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The gray triggerfish, Balistes capriscus, is a reef-associated species that supports
fisheries in eastern and western portions of the Atlantic. In Brazil, the species
presents high commercial importance and has faced alarming biomass decreases
over time. This study provides an update on gray triggerfish biological aspects
and fisheries management measures in Brazil after 20 years of the first assessment.
A total of 566 samples were obtained from artisanal fisheries from southeastern
Brazil, ranging from the state of Espirito Santo to northern Rio de Janeiro, from
February 2021 to February 2023. Fish ranged from 153.4 to 419.0 mm fork length
(FL). The sample was composed mainly by mature individuals. Gonadosomatic
index assessments suggest that the spawning season takes place mainly between
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Reproduction of Balistes capriscus in Brazil

O perod, Balistes capriscus, é uma espécie associada a recifes que sustenta pescarias
nas porgdes leste e oeste do Atlantico. No Brasil, esta espécie apresenta alta
importincia comercial e tem enfrentado reducdes alarmantes de biomassa ao
longo do tempo. Este estudo fornece uma atualizagdo sobre os aspectos biologicos
do perod e sugestdes de medidas de manejo no Brasil apds 20 anos da primeira
avaliagio. Um total de 566 individuos foram obtidos em pescarias artesanais do
sudeste do Brasil, desde o estado do Espirito Santo até o norte do Rio de Janeiro, de
fevereiro de 2021 a fevereiro de 2023. Os peixes variaram de 153,4 a 419,0 mm de
comprimento furcal (CF). A amostra foi composta principalmente por individuos
maduros. As avaliagdes do indice gonadossomitico sugerem que a época de desova
ocorre principalmente entre dezembro e fevereiro, com pico em dezembro,
coincidindo com o verdo. O tamanho de maturidade é estimado em 230,9 mm CF
(intervalo de confianga 225-234 mm). Com base nesses dados, sugerimos alterar
o tamanho minimo de captura para 230 mm CF (atualmente 200 mm CF) como
uma medida de recuperagio e gestio para pescarias de pero no sudeste do Brasil
e, se entendermos que os estoques atuais exigem mais medidas de recuperagio, o
estabelecimento de um periodo de defeso entre novembro e fevereiro.

Palavras-chave: Desenvolvimento ovocitirio, Histologia, Oceano Atlantico,
Peixe recifal, Pressdo pesqueira.

INTRODUCTION

Tetraodontiformes are a morphologically and ecologically diverse order comprising
over 430 fish species distributed throughout oceans, estuarine and freshwater zones
(Tyler, 1980; Monteiro-Neto ef al., 2003; Santini ef al., 2013; Fricke ef al., 2018). Most
species are important coral reef and seagrass ecosystem components, playing diverse
functional roles and indirectly influencing their habitat structures and compositions
(Matsuura, 2014; Patankar ef al., 2014; Darling et al., 2017; Stump et al., 2018; Eduardo et
al., 2020). Tetraodontiformes fish have a long fisheries history, as they are an important
source of food and income for small-scale fishing communities worldwide (N6brega
et al., 2015; Stump et al., 2018). Fishing impacts, as well as diverse fish uses, habitat
destruction and climate change, however, have severely impacted and decreased most
Tetraodontiformes populations (Darling ef al., 2017; Eduardo ef al., 2020).

The gray triggerfish, Balistes capriscus Gmelin, 1789, is a Balistidae family member
widely distributed worldwide, found on the west coast of the Atlantic from Canada to
Argentina and on the east coast from Ireland to Angola, including the Mediterranean
Sea. This species inhabits hard bottoms, reefs, and ledges and has also been found on
artificial reefs, at various depths up to about 110 m deep, but generally ranging between
15 and 55 m (Liu ef al., 2015).

Gray triggerfish fisheries are of considerable economic and social importance in
eastern and western portions of the Atlantic Ocean, including the Mediterranean Sea,
Gulf of Mexico and Caribbean Sea (Moore, 2001; SEDAR, 2006; Aggrey-Fynn, 2009,
2013; Kacem, Neifar, 2014; Burton er al., 2015; Kacem et al., 2015; Kelly-Stormer er
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al., 2017), including Brazil (Bernardes, Dias, 2000; Bernardes, 2002; Castro ef al., 2005;
Vianna ef al., 2007; Hostim-Silva, Soares, 2013). According to the latest International
Union for Conservation of Nature (IUCN) assessment, the gray triggerfish, Balistes
capriscus, is globally categorized as Vulnerable (VU), mainly due to fisheries activities,
leading to stock overexploitation. Although classified as Near Threatened (NT) in
Brazil (ICMBio, 2024), reduced gray triggerfish landings have been observed from
1986 to 2005, reaching 95% decreases in the states of Santa Catarina and Rio Grande do
Sul (Ataliba er al., 2009). The species is also classified as Vulnerable (VU) by the Espirito
Santo State list of endangered fauna and flora (Fraga er al., 2019; Hostim-Silva ef al.,
2019). Throughout the Brazilian coast, it is most abundant from southern Bahia to Rio
Grande do Sul (Castro ef al., 2005). Although it presents high commercial importance
and has faced alarming biomass decreases over time, only a few studies are available to
date concerning gray triggerfish fisheries and ecology, such as growth, reproduction,
and habitat use (Kelly-Stormer ef al., 2017; Eduardo ef al., 2020), are available to date.

Studies on the reproductive biology of commercially important aquatic species
are essential to understand reproductive aspects, including habitat use dynamics, and
establish or change management measures. For example, minimum catch sizes and
closed seasons, aiming at their recovery and supporting stock assessments with model
input data to define a given species threat status and sustainable use potential (Sparre,
Venema, 1997; Fonteles-Filho, 2011; King, 2013). These types of assessments should
be conducted at regular intervals and in different areas to understand how density-
dependence mechanisms act on populations and alter their biological parameters
(Hilborn, Walters, 1992; King, 2013).

In Brazil, guidelines on gray triggerfish uses are based on population biology studies
dating back to the mid-1980s (Bernardes, Dias, 2000; Bernardes, 2002). Considering that
species must be evaluated within a certain generational interval (IUCN, 2024), and that
these biological data are beyond the recommended 24-year interval (Liu ef al., 2015), this
study aimed to investigate gray triggerfish reproductive aspects in southeastern Brazil
and contribute to fisheries management by updating current management measures, as
well as suggesting new measures.

MATERIAL AND METHODS

A total of 566 specimens were analyzed between February 2021 and February 2023,
obtained through monitoring landings from commercial fisheries in the state of
Espirito Santo, in the municipalities of Conceigdo da Barra, Vitéria, Guarapari, Pidma
and Marataizes, and scientific shipments in the municipality of Piima (Fig. 1). Gray
triggerfish, Balistes capriscus, specimens were captured by a specific type of bottom line,
locally known as the pargueira, composed of 10 to 15 pairs of 25 hooks per line. The
smallest individuals (> 20 cm in fork length) were captured with hand nets (pugds).
Animal welfare laws, guidelines or policies were not applicable because the sample
collected during the present study was based on landed specimens being sold to the
public by fishermen. Five specimens were deposited at the Laboratério de Dinidmica
de Populagdes Marinhas at the Instituto Federal de Ciéncia e Tecnologia do Espirito
Santo (Pitima campus), Brazil, under the catalog number: BCA 001. At the laboratory,
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FIGURE 1 | Brazilian coast highlighting the Espirito Santo State (A) and its South region (B) with the sampling locations (C) of the gray

triggerfish Balistes capriscus (red points).

fork length (FL, cm), total weight (TW, g), liver weight (LW, g), and gonad weight
(GW, g) were recorded. The expected 1:1 sex ratio was tested by the Chi-square y?2 test
(p < 0.05) and differences between sexes concerning fork length (FL) and TW were
determined by Student’s t-test (p < 0.05). The weight and length ratio were used to
establish and compare relationships between FL and TW for each sex (a = 0.05).

Sexes were determined by microscopic gonadal evaluations. Maturation stages were
categorized according to a marine fish classification protocol adapted for the species
(Brown-Peterson ef al., 2011). Following this analysis, gray triggerfish gonads (ovaries
and testes) were fixed in a 10% formaldehyde solution for up to 48 h and transferred to
a 70% alcohol solution. The samples were then routinely dehydrated in an increasing
alcohol gradient (80%, 90%, 95%, and 100%) (Junqueira, Carneiro, 2013), diaphanized
in xylene, and finally embedded in paraftin at 57°C. The blocks were cut transversally
(5 pm thickness) employing a rotary microtome (LUPETEC MRPSA2016) and stained
with Hematoxylin and Eosin (Junqueira, Carneiro, 2013). Different maturity stages
were determined through germline components using photomicrographs obtained
with an HD camera and analyzed using the SIGMA Scan Pro 5.0 software.

The logistic curve that describes the relationship between the amount of mature
individuals in each furcal length interval was obtained through the applied microscopic
) and
maximum maturity length (L,,,) were estimated according to the following model: P
= 1/(1 + e-(a+b*FL)), with the R software (v. 4.3.3) (R Development Core Team, 2024)
and the FSA package (Ogle er al., 2023). An Analysis of Covariance (ANCOVA) test

was used to compare the L, , estimate curves between sexes.

development stage classifications. The size of the first gonadal maturation (L
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Gray triggerfish reproductive periods were determined by analyzing the relative
frequency of each maturation stage and monthly Gonadosomatic Index (GSI) variations,
determined as GSI (%) = (GW/TW) x 100. The index and the monthly average values
were calculated for each individual. Monthly GSI variations indicate GW evolution
throughout the year and allow for the identification of different sexual cycle stages.
Additionally, monthly liver weight variations were assessed by the Hepatosomatic
Index (HSI), calculated as HSI = (LW/TW) x 100. An analysis of variance (ANOVA)
test was used to determine potential significant differences between months of the
year. Tukey’s post-hoc test was used to determine potential differences between groups.
The monthly number of female development stages was calculated to determine peak
spawning months.

RESULTS

The sex ratio of the total sample (n = 566) of Balistes capriscus did not differ statistically
from the expected, totaling 293 females and 258 males (1.14Q:1d; X2 = 2.223, p-value
= 0.1475). The sex of 15 specimens could not be determined. No sex ratio variations
were observed throughout the year, except for June (X2 = 5, p-value = 0.0369) and
September (X2 = 14.4, p-value = 0.0003), in which the sample was mostly composed of
females. No sex ratio differences according to length classes were observed, except for
the classes between 260 and 280 mm FL (1.94Q:13}; X2 = 9.907, p-value = 0.0023), in
favor of females, and 320 and 340 mm FL (0.2Q:1d; X2 = 5.333, p-value = 0.0433), in
favor of males.

Male lengths ranged from 153.4 to 419.0 mm FL (mean = 256.12 + 49.83 mm) with
a predominance of lengths between 220 and 300 mm FL and modal class of 220 to 240
mm FL, while female lengths ranged from 154.8 to 440 mm FL (mean = 255.54 + 45.47
mm), with a predominance of lengths between 220 and 300 mm FL and modal class
of 260 to 280 mm FL (Fig. 2). No significant differences between mean FL values for
males and females were observed (Student’s t = 0.1340, p-value = 0.8936). No difterences
between median weights were noted (males: 305 g, females: 330 g; Mann-Whitney, Z
= 0.1589; p-value: 0.8737). Gray triggerfish presented negative allometric growth for
both sexes (b < 3) (Fig. S1), with no difference between FL x TW correlations between
males and females (ANCOVA, p-value = 0.44), with a confidence interval of 2.80-2.90
for both sexes. The equation for male was TW = 4.97x10FL>$% (n = 228; R>= 0.93), for
female TW = 3.933x10°FL>*! (n = 285; R>= 0.96), and for both sexes TW = 4.528x10"
SEL255 (n = 523; R2= 0.95).

A total of 277 gonads (females, n = 162; males, n = 85) were microscopically
evaluated, with sex and reproductive phase assigned to each individual, when possible.
Five gray triggerfish gonadal development stages were described macroscopically
and microscopically, as I — immature; II — developing; III — spawning capacity; IV —
regressing and V — regenerating (Tab. 1). Individuals in stages I and II were considered
immature, while individuals between stages III and V were considered mature.

Microscopically, the ovaries and testes are similar to those described for this species at
different development stages (see Kelly-Stormer e al., 2017). Germ cells were classified as
oogonia (OO) (Fig. 3A), pre-vitellogenic oocytes (PVO) (Fig. 3A), vitellogenic oocytes
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FIGURE 2 | Length structure of the gray triggerfish, Balistes capriscus, captured in southeast Brazil. Blue bars: F, females (n = 293); orange bars:

M, males (n = 258); green bars: NI, not identified sex (n = 15).

TABLE 1 | Microscopic evaluation used to classify the reproductive phase of the gray triggerfish, Balistes capriscus, adapted from the

classification of Brown-Peterson et al. (2011) and Kelly-Stormer et al. (2017).

Reproductive stages Female ‘ Male

Oogonia and pre-vitellogenic oocytes, thin ovarian wall and Primary spermatogonia visible in the cortical portion of the
I-Immature ovarian parenchyma at the initial level of organization of organ; little or no development of spermatocytes, reduced
the ovigerous lamellae lobules and ducts

Pre-vitellogenic oocytes in abundance, oocytes in initial and

secondary vitellogenesis, thin ovigerous lamella occupying  Spermatogonia and spermatocytes visible; elongation of the
the ovarian parenchyma, ovarian wall starting to vary from lobules with some development of sperm in the testes

thick to thin

II - Developing

Abundant mature oocytes with abundant vitellogenic
vesicles, higher frequency of oocytes in advanced stages

III - Spawning capable of development, presence of hydrated oocytes and post-
ovulatory oocytes; disorganization of the ovigerous lamella
and thin ovarian wall

Spermatozoa evident in the testes and spermatic ducts;
ducts developed and expanded

Vitellogenic oocytes mostly in the process of atresia
IV - Regressing disorganization of the ovigerous lamellae, thin ovarian wall
with a loose appearance

Reduced spermatogenesis and residual sperm in ducts and
lobules

Oogenesis restarts with abundant pre-vitellogenic oocytes
and traces of atresia, ovigerous lamellae in the process of
reorganization invading the ovarian parenchyma, thick
ovarian wall

Spermatogenesis with abundant initial lineages
(spermatogonia and primary spermatocytes), little or no

V —Regenerating
development of spermatocytes; empty duct and lobules
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(V) (Fig. 3B), oocytes with germinal vesicle migration (GVM) (Fig. 3C), oocytes in
absorption (Fig. 3D) and oocytes in atresia (A) (Fig. 3D). The ovaries of immature
females showed a predominance of oogonia (OO) and pre-vitellogenic oocytes
(PVO) (Fig. 4A), a germinal zone occupying the cortical ovary zone, beginning the
organization of ovigerous lamellae (OL) and thin ovarian walls (OW) (Fig. 4A). Early
developing ovaries present a predominance of previtellogenic oocytes (PVO) (Fig. 4B),
and as they approach final development, vitellogenesis (V) oocytes are mostly found
in the ovigerous lamellae, which expand to the medullary portion of the oocyte as the
oocytes develop, delimited by a thick ovarian wall (OW) with an abundance of blood
vessels (BV) (Fig. 4C). Spawning-capable ovaries contain mostly oocytes presenting
germinal zone migration (GVM) with abundant cytoplasm vitellogenic vesicles,
in addition to post-ovulatory follicles (Fig. 4D, arrow) characterized by basement

membrane degeneration, suggesting imminent spawning. The ovarian wall (OW) is
thin and loose (Fig. 4D). Despite the presence of GVM and post-ovulatory follicles, no
hydrated oocytes were observed in spawning-capable females.

FIGURE 3 | Oocyte development from germ line cells of gray triggerfish, Balistes capriscus captured in
southern Espirito Santo, Brazil. A. Oogonia (OO), previtellogenic oocytes (PVO) and blood vessels (BV)
observed in immature females. B. Vitellogenic oocyte highlighting the germinal vesicle (GV), abundance
of yolk (Y), zona pellucida (ZP), and vacuole lipids (*) characteristic of females in final development
stage. C. Oocyte with migration of the germinal vesicle (GVM) characteristic of spawning capable
females. D. Oocyte in absorption (OA), oocytes in atresia (A) observed in spawning capable females and

in regression. Arrowhead indicates the follicle cells.
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FIGURE 4 | Photomicrograph of the different stages of ovarian development of the gray trigger fish Balistes capriscus, captured in southeast
Brazil. A. Immature: thin ovarian wall (OW), with the presence of blood vessels (BV), oogonia (circle) and pré-vitellogenic oocytes (PVO)
delimited by an ovarian lamella (OL). B. In early development: ovarian wall (OW) in the process of thickening, pre-vitellogenic oocytes (PVO)
in abundance; C. in final development: completely thickened ovarian wall (OW), with the presence of enlarged blood vessels (BV), vitellogenic
oocytes (V) occupying the entire ovarian parenchyma, in addition to the presence of the first postovulatory oocytes (arrowhead). D. Spawning
capable: loose and less thick ovarian wall (OW), presence of vitellogenic oocytes (V), oocytes with migration of the germinal vesicle (GVM) and
post-ovulatory oocytes (arrow). E. Regression: loose ovarian wall (OW) delimiting an ovarian parenchyma with oocytes in atresia (arrowhead),
in addition to the other cells of the germline. F. Regeneration: thick ovarian wall (OW), visible ovigerous lamella (OL) with predominance

of pre-vitellogenic oocytes (PVO), visible interlamelar space (IS), abundant blood vessels (BV), in addition to the presence of oogonia (circle).

8/21 Neotropical Ichthyology, 23(3):e240137, 2025 ni.bio.br | scielo.br/ni



https://www.ni.bio.br/
https://www.scielo.br/ni

Jones Santander-Neto, Nadia O. Vitéria, Henrique D. Lavander and Andressa C. M. Melo

ni.bio.br | scielo.br/ni

Regressing ovaries contain remaining vitellogenic oocytes undergoing the atresia
process (Fig. 4E), in addition to the presence of pre-vitellogenic oocytes (PVO). At
this stage, the ovarian wall (OW) presents the same features as in the previous stage
(spawning-capable), with disorganized ovigerous lamella and a loose ovarian wall with
bundles invading the ovarian parenchyma (Fig. 4E). Regenerating ovaries present
features and oocyte compositions similar to those of development ovaries, except for the
ovarian wall (OW), which is more vascularized, the presence of abundant blood vessels
(BV) in the ovarian parenchyma, and visible interlamelar space (IS) (Fig. 4F).

The microscopic appearance of immature testes is compact, with little differentiation
of spermatic lobules or cysts. This organ is composed predominantly of spermatogonia
(SPG) distributed mostly in the cortical and medullary testes portions (Fig. 5A).
Developing testes present spermatic cyst (SC) elongation and differentiation. Abundant
spermatogonia are visible in the cortical portion of the testis, while developing
spermatocytes (SPC) and some spermatozoa (SPZ) are distributed up to the medullary
portion of this organ (Fig. 5B). The efferent duct (ED) is differentiated, but contains
few spermatozoa (Fig. 5B). In spawning-capable testes, spermatozoa (SPZ) are visible
in spermatic cysts (Fig. 5C) and in the spermatic duct (SD) (Fig. 5D). Spermatogenesis
reaches its maximum production with all lineage cells observed in the organ. In the
cortical portion of the testes, spermatic cysts (SC) reach their maximum elongation
up to the medullary portion (Fig. 5C). A higher frequency of spermatogonia and
primary spermatocytes is observed in the first portion while more spermatozoa (SPZ)
are observed towards the medullary portion, filling the spermatic cysts (SC) (Fig. 5C).
The spermatic duct (SD) becomes more visible, progressively expanding, densely filled
with packaged spermatozoa (Fig. 5D). The accessory gland (AG) presents a visible and
active secretory epithelium (Fig. 5D). In regressing testes, cysts (SC) and the efferent
duct (ED) contain remaining spermatozoa (SPZ) or are empty (Fig. 5E), with limited
spermatogenesis and a proliferation of connective tissue (CT) in the medullary portion
(Fig. 5E). A new spermatogenic lineage begins in regenerating testes, similar to that
observed for developing testes, differing in lobule extension (Fig. 5F) and in efferent
duct (ED) elongation.

A total of 162 females (FL range 154.7 to 440.0 mm) and 85 males (FL 166.8 to 419.0
mm) were used to estimate gray triggerfish maturity sizes. Lengths at first maturity
(L,,,,) did not differ between sexes (ANCOVA, z = 0.49, p-value = 0.22), estimated as
230.9 mm FL (confidence intervals: 225-234 mm). Although no difference between
sexes was noted, the L, of males was slightly higher (231.6 mm FL) than that of
females (227.3 mm FL) (Fig. S2). The smallest mature female measured 209 mm FL,
while the smallest mature male measured 210 mm FL, and the largest immature female,
252 mm FL, while the largest immature male measured 257 mm FL. A total of 71%
of the total sample was composed of mature individuals, 70% of which were mature
females, while a total of 71% of males were mature.

The determined GSI values ranged from 0.04 to 6.73 for females and from 0.01 to
0.11 for males. The highest GSI values for females were observed between November
and January, peaking between December and January (Fig. 6A). Declining GSI values
were noted from February onwards, increasing again between September and October.
In males, the highest GSI values were recorded in April, August and November (Fig.
6A). The HSI ranged between 0.98 and 12.35 for females and 1.23 to 13.42 for males. A
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FIGURE 5 | Different stages of development of the male reproductive system of the gray triggerfish, Balistes capriscus, in southeastern Brazil.
A. Immature: little differentiation of spermatic cysts (SC), with predominance of differentiating spermatogonia (SPG) (detail in the image).
B. In development: enlargement of the spermatic cyst (SC), differentiation of spermatogonia (SPG) into spermatocytes (SPC) and presence of
few spermatozoa (SPZ) erecting toward the medullary portion of the testis. C. Spawning capable: elongated spermatic cysts (SC) reaching
the medullary portion of the testis, visible spermatozoa (SPZ) filling the efferent duct (ED). D. The spermatic duct (SD) is developed with
the presence of packaged spermatozoa (arrowhead) and the accessory gland (AG) with apparent secretory activity. E. Regression: limited
spermatogenesis with regression of spermatic cysts (SC) and proliferation of connective tissue in the testis, the presence of remaining
spermatozoa (SPZ) and spermatic duct (SD) with an emptied appearance is observed. F. Regeneration: new spermatogenic lineage begins with

enlargement of spermatic cysts (SC), efferent duct (ED) and spermatic duct (SD) with an emptied appearance.
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Santo and northern Rio de Janeiro. GSI — F, females; GSI — M, males; HSI — F, females; HSI — M, males.

gradual increase in HSI values was observed between January and April for both sexes,
decreasing in May, and peaking in June for females and in August for males (Fig. 6B).
The minimum values of this index were observed in August for females and between
November and December for both sexes. A gradual HSI increase was observed during
months in which GSI values did not vary significantly for females (Fig. 6B), gradually
declining during a higher GSI peak, between December and January, when HSI
reductions were also observed, potentially associated with gray triggerfish reproductive
activity, when energy demands are high. In the study area, regenerating females (n =
98) represented about 53% of the total sample, and were found during all months of the
year, except for October and December, with a greater frequency noted from February
to June and in September (Fig. 7). Spawning-capable females represented about 5% (n =
9) of the sample and were observed from December to February and in April, when the
highest GSI values were recorded, alongside females presenting oocytes in absorption
(December), indicative of recent spawning. The presence of regressing females (n = 19)
between September and April (Fig. 7) and decreased GSI values observed from February
onwards indicate that the spawning period for this species probably begins in December
and continues until February.
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FIGURE 7 | Percentage of females by gonadal development stage of Balistes capriscus monitored from April 2021 to January 2023 in Espirito

Santo and northern Rio de Janeiro, Brazil.

DISCUSSION

This study provides important data on reproductive aspects of the gray triggerfish,
Balistes capriscus, population exploited in part of southeastern Brazil. Considering
that the previous biological information for this species was estimated from samples
collected in the mid-1980s and that dense dependence mechanisms may have occurred,
the data reported herein are important for stock assessments and essential to fisheries
management of the gray triggerfish in the South Atlantic.

The sex ratio in the study region did not differ from the expected 1:1 ratio, as noted
in Southeastern USA for handline fishing samples (Moore, 2001), in the Gulf of Mexico
for spearfishing samples (Lee, 2019) and in Iskenderun Bay, Turkey, for trawl samples
(Ismen et al., 2004). A predominance of females was observed in Southeastern USA
using chevron traps through fishery-dependent (Kelly-Stormer ef al., 2017) and fishery-
independent (Moore, 2001) sampling efforts, in the Gulf of Mexico using mainly traps
and hook-and-line fisheries (Fitzhugh ef al., 2015) and in the Gulf of Gabés in Tunisia
using pelagic trawl nets (Kacem, Neifar, 2014). Some older studies, however, reported
the predominance of males in the Gulf of Mexico (Wilson et al., 1995; Hood, Johnson,
1997), similar to the study carried out in the mid-1980s in Sio Paulo, Brazil using
pair fishing (Bernardes, 2002). Considering only the total sample analyzed herein, it
would be unwise to attempt to define a sex ratio pattern for gray triggerfish. However,
some aspects are noteworthy. For example, some studies may or may not have indicated
differences due to a relatively low number of samples (Wilson et al., 1995; Ismen et
al., 2004; Lee, 2019). Furthermore, it is difficult to obtain information on the exact
collection point of the specimens to assess sexual segregation according to habitats in
commercial fisheries, as is the case for most studies, except for the Gulf of Mexico in
experimental fisheries, where alternating sexual segregation was observed depending
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on proximity to the coast (Lee, 2019). However, it is interesting to note that the
predominance of males is reported in studies carried out more than 25 years ago, and
that a certain predominance, when present, was of females in more recent studies.

Most studies on gray triggerfish have not assessed sex ratio differences throughout
the year. In the present study, ratio differences were observed in favor of females in
June and September, corresponding to the end of autumn and winter in the southern
hemisphere. This is the opposite of what was reported in Tunisia (Kacem, Neifar, 2014),
where sex ratio differences were not observed only in the winter months. Without
more detailed analyses of several environmental and biological parameters, causes for
these differences cannot be postulated, especially when the only applied environmental
indicator (season of the year) presented contrasting results.

The smallest individuals collected in the present study using a pargueira (a type of
handline with several hooks) were much larger than the smallest specimens reported
in southeastern USA (82 mm FL) caught using chevron traps (Kelly-Stormer er al.,
2017) and in Turkey (79 mm FL) caught using trawls (Ismen et al., 2004). This is due
to the different selectivity of these fishing devices, with the pargueira selecting larger
individuals. It is important to note that no information on the occurrence locations
of juvenile gray triggerfish in the study area is available to date. We believe it is also
possible that juveniles do not occur in the area and migrate to these fishing locations.
In Brazil, the ranges of lengths and minimum and maximum sizes reported herein were
similar to those observed for purse seines and trawl nets in the states of Rio de Janeiro
and Sio Paulo (Bernardes, 2002; Castro ef al., 2005), and greater in length than fish
captured with portable liftnets in the states of Rio de Janeiro and Espirito Santo. The
fishery using portable liftnets, however, displays the potential to increase fishing efforts
to the point of causing stock decreases over time, due to the capture of entire fish
schools without excluding juveniles (Vianna ef al., 2007). As it is a non-selective fishing
technique that captures many small individuals, it was prohibited for gray triggerfish
fisheries in Southeastern and Southern Brazil (IBAMA, 2002).

Gray triggerfish in the study area present a negative allometric growth, as observed
in most studies carried out in southeastern USA, Ghana, Africa and Iskenderun Bay, in
Turkey (Ismen et al., 2004; Aggrey-Finn, 2007; Burton ef al., 2015). In those studies, the
allometry coefficient was calculated as around 2.80-2.90, except for Ghana, calculated
as 2.5. In Southeastern Brazil, however, isometric growth with a 3.08 coefficient was
observed (Castro et al., 2005). These differences across different areas and periods can be
due to nutritional fish conditions over time and space (Ismen e al., 2004).

The histological evaluations of the gonadal stages carried out herein aided in
identifying fish sex, especially males presenting in initial development stages few
macroscopic changes. Few assessments on the reproductive biology of this species are,
in fact, based on microscopic gonadal development criteria (Bernardes, Dias, 2000;
Lang, Fitzhugh, 2015; Kelly-Stormer et al., 2017). This may imply in the use of less
accurate and subjective techniques (Brown-Peterson ef al., 2011), which, if associated
with other factors, may result in reproductive period estimate variations for this species
in different regions (Kelly-Stormer ef al., 2017). The gray triggerfish is a gonochoric
species and females exhibit synchronous oocyte development by group (Ingram 2001;
Lang, Fitzhugh, 2015; Kelly-Stormer ef al., 2017). Regarding the latter, as observed in
other studies (Lang, Fitzhugh, 2015; Kelly-Stormer et al., 2017), the presence of groups
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of oocytes undergoing secondary development suggests an established pattern for
synchrony occurrence by group (see Wallace, Selman, 1981) in the study area. These
two oocyte groups are clearly distinguishable (Fig. 3), with larger groups of oocytes in
advanced development in synchrony, while the smaller group is more heterogeneous,
presenting smaller oocytes (Figs. 3B, D=E). Although this pattern indicates a certain
type of fecundity for most fish species (Brown-Peterson, 2003; McBride et al., 2015)
there is no evidence of this for gray triggerfish, categorized until now as presenting
indeterminate fecundity (Lang, Fitzhugh, 2015). Based on our findings, we suggest
that detailed analyses of vitellogenic oocyte diameter variations during the spawning
period be performed to confirm this asynchronous oocyte development pattern in the
study area.

The occurrence of females with hydrated oocytes, which are used to identify
batch spawning, is reported as rare in gray triggerfish studies (Hood, Johnson, 1997;
Bernardes, Dias, 2000; Moore, 2001; Lang, Fitzhugh, 2015) and was not observed by
us. Some factors may be associated with this low frequency, namely (i) the absence
of hydrated oocytes during proteolysis (Lang, Fitzhugh, 2015), (ii) the short time
between final oocyte maturation, hydration and ovulation (less than 24 h) (Brown-
Peterson ef al., 2003) making it difficult to capture females at the precise moment of
this phase and (iii) possible spawner displacement to deep areas less accessible to fishing
or reduced feeding during spawning, resulting in low susceptibility of females being
capture with bait (Wilson er al., 1995; Bernardes, Dias, 2000; Simmons, Szedlmayer,
2012). In this sense, the presence of oocytes undergoing absorption, oocytes presenting
germinal zone migration (MVT), and post-ovulatory follicles observed herein were
used as indicative of the spawning period for gray triggerfish in the study area. The
reproductive strategies observed for balistids, such as group oocyte development,
indeterminate fecundity and batch spawning, are shared by several triggerfish species,
such as the gray triggerfish (Lang, Fitzhugh, 2015; Kelly-Stormer e al., 2017; present
study), queen triggerfish, Balistes vetula Linnaeus, 1758 (Hernandez, Shervette, 2024),
black triggerfish Melichthys niger (Bloch, 1786) (Branco ef al., 2013) and red-toothed
triggerfish Odonus niger (Riippell, 1836). These strategies, combined with nesting and
protection behavior, may allow for high reproductive output (Hernindez, Shervette,
2024), thus ensuring triggerfish population maintenance.

The male reproductive system of the gray triggerfish presents unique characteristics
associated with sperm storage, consisting of the testes, sperm duct, efferent duct and
accessory gland. In spawning-capable males, unlike what is noted in other teleosts, the
sperm produced in the testes do not accumulate in the sperm cysts or sperm duct (White
et al., 1998; Brown-Peterson et al., 2011; Shinozaki-Mendes et al., 2013a), but rather
in the accessory gland, where they are stored until copulation (Moore, 2001). In this
study, the sperm duct did not vary in size between developing and mature individuals,
but the efferent duct that transports the sperm to the accessory gland widens in mature
individuals as it is filled with these cells. The sperm storage pattern of the gray triggerfish
is associated with the harem behavior of the species, in which a male builds several nests
in different locations and the accessory gland is necessary for sperm storage for prolonged
periods to ensure successful egg fertilization in each nest (Simmons, Szedlmayer, 2012;
Kelly-Stormer et al., 2017). Because of this, testes and accessory organ assessments are
paramount to understand the reproductive cycle of gray triggerfish males.
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Reported estimated maturity sizes for gray triggerfish, Balistes capriscus, vary widely
(Tab. S3), between 130 mm FL in Iskenderun Bay, Turkey and 230 mm in the Gulf
of Mexico, USA (Ismen et al., 2004; Lee, 2019). This is primarily due to different
populations of the species distributed throughout the Atlantic. Maturity data should also
be assessed from a spatial and temporal perspective. From a spatial perspective, different
locations may present different environmental conditions, which can lead to different
maturity sizes. From a temporal perspective, density-dependence mechanisms may act
on local populations, leading to altered population parameters. Different values at first
maturity can also be explained by the fact that some authors may not have used the
same maturity stages, which can lead to misinterpretation of some of them (Shinozaki-
Mendes et al., 2013b). Despite this and considering other studies carried out on this
species, a clear pattern of maturity size changes employing spatial or temporal analyses
could not be verified. Temporally, in a study carried out in southeastern USA (Kelly-
Stormer ef al., 2017), maturity sizes varied inversely for females and males over fifteen
years, with females increasing and males decreasing their maturity size. Different studies
carried out in the Gulf of Mexico reported maturity sizes with differences of about
50 mm (Fitzhugh er al., 2015; Lee, 2019). In Brazil, a reproductive assessment was
carried out with samples collected in the mid-1980s in the state of Sio Paulo (Bernardes,
Dias, 2000). This study, carried out between the southern coast of Espirito Santo and
the extreme north of the state of Rio de Janeiro, estimated higher maturity sizes for
both males and females compared to the previous 1980s assessment, resulting in large
temporal and spatial intervals. Considering that, according to the IUCN, species
should be evaluated within three generational intervals (24 years), new studies on gray
triggerfish in Brazil were sorely lacking and required.

In some occurrence areas, the gray triggerfish displays socioeconomic importance, as
in the Gulf of Mexico and southeastern USA (Johnson, Saloman, 1984; Kelly-Stormer e
al., 2017), as well as in southeastern Brazil (Barnardes, Dias, 2000; Hostim-Silva, Soares,
2013). Given this importance, high fishing efforts for the populations of gray triggerfish
are evident, which may be responsible for altered population parameters, such as maturity
size, due to density-dependence mechanisms. In addition, other factors may also play a
role in these changes, such as food web changes due to global warming or decreased gray
triggerfish competitors or predators (Kelly-Stormer er al., 2017; Aratijo et al., 2022). That
being said and considering the commercial importance of the species in the southeastern
region and its threatened status, recognizing the estimated maturity size (230 mm FL)
reported herein for the purpose of changing the minimum capture size used (200 mm
FL) in legislation for the species in Brazil (MMA, 2005) is paramount.

The spawning period of the gray triggerfish, Balistes capriscus, throughout its Atlantic
distribution is perhaps the only parameter or characteristic of this species that presents
some kind of pattern. Gray triggerfish present reproductive activity patterns associated
with increasing temperatures, given that water temperature probably plays an important
role in spawning, with accelerated oocyte development potentially taking place in
early spring culminating in spawning in mid-spring and early summer, regardless of
hemisphere (Bernardes, Dias, 2000; Moore, 2001; Ismen et al., 2004; Kelly-Stormer er
al., 2017; Lee, 2019), except for a study carried out in Tunisia where the species was
noted as spawning only in summer (Kacem, Neifar, 2014), but still within the range
of most studies. A small difference between spawning months is noted among the two
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studies carried out in Brazil (Bernardes, Dias, 2000; present study). A spawning increase
was noted during the summer (November to February) (Bernardes, Dias, 2000; present
study), peaking in January in the present study. The hepatosomatic index showed a
certain inverse correlation with the gonadosomatic index, indicating that the liver may
be correlated with the energy supply for ovarian development during the reproductive
period. Considering the estimated spawning periods and the need to establish
management measures for the recovery of gray triggerfish in Brazil, we recommend
establishing a closed season between November and February of the following years.

In addition to accelerating oocyte development, higher temperatures are also a
favorable environmental condition for the survival and growth of gray triggerfish
larvae (Kacem, Neifar, 2014). In the study area, higher water temperatures are noted
in the summer, when the species begins to spawn and when a high abundance of
zooplankton is recorded (Sterza, Fernandes, 2006; Guenther ef al., 2008), especially in
northern Rio de Janeiro during downwelling, with the predominance of pico- and
nanophytoplankton, in addition to high microzooplankton production (Guenther er
al., 2008). Similar conditions were observed in the Gulf of Gabes in the Mediterranean
for the same species, allowing for the establishment of young individuals that find
food resources during this period, which contributes to rapid growth, development
and protection (Kacem, Neifar, 2014). Historically, the gray triggerfish is exploited in
southeastern Brazil, with a significant decrease in landings recorded in Santa Catarina
and with the species being considered overexploited in the states of Sio Paulo and
Espirito Santo (Ataliba er al., 2009; Netto ef al., 2009; Hostim-Silva, Soares, 2013; Fraga
et al., 2019; Hostim-Silva e al., 2019). Since 2002, management measures have been
created to protect the species in Brazil (IBAMA, 2002; MMA, 2005) but, despite this, it
is listed as Near Threatened by the Brazilian Biodiversity Extinction Risk Assessment
System (IBAMA, 2024). In this sense, we suggest the change of the minimum capture
size to 23 cm FL (currently 20 cm) as a recovery and management measure for gray
triggerfish fisheries in Southeastern Brazil and, if it is understood that the stocks need
further recovery measures, the establishment of a closed season between November
and February of the following years along with other possible legislation that acts on
fisheries that capture as bycatch during the suggested period (eg., bottom trawling;
Castro et al., 2005; Ataliba, 2009).
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