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The Pacific sleeper, Dormitator latifrons, is a fish native to the eastern central 
Pacific that is under increasing human pressure. The harvesting of adults 
for consumption and juveniles for aquaculture highlights the urgent need to 
understand its biology for management purposes. This study developed a 
macroscopic and histological gonadal development scale, described genital 
papilla morphology, and evaluated sex ratio, size at maturity, and oocyte 
development. Between December 2017 and August 2018, 295 specimens were 
collected from the Carrizal-Chone River, Ecuador. Total length, weight, and sex 
were recorded, and reproductive organs were analyzed. The male-to-female sex 
ratio was 1.05:1. The genital papilla varied in size and appearance with gonadal 
development. A universal five-phase histological scale accurately identified 
reproductive phases: immature, developing, spawning capable, regressing, and 
regenerating. The ovarian development was group-synchronous, suggesting 
a total spawning strategy. Unfertilized oocytes were spherical, with a thin 
capsule, 4 to 8 oil droplets, and longitudinal striations. Oocyte size distribution 
revealed mature and immature populations. The length at 50% maturity (L50) 
was 13.26 cm for females and 12.09 cm for males. These findings allow a more 
precise understanding of the life history of D. latifrons, and may contribute to the 
definition of conservation and sustainable resource management.

Keywords: Amphidromous species, Fish reproduction biology, Genital papilla, 
Gonadal development.
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El dormilón del Pacífico, Dormitator latifrons es un pez nativo del Pacífico centro 
oriental que se encuentra bajo una creciente presión humana. La recolección de 
adultos para consumo y de juveniles para acuicultura resalta la urgente necesidad 
de comprender su biología para fines de manejo. Este estudio desarrolló una 
escala de desarrollo gonadal macroscópica e histológica, describió la morfología 
de la papila genital y evaluó la proporción sexual, el tamaño de madurez y el 
desarrollo de ovocitos. Entre diciembre de 2017 y agosto de 2018, se recolectaron 
295 especímenes del río Carrizal-Chone, Ecuador. Se registró la longitud total, 
el peso y el sexo, y se analizaron los órganos reproductivos. La proporción 
sexual de machos a hembras fue de 1,05:1. La papila genital varió en tamaño y 
apariencia con el desarrollo gonadal. Una escala histológica universal de cinco 
fases identificó con precisión las fases reproductivas: inmadura, en desarrollo, 
capaz de reproducir, en regresión y en regeneración. El desarrollo ovárico fue 
sincrónico en grupo, lo que sugiere una estrategia de desove total. Los ovocitos 
no fertilizados fueron esféricos, con una cápsula delgada, de 4 a 8 gotitas de 
aceite y estrías longitudinales. La distribución del tamaño de los ovocitos reveló 
poblaciones maduras e inmaduras. La longitud al 50% de madurez (L50) fue 
de 13,26 cm para las hembras y de 12,09 cm para los machos. Estos hallazgos 
permiten una comprensión más precisa de la historia de vida de D. latifrons, y 
pueden contribuir a la conservación y la gestión sostenible de los recursos.

Palabras clave: Biología reproductiva de peces, Especies anfídromas, Histología, 
Papila genital.

INTRODUCTION

The study of reproductive biology in fish is critical for the effective and sustainable 
management of fisheries and aquaculture (Connaughton, Aida; 1999; Le Gac, Loir, 
1999). Within the Gobiiformes, reproductive traits are notably diverse, reflecting 
their broad ecological distribution and the variety of reproductive strategies that have 
evolved in response to environmental pressures such as salinity, habitat type, and 
seasonality (Brockmann, 1974; Nordlie, 1981; Keith, Lord, 2011; Violante-González et 
al., 2016). These strategies range from semelparity, where individuals spawn once and 
subsequently die, to iteroparity, in which multiple spawning events occur throughout 
and individual’s lifespan (Wootton, 1990; Teletchea et al., 2009; Yamasaki et al., 2011). 
Iteroparous species may exhibit either synchronous ovarian development, leading to a 
single spawning event per cycle, or asynchronous development, characterized by the 
release of several batches of oocytes within a single reproductive season, i.e., fractional 
spawning (Tyler, Sumpter, 1996; Plaza et al., 2007). Among gobiid fishes, iteroparity is 
the predominant strategy and is typically associated with substrate spawning, adhesive 
eggs, and male parental care, particularly nest guarding and aeration of the eggs (Dinh 
et al., 2016; Miller, 1984).

Within the Gobiiformes, the family Eleotridae, commonly known as sleepers or 
gudgeons, is the second most species-rich lineage, comprising approximately 139 
species across 22 genera distributed throughout tropical and subtropical regions of the 
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Neotropics, Africa, and the Indo-Pacific (Nelson et al., 2016). Most eleotrid species 
inhabit freshwater and brackish environments, and many exhibit amphidromous life 
cycles, spawning in marine or estuarine habitats and returning to freshwater as juveniles 
(Maitland, 2003). Despite their ecological diversity and wide distribution, detailed 
information on fecundity, sexual differentiation, gonadal development, and spawning 
periodicity remains scarce, particularly among Neotropical species. While histological 
and morphological analyses have been conducted in some gobioid taxa, e.g., Tridentiger 
trigonocephalus (Cho et al., 2014), such studies remain limited within the Eleotridae 
(see Teixeira, 1994; Maeda et al., 2008; Nordlie, 1981, 2012), thus constraining our 
understanding of reproductive strategies in this group.

Among the Eleotrids, Dormitator latifrons, commonly known as Pacific fat sleeper, is 
an amphidromous species found along the Pacific coast of Central and South America 
(southern California, USA to Peru) including the Galapagos Islands (Massay, Mosquera, 
1992; McDowall, 2009; Nordlie, 2012; Vega-Villasante et al., 2021). This species 
demonstrates remarkable environmental tolerance, thriving in salinities up to 40 UPS, 
temperatures between 21–30 °C and oxygen levels as low as 0.4 ppm (Chang, 1984; 
FAO, 2010). Adults inhabit estuarine and mangrove ecosystems during the breeding 
season and migrate to freshwater habitats during the non-reproductive period (Chang, 
Navas, 1984; Graham et al., 1985; Massay, Mosquera, 1992; Santana-Piñeros et al., 
2024). Nonetheless, reproductive activity has also been observed in both freshwater and 
marine systems (Ruiz-Campos, 2012; Jiménez-Prado et al., 2015).

Economically, D. latifrons holds significant value in coastal ecosystems from Ecuador, 
where it is prefered over tilapia (Castro-Rivera et al., 2005; Bermúdez-Medranda et 
al., 2025). Aquaculture production currently relies on capturing wild juveniles for 
fattening (FAO, 2010), a practice that exerts pressure on natural population. In 2019, 
Ecuador produced 261 tons of D. latifrons (US$1,001,000) compared to 9,200 tons of 
tilapia ($23,552,000) (FAO, 2020). The species is also gaining aquaculture interest in 
countries like Mexico and Nicaragua, due to its rapid growth, high-quality flesh, and 
low dietary protein requirements, which position it as a native alternative to tilapia and 
a tool for mitigating ecological impacts from exotic species (Vega-Villasante et al., 2021; 
Aréchiga-Palomera et al., 2024).

Despite its ecological and economic importance, fundamental aspects of D. latifrons 
reproduction remain poorly unknown (Vega-Villasante et al., 2021). Reported data on 
reproductive mode, spawning seasonality, oocyte structure, fecundity, sex ratio, and 
gonadal development are fragmented. Previous studies have described an empirical, 
macroscopic, eight-stage maturation scale for females (Tresierra Aguilar et al., 2002) 
and reported the size at first sexual maturity for males (15.5 cm total length (TL); 60 g 
body weight (BW)) and females (20.5 cm TL; 105 g BW) in Ecuador (Chang, Navas, 
1984), as well as females (~13.2 cm TL) in Mexico (Violante-González et al., 2016). 
However, macroscopic methods are often subjective and may misclassify maturation 
stages (Jakobsen et al., 2009), reinforcing the need for histological validation (Brown-
Peterson et al., 2011). We hypothesize that the integration of macroscopic and histological 
analyses will allow for a more precise and comprehensive characterization of gonadal 
development and reproductive traits in D. latifrons populations from Ecuador. This 
knowledge is essential for informing sustainable management strategies and advancing 
aquaculture development for this native species. Specifically, this study aims to: (1) 
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characterize the macroscopic and microscopic stages of gonadal development in both 
sexes; (2) describe the morphology of the genital papilla and oocytes; and (3) estimate 
key reproductive parameters, including sex ratio, size at sexual maturity, and batch 
fecundity. These findings will contribute with valuable insights to enhance resource 
management and support the implementation of sustainable aquaculture practices.

MATERIAL AND METHODS

Sampling. This study was conducted in the Carrizal-Chone River system, in the area 
between the upper part of the Chone River estuary (00°42’04.15”S 80°13’40.35”W) and 
the La Segua Wetland (00°42’33.00”S 80°11’54.43”W), belonging to Manabí province, 
Ecuador. Nine samplings were performed, five in the rainy (January-May 2018) and four 
in the dry (December 2017 and June-August 2018) season, collecting 295 specimens 
(151 males and 144 females) of D. latifrons. During samplings, the animals were captured 
randomly by fishermen using cast nets and transported alive to the laboratory, where 
they were analysed. Although the specimens examined in this study were discarded, they 
were previously identified with taxonomic keys (Ruiz-Campos, 2012; Jiménez-Prado 
et al., 2015; Froese, Pauly, 2024) and compared with reference specimens deposited in 
the Ichthyology Collection of the Laboratório de Biologia e Genética de Peixes (LBP), 
Universidade Estadual Paulista, Botucatu, Brazil (LBP 29080), and in the Ichthyology 
Collection of the Universidad Técnica de Machala, Ecuador (UTMACH 365, 372, 373, 
377, 378, 381, 383, 394, 395) (Paim et al., 2020). 

Sampling procedures and data analysis. The animals were anesthetized with 170 mg 
L-1 of Eugenol (Zambrano-Bermúdez et al., 2023) prior to be euthanized using cerebral 
puncture following bioethical norms. Subsequently, a dissection of reproductive organs 
(gonads) was performed. Total length (TL in cm), total body weight (W in g) and 
gonadal weight (GW in g) were recorded for each animal. Sex was determined based 
on the external morphological characteristics of the genital papilla (male: triangular and 
female: subrectangular) and gonads (Vega-Villasante et al., 2021). The length and width 
of the genital papillae and gonads of both sexes were measured (cm) with a Vernier 
calliper. The gonadosomatic index (GSI) was calculated as: 

GSI = (GW/W) x 100

Where GW = gonad weight (g) and W = total body weight (g)

Fragments of gonad tissue were fixed in 10% neutral buffered formalin for histological 
analysis. The histological samples were processed using the paraffin inclusion technique, 
sectioned at 5 µm, stained with haematoxylin and eosin and mounted on slides with 
toluene (Wijayanti et al., 2017). The slides obtained were analysed using an Olympus 
BX53 optical microscope (Olympus America Inc., USA). The images were taken with 
the help of an 18 MP AmScope MU108 camera (United Scope LLC., USA) coupled 
to an optical microscope. For interpreting germ cell stages and phases of gonadal 
development, we used the standardised scale for teleost fish proposed by Brown-
Peterson et al. (2011) for females and males; briefly: I “Immature”, II “Developing, III 
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“Spawning capable”, IV “Regressing” and V “Regenerating”. A total of 250 oocytes per 
female, from gonad sections of 20 mature females, were randomly measured using the 
ImageJ program (v. 1.45). A total of 30 unfertilised eggs were also measured. 

Data and statistical comparisons. Differences on TL and W between sex; length 
and width papillae among gonad development phase, and GSI among months were 
analyzed using one-way ANOVA. Statistica v. 7 software was used for statistical 
processing. Analysis of covariance (ANCOVA) was also used to compare the condition 
(weight-length relationship) and gonadal weight between sex categories using fish total 
length as the covariate. Quantitative variables were log-transformed, when necessary, 
for parametric analyses. The results are expressed as average and standard deviation. 
Size-at-maturity (L50) of a population is the total length at which 50% of the individuals 
are mature, and it was estimated by fitting a logistic regression for each sex, using 
maturation phases as the qualitative response variable (mature vs. immature) and fish 
total length as quantitative predictor (Fontoura et al., 2009; Barzotto, Mateus, 2017). 
This model allows the estimation of the probability of a fish to be mature according to 
its total length. Logistic models were fitted using SPSS 27.0. 

RESULTS

In total, males and females comprised 51% and 49% of D. latifrons caught, respectively. 
The male:female ratio was not significantly different (Chi-square test, χ2 = 0.11, p = 
0.74, n = 295) and the sex ratio was 1.05:1. The mean total length of males (21.04 ± 
6.07 cm, n = 151) and the mean body weight (20.00 ± 5.69 g, n = 144) did not show 
significant differences (F1,295 = 3.15, p = 0.077) between sex. 

Morphological characteristics of the genital papilla. The length and width of the 
genital papillae were significantly smaller in females than in males (F1,254 = 10.02, p = 
0.002, F1,254 = 4.08, p = 0.044; respectively) (Tab. 1). Additionally, both length and width 
showed significant differences among phases of gonadal development (F4,254 = 11.47, p 
= 0.001, F4,254 = 10.06, p = 0.001; respectively). Post-hoc analyses revealed that papillae 
were significantly smaller in phases I and II compared to phases III, IV and V. 

Morphologically, the genital papillae changed noticeably throughout gonadal 
maturation. In males at phases I and II of gonad development, the papilla is flat with 
sharp edges and oval appearance and a black-spotted colouration pattern (Fig. 1A). 
As male progress to mature stages, the papilla elongates and assumes a well-defined 
triangular shape. In mature males (phases III-V), it becomes oedematous with 
homogeneous colouration that transitions from predominantly yellowish at maturation 
to violet-yellow in the centre and dark wine on the edges (Fig. 1B). In females at phases 
I and II of gonad development, the papilla is flattened and sub-rectangular in shape; and 
also, presents a black-spotted colouration pattern, including digitiform villi (Fig. 1C). 
Upon maturation, the papilla elongates while maintaining its sub-rectangular form but 
with more rounded edges. It also becomes oedematous and changes colour, shifting 
from predominantly pale pink at maturation to dark violet, mainly at the edges, in 
mature (phases III-V) females (Fig. 1D). The villi show the most pronounced change, 
increasing in size and acquiring a wine coloration.

https://www.ni.bio.br/
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TABLE 1 | Morphometric data of genital papilla on Dormitator latifrons according to gonad development 

phase. Mean length (cm) and mean width (cm), with the range shown in parenthesis. n = number of fish 

sampled. I: Immature, II: Developing, III: Spawning capable, IV: Regressing, V: Regenerating.

Females Males

Phase n Length Width n Length Width

I 18 0.40 (0.10–0.60) 0.26 (0.10–0.50) 10 0.54 (0.10–0.90) 0.31 (0.10–0.60)

II 6 0.67 (0.30–0.90) 0.45 (0.20–0.70) 13 0.67 (0.40–0.90) 0.39 (0.30–0.70)

III 109 0.86 (0.20–1.40) 0.59 (0.20–1.00) 114 0.89 (0.30–1.80) 0.55 (0.20–1.80)

IV 6 0.67 (0.30–1.20) 0.46 (0.10–0.80) 5 0.77 (0.60–0.90) 0.43 (0.30–0.50)

V 5 0.55 (0.30–0.80) 0.35 (0.20–0.50) 9 1.02 (0.80–1.40) 0.64 (0.50–0.90)

FIGURE 1 | Genital papillae in immature and mature Dormitator latifrons males and females. A. Immature male with oval, flattened 

papilla, black-spotted pigmentation pattern, and white sphincter (arrowhead). B. Mature male showing elongated, triangular papilla with 

homogeneous violet-yellow colouration and presence of semen (arrowhead) at the genital pore. C. Immature female with flattened, sub-

rectangular papilla and black-spotted pigmentation, including the digitiform villi (arrowhead). D. Mature female with oedematous, sub-

rectangular papilla, and dark violet coloration; egg mass visible at the genital pore (arrowhead). Scale in cm.
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Morphological characteristics of the gonads. The gonads showed a significant 
increase in weight in phase III (F4,282 = 8.09, p = 0.001), while the length of both gonads 
(Fright gonad 4,279 = 12.30, p = 0.001, Fleft gonad 4,279 = 11.95, p = 0.001) showed a gradual increase 
during phases I to III, and subsequently a significant decrease in length in phases IV and 
V (Tab. 2). The width of the right (F4,284 = 15.43, p = 0.001) and left (F4,284 = 14.21, p = 
0.001) gonads showed significant differences between phases of gonadal development, 
showing a significant increase during phases I to III and a decrease during phases IV and 
V. After controlling total length, weight did not show significant differences between 
sexes (ANCOVA, F1, 289 = 2.29 p = 0.13; Fig. 2A) but gonadal weight was heavier in 
females than males for a given total length (F1, 281 = 4.96, p = 0.27; Fig. 2B). 

FIGURE 2 | Relationship of total weight (A) and gonad weight (B) of both sexes with the total length of 

Dormitator latifrons.

https://www.ni.bio.br/
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Oogenesis. In Phase I, ovaries were small, smooth, translucent to slightly whitish, 
and lacked visible blood vessels (Fig. 3A). Histologically, only oogonia and primary 
growth oocytes were observed, tightly packed without visible intercellular spaces. The 
ovarian wall was thin (~25 µm), and no postovulatory follicles or atretic oocytes were 
detected (Figs. 3B, C). In Phase II, ovaries appeared enlarged and cream-coloured, with 
a slightly granular texture, irregular edges, and more visible blood vessels (Fig. 3D). 
Microscopically, cortical alveolar oocytes and primary (Vtg1) and secondary vitellogenic 
oocytes (Vtg2) predominated. Primary growth oocytes and some atretic oocytes were 
also present, but no mature oocytes or postovulatory follicles were observed (Figs. 3E, F).

In Phase III, ovaries were large, turgid, and yellow to slightly orange, with irregular 
edges and well-defined blood vessels (Fig. 3G). Histological examination revealed a 
predominance of tertiary vitellogenic oocytes (Vtg3) and the onset of germinal vesicle 
migration (Figs. 3H, I). In a more advanced subphase of this stage, the active spawning 
subphase, ovaries appeared reddish and slightly flaccid (Fig. 3J). Histologically, this 
subphase showed the presence of mature oocytes (MGV, BDGV) and postovulatory 
follicles, with abundant atretic oocytes, while cortical alveolar and primary growth 
oocytes were scarce (Figs. 3K, L). In Phase IV, ovaries were smooth, flaccid, reddish, 
and translucent, with prominent blood vessels (Fig. 3M). Histologically, postovulatory 
follicles and atretic oocytes predominated, and blood vessels appeared congested. 
Primary growth oocytes were still present, and the ovarian wall was thickened (Figs. 
3N, O). Finally, in Phase V, ovaries were thin, whitish translucent, and showed reduced 
vascularisation (Fig. 3P). Histologically, primary growth oocytes, atretic oocytes, and 
postovulatory follicles were present, and the ovarian wall was markedly thick (~76 µm) 
(Figs. 3Q, R). 

Spermatogenesis. In D. latifrons males, five reproductive phases were identified based 
on macroscopic and histological features. In Phase I (immature), testes were thin, 
elongated, translucent, and whitish (Fig. 4A). Histologically, the seminiferous tubules 
were poorly defined and lacked lumens, with only primary spermatogonia (Sg1) present 
(Figs. 4B, C). In Phase II (developing), testes increased in size, became creamy white, 

Phase
Ovary Testicle

n Length Width Weight n Length Width Weight

I 18 3.13 (1.70–5.45) 0.27 (0.10–0.65) 0.30 (0.03–0.68) 10 3.76 (1.80–4.95) 0.34 (0.10–0.75) 0.32 (0.02–1.08)

II 6 3.68 (2.75–5.25) 0.57 (0.30–1.25) 1.35 (0.70–5.41) 13 5.26 (4.20–9.15) 0.57 (0.80–1.05) 0.92 (0.80–3.12)

III 109 6.90 (2.50–13.80) 1.42 (0.15–3.70) 13.52 (0.50–3.62) 114 6.58 (2.65–12.50) 1.31 (0.35–2.85) 4.76 (0.30–21.68)

IV 6 5.13 (2.45–7.80) 0.77 (0.30–1.25) 2.75 (0.17–6.79) 5 5.78 (4.35–8.35) 0.53 (0.30–0.90) 0.71 (0.16–1.11)

V 5 4.48 (2.15–6.80) 0.40 (0.30–0.50) 0.63 (0.14–1.11) 9 8.51 (6.55–10.15) 0.61 (0.40–0.85) 2.17 (0.60–1.82)

TABLE 2 | Morphometric data of Dormitator latifrons ovary and testicle based on gonadal development phase. Mean length (cm), mean width 

(cm) and mean weight (g) are shown, with the range in parenthesis. n = fish sampled. I: Immature, II: Developing, III: Spawning capable, IV: 

Regressing, V: Regenerating.

https://www.ni.bio.br/
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FIGURE 3 | Macroscopic view and histological sections of gonads in each phase of the reproductive cycle of female Dormitator latifrons. A. 

Phase I – Immature. B. Low magnification of immature ovary. C. High magnification of immature ovary. D. Phase II – Developing. E. Low 

magnification of developing ovary. F. High magnification of developing ovary. G. Phase III – Spawning capable. H. Low magnification of an 

ovary in spawning capable phase. I. High magnification of an ovary in spawning capable phase. J. Phase III – actively spawning subphase 

of the spawning capable reproductive phase. K. Low magnification of an ovarian in actively spawning subphase. L. High magnification 

of an ovarian in actively spawning subphase. M. Phase IV – Regressing. N. Low magnification of an ovary in regressing phase. O. High 

magnification of an ovary in regressing phase. P. Phase V – Regenerating. Q. Low magnification of an ovarian in regenerating phase. R. 

High magnification of an ovarian in regenerating phase. PG = primary growth oogonia; OW = ovarian wall; N = nucleus; n = nucleolus; CA = 

cortical alveolar oocytes; Vtg1 = primary vitellogenic oocyte; Vtg2 = secondary vitellogenic oocytes; Vtg3 = tertiary vitellogenic oocytes; GVM 

= germinal vesicle migration; GVBD = germinal vesicle breakdown; POF = postovulatory follicles; A = atretic oocytes. Macroscopic view (A, D, 

G, J, M, P) scale in cm. Microscopic view (Staining H-E) in µm.
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FIGURE 4 | Macroscopic view and histological sections of gonads in each phase of the reproductive cycle of male Dormitator latifrons. A. 

Phase I – Immature. B. Low magnification of immature testicle. C. High magnification of immature testicle. D. Phase II – Developing. E. Low 

magnification of developing testicle. F. High magnification of developing testicle. G. Phase III – Spawning capable. H. Low magnification 

of a testicle in spawning capable phase. I. High magnification of a testicle in spawning capable phase. J. Phase IV – Regressing. K. Low 

magnification of a testicle in regressing phase. L. High magnification of a testicle in regressing phase. M. Phase V – Regenerating. N. Low 

magnification of a testicle in regenerating phase. O. High magnification of a testicle in regenerating phase. Sg1 = primary spermatogonia; 

Sg2 = secondary spermatogonia; Sc1 = primary spermatocyte; St = permatid; Sz = spermatozoa; L = lumen of lobule. Macroscopic view (A, D, G, 

J, M) scale in cm. Microscopic view (Staining H-E) scale bars in µm.
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and showed visible vascularization (Fig. 4D). Microscopically, small but well-structured 
seminiferous tubules were evident, containing secondary spermatogonia (Sg2), 
spermatocytes, and sperm in various developmental stages, although spermatozoa were 
not yet observed in the lumen or sperm ducts (Figs. 4E, F). Phase III (spawning capable) 
was characterized by large, turgid, milky white testes with pronounced vascularization 
(Fig. 4G). Histologically, spermatogenesis was active, and abundant spermatozoa were 
found in the tubule lumens and sperm ducts (Figs. 4H, I). In Phase IV (regressing), 
the testes appeared smaller, opaque, flaccid, and pink to reddish (Fig. 4J), with halted 
spermatogenesis and a noticeable decrease in spermatocytes and spermatozoa within 
the ducts and lumens (Figs. 4K, L). Finally, in Phase V (regenerating), the testes 
were markedly reduced in size, flaccid, and reddish to brown (Fig. 4M). Primary 
spermatogonia (Sg1) reappeared, and residual spermatozoa (Ez) were observed in the 
tubule lumens and spermatic ducts, with most tubules now exhibiting a clear lumen 
(Figs. 4N, O).

Unfertilised egg. Average diameters of oocytes in the primary growth, cortical alveoli, 
secondary vitellogenesis, tertiary vitellogenesis, mature (stages MGV and BDGV) and 
unfertilised egg stages were 39.16 ± 5.66, 76.00 ± 5.04, 106.19 ± 12.96, 163.67 ± 8.57, 
183.83 ± 5.18, and 337.88 ± 43.72 µm, respectively. Unfertilised oocytes were round, 
with a thin capsule without perivitelline space, a variable number (4–8) of oil drops 
and longitudinal striations under the capsule (Figs. 5A, B). These striations, which can 
be also observed in histological sections of vitellogenic oocytes (Fig. 5C), are filaments 
forming a membrane project after spawning as part of an adhesion apparatus (Fig. 5D). 
The projected membrane has a hyaline aspect, with apertures (ap) that become larger as 
they move away from the stalk and end in a bundle filament (Fig. 5D).

Reproductive parameters. Mature females and males (phase III) were observed in high 
proportion (55–100%) throughout the whole sampling time (Fig. 6). Gonads of females 
at phase I were mostly recorded in January while males were observed in February (Fig. 
6). Phases IV and V in both sexes were observed in the dry season (July-August) (Fig. 6). 

The size frequency distribution of oocytes showed two populations of oocytes in 
the ovary at the same time, a population of mature oocytes and a population of smaller 
immature oocytes (Fig. 7A). The GSI was significantly higher during the months of 
April and May (rainy season) than in the months of June through August (dry season) 
(F4,204 = 18.30, p=0.001) (Fig. 7B). Females begin to mature with smaller sizes (7 cm) 
than males (8.7 cm); The L50 for both females and males was 13.26 cm and 12.09 cm, 
respectively (Fig. 8).
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FIGURE 5 | Morphology of unfertilised Dormitator latifrons eggs. A. An unfertilised egg showing round shape and striation (arrowhead) 

under the capsule. B. Detailed striations (arrowhead) from A and C. C. Histological section of the ovary showing striations (arrowhead) in 

mature oocytes (MO). H&E stain. D. Unfertilised eggs showing the adhesion apparatus in the pedicle (P). Note the apertures (ap) in the hyaline 

membrane (arrowhead). Scale bars: A = 250 µm; B–D = 50 µm.
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FIGURE 6 | Relative frequencies of gonadal development stages of Dormitator latifrons. A. Females and 

B. Males. I: Immature; II: Developing; III: Spawning capable; IV: Regressing and V: Regenerating.
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FIGURE 7 | A. Frequency distribution of oocyte size in mature females of Dormitator latifrons. B. The 

gonadosomatic index (GSI) of D. latifrons from April to August of 2018.

FIGURE 8 | Relationship between maturity stage of both female (A) and male (B) of Dormitator latifrons 

with total length (0: immature and 1: mature).
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DISCUSSION

The reproductive biology of D. latifrons shows strong affinities with other Eleotrids 
and Gobiiformes, characterized by complex gonadal development and marked sexual 
dimorphism in genital morphology and reproductive behaviour. In the present study, 
analysis of 259 individuals revealed a sex ratio of 1.05:1 (males:females), closely matching 
the 1:1 ratio reported by Chang, Navas (1984) for the same area more than three decades 
ago. Despite long-standing fishing pressure in the Carrizal-Chone River System, where 
population declines have been documented (Stram et al., 2005; Gonzalez-Martinez et 
al., 2020), this balanced sex ratio suggests that current artisanal fishing practices, lacking 
sexual selectivity, have not yet disrupted the natural sexual structure of the population. 
Moreover, a near 1:1 sex ratio can be considered a positive indicator of the specie´ 
persistence in the region, as it ensures the presence of reproductive partners even under 
fishing pressure. Nevertheless, the persistent harvest of wild juveniles for aquaculture 
fattening (FAO, 2010), coupled with the unregulated capture of subadults and adults 
for consumption (Vega-Villasante et al., 2021), poses a potential threat to long-term 
reproductive output. To safeguard population sustainability, management measures 
such as enforcing seasonal closures during peak spawning, implementing minimum size 
limits, and discouraging the capture of reproductive individuals during the rainy season 
should be considered. In parallel, the development of government-supported breeding 
programs to complete the species’ reproductive cycle in captivity could provide juveniles 
for aquaculture without depleting wild stocks. 

Beyond population structure, our findings also reveal marked morphological 
differences between sexes, providing key insights into the reproductive biology of 
the species. The morphology of the genital papilla in D. latifrons exhibits clear sexual 
dimorphism: males possess smooth, triangular papillae, whereas females display a sub-
rectangular structure with prominent finger-like villi. Additionally, our observations 
indicate that these external structures vary in size and coloration across reproductive 
phases, suggesting their potential as reliable and non-invasive indicators of sexual 
maturity. This is particularly advantageous in D. latifrons, where conventional ovarian 
biopsy is hindered by the reduced size and anatomical inaccessibility of the genital 
pore (Rodríguez-Montes de Oca et al., 2012), and where invasive methods may induce 
significant stress or physical harm to the specimens. Similarly, in the bigmouth sleeper 
(Gobiomorus dormitor), papilla erection and reddish coloration indicate imminent 
spawning readiness, suggesting that external morphology may serve as a stress-reducing 
signal and determine reproductive timing (Harris et al., 2011). 

The variability observed in the genital papilla of D. latifrons fits within a broader 
pattern documented in other gobioids, where morphological changes are closely 
linked to gonadal status and hormonal regulation. In bidirectional sex-changing gobies 
such as Trimma okinawae, the urogenital papillae and associated genital ducts undergo 
morphological changes during sexual transition, a process influenced by sex steroid 
hormones, particularly androgens, suggesting a physiological link between papilla 
morphology and gonadal status (Kobayashi et al., 2012). Adopting genital papilla 
morphology as a favorable indicator for field breeding can significantly improve 
broodstock selection for D. latifrons, minimizing management stress and aligning 
reproductive interventions with fish welfare and sustainable management objectives. 
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In this context, we propose a methodological approach for future research and 
management initiatives that integrates the use of our sexual maturity scale, coupled 
with precise morphometric analysis of the genital papilla. This strategy could serve not 
only as a practical tool for broodstock selection in aquaculture programs but also as a 
non-invasive biomonitoring indicator of reproductive dynamics in natural populations, 
especially under changing environmental conditions.

Histologically, D. latifrons exhibits a group-synchronous ovarian development, 
characterized by two distinct oocyte cohorts: one composed of mature oocytes at the 
germinal vesicle stage and another of smaller, less-developed oocytes. Our findings 
suggest that females may follow a total spawning strategy, releasing all mature oocytes 
in a single reproductive event over a short period. This hypothesis is supported by the 
absence of late vitellogenic oocytes in ovaries during the regression phase, indicating 
complete spawning before ovarian regression. Similar patterns of group-synchronous 
development have been reported in other tropical gobioid species, including Cotylopus 
acutipinnis (Teichert et al., 2015), Sicyopterus lagocephalus (Teichert et al., 2014), and 
Gobius paganellus (Louiz et al., 2013), and are considered adaptive responses to seasonal 
environments. In these cases, oocyte maturation occurs in advance, allowing females to 
spawn synchronously once environmental conditions, such as rainfall or hydrological 
shifts, become favourable. Thus, while reproductive activation in D. latifrons appears 
to be environmentally triggered, the ovarian structure reflects a preparatory strategy 
that enables rapid spawning in response to external cues. Further population-level 
validation is needed to confirm this reproductive pattern. By reducing the need to 
sacrifice specimens, this histological approach also supports more ethical and sustainable 
research practices. Ultimately, our findings offer a baseline for refining management 
actions, such as seasonal harvest bans covering the spawning period, post-spawning 
harvest bans or spatial protections, to safeguard reproductive potential and ensure the 
long-term sustainability of D. latifrons populations.

This pattern in females contrasts with the gonadal organization observed in males, 
which exhibits distinctive histological traits that also influence the species’ reproductive 
strategy. In males of D. latifrons, the testes exhibit a lobular-type structure at the 
histological level, with seminiferous tubules arranged radially from the dorsal and 
lateral walls toward a central lumen, an organization similar to that described in tilapia 
(Patimar et al., 2011). In teleost fishes, this lobular organization is associated with cystic 
spermatogenesis, wherein germ cells develop within discrete cysts that release mature 
spermatozoa synchronously into the lobular lumen (Caspers, 1984; Pecio et al., 2001; 
Uribe et al., 2014). Such morphology likely facilitates coordinated release of large 
quantities of sperm, which is advantageous during mass spawning events or tightly 
timed reproductive periods. From an applied standpoint, understanding this structural 
pattern enables targeted and ethical broodstock management: monitoring reproductive 
phases through histological or non-invasive assessments allows aquaculturists to 
optimize the timing for sperm collection and induce spawning under controlled 
conditions. Concurrently, recognizing phases of regression and regeneration can 
inform the establishment of post-spawning rest periods, minimizing overexploitation 
and enhancing stock sustainability. These biological insights thus bridge anatomical 
knowledge with practical strategies for both aquaculture development and the 
sustainable management of wild D. latifrons populations. 
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These adaptations in sperm production and release are complemented by oocyte 
characteristics that optimize fertilization success and recruitment under variable 
environmental conditions. In D. latifrons, the newly spawned oocytes averaged 
337.9 ± 43.7 µm in diameter, substantially smaller than those of other eleotrid species 
such as D. maculatus (Flores-Coto, Garcia, 1983). These small, spherical eggs equipped 
with a filamentous adhesive apparatus facilitate substrate attachment, a trait fundamental 
for demersal spawning strategies. While larger eggs generally confer higher survival 
rates (Einum, Fleming, 2000), the production of numerous small eggs, as observed in D. 
latifrons and other gobioids like Hypseleotris sp., Eleotris spp., and E. fusca (Lake, 1967; 
Anderson et al., 1971; Auty, 1978; Maeda et al., 2008) supports an opportunistic strategy 
that maximizes reproductive output under fluctuating environmental conditions (Miller, 
1984). Furthermore, producing many small eggs should be more advantageous in terms 
of future recruitment than producing a smaller number of large eggs that can be more 
easily detected and preyed upon (Connaughton, Aida, 1999). For aquaculture, these 
findings suggest that high fecundity and efficient seed production could be achieved 
with minimal broodstock, given the moderate egg size and adhesive properties that 
ease handling and incubation. In wild management, understanding that D. latifrons 
invests in quantity over per-egg quality can guide conservation efforts, populations 
may be vulnerable to recruitment bottlenecks if larval substrate quality or availability 
is compromised. Maintaining optimal habitat complexity (e.g., rocky substrates or 
structured vegetation) is therefore crucial to ensure larval survival and sustain wild stocks. 
Additionally, contamination from plastic waste (including micro- and nanoplastics) and 
siltation can degrade substrate quality, obstruct larval settlement, cause physiological 
stress, reduce oxygenation at the substrate surface, or physically smother benthic surfaces. 
Studies have shown that microplastics accumulate in sediments and on benthic surfaces, 
where they negatively affect organismal health and reproduction (Osuna-Laveaga et 
al., 2023). Consequently, conservation strategies should also include measures to reduce 
plastic pollution and control sediment runoff in the habitats of D. latifrons.

The combination of high fecundity and egg adhesion ensures that reproductive 
success is synchronized with the most favourable environmental windows, as reflected 
in the species’ annual cycle. Our data show that the reproductive cycle of D. latifrons 
is nearly continuous, with mature individuals recorded year-round and clear peaks 
in gonadal activity during the rainy season (April-May), as indicated by elevated 
gonadosomatic index (GSI) values. Such seasonal reproductive patterns, synchronized 
with environmental cues like rainfall and hydrological fluctuations, are common 
among tropical freshwater fishes and have been documented in multiple gobioid taxa 
and broader fish assemblages (Chang, Navas, 1984; Dinh et al., 2016, 2022; Nordlie, 
1981). These results suggest that in our study area, spawning events in D. latifrons 
are stimulated by hydrological changes during rainy season, particularly the rise in 
freshwater levels and the downstream displacement of the saline plume, which improve 
spawning and nursery conditions in the estuary. However, our dataset was obtained 
from a limited number of samples and a relatively short observation period. Therefore, 
while our findings provide initial insights into reproductive periodicity, broader studies 
encompassing larger sample sizes and longer temporal scales are necessary to confirm 
these patterns at the population level. From a management standpoint, our results support 
the potential implementation of seasonal bans to protect reproductive aggregations and 

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


Neotropical Ichthyology, 24(1):e250013, 2026 18/23 ni.bio.br | scielo.br/ni

Reproductive traits of D. latifrons in Ecuador

enhance recruitment potential. Moreover, aligning broodstock collection with natural 
reproductive cycles may improve aquaculture success while minimizing pressure on 
wild stocks.

Understanding reproductive seasonality becomes even more relevant when 
accurately determining size at first maturity, a key parameter for fishery regulation and 
sustainable management. Sexual maturity data for D. latifrons have been remarkably 
scarce, as highlighted by Froese, Pauly (2021), underscoring the limited knowledge 
of the species’ reproductive parameters. Our analysis revealed that the smallest mature 
females and males measured 7 cm and 8.7 cm in total length, respectively. These values 
are considerably lower than the 13.2 cm TL reported by Violante-González et al. (2016) 
for females in Laguna Tres Palos, Guerrero state, Mexico. However, their study did 
not explicitly define the criteria for determining sexual maturity, which may have 
led to an underestimation of the smallest mature females. Furthermore, our results are 
significantly below the 20.5 cm TL reported by Chang, Navas (1984) for the Carrizal-
Chone system, Manabí, Ecuador. Their methodology was based on abdominal massage, 
a less precise technique compared to the histological analysis employed in our study, 
which provides a more accurate assessment of reproductive capacity. The presence 
of oocytes at vitellogenic stage 3, indicative of readiness to spawn, validates that 50% 
of mature females and males of 13.26 cm and 12.09 cm TL, respectively, are capable 
of reproducing during the current reproductive period. This histological validation 
represents a crucial update and serves as a reference for future biological-fishery studies 
on D. latifrons, to establish maturation values based on L50 or higher to guide sustainable 
management practices. 

In conclusion, this study offers the first comprehensive, histologically validated 
account of the reproductive biology of D. latifrons, integrating gonadal development, 
genital morphology, and reproductive periodicity. The marked sexual dimorphism 
in genital papilla morphology, combined with its size and colour changes across 
reproductive phases, emerges as a practical, non-invasive indicator of sexual maturity, 
reducing the need for harmful sampling. Histological assessment confirmed a lobular 
testicular organization and group-synchronous ovarian development, with evidence 
supporting a highly coordinated spawning strategy, likely involving synchronized 
gamete release during environmentally triggered reproductive peaks. These traits, 
together with smaller adhesive eggs and high fecundity, suggest an opportunistic 
reproductive strategy adapted to fluctuating freshwater environments. From an applied 
perspective, our results provide essential reference points for broodstock selection, 
optimal timing of gamete collection, and the design of seasonal closures, minimum size 
limits, and habitat protection measures. By linking detailed anatomical and histological 
insights with actionable management recommendations, this work establishes a 
foundation for both sustainable aquaculture development and the conservation of wild 
D. latifrons populations.
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