities at depths of up to 50 m (Bruslé 1985; Heemstra and
Randall 1993; Harmelin and Harmelin-Vivien 1999). Similar
to other species of the Epinephelidae, the dusky grouper is
considered ‘endangered’ (EN a2d) by the International Union
for Conservation of Nature (Cornish and Harmelin-Vivien
2004) because of its complex life strategy and increases
in fishing pressure.

Thus, because of the precarious conservation status of the
species, many countries have developed greater interest in
studying the ecology of the dusky grouper in recent years with
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the aim of establishing fishing management measures (Marino
et al. 2001; Fennessy 2006; Refones et al. 2010), commercial
captive breeding (Marino et al. 2003; Sanches et al. 2007;
Cunha et al. 2009) and population restocking in degraded areas
(La Mesa et al. 2008;). The dusky grouper population in the
Mediterranean Sea, in particular, has been intensively studied
with regard to trophic ecology (Refiones ez al. 2002; Linde et al.
2004; Lopez and Orvay 2005), age structure and growth
(Chauvet 1988; Kara and Derbal 1995; Bouchereau et al.
1999; Refones et al. 2007). Researchers have shown particular
interest in studies of reproductive biology, which are considered
very important because they provide information that is crucial
for the conservation of this species. This information includes
the location of spawning aggregations (Zabala et al. 1997a),
the length of the spawning period (Kara and Derbal 1999;
Marino et al. 2001; Refiones et al. 2010), the length of females
at first maturity and the record of individuals undergoing
sexual transition (Marino et al. 2001; Refones ef al. 2010).
However, studies of the dusky grouper in the Atlantic Ocean are
scarce (Machado er al. 2003; Machado er al. 2008), and
only a few studies have been undertaken to examine the
reproductive biology of this species (Andrade et al. 2003;
Seyboth et al. 2011).

The only published study on dusky grouper reproductive
biology in the extreme south-western Atlantic (above 30°S) was
performed by Seyboth ef al. (2011) at the rocky jetties locally
known as ‘Molhes da Barra de Rio Grande’ (32°09'S, 52°05'W).
By means of microscopic analysis of the gonads, these authors
observed that the individuals occurring in this location are either
immature females or in sexual resting, leading to the conclusion
that this coastal habitat (depth <5 m) functions as a growth and
feeding area (Condini er al. 2011). Seyboth et al. (2011)
speculated that, in the extreme south of Brazil, this species
would reproduce in deeper rocky bottoms (>15m) along the
coast. Many fish species exhibit a depth-related habitat shift
as they become larger and older (Helfman et al. 2009). The
juvenile groupers tend to occur more frequently in nearshore
habitats compared with the adults, and larger adults tend
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to occupy deeper water compared with smaller adults
(Thompson and Munro 1978; Sluka et al. 2001). For example,
serranid species use mangrove systems as growing sites for
their juveniles; after sexual maturation, they move to coral
reefs where they reproduce (Frias-Torres 2006; Craig et al.
2011). However, this reproductive migration pattern is much
less understood in subtropical latitudes of the south-western
Atlantic, where mangroves and coral reefs are absent. In such
latitudes (32°S), offshore banks ~ 10 to 30 nautical miles off the
coast at depths between 15 and 50 m (Cardoso and Haimovici
2011) could be potential deeper water habitats for grouper
reproduction. These banks are submersed reefs formed by beach
rocks and superficially colonised by bryozoans, sponges, crus-
taceans and polychaetes (Buchmann e a/. 2001). In the present
study, we evaluated the hypothesis that an offshore bank located
~16 nautical miles off the coast (32°16'S, 051°47"W) constitu-
tes a suitable habitat for dusky grouper reproduction in the
extreme south-western Atlantic.

Materials and methods

Specimens of the dusky grouper Epinephelus marginatus were
captured at Carpinteiro Bank (CB) (32°16'S, 051°47'W), which
is composed of beach rocks with a high level of cementation by
recrystallised calcium carbonate. The CB is located at the 20 m
isobath, ~16 nautical miles from the coastal region (Buchmann
et al. 2001; Abreu and Calliari 2005) (Fig. 1).

The studied individuals were obtained between January 2008
and April 2011 at the CB (Fig. 1) by local commercial fishers
using hand lines. In the laboratory, the total length (TL) in
millimetres (mm) and the total weight (TW) in grams (g) of each
specimen were measured. After a ventral incision, the liver and
gonads were extracted from the specimens. The weights of the
liver and gonads (in g) were recorded. Subsequently, the gonads
were fixed in 10% formalin.

The gonads were processed manually, dehydrated in a series
of increasing alcohol concentrations, diaphanised in xylol,
impregnated and embedded in Paraplast Xtra (Sigma —
P3808). Pieces that were 5 um in width were sectioned using
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Fig. 1. Patos Lagoon (10 360 km?) and its estuarine zone in southern Brazil (@), showing the location of the Carpinteiro Bank in the adjacent sea area (b)
and a 3D graphic representation of its topography (c). The lines along the coast represent the isobaths of 10, 15 and 20 m.



Reproductive biology of Epinephelus marginatus

a rotational microtome and subsequently stained with
hematoxylin-eosin (HE). Histological analysis enabled the
determination of gonadal development on the basis of a scale
proposed by Marino et al. (2001) that was adapted for
the present study (Table 1). Using this classification, we
considered females with gonads in stages F2 to F5 and all males
to be ‘adults’ (Table 1).

The following features were used to determine the develop-
mental stage of the ovaries: the development of ovarian follicles,
occurrence of empty follicles and follicular atresia and the
quantity of stroma in the lamellae (Oliveira and Favaro 2011).
For the individuals undergoing sexual transition, the tissue
organisation and the degree of development of the ovarian and
testicular gonadal tissues were analysed (Hastings 1981; Sadovy
and Shapiro 1987; Webb and Kingsford 1992). An analysis of
testicular development was performed considering the
presence or absence and the quantity of the different types of
male germline cells (Gomes and Aratjo 2004). To evaluate the
potential seasonality of spawning, we plotted the monthly
frequencies of occurrence of each gonadal stage for both sexes.

The reproductive cycle was determined from the percentage
frequency distribution of the gonadal development stages,
as obtained from the histological analysis, and from the tempo-
ral trends in the monthly gonadosomatic index (GSI = (GoW/
TW — GoW) x 100), where TW is the total weight (g) of the
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individual and GoW is the weight of the gonad (g). Because the
GSI data did not show a normal distribution or homosced-
asticity, temporal differences in the mean values of these indices
were evaluated using the non-parametric Kruskal-Wallis test
followed by the Mann—Whitney post-hoc test (Sokal and Rohlf
1995). Only the adult (mature) individuals were used to deter-
mine the spawning period of the dusky grouper. The difference
in average TL between males and females was examined using
a t-test and corroborated by the Kolmogorov—Smirnov non-
parametric test (Sokal and Rohlf 1995).

The length at first maturity (L50) corresponds to the length
class in which 50% of the individuals are sexually mature. In the
present study, the L50 was determined for the females and was
estimated from a curve that relates the relative frequency of
adult individuals to the midpoint of the length classes. The
following equation was used to fit the curve: Fr=1— (exp —
alty,), where (Fr) is the relative frequency of adult individuals,
(exp) refers to the natural logarithm base, ‘a’ and ‘b’ are
coefficients estimated by a least-squares linear regression of
the transformed variables and (Lt) is the midpoint of the total
length classes (King 1995).

To estimate the sex ratio between males and females as well
as between males and adult females only, Pearson’s Chi-square
test was used (2=0.05) (Sokal and Rohlf 1995) with an
expected proportion of 1: 1.

Table 1. Microscopic description of the developmental stages of the ovaries and testes of the dusky grouper (Epinephelus marginatus) in the south-
western Atlantic and average values of the gonadosomatic (GSI) and hepatosomatic (HSI) indices for the different gonad stages (£s.e.)

Sex Stages Histological description

Females Immature (F1)

Ovary with small ovigerous lamellae positioned close together, filled with oogonia and pre-vitellogenic ovarian

follicles, characterized by the absence of cytoplasmic inclusions (cytoplasmic vesicles and yolk granules).

GSI=0.07 (0.006); HSI = 1.28 (0.044).
Ovigerous lamellae containing pre-vitellogenic ovarian follicles and ovarian follicles in vitellogenesis. Earlier

Developing (F2)

in this stage, vitellogenic follicles occur in cytoplasmic vesicles in the oocyte. As the ovary develops, oocytes
containing yolk granules are noted in the cytoplasm, increasing in number until the next phase is reached.

GSI=0.51(0.054); HSI =1.73 (0.238).
The ovary exhibits pre-vitellogenic ovarian follicles associated with ovarian follicles in vitellogenesis. Oocytes

Mature (F3)

with yolk granule-filled cytoplasm predominate at this stage, although oocytes containing cytoplasmic vesicles
and follicles in atresia are also observed to a lesser extent. Subsequently, spawning hydrated oocytes can
be observed. GSI =5.96 (0.658); HSI = 1.87 (0.244).

Partially spawned (F4)

Ovaries with pre-vitellogenic follicles are observed, and at different stages of vitellogenesis, the ovaries

are associated with empty follicles. This stage indicates reproductive activity and spawning. GSI =2.54 (0.569);

HSI=1.93 (0.329).
Resting (F5)

Ovigerous folds with a large amount of connective tissue are associated with muscle bundles with few vitellogenic

oocytes among many atretic vitellogenic follicles. Enlarged blood vessels are present. Primary germ cells, oogonia
and small oocytes in the previtellogenic stage and nuclear chromatin in the perinucleolar stage are often located
on the periphery of the folds of the ovary. GSI=0.12 (0.013); HSI=1.56 (0.057).

Transitional Sexual transition
still displays the ovarian lumen.

Males Maturing (M1)

Ovarian tissue is associated with testicular tissue. At this stage of the life cycle, the forming male gonad

Testicular lobes exhibit different male cell types (spermatogonia, spermatocytes and spermatids), and sperm

are occasionally present. GSI =0.27; HSI = 1.64.

Mature (M2)

The testes presents lobes that are predominantly filled with testicular spermatozoa.

Partially spawned (M3) The testes that were previously filled by sperm have now become partially emptied, demonstrating
the elimination of some of the contents. The average value of GSI is similar to that observed during
the maturation stage; however, the constitution and structure of the cell lobes are different. GSI=0.32 (0.043);

HSI=1.34 (0.091).
Spent (M4)

The depleted testes have lobes with emptied spaces and tissue evident. There is low spermatogenic activity

and an abundance of spermatogonia. GSI=0.15 (0.008); HSI =1.26 (0.065).
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Size frequency distributions (total length (TL), mm) of immature females, mature females,

individuals in sexual transition and males of the dusky grouper (Epinephelus marginatus) obtained at
the Carpinteiro Bank (CB) in southern Brazil. n=201.

Results

Histological analysis of the gonads revealed that among the 201
individuals analysed, 184 were females, 16 were males and
1 was in sexual transition. On average, males were significantly
larger (878.2mm TL) than females (517.2mm TL) (#-test:
P <0.001). Females ranged from 278 to 933 mm TL, with
adult females being significantly larger (617.5mm TL, n = 106)
than immature females (383.5mm TL, n=78) (t-test:
P <0.001) (Fig. 2).

The sex ratio (male : female) in the sampled population was
1:11.5, which is significantly different from parity (Pearson’s
X° test: n=200, x> =1811500, df=11, P<0.0001). When
only adult females were considered, this ratio decreased by
approximately halfto 1 : 6.6, which is still significantly different
from parity (Pearson’s x* test: n= 122, x> = 7940500, df =11,
P <0.0001).

An examination of the female gonads revealed five ovarian
stages: immature (F1), developing (F2), mature (F3), partially
spawned (F4) and resting (F5) (Fig. 3). Immature females were
characterised by small ovaries containing only oogonia and
pre-vitellogenic ovarian follicles. The appearance of ovarian
follicles showing cytoplasmic vesicles and/or yolk granules
characterised the ovaries in development (F2), whereas a pre-
dominance of oocytes with yolk granules and/or hyalinised
oocytes indicated mature ovaries (F3). The partially spawned
stage (F4) was characterised by post-ovulatory follicles associ-
ated with vitellogenic follicles in different stages. After the
spawning period, ovaries were found with disorganised oviger-
ous lamellae containing few vitellogenesis follicles but large
amounts of pre-vitellogenic follicles and connective tissue,
which together characterised stage F5. The occurrence of empty
and post-ovulatory follicles suggests that the dusky grouper

utilised the studied area for its reproduction. In contrast, an
examination of the male gonads revealed four testicular
stages: maturing (M1), mature (M2), partially spawned (M3)
and spent (M4) (Fig. 4). Maturing (M1) (Fig. 4a) testes were
characterised by several different groups of male germ cells
(spermatogonia, spermatocytes and spermatids) in develop-
ment, with occasional occurrence of sperm. Mature testes
(M2) (Fig. 4b) were predominantly filled with sperm. At M3,
the testes were partially filled, suggesting emptying of sperm
during reproduction. Depleted testes were observed at stage M4
(Fig. 4¢), which was characterised by seminiferous tubules with
emptied spaces and the presence of spermatogonia. The gonad
of the individual in sexual transition contained male germ cells
and ovarian lumen.

Monthly frequencies of occurrence of gonads at different
developmental stages indicated that developing ovaries began to
occur in June, whereas maturing testes (M1) began to appear
only in July. Spring, the period in which no male individuals
were captured, was the season in which the highest frequency of
females with mature ovaries was observed, whereas females
with partially spawned gonads and males with partially spawned
gonads were observed in greater abundances in the summer.
Additionally, immature females and females with post-spawning
gonads (the resting stage) were found in large numbers
throughout the study period (Fig. 5).

The analysis of the mean monthly GSI corroborated the
results of the distribution of gonadal stages (Fig. 6). The females
showed statistically significant differences (K-W, P <<0.05)
among the mean monthly GSI values during the study period,
with smaller mean GSI values during the autumn and winter
months, peaking between November and January (Fig. 6).
The males presented the same pattern as that observed for the
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Fig.3. Histological sections of hematoxylin-eosin (HE) stained ovaries of the dusky grouper (Epinephelus marginatus). (a) — Immature ovary
containing ovigerous lamellae filled with previtellogenic ovarian follicles. (b) — Developing ovary, characterised by the presence of vitellogenic
ovarian follicles (arrow) along with previtellogenic ovaries. (¢) and (d) — Mature ovaries, with a predominance of ovarian follicles filled with
yolk grains associated with the previtellogenic follicles (arrows). (e) — Partially spawned ovary, characterised by the presence of previtellogenic
and vitellogenic follicles as well as an empty follicle (arrow). The star indicates a follicle undergoing hyalinisation. () — Recovered ovary, with
previtellogenic ovarian follicles surrounded by a large quantity of connective tissue associated with muscle bundles (arrow) in the interior of the

ovigerous lamellae.

females, with smaller GSI values in autumn and winter (Fig. 6).
The largest individual GSI values were 7.79% for females and
0.57% for males. Thus, based on the histological analysis, it was
possible to infer the monthly frequencies of occurrence of
gonads at different developmental stages and the average
seasonal GSIs. Additionally, it was possible to infer that the
spawning period of E. marginatus occurs in late spring and

summer, periods in which the frequency of individuals with
mature and partially spawned gonads is highest.

In the present study, the estimated length at first matu-
ration (L50) for females was 496 mm TL (Fig. 7). It was not
possible to estimate the average length at sexual transition
for the dusky grouper because of the low number of males in
the sample.
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Fig. 4. Histological sections of hematoxylin-eosin (HE) stained testes of
the dusky grouper (Epinephelus marginatus). (a) — Developing testis,
characterised by the presence of different types of male germline cells.
(b) — Mature testicle with the seminiferous tubules filled mainly by
spermatozoids. (c) — Partially spawned testicle characterised by half-empty
seminiferous tubules, showing a decrease in spermatozoids.

Discussion
Sexual pattern

The sex ratio (male : female) observed in the present study for
the dusky grouper (1:6.6) was similar to that observed by
Zabala et al. (1997b) and Refiones et al. (2010) (1:7.0 and
1:7.4, respectively) for two populations examined in Spain, and
it was also similar to that reported by Fennessy (2006) in the
African south-east (1:5.5). According to Coleman ez al. (1996),
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species that use spawning aggregations are more susceptible to
fishing activities and show an increase in the number of females
compared with the number of males because fishing tends to
capture larger individuals; therefore, males are removed first.
However, both the studies performed by Zabala et al. (1997a,
1997bh), which were conducted in a marine protected area
(MPA), and the study by Refiones ef al. (2010), who evaluated a
population in an area that was open to fishing, showed similar
sex ratios, which disagrees at first with the hypothesis of
Coleman et al. (1996). However, the MPA studied by Zabala
et al. (1997a, 1997b) was in existence for only 13 years at the
time of the study. Considering that the dusky grouper population
in this area was overexploited before the establishment of the
MPA and that this is a long-lived species with slow growth, the
sex ratio might not have re-stabilised at the time of the study and
thus was similar to the ratios of Refiones et al. (2010).

As noted by Condini (unpubl. data), the discovery of only
one individual undergoing sexual transition in the study area
may be explained by the fact that not all of the females present in
the population undergo sex reversal (Shapiro 1987; Coleman
et al. 1996; Mackie 2003) as well as by the fast degeneration of
the ovarian tissue and the fast development of the testicular
tissue (Brulé ef al. 2003b;). The number of individuals under-
going sexual transition was also small in the studies undertaken
by Brulé ef al. (2003a, 2003b), Fennessy (2006), Bustos et al.
(2010) and Renones et al. (2010). Dusky grouper individuals
in the Atlantic Ocean have not been previously characterised
as undergoing sexual transition (see Andrade er al. 2003;
Gerhardinger ef al. 2006; Seyboth ef al. 2011).

Spawning season

Histological analysis of the gonads also indicated that the dusky
grouper at the southern limit of its distribution in the south-
western Atlantic is a partial spawner. This conclusion is cor-
roborated by the presence of partially spawned ovaries and
partially spawned testes, which has also been found in Medi-
terranean populations (Marino et al. 2001; Refiones et al. 2010).

The histological analysis of the ovaries and testes, along with
the trends displayed by the mean monthly GSIs and the frequen-
cies of occurrence of ovaries and testes at different stages of
gonadal development, demonstrate that the spawning period of
E. marginatus spans between late spring and summer, indicating
that this population has a long spawning period similar to that of
populations in the Mediterranean Sea (Marino et al. 2001;
Refones et al. 2010), the south-western Indian Ocean (Fennessy
2006) and the south-western Atlantic (Andrade et al. 2003).
According to Garvey et al. (2002), a long spawning period
ensures the recruitment of this species to areas with variable
environmental factors because it increases the survival and
growth of larvae and young-of-the-year.

In the northern hemisphere, the reproductive peak occurred
in the summer months of July and August, which is slightly later
than the early to mid-summer (i.e. December and January)
spawning peak observed during the present study in the southern
hemisphere.

Spawning aggregation behaviour of the dusky grouper in the
southern region of the south-western Atlantic, as defined by
Domeier and Colin (1997), was not observed in the present
study. However, records from the Mediterranean Sea show that
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Fig.5. Monthly frequencies of occurrence of sequential gonadal development stages in females (a) (n = 182)
and males (b) (n=16) of the dusky grouper (Epinephelus marginatus) at Carpinteiro Bank (CB) in southern
Brazil. The ovarian stages are as follows: F1, immature; F2, developing; F3, mature; F4, partially spawned; F5,
resting. The testicular stages of the males are as follows: M1, developing; M2, mature; M3, partially spawned;
M4, spent.
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(Epinephelus marginatus) females (a) and males (b) in the southern region of the south-western Atlantic.

this species forms spawning aggregations at depths of 20-30m evidence of spawning aggregations in the present study area, it
in June, July (Marino et al. 2001) and August (Zabala et al. is likely that these aggregations occur in CB because the
1997a, b). In the Mediterranean Sea, E. marginatus form histological analysis of nine individuals collected from the
harems, in which a single male is associated with many females same fish landing on 13 January 2009, showed one mature (F3)
(Zabala et al. 1997a, b). Although we did not obtain concrete female and three partially spawned (F4) females in addition to
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in the southern region of the south-western Atlantic (n =182). The sex ratio of mature females in each class
is plotted as a logistic regression, with the line indicating the total length at which 50% of the females are

mature (L50).

Table2. Minimum size (Lmin) and mean (L50) of first maturation females; number of females, males and transitional individuals; sex ratio; and TL
range of dusky grouper (Epinephelus marginatus) females and males sampled in different studies
Study Local Size at first maturation Females Males Transitionals Sex ratio Range TL Range TL
of females (cm) (n) (n) (n) M:F) females males (cm)
(cm)
Lmin L50
Karaand Derbal ~ Algerian coasts — - 57.0 - - - - XX-72.0 79.5-XX
(1999) Mediterranean
Marino et al. Southern 36.7* 43.8* 321 59 25 1:3.5 24.5-97.0*  68.5-105.0*
(2001) Mediterranean
Andrade et al. South-western 35.0 47.0 104 5 0 1:20.8**  19.7-79.5 80.0-100.2
(2003) Atlantic
Fennessy South-western 54.5 62.2 352 42 1 1:55 24.5-95.0 80.0-110.0
(2006) Indian
Refones et al. Western 38.6 49.1 346 43 10 1:7.4 6.6-100.3  58.4-105.6
(2010) Mediterranean
Seyboth et al. South-western 343 45.1 111 0 0 26.0-80.0
(2011) Atlantic
Present study South-western 39.1 49.6 184 16 1 1:6.6 27.8-93.3 51.5-116.0
Atlantic

*Marino et al. used standard length (SL) in their study.

**Sex ratio between number of males and females, disregarding the fact of the females are mature or not.

five partially spawned (M3) males. Additional large individuals
that could not be sampled were also present on the ship
(personal observation, MVC). Although the present study was
not designed to determine the existence or location of these
spawning aggregations, we understand that determining the
occurrence, location and period of this event has great impor-
tance for the conservation of this species, which is highly
vulnerable to fishing.

First maturity and sex reversal

In the present study, the female dusky grouper reached sexual
maturity at 496 mm TL, which is approximately half of the
maximum recorded length of 1200 mm (Heemstra and Randall
1993) that is characteristic of confamilial species. For example,
females of Mycteroperca microlepsis and Mycteroperca bonaci

both have L50s of 721 mm and attain maximum TLs of 1450 and
1500 mm, respectively (Brulé et al. 2003a, 20035). However,
the L50 of Mycteroperca fusca females (335 mm) is approxi-
mately half the maximum TL attained by this species (800 mm)
(Bustos et al. 2010), suggesting that the sexual maturity of
females is directly related to individual size in these species. The
L50 recorded for the females in the current study was similar to
the values observed in the Mediterranean Sea (Marino et al.
2001; Refiones et al. 2010), the south-western Atlantic along the
coast of Santa Catarina (Andrade et al. 2003) and in a coastal
area in close proximity to the region examined in the present
study (Seyboth et al. 2011). However, distinct values were
observed by Kara and Derbal (1999) in Algeria and by Fennessy
(2006) in the south-western Indian Ocean (Table 2). According
to Hunter et al. (1992), the method used to determine sex and
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gonadal stage (microscopic or macroscopic identification),
variation in sample number and variation in sample period may
all influence the estimated length at first maturity. Therefore, the
fact that Kara and Derbal (1999) used macroscopic analysis for
sexual determination may explain the difference observed
between their work and other studies.

On the basis of the studies performed by Marino et al. (2001)
and Refiones et al. (2010), it is clear that dusky grouper in the
Mediterranean Sea have shown a decrease in the magnitude of
sex reversal over the past two decades. This decrease is most
likely related to intensive fishing and overexploitation of the
large males in the area, leading to a variation in the reproductive
strategy, with sex reversal now occurring earlier in life. Previous
studies have shown that some hermaphroditic species have a
tendency to anticipate their sex reversal because of increased
natural mortality rates (Gust 2004) or in response to increased
mortality from fishing (Hawkins and Roberts 2004). In the
present study, we observed only one male with a TL (515 mm)
below the size reported in the literature (e.g. between 680 and
1100 mm TL in Bruslé and Bruslé (1975) and between 690 and
930 mm TL in Marino et al. (2001)). The absence of other males
with similar lower-than-expected sizes precluded us from asso-
ciating this finding with a possible sex reversal-dependent size
reduction in the south-western Atlantic species.

Although one male was collected with a length that was
similar to the average size of females at first maturity, no
evidence of primary males was found in the histological analy-
ses. That is, all the observed males originated from females
and are therefore secondary males. These observations
suggest that sex change is related to the social behaviour of this
population, as observed for other grouper species (Shapiro 1987;
Coleman et al. 1996; Mackie 2003).

Comparison between deep and coastal habitats in the
southern region of the south-western Atlantic

Dusky grouper inhabiting rocky jetties in the littoral zone (<5 m
deep) located ~16 nautical miles from the Carpinteiro Bank
area (15-25m deep), which were studied by Seyboth et al.
(2011), showed different reproductive characteristics from those
observed in the present study. Seyboth ez al. (2011) noted that
52% of the individuals observed were immature females and
48% were females in the resting stage. No reproductive activity
was detected in the littoral zone, and no males or individuals
undergoing sexual transition were found (Table 2). In contrast,
males, individuals undergoing sexual transition and females in
different stages of sexual maturity were observed during the
present study at Carpinteiro Bank. Therefore, these results
confirm the hypothesis proposed by Seyboth et al. (2011), which
states that the dusky grouper occurring in the far southern region
of Brazil spawns over offshore rocky reefs. In this context,
it appears reasonable to hypothesise that deeper rocky reefs
(15-25m) constitute better quality habitats than coastal rocky
reefs (<5m) for the dusky grouper in the extreme southern
region of the south-western Atlantic. According to the source-
sink metapopulation model, a lower quality habitat does not
possess all the environmental prerequisites that the species
needs to reproduce and complete its life cycle (i.e. it is a sink),
and the habitat depends on the dispersal of individuals
(larvae and/or juveniles) from higher quality habitats (sources)
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(Pulliam 2000). According to this model, the studied coastal
region could be considered as a lower quality habitat when
compared with deeper rocky reefs such as the Carpinteiro Bank.

Future studies examining the dispersal and movement of
individuals between these two regions using techniques such as
telemetry and otolith microchemistry should be performed to
evaluate the hypothesis regarding the connectivity between the
two areas. Moreover, future conservation plans to protect this
endangered grouper should take into account the need to protect
this important reproductive site from increasing and unregulated
fishing pressure.

Acknowledgements

We thank Beatrice Padovani Ferreira, Luis Romano and Gonzalo Velasco
for comments on the manuscript; Jorge Castello for assisting with infra-
structure and sample processing; and Lauro Madureira for the 3D bathy-
metric map of the Carpinteiro Bank. The study received financial support
from the Fundagdo O Boticario de Prote¢do a Natureza (0753-20072) and a
fellowship from the ‘Coordenagao de Aperfeigoamento de Pessoal de Nivel
Superior’ (CAPES).

References

Abreu, L., and Calliari, J. (2005). Paleocanais na plataforma continental
interna do Rio Grande do Sul: evidéncias de uma drenagem fluvial
pretérita. Revista Brasileira de Geofisica 23, 123-132. doi:10.1590/
S0102-261X2005000200002

Andrade, B. A., Machado, L. F., Hostim-Silva, M., and Barreiros, J. P.
(2003). Reproductive biology of the dusky grouper Epinephelus margin-
atus (Lowe, 1834). Brazilian Archives of Biology and Technology 46,
373-382. doi:10.1590/S1516-89132003000300009

Bouchereau, J. L., Body, P., and Chauvet, C. (1999). Growth of the dusky
grouper Epinephelus marginatus (Linnaeus, 1758) (Teleostei, Serrani-
dae), in the Natural Marine Reserve of Lavezzi Islands, Corsica, France.
Scientia Marina 63, 71-77.

Brul¢, T., Renan, X., Colas-Marrufo, T., Hauyon, Y., and Tuz-Sulub, A. N.
(2003a). Reproduction in the protogynous black grouper (Mycteroperca
bonaci (Poey)) from the southern Gulf of Mexico. Fishery Bulletin 101,
463-475.

Brulé, T., Deniel, C., Colas-Marrufo, T., and Renan, X. (20035). Reproduc-
tive biology of gag in the southern Gulf of Mexico. Journal of Fish
Biology 63, 1505-1520. doi:10.1111/J.1095-8649.2003.00263.X

Bruslé, J. (1985). Expose synoptique des donnés biologiques sur les mérous
Epinephelus aeneus (Geoffroy Saint Hilaire, 1809) et Epinephelus guaza
(Linnaeus, 1758) de 'océan Atlantique et de le Méditerranée. FAO
Fisheries Synopsis 129, 1-64.

Bruslé, J., and Bruslé, S. (1975). Ovarian and testicular intersexuality in
two protogynous mediterranean groupers, Epinephelus aeneus and
Epinephelus guaza. In ‘Intersexuality in the Animal Kingdom’. (Ed.
R. Reinboth) pp. 222-227. (Springer Verlag: Berlin.)

Buchmann, F. S. C., Seeliger, M., Zanella, L., Madureira, L. S. P., Tomazelli,
L.J., and Calliari, L. J. (2001). Analise batimétrica e sedimentologica no
estudo do Parcel do Carpinteiro, uma paleolinha de praia pleistocénica
na antepraia do Rio Grande do Sul, Brasil. Pesquisas 28, 109-115.

Bustos, R., Luque, A., and Pajuelo, J. G. (2010). Reproductive biology of the
island grouper (Mycteroperca fusca) in the Canary Islands, northwest
coast of Africa. Scientia Marina 74, 613-619. doi:10.3989/SCIMAR.
2010.74N3613

Cardoso, L., and Haimovici, M. (2011). Caracterizag¢do tecnologica, social,
economica e ecologica da atividade pesqueira sediada em Passo de
Torres, Santa Catarina, Brasil. Boletim do Instituto de Pesca 37,275-288.

Chauvet, C. (1988). Etude de la croissance du mérou Epinephelus guaza
(Linné, 1758) des cotes tunisiennes. Aquatic Living Resources 1,
277-288. doi:10.1051/ALR:1988027


http://dx.doi.org/10.1590/S0102-261X2005000200002
http://dx.doi.org/10.1590/S0102-261X2005000200002
http://dx.doi.org/10.1590/S1516-89132003000300009
http://dx.doi.org/10.1111/J.1095-8649.2003.00263.X
http://dx.doi.org/10.3989/SCIMAR.2010.74N3613
http://dx.doi.org/10.3989/SCIMAR.2010.74N3613
http://dx.doi.org/10.1051/ALR:1988027

J Marine and Freshwater Research

Coleman, F., Koenig, C. C., and Collins, A. (1996). Reproductive style of
shallow-water groupers (Pisces: Serranidae) in the eastern Gulf
of Mexico and the consequences of fishing spawning aggregations.
Environmental Biology of Fishes 47, 129-141. doi:10.1007/
BF00005035

Coleman, F. C.,Koenig, C. C., Huntsman, G. R., Musick, J. A., Eklund, A. M.,
McGovern, J. C., Chapman, R. W., Sedberry, G. R., and Grimes, C. B.
(2000). Long-lived reef fishes: the grouper—snapper complex. Fisheries
(Bethesda, Md.) 25, 14-21. doi:10.1577/1548-8446(2000)025<0014:
LRF>2.0.CO;2

Condini, M. V., Seyboth, E., Vieira, J. P., and Garcia, A. M. (2011). Diet
and feeding strategy of the dusky grouper Mycteroperca marginata
(Actinopterygii: Epinephelidae) in a man-made rocky habitat in
southern Brazil. Neotropical Ichthyology 9, 161-168. doi:10.1590/
S1679-62252011005000006

Cornish, A., and Harmelin-Vivien, M. (2004). Epinephelus marginatus.
2006 IUCN Red List of Threatened Species. Available at www.
iucnredlist.org [accessed 5 march 2012]

Craig, M. T., Sadovy de Mitcheson, Y. J., and Heemstra, P. C. (2011).
‘Groupers of the World: A Field and Market Guide.” (Boca Raton:
Florida.)

Cunha, M. E., Quental, H., Barradas, A., Pousdo-Ferreira, P., Cabrita, E., and
Engrola, S. (2009). Rearing larvae of dusky grouper, Epinephelus
marginatus (Lowe, 1834), (Pisces: Serranidae) in a semi-extensive
mesocosm. Scientia Marina 73, 201-212. doi:10.3989/SCIMAR.2009.
7351201

Domeier, M. L., and Colin, P. L. (1997). Tropical reef fish spawning
aggregations: defined and reviewed. Bulletin of Marine Science 60,
698-726.

Fennessy, Y. S. T. (2006). Reproductive biology and growth of the yellow-
belly rockcod Epinephelus marginatus (Serranidae) from South-east
Africa. African Journal of Marine Science 28, 1-11. doi:10.2989/
18142320609504128

Figueiredo, J. L., and Menezes, N. A. (1980). ‘Manual de peixes marinhos do
sudeste do Brasil. III. Teleostei (2).” (Museu de Zoologia, Universidade
de Sdo Paulo.)

Frias-Torres, S. (2006). Habitat use of juvenile goliath grouper (Epinephelus
itajara) in the Florida Keys, USA. Endangered Species Research 2, 1-6.
doi:10.3354/ESR002001

Garvey, J. E., Herra, T. P., and Leggett, W. C. (2002). Protracted reproduc-
tion in sunfish: the temporal dimension in fish recruitment revisited.
Ecological Applications 12, 194-205. doi:10.1890/1051-0761(2002)
012[0194:PRISTT]2.0.CO;2

Gerhardinger, L. C., Freitas, M. O., Bertoncini, A. A., and Hostim-Silva, M.
(2006). Collaborative approach in the study of the reproductive biology
of the dusky grouper Epinephelus marginatus (Lowe, 1834) (Perci-
formes: Serranidae). Acta Scientiarum. Biological Sciences 28,
219-226.

Gomes, I. D., and Araujo, F. G. (2004). Reproductive biology of two marine
catfishes (Siluriformes, Ariidae) in the Sepetiba Bay, Brazil. Revista de
Biologia Tropical 52, 143—156.

Gust, N. (2004). Variation in the population biology of protogynous coral
reef fishes over tens of kilometres. Canadian Journal of Fisheries and
Aquatic Sciences 61, 205-218. doi:10.1139/F03-160

Harmelin, J. G., and Harmelin-Vivien, M. (1999). A review on habitat, diet
and growth of the dusky grouper Epinephelus marginatus (Lowe, 1834).
Marine Life (Marseille) 9, 11-20.

Hastings, P. A. (1981). Gonad morphology and sex succession in the
protogynous hermaphrodite Hemanthias vivanus (Jordan and Swain).
Journal of Fish Biology 18, 443—454. doi:10.1111/J.1095-8649.1981.
TB03785.X

Hawkins, J. P., and Roberts, C. M. (2004). Effects of fishing on sex-changing
Caribbean parrotfishes. Biological Conservation 115, 213-226.
doi:10.1016/S0006-3207(03)00119-8

M. V. Condini ef al.

Heemstra, C. P., and Randall, J. E. (1993). FAO Species catalogue. Groupers
of the word (Family Serranidae, Subfamily Epinephelinae): An annotated
and illustred catalogue of the grouper, rockcod, hind, coral grouper
lyretail species known to date. FAO Fisheries Synopsis 125, 186—188
[FAO, Rome.)].

Helfman, G. S., Collette, B. B., Facey, D. E., & Bowen, B. W. (2009). ‘The
diversity of fishes: Biology, Evolution, and Ecology.” (Wiley-
Blackwell: West Sussex.)

Hunter, J. R., Maciewicz, B. J., Lo, N. C. H., and Kimbrell, C. A. (1992).
Fecundity, spawning and maturity of female Dover sole, Microstomus
pacificus, with an evaluation of assumptions and precision. Fishery
Bulletin 90, 101-128.

Huntsman, G. R., Potts, J., Mays, R. W., and Vaughan, D. (1999). Groupers
(Serranidae, Epinephelinae): Endangered apex predators of reef com-
munities. In ‘Life in the Slow Lane: Ecology and Conservation of Long-
lived Marine Animals’. (Ed. J. A. Musick) pp. 217-232. (American
Fisheries Society Symposium.)

Irigoyen, A. J., Galvan, D. E., and Venerus, L. A. (2005). Occurrence of
dusky grouper Epinephelus marginatus (Lowe, 1834) in gulfs of north-
ern Patagonia, Argentina. Journal of Fish Biology 67, 1741-1745.
doi:10.1111/J.1095-8649.2005.00866.X

Kara, M. H., and Derbal, F. (1995). Morphome’ trie, croissance et mortalit e
du Merou Epinephelus marginatus (Serranidae) des co” tes de I’est
algerien. Cahiers de Biologie Marine 36, 229-237.

Kara, M. H., and Derbal, F. (1999). Données biologiques sur le mérou
Epinephelus marginatus (Lowe, 1834) des cotes algériennes. Marine
Life (Marseille) 9, 21-27.

King, M. (1995). ‘Fisheries biology, assessment and management.’
(Blackwell Science: United Kingdom.)

La Mesa, G., Longobardi, A., Sacco, F., and Marino, G. (2008). First release
of hatchery juveniles of the dusky grouper Epinephelus marginatus
(Lowe, 1834) (Serranidae: Teleostei) at artificial reefs in the Mediterra-
nean: results from a pilot study. Scientia Marina 72, 743-756.
doi:10.3989/SCIMAR.2008.72N4743

Linde, M., Grau, A. M., Riera, F., and Massuti-Pascual, E. (2004). Analysis
of trophic ontogeny in Epinephelus marginatus (Serranidae). Cybium
28, 27-35.

Lépez, V. G., and Orvay, F. C. (2005). Food habits of groupers Epinephelus
marginatus (Lowe, 1834) and Epinephelus costae (Steindachner, 1878)
in the Mediterranean Coast of Spain. Hidrobiolégica 15, 27-34.

Machado, L., Bertoncini, A., Hostim-Silva, M., and Barreiros, J. P. (2003).
Habitat use by the juvenile dusky grouper Epinephelus marginatus and
its relative abundance, in Santa Catarina, Brazil. Journal of Ichthyology
and Aquatic Biology 6, 133—138.

Machado, L. F., Daros, F. A. M. L., Bertoncini, A. A., Hostim-Silva, M., and
Barreiros, J. P. (2008). Feeding ecology and trophic ontogeny in
Epinephelus marginatus (Perciformes: Serranidae) from south Brazil.
Cybium 32, 33-41.

Mackie, M. C. (2003). Social induced sex-change in the half-moon grouper,
Epinephelus rivulatus, at Ningaloo Reef, Western Australia. Coral Reefs
22, 133-142. do0i:10.1007/S00338-003-0296-3

Manooch, C. S. (1987). Age and growth of snappers and groupers. In
‘Tropical snappers and groupers: Biology and fisheries management’.
(Eds J. J. Polovina and S. Ralston.) pp. 329-374. (Westview Press:
Boulder, CO, USA.)

Marino, G., Azzurro, E., Massari, A., Finoia, M. G., and Mandich, A. (2001).
Reproduction is the dusky grouper from the southern Mediterranean.
Journal of Fish Biology 58, 909-927. doi:10.1111/J.1095-8649.2001.
TB00544.X

Marino, G., Panini, E., Longobardi, A., Mandich, A., Finoia, M. G., Zohar, Y.,
and Mylonas, C. C. (2003). Induction of ovulation in captive — reared
dusky grouper, Epinephelus marginatus (Lowe, 1834), with a sustained—
release GnRHa implant. Aquaculture 219, 841-858. doi:10.1016/
S0044-8486(03)00036-X


http://dx.doi.org/10.1007/BF00005035
http://dx.doi.org/10.1007/BF00005035
http://dx.doi.org/10.1577/1548-8446(2000)025%3C0014:LRF%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8446(2000)025%3C0014:LRF%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8446(2000)025%3C0014:LRF%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8446(2000)025%3C0014:LRF%3E2.0.CO;2
http://dx.doi.org/10.1590/S1679-62252011005000006
http://dx.doi.org/10.1590/S1679-62252011005000006
www.iucnredlist.org
www.iucnredlist.org
http://dx.doi.org/10.3989/SCIMAR.2009.73S1201
http://dx.doi.org/10.3989/SCIMAR.2009.73S1201
http://dx.doi.org/10.2989/18142320609504128
http://dx.doi.org/10.2989/18142320609504128
http://dx.doi.org/10.3354/ESR002001
http://dx.doi.org/10.1890/1051-0761(2002)012[0194:PRISTT]2.0.CO;2
http://dx.doi.org/10.1890/1051-0761(2002)012[0194:PRISTT]2.0.CO;2
http://dx.doi.org/10.1139/F03-160
http://dx.doi.org/10.1111/J.1095-8649.1981.TB03785.X
http://dx.doi.org/10.1111/J.1095-8649.1981.TB03785.X
http://dx.doi.org/10.1016/S0006-3207(03)00119-8
http://dx.doi.org/10.1111/J.1095-8649.2005.00866.X
http://dx.doi.org/10.3989/SCIMAR.2008.72N4743
http://dx.doi.org/10.1007/S00338-003-0296-3
http://dx.doi.org/10.1111/J.1095-8649.2001.TB00544.X
http://dx.doi.org/10.1111/J.1095-8649.2001.TB00544.X
http://dx.doi.org/10.1016/S0044-8486(03)00036-X
http://dx.doi.org/10.1016/S0044-8486(03)00036-X

Reproductive biology of Epinephelus marginatus

Oliveira, E. C., and Favaro, L. F. (2011). Reproductive biology of the
flatfish Etropus crossotus (Pleuronectiformes: Paralichthyidae) in the
Paranagua Estuarine Complex, Parana State, subtropical region
of Brazil. Neotropical Ichthyology 9, 795-805. doi:10.1590/
S1679-62252011005000043

Parrish, J. D. (1987). The trophic biology of snappers and groupers. In
“Tropical Snappers and Groupers: Biology and Fisheries Management’.
(Eds J. J. Polovina and S. Ralston.) pp. 405-463. (Westview Press:
Boulder, CO, USA.)

Pulliam, H. R. (2000). On the relationship between niche and distribution.
Ecology Letters 3, 349-361. doi:10.1046/J.1461-0248.2000.00143.X

Refiones, O., Polunin, N. V. C., and Goni, R. (2002). Size related dietary
shifts of Epinephelus marginatus in a western Mediterranean littoral
ecosystem: an isotope and stomach content analysis. Journal of Fish
Biology 61, 122—137. doi:10.1111/J.1095-8649.2002.TB01741.X

Refiones, O., Pifieiro, C., Mas, X., and Goii, R. (2007). Age and growth of
the dusky grouper Epinephelus marginatus (Lowe 1834) in an exploited
population of the western Mediterranean Sea. Journal of Fish Biology
71, 346-362. doi:10.1111/J.1095-8649.2007.01482.X

Refiones, O., Grau, A., Mas, X., Riera, F., and Saborido-Rey, F. (2010).
Reproductive pattern of an exploited dusky grouper Epinephelus mar-
ginatus (Lowe 1834) (Pisces: Serranidae) population in the western
Mediterranean. Scientia Marina 74, 523-537. doi:10.3989/SCIMAR.
2010.74N3523

Sadovy, Y., and Shapiro, D. Y. (1987). Criteria for the Diagnosis of
Hermaphroditism in Fishes. Copeia 1987, 136-156. doi:10.2307/
1446046

Sanches, E. G., Azevedo, V. G., and Costa, M. R. (2007). Criagdo da
garoupa-verdadeira Epinephelus marginatus (Lowe, 1834) (Teleostei,
Serranidae) alimentada com rejeito de pesca e ragdo umida em tanques-
rede. Atlantica 29, 121-126.

Marine and Freshwater Research K

Seyboth, E., Condini, M. V., Albuquerque, C. Q., Varela, A. S., Jr, Velasco,
G., Vieira, J. P., and Garcia, A. M. (2011). Age, growth, and reproductive
aspects of the dusky grouper Mycteroperca marginata (Actinopterygii,
Epinephelidae) in a man-made rocky habitat in southern Brazil.
Neotropical  Ichthyology 9,  849-856.  doi:10.1590/S1679-
62252011005000038

Shapiro, D. Y. (1987). The reproduction in groupers. In ‘Tropical snappers
and groupers: Biology and management of snappers and groupers’.
(Eds. J. J. Polovina and S. Ralston.) pp. 295-327. (Westview Press:
Boulder, CO, USA.)

Sluka, R. D., Chiappone, M., and Sullivan Sealey, K. M. (2001). Influence of
habitat on grouper abundance in the Florida Keys, U.S.A. Journal of Fish
Biology 58, 682-700. doi:10.1111/J.1095-8649.2001.TB00522.X

Sokal, R. R., and Rohlf, F. J. (1995). ‘Biometry: the principles of statistics in
biological research.” (Freeman: New York.)

Thompson, R., and Munro, J. L. (1978). Aspects of the biology and ecology
of Caribbean reef fishes: Serranidae (hinds and groupers). Journal of
Fish Biology 12, 115-146. doi:10.1111/J.1095-8649.1978.TB04158.X

Webb, R. O., and Kingsford, M. J. (1992). Protogynous hermaphroditism in
the half-banded sea perch, Hypoplectrodes maccullochi (Serranidae).
Journal of Fish Biology 40, 951-961. doi:10.1111/J.1095-8649.1992.
TB02640.X

Zabala, M., Garcia-Rubies, A., Louisy, P., and Sala, E. (1997a). Spawning
behaviour of the Mediterranean dusky grouper Epinephelus marginatus
(Lowe, 1834) (Pisces, Serranidae) in the Medes Islands Marine Reserve
(NW Mediterranean, Spain). Scientia Marina 61, 65-77.

Zabala, M., Louisy, P., Garcia-Rubies, A., and Gracia, V. (1997b). Socio-
behavioural context of reproduction in the Mediterranean dusky grouper
Epinephelus marginatus (Lowe, 1834) (Pisces, Serranidae) in the Medes
Islands Marine Reserve (NW Mediterranean, Spain). Scientia Marina
61, 79-89.

www.publish.csiro.au/journals/mfr


http://dx.doi.org/10.1590/S1679-62252011005000043
http://dx.doi.org/10.1590/S1679-62252011005000043
http://dx.doi.org/10.1046/J.1461-0248.2000.00143.X
http://dx.doi.org/10.1111/J.1095-8649.2002.TB01741.X
http://dx.doi.org/10.1111/J.1095-8649.2007.01482.X
http://dx.doi.org/10.3989/SCIMAR.2010.74N3523
http://dx.doi.org/10.3989/SCIMAR.2010.74N3523
http://dx.doi.org/10.2307/1446046
http://dx.doi.org/10.2307/1446046
http://dx.doi.org/10.1590/S1679-62252011005000038
http://dx.doi.org/10.1590/S1679-62252011005000038
http://dx.doi.org/10.1111/J.1095-8649.2001.TB00522.X
http://dx.doi.org/10.1111/J.1095-8649.1978.TB04158.X
http://dx.doi.org/10.1111/J.1095-8649.1992.TB02640.X
http://dx.doi.org/10.1111/J.1095-8649.1992.TB02640.X

