Reproduction of the fish Lutjanus analis (mutton snapper;
Perciformes: Lutjanidae) from Northeastern Brazil
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Abstract: The mutton snapper Lutjanus analis is an overexploited species of economic importance for the
Northeast region of Brazil. To determine the reproductive aspects of the mutton snapper, biological data were
sampled from Bahia, Pernambuco, Paraiba, Rio Grande do Norte and Ceara States, between 7 and 200m depth,
from February 1997 to December 1999, performed in the Brazilian Economic Exclusive Zone Study Program
(REVIZEE-NE Program). Data on total length (TL), fork length (FL), standard length (SL), total weight (TW)
and gutted weight (GW) were measured. The gonads were collected and fixed in FAACC for histological analy-
sis on maturational stage and calculation of the gonadosomatic index (GSI). A total of 135 fishes were collected;
from these, 74 were females and 61 were males. Females were between 28.0 and 69.0cm (TL) and the males
between 35.0 and 75.0cm (TL). Mutton snapper are gonochorists, and the spawning season, determined by the
maturity stages frequency and the GSI, occurred between November and April, with peak spawning in March.
The mature females” minimum length was 28.0cm fork length, smaller than the minimum maturation length pre-
viously reported for the species in Cuba. The exploitation status of the species and the biological traits enhances
the importance of establishing spatial and seasonal protection measures such as protected areas both in nursery

and spawning sites. Rev. Biol. Trop. 58 (3): 791-800. Epub 2010 September 01.
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Lutjanids generally live in deep-rocky
or reef environments and constitute a com-
mercially important fishery resource due to its
abundance and market quality. Snapper fish-
ing in the Brazilian Northeast occurs from the
coastal waters to the continental slope, banks
and oceanic islands (Resende et al. 2003).
Twelve lutjanids species, including mutton
snapper Lutjanus analis (Cuvier 1828), are
caught representing about 12.5% of the total
commercial landings controlled in the Cear3,
Rio Grande do Norte and Pernambuco States
(Resende et al. 2003).

Snappers are caught using hook and line,
compressor assisted spear fishing, and even
longlines. They are generally caught over the

continental shelf or oceanic banks, between
7 and 200m depth. The mutton snapper, in
the Brazilian Northeast, is mainly caught by
hook and line with optimal catches occurring
between 20 and 80m depth (Frédou & Ferreira
2005).

Lutjanids are considered gonochoristic,
achieving sexual maturity with 40 to 50% of
the maximum length and fecundity values are
high (Grimes 1987). Spawning is assumed to
be nocturnal (Grimes 1987), but in the Dry
Tortugas three or four spawning events of
mutton snapper have been observed all around
4:30 p.m. (M.L. Burton 2009, pers. comm.).
In Brazil, no spawning aggregations of the
mutton snapper have been recorded to date,
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however anecdotal reports of large schools of
the cubera snapper Lutjanus cyanopterus are
not uncommon (Gerhardingher et al. 2009) so
it is possible that similar events also occur for
the mutton snapper as reported in other parts
of the Atlantic. Some abiotic and biotic factors
such as temperature, photoperiod, nutrients,
primary production and feeding, may influence
their reproduction (Grimes 1987). Snapper
displays two reproductive seasonality patterns,
irrespective of latitude; continental popula-
tions and species exhibit summer-extended
spawning while insular populations and species
exhibiting protracted spawning with spring
and fall peaks (Grimes 1987). Mutton snapper,
at thirteen reproductive places on the Cuban
shelf spawning, depending on the sites, varied
between April to September, but peak spawn-
ing at all sites was in May or June (Claro &
Lindeman 2003).

Mutton snapper, specie of great economic
importance for the Northeast region of Brazil,
is currently on Brazil's list of overexploited
species or under risk of overexploitation (Brasil
2004) and is globally classified as vulnerable
by the IUCN (International Union for Conser-
vation of Nature) (IUCN 2009). Our objective
in this study is to contribute to improve the
management of mutton snapper caught by
the artisanal fishing fleet of Northeast Brazil,
providing information about the sex structure,
gonadal development, spawning mode and sea-
sonality of reproduction.

MATERIALS AND METHODS

We sampled landings of artisanal and com-
mercial fleets in the States of Bahia, Pernam-
buco, Paraiba, Rio Grande do Norte and Ceara,
from February 1997 to December 1999, sup-
ported by the REVIZEE (Brazilian Economic
Exclusive Zone Study Program)/Score-NE (Fig.
1). Additionally, data from research expeditions
carried out on board of the Ship R/V “Martins
Filho” and Fishing Vessel “Reinaldo”, using
bottom longline and traps on the slope and reef
banks of the Northeast, were also used.

The following data were obtained for all
individuals: sex; total length (TL), fork length
(FL) and standard length (SL) (£0.1cm); total
weight (TW), gutted weight (GW) (£0.1kg);
and gonadal total weight (GTW) (+0.1g).

We used regressions between lengths (FL
vs. TL and FL vs. SL) and fork length and gut-
ted weight to estimate the fork length of fishes
that were disfigured by the application of iden-
tification marks by fishermen. The regression
Y=a+bx was used for the FL-TL and FL— SL
regressions and Y=ax® was used for length and
weight regression, with significance level of
5% (Zar 1996).

Population sex structure was analyzed in
order to determine the sex ratio by size classes
and by month. A chi-square analysis (Zar 1996)
was applied, assuming an expected proportion
of 1:1 between sexes.

Gonads collected from 135 fishes were
immediately fixed in FAACC (Ferreira 1993)
for histological processing. Gonads were
embedded in paraffin, sectioned transversally
at 6 to 8um and stained with haematoxylin-
eosin.

Histological description of the gonads and
stages of maturity were obtained using the mid-
dle part of the gonads sampled. The spawning
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Fig. 1. Study area in the Northeast of Brazil.
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mode was determined by microscopic observa-
tion of the gonads, in order to classify females
and males on ontogenetic stages and gonadal
development. The oogenesis and gonadal stag-
es followed the description of Vazzoler (1996).
The classification on the males’gonadal stages
followed Crim & Glebe (1990). Stages of
spermatogenesis followed the description of
Silveira et al. (1995).

The spawning season was determined
through the temporal variation of the frequen-
cy of the gonadal stages and by the temporal

variation of the gonadosomatic index (GSI).
GSI was calculated as: GSI=(GTW x 100)/GW,
where GTW is the gonadal total weight (g) and
GW is the gutted weight (g).

RESULTS

Sexual structure: From the 135 gonads
analyzed 61 were males and 74 were females
(Table 1). Sex ratio, by length class and month,
are showed in Figures 2 and 3, respectively.
Females dominated the size classes below

TABLE 1
Number of sampled gonads of Lutjanus analis for year in the Northeast of Brazil

L. 1997 1998 1999 Total
Localities
M F M F M F M F
Caicara do Norte (RN) 1 1
Baia Formosa (RN) 15 23 15 23
Pau Amarelo (PE) 2 2
Tamandaré (PE) 1 1
Arembepe (BA) 21 30 21 30
R/V Martins Filho 17 9 17 9
F/V Reinaldo 8 8 8 8
Total 61 74
RN: Rio Grande do Norte, PE: Pernambuco, BA: Bahia.
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Fig. 2. Sex ratio by fork length (cm) of Lutjanus analis for entire study period in the Northeast of Brazil. Numbers in the
upper rows indicates the number of individuals. * indicate the significant values for sex ratio (chi square, p<0.05).
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Fig. 3. Monthly sex ratio of Lutjanus analis for entire study period in the Northeast of Brazil. Numbers in the upper rows
indicates the number of individuals. * indicate the significant values for sex ratio (chi square, p<0.05).

40.0cm, with a 28.0cm FL female (the small-
est fish caught) (x*;5cm=21.78, %?,,cm=4.73,
p<0.05), while there was significant presence
of males in the classes over 65.0cm FL, with
the largest fish observed being a male of
75.0cm (*sem=4.00, x2,,cm=11.11, p<0.05)
(Fig. 2).

Analysis of monthly sex ratio indicate a
predominance of females in almost all months
analyzed, having a significant difference
between sexes only during the spawning season
in December (?=10.24, p<0.05) (Fig. 3).

Male-female sex ratio, for the entire
study period, was 1:1.21 and was not signifi-
cantly different (x?=0.92, n=135, p>0.05) from
expected ratio 1:1.

Females: The females analyzed exhibited
four different gonadal stages: early matura-
tion, ripe, spent and resting. Early maturation
is characterized by thin gonadal wall, with
well organized ovarian lamellae. The ovary
presents projections of the gonadal wall for its
interior promoting sustainability to inner lamel-
lae. Inside the lamellae are oocytes in different
stages of pre-vitellogenic growth (gonium,
chromatin nucleolus and perinucleolus stage).
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A presence of rare oocytes on yolk globule
stage was also observed (Fig. 4A). During ripe
the gonadal wall is reduced, lamellac is well
organized and inside there are the oocytes in
pre-vitellogenic and vitellogenic growth with
higher predominance on the yolk globule stage.
Hydrated oocytes were also observed (Fig.
4B). In spent gonadal wall is quite slim, with
lamellae totally disorganized and with oocytes
in pre-vitellogenic and vitellogenic growth pre-
senting a higher number and residual oocytes
in vitellogenic growth in reabsorption. Brown
bodies were observed in some gonads (Fig. 4C);
and resting the gonadal wall is slim, with well
organized ovarian lamellae, inside the lamellae
there were oocytes in pre-vitellogenic growth.

The presence of oocytes, from oogoni-
um to hydrated oocytes, was observed on
the histological analyses, characterizing mul-
tiple spawning, and the monthly distribution of
gonadal stages indicated higher percentage of
females on ripe and spent through November to
April (Fig. 5), a second spawning is in June and
July. The gonadosomatic index (GSI) increase
in November, presented spawning peak in
March, and started to decline in April, remain-
ing low through October (Fig. 6).
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Fig. 4. Transverse section of an ovary of Lutjanus analis.
A) ovary in early maturation with well organized ovarian
lamellae (arrows) — 25x; B) ripe ovary with oocytes
on yolk globule stage (arrows) — 10x; C) spent ovary
showing oocytes in reabsorption and brown bodies (*)
— 25x. GW, gonadal wall; OR, oocytes in reabsorption.
Hematoxylin-eosin stain.
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Fig. 5. Seasonal variation of gonadal maturity ovary stages of Lutjanus analis of the Northeast of Brazil. EM, early
maturation; Ri, ripe; S, spent; Re, resting. Numbers in the upper rows indicates the number of individuals.
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Fig. 6. Variation of gonadosomatic index (GSI) for females of Lutjanus analis of the Northeast of Brazil. Bars indicates

standard deviation values.

Males: We found four different gonadal
stages (III, IV, V and VI). During stage III
gonadal wall are reduced, with organized semi-
niferous lobules, constituted by cells on stages
of spermatogonia, primary and secondary sper-
matocytes and spermatids. More spermatid
cells were observed on the seminiferous lobule.
In stage IV gonadal wall are thin with organized
seminiferous lobules, presence of cells on stage
of spermatogonia, primary and secondary sper-
matocytes, spermatids and few spermatozoids.
More spermatid cells than in the stage I1I were
observed on the seminiferous lobule (Fig. 7A).
In stage V gonadal wall are quite slim with
slightly organized seminiferous lobules, pres-
ence of cells on stage of spermatogonia, pri-
mary and secondary spermatocytes, spermatids
and spermatozoids. Spermatozoids were found
in the whole lobule (Fig. 7B); and in the stage
VI the gonadal wall have quite organized semi-
niferous lobules, constituted by all stages cells,
predominating the spermatogonians. Intersti-
tial cells, blood vases and Sertoli cells were
observed in the testes.
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Data on the males’ gonadal stages by fork
length classes are presented in the Table 2. The
monthly distribution of gonadal stages indi-
cated higher males’ percentage on stages III,
IV, V and VI from November to July. Spawning
season is quite long, extending from summer
to half winter, and occurs between November
and July.

TABLE 2
Number of sampled males of Lutjanus analis by gonadal
stages and fork length

Fork length Gonadal Stages

Total
(cm) 111 v A VI
35 0 1 1 1 3
40 0 2 3 0 5
45 0 2 4 0 6
50 1 2 4 1 8
55 1 0 3 0 4
60 0 1 4 1 6
65 0 0 2 1 3
70 0 0 0 0 0
75 0 0 0 1 1
Total 2 8 21 5 36

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 58 (3): 791-800, September 2010



Fig. 7. Transverse section of testes of Lutjanus analis.
A) stage IV — 25x; B) stage V — 25x. Sz, spermatozoids.
Hematoxylin-eosin stain.

DISCUSSION

The male-female sex ratio for the entire
study period was 1:1.21. This was not signifi-
cantly different from the ratio expected for the
family Lutjanidae, which is 1:1 (Garcia-Cagide
et al. 2001). Smaller length classes were domi-
nated by females, while larger length classes
were dominated by males. For lutjanids the size
dependent patterns of sex ratio indicates that
females are more abundant in almost all length
classes and reach a larger size than do males
(Garcia-Cagide et al. 2001). The predominance
of females among more individuals is probably
a result of different longevities, as females
seem to have higher longevities than males,
as seen for some species of the family Lut-
janidae, including Rhomboplites aurorubens
(Grimes & Huntsman 1980). This pattern was
not observed in this study for L. analis but

according to Grimes (1987) population sex
ratio, as well as sex-specific size frequencies,
is often variable, likely due to the differential
growth and mortality between sexes.

Histological analyses revealed females in
early maturation stages up to resting and, for
males, stages III and VI were observed. The
fact that several oocyte developmental stages
had been found in a single female’s gonads
(early maturation, ripe and spent) indicates typ-
ical gonadal development of multiple spawning
species. In this spawning mode, several por-
tions of oocytes develop successive matura-
tion stages and are spawned at different times,
within the same spawning season (Vazzoler
1996). Many lutjanid species studied are mul-
tiple spawners, such as Lutjanus fulviflamma
(Kaunda-Arara & Ntiba 1997), Lutjanus peru
(Santamaria-Miranda et al. 2003) and Lutjanus
synagris (Sousa Jr. et al. 2008). This mode of
spawning, according to Nikolsky (1963) allows
that the females of a same population, which
reproduce in the same period, avoid competi-
tion by spawning place, beyond to guarantee
larvae survival.

Traditionally, in reproductive studies, the
testes are less studied than ovaries, as females
are considered responsible for spawning sea-
son. As the cellular changes in spermatogenesis
are not as marked as in oogenesis, it is more
difficult to establish the stages of the reproduc-
tive cycle (Silveira et al. 1995). In this study,
the presence of spermatozoids in all months of
the year was observed in most of male gonads
and concerning the immature individuals, these
were not observed in either female or male.
This fact may be related to the characteristics
of the commercial fishing gear, which likely
targets larger individuals. This may explain
why smaller individuals are not harvested by
these fisheries.

We observed that all females larger than
28cm fork length and all males larger than
35cm fork length were matured, with gonadal
evidence of previous spawning. In Cuba, for
L. analis, 4lcm fork length was the mini-
mum maturation size (Claro 1981). The mini-
mum size of maturity observed for the mutton
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snapper in our study is smaller than that from
Cuba, perhaps suggesting an effect resulting
from fishing pressure. Although fisheries in
different regions may also target different parts
of the population, and thus result in differences
in size based parameters, as across continental
shelf and upper slope size distribution has been
reported for this species (Frédou and Ferreira
2005).

The spawning season of mutton snapper,
determined by using gonadal developmen-
tal stages and female GSI, occurred between
November and April, with secondary spawning
between June and July. Erdman (1977) found
NE Caribbean mutton snapper spawned in
March, and Claro (1981) determined spawning
in Cuban waters occurred from March to Sep-
tember, peaking in June.

Claro and Lindeman (2003) found minor
regional differences in the timing of spawn-
ing in Cuban waters. Spawning occurred from
May to August in the Southeast region of Bajo
Mandinga and Cabo Cruz; in the Southwest
region spawning occurred from April to August
(C. San Felipe and Cabo Corrientes) and from
April to September (Banco de Jagua, Puntalon
de Cayo Guano and C. Avalos); in the North-
east region mutton snapper spawned from May
to August (Cabo Santo Antonio and Corona de
San Carlos); and in the North-central region of
the island, the spawning season occurred from
May to August (Punta Hicacos-Cayo Mono, C.
Meégano de Nicolao and C. Caiman Grande)
and from May to September (C. Sabinal).
Peak spawning occurred in May and June at
all sites.

Some lutjanids species show a seasonal
spawning season (Kritzer 2004, Grandcourt et
al. 2006) and others an extended discontinu-
ous spawning period (Kaunda-Arara and Ntiba
1997, Rojas 1997), however, there being a
preference by many species for some periods
of the year (Sadovy 1996, Rojas et al. 2009),
as observed in L. analis. The mutton snapper
from Brazilian Northeast seems to follow the
spawning pattern with extended spawning and a
spawning peak during the reproductive period.

Reproduction is occurring at smaller sizes
than in other areas, and is possible that over-
fishing is affecting growth and reproduction of
this population. Therefore, the adoption of con-
servation steps is suggested in order to avoid
a future collapse of the specie. Although no
spawning aggregations of the mutton snapper
have been recorded to date, evidence from other
species (Gerhardingher et al. 2009) and fishers
reports (B.P. Ferreira, pers. observ.) indicate
that such aggregation may also occur for other
snappers and be targeted by the fisheries. This
suggests a large scope for the investigation of
reef fish spawning aggregation in Brazil.

According to Frédou et al. (2009), who
conducted fishery stock assessment for the
snappers species, the conservative biological
reference point FO.1 indicated an imminent
need for a drastic reduction in fishing mortality
for L. analis, ranging from 80% to 90%, and
noted that although quite high, these results
were in agreement with previous assessments
of lutjanids such as the ones conducted by
Newman et al. (2000). These species are indeed
highly vulnerable due to their life history traits,
which led the American Fisheries Society to
recommend that these stocks be exploited with
fishing mortalities similar to the natural mortal-
ity (Coleman et al. 2000).

The exploitation status of the species and
the biological traits enhances the importance
of establishing spatial and seasonal protection
measures such as protected areas both in nurs-
ery and spawning sites.
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RESUMEN

El pargo criollo Lutjanus analis es una especie de
importancia econoémica para la region noreste de Brasil,
que esta siendo sobreexplotada. Para determinar sus aspec-
tos reproductivos, se tomaron datos biologicos en los
Estados de Bahia, Pernambuco, Paraiba, Rio Grande do
Norte y Ceard, entre 7 y 200m de profundidad, de febrero
1997 a diciembre 1999, en el Programa de REVIZEE-NE
en la Zona Economica Exclusiva de Brasil. Se midieron
la longitud total (LT), longitud de horquilla (FL), longitud
estandar (SL), el peso total (TW) y peso evicerado (GW).
Las gonadas se recolectaron y fijaron en FAACC para el
analisis histologico de las etapas de maduracion y el cal-
culo del indice gonadosomatico (IGS). Se recolectaron un
total de 135 hembras y 61 machos. Las hembras midieron
28.0-69.0cm (TL) y los machos entre 35.0-75.0cm (TL).
Lutjanus analis es gonocorista, y la época de desove,
determinada por la frecuencia de las etapas de maduracion
y el GSI, ocurre entre noviembre y abril, con con un pico
de desove en marzo. La longitud minima (FL) de las hem-
bras maduras fue 28.0cm, menor que la reportada para la
especie en Cuba. El estado de explotacion de las especies
y los indicadores biologicos observados justifican el esta-
blecimiento de medidas de proteccion espacial y temporal,
como las areas protegidas, tanto en sitios de crianza como
en zonas de desove.

Palabras clave: L. analis, estructura sexual, modo de
reproduccion, temporada de desove, Noreste de Brasil.
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