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The reproductive biology of the lane snapper, Lutjanus synagris, was evaluated from 770 specimens (434 females and 336
males) obtained on the Abrolhos Bank, eastern Brazil, between May 2005 and October 2007. Total length ranged from
14.7 to 56.0 cm for females and from 16.5 to 54.3 cm for males, with size composition not varying significantly between
sexes. Five distinct maturity stages were identified based on macroscopic and histological examination of the gonads.
Mean value of the gonadosomatic index (GSI) for females peaked in September and October, with a secondary peak
in February and March. Histological analyses confirmed the reproductive cycle inferred by GSI variation.
Asynchronous-type ovarian development was observed, and batch fecundity ranged from less than 104,743 oocytes for
a 25.5 cm female of to 568,400 oocytes for a 56.0 cm female (250.0 and 2260 g, respectively), with an average of
345,700 oocytes. The reproductive parameters obtained for L. synagris in the Abrolhos Bank were similar to those reported
in studies in northern Brazil and the north-west Atlantic. The species is an important fishery resource in the study region,
and management measures are needed before the species becomes overfished. Exploitation occurs largely during spawning
aggregations, a situation that has caused other lane snapper populations (and congeners) to decline acutely elsewhere. Our
results provide support for size limits and seasonal spawning closures on the Abrolhos Bank, a region that sustains arti-
sanal fisheries involving .20,000 fishermen.
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I N T R O D U C T I O N

Commercially important tropical reef fish stocks are being
steadily overfished worldwide (Jennings & Polunin, 1996;
Edgar et al., 2014). Although successful strategies for managing
these resources depend on interactions among highly heteroge-
neous social, political and economic factors, ecological data is
essential to guide decision making (McClanahan & Castilla,
2007; Edgar et al., 2014). Small-scale artisanal fisheries are par-
ticularly difficult to assess and manage, yet they can severely
impact reef ecosystems by depleting populations of target
species and affecting ecological processes (Roberts, 1995;
Hawkins & Roberts, 2004). For example, overfishing of pisciv-
orous fish can lead to changes in the benthic community struc-
ture though trophic cascading (Estes et al., 2011).

In reef fish assemblages, the species of families Lutjanidae
(snappers) and Epinephelidae (groupers), long-lived large

fish that generally grow slowly and reach maturity relatively
late, are often the primary targets of fisheries (Morris et al.,
2000; Sadovy, 2001). Several lutjanids and epinephelids are
also known to form spawning aggregations at specific loca-
tions and times, a critical feature in the management of
their fisheries (Colin et al., 2003; Sadovy de Mitcheson et al.,
2008). Due to their important roles in the ecosystem and
their vulnerability to overfishing, snappers and groupers rep-
resent good indicators for ecological monitoring (Russ &
Alcala, 1996).

The lane snapper, Lutjanus synagris (Linnaeus, 1758),
inhabits coastal reefs and adjacent habitats throughout the
tropical and subtropical western Atlantic, from North
Carolina to south-eastern Brazil, including the Caribbean
and the Gulf of Mexico (Allen, 1985). In Brazil, the species
is reported to reach up to 50 cm (Menezes & Figueiredo,
1980), with juveniles being common in nearshore habitats
including estuaries, vegetated banks and coralline and rocky
reefs (Pimentel & Joyeux, 2010). Most biological information
has been derived from studies in the Northern Hemisphere
(e.g. Manickchand-Dass, 1980; Rivera-Arriaga et al., 1996;
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Luckhurst et al., 2000; Gómez et al., 2001), but there is a
growing database emerging from the tropical south-western
Atlantic (Brazil), where snappers are the main fishery resource
caught by hand line (Costa et al., 2003; Rezende et al., 2003;
Olavo et al., 2005; Freitas, 2009). Although some information
is available concerning ovarian development from the north-
ern Brazilian coast (State of Ceará) (Sousa-Junior et al., 2008)
and general reproductive patterns from eastern Brazil (Freitas
et al., 2011), reproduction is still one of the least-known life
history aspects that is relevant to the management of lane
snapper fisheries. Understanding the reproductive traits of
reef fish is of paramount importance to establish minimum
catch sizes, fishing seasons and locations of marine reserves
to ensure the viability of fish populations (Carr & Reed,
1993; Dayton et al., 2000).

In this study, we present new information about the repro-
duction of L. synagris in eastern Brazil, with an emphasis on
the macroscopic and microscopic characterization of oogen-
esis and fecundity. This information can be readily used to
improve regional-level management measures (see Freitas
et al., 2011), complementing the arrays of regulations pro-
posed by Frédou et al. (2009a, b).

M A T E R I A L S A N D M E T H O D S

Study area
The study area is located on the central Brazilian coast, the
region between Cabo de São Tomé (State of Rio de Janeiro;
228S) and Salvador (State of Bahia; 138S) (Ekau &
Knoppers, 1999). This area is dominated by the south-flowing
saline and oligotrophic Brazil Current and characterized by a
complex topography and variable shelf width (15–200 km)
derived from volcanic and tectonic activity followed by sedi-
ment accumulation between volcanic hills and the continental
margin (Martins et al., 2005). Sampling was performed in the
Abrolhos Bank (16840′ –19840′S 39810′ –37820′W), which is a
wide portion (46,000 km2) of the shelf with depths rarely
exceeding 30 m and a shelf edge at about a 70 m depth
(Figure 1). This region comprises the largest and richest cor-
alline reefs and rhodolith beds in the South Atlantic
(Amado-Filho et al., 2012), with nearly 300 species of fish
and 20 species of reef-building corals, as well as an extensive
mosaic of algal bottoms, mangrove forests, beaches and vege-
tated sandbanks (Moura & Francini-Filho, 2006; Moura et al.,
2013). Coastal and fisheries management in the region is
centred on marine protected areas (MPAs) under no-take
(�890 km2) and multiple-use regimes (�2908 km2). Nearly
20,000 artisanal fishermen operate in the Abrolhos Bank,
but the region’s reef fisheries are not well known in terms of
fleet size, effort and landings (Frédou et al., 2009a, b; Freitas
et al., 2011).

Sampling and data analyses
Monthly surveys of hand line and gillnet landings were per-
formed at the four main coastal municipalities within the
study region (Prado, Alcobaça, Caravelas and Nova Viçosa;
Figure 1) between May 2005 and June 2007. Specimens were
measured to the nearest mm (total length (TL)), sexed, and
weighed to the nearest 0.1 g for total weight (TW) and
gonad weight (Wg).

Sex-ratio was calculated monthly and for each 3 cm
TL class following Sturge’s method (Scherrer, 1984), with
significant differences determined by a x2 test (1 df; a ¼

0.05; x2 , 3.840). The Kruskal–Wallis (KW) test was
applied to compare the median TL between males and
females. Before analysing the data with the KW test, basic
assumptions of normality (Shapiro –Wilk test) and variance
homogeneity (Cochran C-test) were verified. Size–frequency
distributions of males and females were compared by use of
the Kolmogorov–Smirnov non-parametric test.

Maturity was macroscopically determined based on gonad
size, consistency, colour, vascularization, presence of lateral
sperm sinuses, ovarian cavity, ovarian lamellae and identifi-
able oocytes (Garcı́a-Cagide et al., 2001; Colin et al., 2003).
Five developmental phases were used, as described by
Brown-Peterson et al. (2011): Immature (IM); Developing
(DV); Spawning Capable (SC); Regressing (RG); and
Regenerating (RT). IM corresponds to a never-spawned fish.
In females IM individuals are histologically characterized by
the presence of oogonia and primary growth oocytes
through the perinuclear stage (Grier et al., 2009), little space
among oocytes in the lamellae and a generally thin ovarian
wall. Males present primary spermatogonia (Sg1) in the ger-
minal epithelium (GE) and an early formation of testis
lobules that contain only spermatogonia (Sg). In the DV
stage the ovary is beginning to develop in females but not
yet ready to spawn, and spermatogenesis is beginning in
males. SC fish are developmentally and physiologically able
to spawn, whereas for RG fish, spawning has ceased. RT fish
are sexually mature but reproductively inactive (see
Table 1). After macroscopic classification, the gonads were
fixed in 4% formaldehyde for 24 h, preserved in 70%
alcohol, and then dehydrated in an increasing alcohol concen-
tration series, cleared in xylene and embedded in histological
paraffin (Beçak & Paulete, 1976). Histological sections with
4–6 mm were stained with Harris haematoxylin and eosin.

The reproductive cycles of sexually mature males and
females were also assessed by recording monthly changes in
the gonadosomatic index (GSI), calculated as

GSI = (Wg/(TW − Wg )) × 100.

The minimum size at which females and males became
sexually mature (Lmin) was recorded. The TL at which 50%
(L50) of females or males were mature was calculated using
a logistic regression model:

P = 100/(1 + exp ( − r(L − Lm))

where P is the percentage of mature fish on length-class L, r is
the width of the maturity curve and Lm is the length at 50%
maturity, by the method of maximum likelihood (King,
1995). For this analysis, DV, SC, RG and RT individuals
were considered sexually mature (adults).

Batch fecundity was assessed by the volumetric method
(Vazzoler, 1996), with a small fraction of the ovaries
weighed for correcting gonad volume. For SC gonads, con-
firmation of macroscopically-determined and without occur-
rence of post-ovulatory follicles (which would lead to
underestimation of fecundity) were dissociated in Gilson solu-
tion and kept in 70% alcohol (Bagenal, 1978). Three 500 ml
subsamples of this suspension were photographed under a
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stereomicroscope in a Petri dish with 36 visual fields. The rela-
tive fecundity was calculated by dividing the number of ter-
tiary vitellogenic (Vtg3) or hydrated oocytes by TW. The
diameter of IM and DV oocytes was measured to determine
the size of exclusion of these in the counts.

R E S U L T S

Histological examinations confirmed that 62% of the fish were
females (N ¼ 434) and 38% were males (N ¼ 336). Females

ranged from 14.7 to 56.0 cm TL and males from 16.5 to
54.3 cm TL (Figure 2). Sexual differentiation was visible to
the naked eye in gonads of individuals .14.7 cm TL. The
TL of males (median ¼ 32.8 cm) did not differ significantly
from that of females (median ¼ 33.8 cm) (Cochran C-test,
P . 0.05; Kruskal–Wallis, P ¼ 0.1689; N ¼ 770). The overall
size composition did not vary significantly between sexes
(P . 0.05, N ¼ 770). Significant sex-ratio differences, more
females than males, were found only in TL classes
21–23.9 cm (x2 ¼ 4.909) and 45–47.9 (x2 ¼ 9.981) cm
(Table 2). A female predominance was only observed in

Fig. 1. Map of the Abrolhos Bank, with circles representing the municipalities where samples were collected. Emerging coralline reefs are shown in black and
polygons correspond to the boundaries of marine protected areas.
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March 2006 (x2 ¼ 7.410). No significant predominance of
males was observed.

The L50 for females was 23.0 cm. Females . 35.0 cm TL
were all mature (L100) (Figure 3). The shortest mature
female was 18.9 cm, and the longest mature female was
56.0 cm. The L50 for males was 24.2 cm, and males
. 37.7 cm TL were all mature (Figure 3). The shortest
mature male was 19.5 cm TL, and the longest mature male
was 54.3 cm.

In 2005, GSI values for females increased in September and
peaked in October, whereas in 2006, the peak was recorded in
September (Figure 4). Mean GSI values for females were

consistently higher in spring (September–October), with a
secondary summer peak (February –March). Sexually active
females in DV or SC phases were found all year round
(Figure 5). SC females were observed from September to
December 2005, from January to March 2006, from
September to October 2006 and in February 2007, but were
most abundant in September and October 2006. Females in
the RG phase were present in October and December 2005,
between January and April 2006, between October and
December 2006 and in February and March 2007, with the
highest percentages occurring in November and December

Table 1. Macro and microscopic characteristics used to characterize gonadal phases of Lutjanus synagris, adapted from Brown-Peterson et al. (2011) and
Garcı́a-Cagide et al. (2001).

Gonadal phase Macro and microscopic characteristics

Immature (IM) Difficult macroscopic sex determination in specimens ,15.0 cm total length; ovaries and testes small, thin and cylindrical.
Ovaries translucent to reddish without vascularization signs; oocytes not observed by the naked eye. Only oogonia and
primary growth (PG) oocytes present. Ovigerous lamellae nearly parallel in disposition, with little spacing. Only primary
spermatogonia (Sg1) present. No lumen in lobules. This stage occurs only once in a lifetime

Developing (DV) Start of the sexual cycle. Enlarged ovaries (1/3–2/3 of the coelomic cavity), intensely vascularized and yellow. Visually
distinguishable oocytes in early stages. Testes white, sometimes pinkish. Simultaneous occurrence of oocyte stages PG,
cortical alveolar (CA), primary vitellogenic (Vtg1) and secondary vitellogenic (Vtg2) in females. In males, secondary
spermatogonia (Sg2), primary spermatocytes (Sc1), secondary spermatocytes (Sc2), spermatid (St) and spermatozoa (Sz)
can be present in spermatocysts

Spawning capable (SC) Gonads developed and high gonadosomatic index values. Ovaries occupy more than 2/3 of coelomic cavity; coloration more
intense than in Stage DV. Compact mass of eggs visible macroscopically as a protuberant abdomen and blood vessels
prominent. Testes white, triangular-shaped, large and firm. Dense flow of semen visible upon light abdominal pressure.
Tertiary vitellogenic (Vtg3) oocytes present or postovulatory follicle complexes present. Atresia of vitellogenic and/or
hydrated oocytes may be present. Early stages of oocyte maturation (OM) can be present. Oocytes undergoing late germinal
vesicle migration (GVM), germinal vesicle breakdown (GVBD), hydration or ovulation (actively spawning subphase). Sz in
the lumen of lobules and/or sperm ducts. All stages of spermatogenesis (Sg2, Sc, St, Sz) can be present. Spermatocysts
throughout testis, active spermatogenesis. Germinal epithelium (GE) can be continuous or discontinuous

Regressing (RG) Purple red and flaccid ovaries with blood vessels prominent. Rapid resorption of empty follicles (POFs) and atresia present.
Disordered histological appearance. Some cortical alveolar (CA) and/or vitellogenic (Vtg1, Vtg2) oocytes present too. Testes
small, flaccid with milky white centres and transparent margins. No milt release with pressure. Residual Sz present in lumen
of lobules and in sperm ducts. Widely scattered spermatocysts near periphery containing Sc2, St, Sz. Spermatogonia
proliferation and regeneration of GE common in periphery of testes

Regenerating (RN) Sex is easy to determine macroscopically, ovaries with blood vessels reduced but present. Reduced ovaries and testes (,1/3 of
the coelomic cavity), but larger than in Stage IM. Ovaries semitransparent to pink. Oocytes not distinguishable and only
oogonia and PG oocytes present. Muscle bundles, enlarged blood vessels, atresia and degenerating POFs may be present.
Ovigerous lamellae spaced. Thin, flat and whitish-grey testes. No spermatocysts. Lumen of lobule often nonexistent. Small
amount of residual Sz occasionally present in lumen of lobules and in sperm duct

Fig. 2. Size and sex composition of Lutjanus synagris individuals sampled
between May 2005 and June 2007 on the Abrolhos Bank.

Table 2. Size-classes and sex-ratios of Lutjanus synagris on the Abrolhos
Bank (∗ significant difference from 1:1; a , 0.05).

TL Females Males Sex-ratio (F:M) x2

12–14.9 1 0 1.000
15–17.9 9 3 1:0.3 3.000
18–20.9 14 14 1:1.0 0.000
21–23.9 42 24 1:0.6 4.909∗

24–26.9 74 75 1:1.0 0.007
27–29.9 38 40 1:1.1 0.051
30–32.9 38 27 1:0.7 1.862
33–35.9 41 32 1:0.8 1.110
36–38.9 31 25 1:0.8 0.643
39–41.9 38 35 1:0.9 0.123
42–44.9 38 25 1:0.7 2.683
45–47.9 38 15 1:0.4 9.981∗

48–50.9 21 13 1:0.6 1.882
51–53.9 8 6 1:0.8 0.286
54–56.9 3 2 1:0.7 0.200
Total 434 336 1:0.8 12.473∗
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2006 and February and March 2007. Regenerating females
were observed all year round, with the highest percentages
occurring from April to June and the lowest between
August and March. Sexually active males in DV or SC
phases were found all year round, except from May to July
2005, in May 2006 and between March and June 2007
(Figure 5). Regressing males were present all year round,
with the highest percentages occurring in November and
December 2006. Males in the RT phase were observed year
round, except in October 2005, September 2006 and
February 2007, with the highest percentages occurring from
May to July 2005, in May 2006 and between March and
June 2007.

Asynchronous oocyte development was observed. During
the spawning season, January to March and August to
December, ovaries of females in the SC phase contained
primary growth oocytes (PG), cortical alveolar (CA) oocytes,
oocytes in Vtg2 and Vtg3 and germinal vesicle germination
(GVM) (Figure 6A), while CA, Vtg1, Vtg2 and Vtg3
co-occurred with POFs in ovaries of actively spawning
females (Figure 6B). Batch fecundity ranged from 104,743
(25.5 cm TL) to 568,400 oocytes (56.0 cm TL). Batch fecund-
ity (Fab) in relation to TL is described by y ¼ 75.361 × 2.25
(N ¼ 20, r2 ¼ 0.8217) (Figure 7).

D I S C U S S I O N

We found higher maximum body sizes (56.0 cm TL) than
those reported for the lane snapper in the Central Atlantic,

where it ranged from 20.0 to 31.8 cm (Cervigón & Fisher,
1979; Gómez et al., 1999, 2001). In addition to possible
effects of fisheries exploitation on body size, such size differ-
ences may be related to the ecological characteristics of each
region and/or fishing gear type and selectivity (Frédou &
Ferreira, 2005). Overfishing is frequently linked to declines
in body size and ensuing early maturation (e.g. Sadovy de
Mitcheson et al., 2008). Grimes (1987) suggested that
lane snappers mature when they reach 40–50% of their
maximum size and proposed that island populations present
a larger minimum size at maturation (L50) than populations
in heavily exploited continental coasts. This pattern was
observed at Abrolhos Bank, where fish of both sexes reached
the onset of sexual maturity at a similar 24.0 cm TL, which
corresponds to 40% of the maximum registered size, 60 cm
TL (Froese & Pauly, 2011). Sexual maturation for L. synagris
from the Abrolhos Bank occurred at a smaller size in
females than in males, in contrast to what is known from
other lutjanids (Trejo-Martı́nez et al., 2011; Fernandes et al.,
2012). Thus, the size range over which sexual maturation of
females occurred (23.0 cm) was slightly smaller than that of
males (24.2 cm). Lengths at maturity observed in the
present study correspond to the ranges reported from the
broader Caribbean (e.g. Thompson & Munro, 1974; Claro
et al., 2001) and northern Brazil (Sousa-Junior et al., 2008),
but were slightly smaller than L50 ranges reported from
Bermuda (Luckhurst et al., 2000) and Venezuela (Gómez
et al., 2001), where 69% of the individuals captured in the
Golfo de Paria were smaller than the L50. It is unclear
whether these regional differences reflect fishing pressure or

Fig. 3. Logistic regression of percentage mature, female and male Lutjanus synagris, in relation to total length, from the Abrolhos Bank (May 2005–June 2007).
Dashed lines indicate length at which 50% (L50) and 100% (L100) of females and males were mature.
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if they can be attributed to other factors that control the size
structure of local populations.

The smallest fish that we could macroscopically sex was
14.7 cm TL, similar to the observation of Garcı́a-Cagide
et al. (2001) in Cuba, where specimens longer than 13 cm
could also be macroscopically sexed. Deviations from unity
in lutjanid sex-ratios are frequent (Trejo-Martı́nez et al.,
2011), and may be caused by a greater proportion
of females among larger fish (Claro, 1981, 1982;
Garcı́a-Cagide et al., 2001) or by variations in the number
of males and females over time, particularly during the
course of a spawning season (Grimes, 1987; Sadovy,
1996). Starck (1970) observed that among gray snappers
(Lutjanus griseus Linnaeus, 1758) in the Florida Keys,
males were typically more abundant nearshore, whereas
females preferred deeper reefs, but such cross-shelf patterns

were not observed for the L. synagris population on the
Abrolhos Bank.

At Abrolhos, the largest catches of lane snapper coincide
with spawning season peaks, from September to March
(Freitas, 2009), indicating that fishing effort is partially direc-
ted at reproductive aggregations. A similar situation was
reported in northern Brazil, where spawning peaks were
reported between August and December (secondary peak)
and January and April (main peak) (Sousa-Junior et al.,
2008), and also on the Cuban and Central American
shelves, where the reproductive period extends across the
spring (Rodriguez, 1962; Claro, 1982; Rivera-Arriaga et al.,
1996; Gómez et al., 1999, 2001; Luckhurst et al., 2000). For
example, in Venezuela, Gómez et al. (2001) found spawning-
capable females between July and November, and spawning
peaks in August, September and November.

Fig. 4. Individual GSI values for females and males of Lutjanus synagris sampled between May 2005 and June 2007 on the Abrolhos Bank.
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Asynchronous gametogenesis is well documented for L.
synagris, with individual spawners exhibiting large variations
in daily GSI and gonad sagging, which suggests recent
spawning (Claro, 1982). However, hydrated individuals are
rarely observed. Claro (1982) proposed that final maturation
occurs within the few hours when fish migrate from shallow
to deeper waters to spawn, a process that seems to be
related to increased water temperatures. On the Abrolhos
Bank, late oocyte development (germinal vesicle migration
(GVM) and germinal vesicle breakdown (GVBD)), POFs
and highest GSI values also coincided with increased
water temperature in the spring and summer (Freitas
et al., 2011), but cross-shelf migration in a few hours may
not occur in most of this region, as distances from the
coast to the shelf edge may reach more than 200 km
(Moura et al., 2011).

Our batch fecundity estimates (104,743 –568,400 oocytes)
are consistent with those reported for North Atlantic popula-
tions (Rodriguez, 1962; Claro, 1982; Carrillo & Grillo, 1993;
Gómez et al., 2001). Batch fecundity increased exponentially
with fish size (TL), and smaller mature females contributed
up to 4.5 times fewer oocytes than larger females. Therefore,
fisheries management based only on minimum size restric-
tions is limited, and the protection of larger individuals
should also be considered as a management target
(Birkeland & Dayton, 2005).

The reproductive success of a population largely depends
on the fecundity of females and on the survival rate of
progeny (Barbieri & Lowerre-Barbieri, 2011). In a
commercially-exploited fish population, larger fractions of
large and more fecund individuals may be achieved through
both no-take zoning and maximum size limits. While
no-take zones may be an important component of fisheries

management, their effectiveness is compromised if reserves
are not embedded in broader multisector management plans
that are able to address stressors and critical habitats at
broader spatial scales (Halpern et al., 2010; Moura et al.,
2013).

Fig. 5. Relative frequency of reproductive stages for females (above) and males of
Lutjanus synagris sampled between May 2005 and June 2007 on the Abrolhos Bank.

Fig. 6. Photomicrographs of histological sections from female Lutjanus
synagris gonads collected from the Abrolhos Bank, Brazil: (A) section of
spawning capable female, showing cortical alveolar and vitellogenic oocytes;
(B) section of spawning capable female, showing cortical alveolar and
vitellogenic oocytes, germinal vesicle migration and postovulatory follicle.
PG, primary growth; CA, cortical alveolar; Vtg1, primary vitellogenic; Vtg2,
secondary vitellogenic; Vtg3, tertiary vitellogenic; POF, postovulatory follicle;
GVM, germinal vesicle migration (100× + 2.0.Opitical Zoom); scale bar:
500 mm.

Fig. 7. Relation between batch fecundity and total length for Lutjanus synagris
females sampled between May 2005 and June 2007 on the Abrolhos Bank.
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Cochrane & Garcia (2009) and many others have encour-
aged the delimitation of maximum size of capture in order
to preserve the higher fecundity breeders, but actual
maximum size regulations are unusual. Indeed, fishing
should ideally be carried out in a ‘slot limit’ between
minimum and maximum recommended sizes. In Brazil, this
strategy has been recently put into effect through recreational
fishing regulation (Brasil, 2012). Freire et al. (2012) reported a
successful experience in the management of Cichla piquiti, a
Brazilian ‘freshwater bass’, in which sports fishermen were
encouraged to retain only specimens between 35 and 50 cm
in length. On the other hand, slot limit management may be
more difficult to implement within commercial fisheries, par-
ticularly those involving traditional communities that depend
on catches below L50, such as those on the Abrolhos Bank and
along most of the tropical Brazilian coast. Successful imple-
mentation of management arrangements in traditional com-
munities ultimately depends on the socio-cultural conditions
of the communities and their understanding of, and adher-
ence to, the rules (Moura et al., 2007, 2013; Freitas et al.,
2011; Busilacchi et al., 2012). For L. synagris at Abrolhos,
the protection of larger individuals may be partially achieved
by fisheries closures during spawning peaks.

Steeply declining spawning aggregations have been
reported for L. synagris on the Cuban shelf (Claro &
Lindeman, 2003). Despite evidence that such a rapid decline
is directly related to fisheries operating in reproductive aggre-
gations (Claro & Lindeman, 2003; Graham et al., 2008),
spawning sites are hard to locate and protect, especially
when located in deeper areas near the shelf break, and have
often received little attention from managers. As a result,
more than 50% of reef fish spawning aggregations have
declined or have been eliminated in the western tropical
Atlantic (Sadovy de Mitcheson et al., 2008).

At Abrolhos, no-take zoning within MPAs has led to
increased snapper abundance both inside and outside the
reserve’s limits (Francini-Filho & Moura, 2008a, b), the
latter through spill-over of adults across relatively small
spatial scales (a few thousand metres). The lack of information
about the location and exact timing of reproductive aggrega-
tions still hinders the establishment of marine reserves at
spawning sites (Sale et al., 2005; Harrison et al., 2012). The
current Abrolhos’ MPA network is clearly insufficient to
ensure long term biodiversity conservation and fisheries sus-
tainability (Moura et al., 2011, 2013), especially if it remains
uncoupled to off-MPA fisheries and coastal management
(Roberts & Polunin, 1994; Hilborn et al., 2004; Bruce et al.,
2012). Moreover, there are several knowledge and socio-
political gaps to be filled before a coherent MPA system can
be implemented (Moura et al., 2013). While the knowledge
database is steadily increasing, the engagement of fisher folk
in MPA planning and other levels of fisheries-related decision
making is still incipient and should receive increased attention
and continued support from institutions such as the National
Protected Areas Agency (ICMBio), the Environmental
Agency (IBAMA), the Fisheries Ministry (MPA), and non-
governmental organizations. For instance, in a recent public
consultation to discuss a ten-fold increase in the no-take
area of the Abrolhos National Park, fishing communities
were engaged just a few days before the decree was to be pub-
lished, resulting in a massive rejection of the proposal.

Length at initial sexual maturity can be readily incorpo-
rated into regional fisheries management plans as the

minimum size limit for lane snapper captures at Abrolhos.
In addition, seasonal closures during spawning peaks
(September–November and February–March) can be insti-
tuted since our GSI and POF analyses confirmed that fisheries
target reproductive aggregations. There is an overall percep-
tion that groupers and snappers suffered massive declines in
the last two decades, and a ‘slot limit’ may be more readily
implemented than closures of artisanal fishing grounds.
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