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Abstract: Myliobatis chilensis, commonly known as the Chilean eagle ray, is a benthopelagic species found along 
the Humboldt Current. Peruvian fisheries target it, but little is known about its life history. This study aimed 
to gather information on the reproductive biology of M. chilensis from Salaverry. A total of 160 individuals 
from monthly landings between October 2017 and November 2018 were analysed, with data collected on sex, 
disc width (DW), clasper calcification, weight, liver and gonads. Sexual maturity was determined by comparing 
clasper length and clasper calcification in males and by gonadal structure in females. Eighty male individuals 
(41–153 cm DW) and 80 female individuals (42–221.6 cm DW) were obtained, yielding a sex ratio of 1F:1M. The 
average ovarian fertility was 32 oocytes, and the median size at sexual maturity was estimated to be 163 cm 
DW for females and 122 cm DW for males. Histological samples were processed by inclusion in paraplast and 
stained with haematoxylin and eosin for corroboration. Five stages of ovum development and 11 stages of 
spermatozoan development were observed. Based on these microstructural observations, a maturity scale with 
easily distinguishable stages was constructed. The study found that gonads are the sole indicators of maturity 
in females, while claspers serve as excellent indicators in males. Only mature ovaries were sampled from the 
second half of each year, and no embryos were found. These reproductive insights are expected to assist in 
decision-making for sustainable management.
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Resumen: Myliobatis chilensis, comúnmente conocida como raya águila es una especie bentopelágica que se 
distribuye a lo largo de la corriente de Humboldt. Es objetivo de las pesquerías peruanas; sin embargo, poco 
se sabe acerca de su historia de vida. El objetivo de este estudio fue recopilar información en su biología 
reproductiva de M. chilensis en Salaverry. Se analizaron un total de 160 individuos de las descargas mensuales 
entre octubre 2017 y noviembre de 2018, se colectaron datos de sexo, ancho de disco (DW), calcificación de 
clasper (CC), peso del individuo, de hígado y gónadas. La madurez sexual se determinó comparando el largo de 
clasper y CC en machos y por estructuras gonadales en hembras. Se obtuvieron 80 individuos machos. (41–153 
cm DW) y 80 individuos hembras (42–221.6 cm DW) teniendo una proporción de 1F:1M. La fertilidad ovárica 
promedio fue de 32 oocitos, y la talla media de madurez sexual (MSM) fue estimada en 163 cm DW para hembras 
y 122 cm DW para machos. Las muestras histológicas fueron procesadas por inclusión en paraplast y teñidos 
con and hematoxilina-eosina para la corroboración. Se observaron cinco estadios de desarrollo ovárico y once 
para desarrollo espermático. Basado en las observaciones de estas microestructuras, se construyó una escala 
con estadios fácilmente distinguibles. El estudio halló que las gónadas son los únicos indicadores de madurez en 
hembras, en tanto, los claspers sirven como excelentes indicadores en los machos. Únicamente se muestrearon 
ovarios maduros en la segunda mitad del año y no se han encontrado embriones. Se espera que estos hallazgos 
acerca de la reproducción puedan asistir a en la toma de decisiones para el manejo sostenible de la especie.
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1. INTRODUCTION

Myliobatis chilensis Philippi, 1892, commonly known as the Chilean eagle ray (Chirichigno and Vélez 
2008), is one of the most important species of Chondrichthyes for Peruvian fisheries. Off the northern 
coast of Peru, eagle rays of the genus Myliobatis are targeted (PRODUCE 2018, Veneros Urbina and 
Amaya Alvarado 2021), with catches primarily (though not exclusively) occurring when more profitable 
species are scarce. Batomorphs are also a part of the local gastronomy: inhabitants of the regions of La 
Libertad and Lambayeque have been the main consumers of batomorphs since pre-Columbian times 
(Bradley 2012). However, information about the species remains limited.

M. chilensis has a distribution along the temperate waters of the Humboldt Current (Chile–Peru)
(Zavalaga et al. 2021) and can reach up to 254 cm in disc width (DW) (González-Pestana et al. 2020).
It exhibits pelagic habits and is found on the continental shelf (Zavalaga et al. 2021); it can also reach
the benthos to feed, though it does not settle there. The maximum depth it reaches or frequents
remains unclear, as do its population size and individual longevity. Furthermore, critical data regarding
its size at sexual maturity, size at birth, age at sexual maturity, gestation period, reproductive cycle and
population growth rate remain unknown (Dulvy et al. 2020).

Although the Chilean eagle ray is commonly fished today, its potentially low fecundity, along with limited 
of knowledge of its reproductive and gestation periods, could reduce its availability in the future. The 
species is currently classified as vulnerable by the International Union for Conservation of Nature (Dulvy et 
al. 2020). As a predator (González-Pestana et al. 2020), its disappearance could destabilize the community 
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dynamics of the local marine ecosystem. Furthermore, its population would likely take years to recover 
due to its possible low reproductive output. Therefore, studies on the reproduction of this species are 
crucial for achieving optimal fisheries management and ensuring the sustainable use of the species.

2. MATERIALS AND METHODS

The research was conducted at the port of Salaverry (8°13′42.35″ S; 078°58′50″ W), located 14 km 
southeast of Trujillo in the La Libertad region, an area with significant artisanal fishery activity (Fig. 1). 
Sampling took place from October 2017 to November 2018, with landed individuals from local artisanal 
fisheries at the pier.

Figure 1. Location of Salaverry port in La Libertad, along the northern Peruvian coast.

Rays were typically captured using locally known fishing nets called redes rayeras (ray nets), which are 
80 to 100 fathoms long and have a mesh size of 14 to 15 inches. These nets are set in the water column 
(approximately 10 m deep) or near the surface. Occasionally, snook nets, or redes robaleras (bass nets), 
with an 8-inch mesh size and 50 fathoms in length, were also used. Since two Myliobatis species (M. 
chilensis and M. peruvianus) are present in the area, the dental plate of each individual was examined 
to distinguish between them. In M. chilensis, the dental plate features 8 to 12 vertical rows on the 
upper jaw, with central teeth slightly larger than the lateral ones. In contrast, M. peruvianus has seven 
dental rows, with the central teeth in the upper jaw markedly larger than those on the three lateral 
rows (Sáez and Lamilla 2012, Zavalaga et al. 2021). All individuals examined in this study were landed 
at the pier and were already dead upon inspection, so ethical review and approval were not required 
for this animal study.

Individuals were randomly selected from the total catch. The following data were recorded: DW, total 
weight (W), and, for males, clasper length (CL) and calcification. A ventral incision was then made, 
extending from the pectoral girdle to the anus, to extract the liver and gonads. The samples were 
transported to the Laboratory of Aquatic Resources at the School of Fisheries Biology, Universidad 
Nacional de Trujillo, where the liver and gonadal weights were measured, along with gonad length 
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and width. Gonad samples were preserved in 4% neutral formalin, ensuring complete coverage of the 
structures for later histological preparation, which involved embedding in Histosec and staining with 
haematoxylin and eosin (Tresierra et al. 2002, Nureña 2018, Ganias et al. 2025).

The prepared slides were taken to the Peruvian Marine Institute (IMARPE) in Chimbote, Ancash, for 
examination under a Leica ICC50 HD compound microscope. Micrographs were captured using Leica 
Application Suite Version 45.0 software. For macroscopic determination of maturity stages, the scale of 
Holden and Raitt (1975), as cited by Tresierra et al. (2014), Tresierra and Culquichicón (1993), Acevedo et 
al. (2007), Colonello et al. (2007), and Grijalba-Bendeck et al. (2012), was used as a reference (available 
in Supplementary material).

Fecundity was assessed by counting the vascularized oocytes, as they have the highest probability of 
being fertilized. The diameter of the oocytes was also measured. Size composition and sex ratio were 
calculated using the formula outlined by Wenner (1972), as cited by Tresierra et al. (2014).

where Nm is the number of males or females and Nt is the total number of individuals.

A χ2 test was applied with a 95% confidence interval, the null hypothesis being the expected ratio of 
1:1 (H0).

where 0 is the observed value and E the expected value.

Diagrams of general and monthly proportions of the maturity stages in females and males were 
produced (Grijalba-Bendeck et al. 2012). To corroborate maturity (Vélez 2015), scatter plots were 
constructed for evaluation using linear regression, comparing DW and W, DW and CL, DW and gonad 
length, and DW and number of oocytes.

Biological indexes were used to infer gonadal maturation phases: gonadosomatic index (GSI) (Tresierra 
et al. 2014) and hepatosomatic index (HI) (Tresierra et al. 2013):

where WG is the gonad weight and WB is the body weight;

where WH is the liver weight and WB is the body weight.

The mean size at gonadal maturity, or simply the mean size at maturity, was estimated with the formula:

where P is the probability of maturity, a and b are model parameters and Lis the length (DW).

The logistic model was used to estimate the size at which specimens reach sexual maturity, as it 
identifies the DW at which 50% of individuals are capable of reproduction.

Correlations between structures were evaluated using the coefficient of determination (R2) obtained 
from the equations describing the data trends.
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3. RESULTS

A total of 160 individuals were sampled over the course of one year, excluding January and February, 
when no landings occurred.

3.1. Size conformation

A predominance of smaller sizes was observed, with the majority of individuals falling within the 40–90 
cm DW range. The smallest female measured 42 cm DW, while the smallest male measured 41 cm DW. 
The largest female measured 221.6 cm DW (Fig. S1; Supplementary material), while the largest male 
measured 150 cm DW. The average DW was 93.63 cm for females and 84.63 cm for males. The medians 
and means were very similar in both sexes: 75.75 cm (median) and 61 cm (mean) for females, and 75.5 
cm (median) and 60 cm (mean) for males (Table 1) (Fig. 2).

Table 1. – Report of sampled specimens per month, October 2017–November 2018. AS (DW), Average 
size (disc width); SD, standard deviation.

Month

♂ ♀

Total AS

(DW) ♂

SD ♂ AS

(DW) ♀ SD ♀

October 2 4 6 63.5 4.19 57 4.42

November 9 5 14 48.41 31.13 48.38 31.14

December 4 7 11 79.5 60.27 154.14 59.21

January 0 0 0

February 0 0 0

March 8 7 15 75.5 16.13 65.93 16.14

April 2 5 7 106.00 31.99 108.4 31.98

May 5 7 12 65.86 7.73 62.01 7.72

June 2 5 7 68 9.06 69.3 9.06

July 3 4 7 63.27 6.26 57.825 6.22

August 17 11 28 103.53 44.00 140.05 44.29

September 7 8 15 67 40.06 100.75 40.01

October 7 7 14 84.51 12.47 78.17 12.47

November 14 10 24 79.63 15.51 77.45 15.52

Total 80 80 160 84.64 36.66 93.47 36.66
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Figure 2. Total composition of sampled individuals’ sizes.

Figure 3. Sex ratio in M. chilensis, per month (a) and by maturity stage (b). The pattern is quadratic (c), showing 
a dominance of males between 90 and 130 cm DW that then decreases. This was evaluated only in males, so 

the percentage in females is opposite.
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3.2. Sex ratio

The overall sex ratio was evenly balanced, with 80 females and 80 males, equivalent to 1F:1M. 
Monthly variation was observed (Fig. 3A), with a higher proportion of females recorded in April and 
June (71.43% in both months). It is worth noting that during these months, the number of landings 
decreased significantly, and in June, only immature individuals were observed. Males predominated in 
November 2017 and 2018, representing 64.29% and 58.33% of individuals, respectively.

Across maturity stages, the sex ratio also remained at 1:1 (F:M), with no statistically significant difference 
(χ2=0.243; p>0.05) (Fig. 3B), although a slight male predominance was noted. Regarding sex ratio by size 
class, the pattern followed a quadratic distribution (Fig. 3C), with male dominance observed between 
90 and 130 cm DW, followed by a decline from 150 cm DW onwards due to their absence.

3.3. Weight–length ratio

This ratio exhibited a quadratic pattern (Fig. 4, top), in which the exponent (b) was 3.04 for females 
and 3.09 for males, indicating isometric growth for both sexes. Ultimately, both models were linearized 
(Fig. 6, bottom).

Figure 4. – Weight–length ratio in M. chilensis, males (left) and females (right) potential (top) and linearized 
(bottom).

3.4. Gonadosomatic index

The index was assessed in 111 individuals (Fig. 5). The highest GSI values in females were recorded in 
December 2017. During this period, males also showed an increase in GSI, although their values did not 
reach a peak or match those observed in females. The highest GSI values for males occurred in July; 
however, all individuals sampled during this month were immature. Between October and November 
2018, both sexes exhibited similar GSI values.
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Figure 5. Validation in gonadosomatic index (GSI) per month of M. chilensis.

3.5. Hepatosomatic index

The ratio of liver weight to body weight was assessed in 156 individuals (Fig. 6). In October 2017, 
HI values were similar between sexes. Thereafter, values remained relatively stable in females but 
declined in males. An increase was observed in both sexes during December 2017 and March 2018. 
Towards the end of the austral summer and the beginning of winter, HI values became more variable 
and interspersed between sexes. At the onset of winter, HI values declined in both sexes before rising 
again in August. A crossover in trends reappeared in September and levelled off in October, ending in 
November with both sexes showing similar values once more.

Figure 6. Variation in hepatosomatic index (HI) per month of M. chilensis.

3.6. Stages for females

Female maturity was categorized into five stages, as presented in Table 2. However, the final stages 
(gravid females and postpartum) were not observed in the sampled individuals.
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Table 2. – Female gonadal development scale for Myliobatis chilensis. Two extra stages proposed: 
pregnant and post-partum; however, they were not found during this study.

Stage I: Immature Gonads An immature ovary is characterized by 
having an abundant epigonal organ and being 
fragile, whitish in colour; the haematopoietic 
organ that surrounds it is dark red. Oviducts are 
indistinguishable. Differences between left and 
right ovary’s sizes are minimum.

SV, spiral valve; DS, dorsal spine; M, 
mesovarium; LO, left ovary; RO, right ovary.

Stage II: Pre-
mature or juvenile

Gonads: Ovaries increase in size, their colour 
varies from whitish to orange and there is already 
greater development of the left ovary. 
Previtellogenic oocytes are barely differentiated. 
Oviducts can be visualized as well as the formation 
of what will be the uterus. The juvenile ovaries in 
the final phases show some small vitellogenic 
oocytes visible to the naked eye and not irrigated.

ROv, right oviduct; LOv, left oviduct; U, uterus; 
LO, left ovary; RO, right ovary.

Stage III: Mature 
non-pregnant

Gonads: Epigonal organ completely covers the 
remnant of the right ovary, which is nothing more 
than a reduced compact structure. By contrast, the 
left ovary is noticeably large (reaching 26 cm in 
length and 8 cm in width), translucid in colour and 
has an almond-like shape. Oocytes are 
distinguishable to the naked eye, being yellowish-
orange and highly vascularized.

Uterus: Uteri are evident and have a cylindrical-
oval shape and many tissue layers, making them 
hard to touch. Their highly vascularized interior 
contains trophonemata—dark red villi specialized 
in nourishing the developing embryos.

EO, epigonal organ; Ov, oviduct; LO, left ovary; 
RO, right ovary; Oc, oocytes.



Valderrama-Herrera, Culquichicón & Kanagusuku

10

Scientia Marina, 90 (1), 2026, e119 			                      	 https://doi.org/10.3989/scimar.05627.119

Immature. A total of 42 immature females were collected, with DW ranging from 42 to 87 cm 
(mean±SD: 69.75±12.55 cm). Ovaries were whitish and fragile in appearance (n=33), measuring be-
tween 7 and 15 cm in length (9.42±1.96 cm). The uteri were poorly developed and barely distinguish-
able from the oviducts.
Juvenile or pre-mature. Juvenile females (n=14) ranging between 63 and 126 cm DW (87.39±18.57) 
were recorded. Ovaries gained size, being between 9 to 19 cm in length (12.28±3.05), Ovaries had 
increased in size (9–19 cm; 12.28±3.05 cm) and varied in colour from whitish to orange. Uteri began to 
differentiate and were more easily identified.

Mature. The smallest mature female measured 122 cm DW, while the largest measured 221.6 cm 
DW (173.63±23.32 cm). A total of 18 mature females were collected. The right ovary was consistently 
smaller than the left, the latter being the only side producing oocytes. Left ovaries measured between 
12 and 26 cm (18.73±4.60 cm) in length and 3 and 8 cm in width (6.15±1.46 cm). Eight well-preserved 
uteri were collected, with lengths ranging from 13 to 38 cm (20.13±8.10 cm) on the left and 13 to 26 
cm (16.31±4.25 cm) on the right.

3.7. Disc width–ovary length ratio

A total of 55 females were analysed to assess the relationship between DW and the length of the left 
ovary (LO), the only functional ovary in this species. The data showed overlapping ranges across stages, 
with a stage transition between 76 and 79 cm DW. Juvenile individuals were the least represented, with 
only 9 sampled. The final maturity transition occurred at 130 cm DW, corresponding to the smallest 
mature female recorded. A strong linear correlation was found between DW and LO (R=0.9039, 
R²=0.8171) (Fig. 7).

Figure 7. Relation between disc width and left ovary length.

3.8. Disc width, number and oocyte diameter ratio

This analysis was conducted on 10 individuals (Fig. S2), considering only vitellogenic oocytes. On average, 
32 oocytes were recorded per individual. The smallest female with vitellogenic oocytes measured 
150 cm DW and had 26 oocytes, while the largest measured 202 cm DW and had 35 oocytes. The 
oocytes reached substantial sizes, with the largest measuring 42 mm, nearly the minimum diameter of 
a standard golf ball (Table 3). A potential positive relationship was found between specimen size and 
both the number of developed oocytes (r=0.5049) and ovary size (r=0.53). However, no correlation was 
observed between DW and average oocyte diameter (r=0.0245).
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Table 3. – Percentage of oocytes over the average diameter. Disc width (DW), left ovary length (LO), 
oocyte number (N), percentage (%) and diameter of the biggest oocyte (BO) are specified.

DW LO N % BO

179 20 16 52 26.19

189 26 27 55 34.5

189 26 10 27 42

202 23 17 49 29

179 19 12 57 33

150 12.5 15 58 29

144 14 5 38 23

155 16 32 67 28

176 18 22 76 35

164 17.5 13 93 30

Female reproductive system. The female reproductive system can be divided into four main components: 
ovaries, ducts, uterus and cloaca.

In vertebrates, reproductive structures are generally paired; however, in M. chilensis, those on the left 
side show greater development. The right ovary is reduced in size and becomes non-functional for 
ovum production. Another notable feature is the absence of an oviducal or nidamental gland.

Both ovaries are located in the anterior-dorsal region of the body, supported by the mesovarium 
(mesovarian folds), and are covered by the epigonal organ. The epigonal organ varies in prominence, 
being more abundant in the right ovary and in immature specimens.

The ovarian follicles are soft to the touch and delicate. Follicles at various developmental stages are 
present within the parenchyma, with the most advanced ones located near the cortex (also known 
as ovarian wall). Oocyte colour is an indicator of developmental stage: immature oocytes appear 
translucent-whitish, while vitellogenic oocytes are yellowish. Oocyte size is substantial, with the largest 
recorded at 42 mm in diameter. Mature oocytes exhibit abundant vascularization and are surrounded 
by multiple cell layers (granulosa zone).

The oviducts continue to the uterus (Fig. S3), a bifurcated structure with greater development on the 
left side. Macroscopic distinction is not possible in immature individuals, given the impossibility of 
determining where the oviducts end and the uteri begin. As they mature, the uterine walls develop 
several layers of tissue, widen and become rigid, adopting a cylindrical shape that gradually becomes 
oval, making the structure evident. The uterine interior is highly vascularized, and trophonemata 
(flat, thin, reddish villi) develop within. These are specialized structures in myliobatids for embryonic 
nourishment through the production of a whitish, translucent secretion known as histotrophy or 
“uterine milk”. Ultimately, both uterine branches lead to the cloaca, through which pups are expelled.

Microstructure. In immature ovaries (Fig. S4B), the epigonal organ almost entirely envelops the 
structure, and no oocytes were observed in the earliest maturity stage. The tunica albuginea was 
also absent. The epigonal organ resembles the human thymus, composed of clusters of red blood 
cells within pseudolobes lacking defined borders or continuous connective tissue (Fig. S4A). Dense 
connective tissue was present where the ovarian capsule begins to form.

In juvenile ovaries (Fig. S4C, D), the epigonal organ remained present across much of the tissue, 
although the ovarian edge showed increased connective tissue, apparently representing the germinal 
zone, as oocytes at the vitellogenic stage were observed developing here (Fig. S4C). At this stage, the 
oocytes have developed the zona granulosa, but the ovarian follicle is not ready to ovulate. The right 
ovary still contains epigonal tissue and dense peripheral connective tissue, but no oocyte development 
was observed (Fig. S4D). Internally, collagen fibres begin to form, likely providing the rigidity required 
for subsequent structural development.
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In mature ovaries, the epigonal organ is limited to the ovarian edges and the region adjoining the 
mesovarium. Ovarian walls are enlarged and contain abundant collagen fibres, followed by fibroblasts 
and, finally, cuboidal epithelial cells. The false albuginea, located beneath the epithelium, is made 
up of dense connective tissue rich in collagen and elastin. The interior comprises a cortex made of 
parenchyma (cells capable of dividing) and stroma (non-dividing supportive tissue). Oocytes within the 
cortex are considerably large, making histological sectioning difficult (Fig. 5B). Maturing oocytes are 
found near the cortical edge, where cuboidal cells will later form the surrounding follicular cells. Several 
large oocytes were found grouped alongside smaller ones, possibly fusing into a larger structure.

In the right ovary, no developed oocytes were observed. Only peripheral fibroblasts, stroma and lobules 
with acini lined by epithelium were observed. Gonadal development in females was classified into five 
stages, as presented in Table 4 and Figures S5-S7 of the Supplementary material. In mature females, 
trophonemata were observed, these structures sprouted from the myometrium, were vascularized, 
and contained secretory cells (Figs S9-S10).

Table 4. Oocyte development scale of M. chilensis.

Oocyte stage Characteristics

Stage I An obvious reduced size. Surrounded by flat cells and with a nucleus near the 
cell edge.

Stage II The zona pellucida is observed with simple cuboidal epithelium and 
connective tissue. Nucleus with visible nucleoli.

Stage III Pre-vitellogenic oocytes, the nucleus does not undergo major changes, but 
the nucleoli are no longer perceptible. The zona pellucida increased in size 
with the multiplication of cubic cells. Part of these will give rise to the 
columnar epithelium, made up of cylindrical cells. Fibroblasts and collagen 
fibres are found in the periphery.

Stage IV The oocyte is increased in size and yolk granules are observed in the 
cytoplasm. The cell layers are thickened and now the zona pellucida or 
radiata, zona granulosa or corona radiata, theca interna and theca externa 
can be distinguished. Each layer is distinguished by the type of cells that make 
it up: the zona radiata, composed of glycoproteins, is quite acidophilic and 
can therefore be stained with eosin; the granulosa is composed of the 
columnar epithelium, cylindrical cells with basophilic nuclei at their base. The 
basement membrane, a continuous protein sheet, and the presence of some 
blood cells are observed; the internal theca is composed of loose connective 
tissue, acidophilic collagen fibres and, finally, the external theca with cubic 
cells.

Stage V The follicular structure is basically the same as in the previous stage, but the 
size varies enormously: a vitellogenated oocyte in stage IV can measure 
400–500 μm, while one in stage V reaches 30–40 mm. To achieve such 
massive dimensions, the oocyte tends to fuse with others. The cell layers 
must ensure continuous nutrition for such a large cell, so they increase in 
thickness. The theca externa is now quite vascularized and even the granulosa 
tends to form folds and develop goblet cells that secrete mucoproteins.

3.9. Stages for males

Three gonadal maturity stages were identified in males (Table 5). Unlike in females, all stages were 
represented among the sampled individuals.
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Table 5. Male gonadal development scale for M. chilensis. C, clasper; T, tail; PF, pelvic fin; EO, epigonal 
organ; V, sperm vesicle; LT, left testis; RT, right testis; ED, efferent duct

Claspers Gonads

Stage I: 
Immature

Small, not 
longer than 6 
cm, they do not 
extend beyond 
the posterior 
edge of the 
pelvic fin and 
are evidently 
flaccid.

The testicular structure 
is watery, fragile and 
whitish in colour. A few 
poorly developed 
sperm vesicles can be 
observed, but most of 
the structure is 
covered by the 
epigonal organ. The 
ducts are barely 
distinguishable and no 
epididymis or seminal 
vesicle is observed.

Stage II: 
Pre-mature 
or juvenile

There is an 
increase in size, 
reaching 
beyond the 
pelvic fins. To 
the touch, there 
is greater 
rigidity, but 
they are not yet 
completely 
calcified. 
Rhipidion 
closed.

Increase in size of the 
testes, and sperm 
vesicles are now 
clearly visible. They 
adopt a depressed 
shape and a pinkish 
colour while the 
cream-whitish colour 
is restricted to the 
epigonal organ.

Stage III: 
Mature

Measured from 
their base, they 
reach 17 cm, 
although most 
of those 
collected 
measured 15 
cm. They are 
completely 
calcified, and it 
is possible to 
rotate them at 
an angle of 
360°. The 
distance that 
separates the 
tip of the 
claspers from 
the edge of the 
pelvic fins is 
evident. The 
rhipidion is 
open.

Prominent sperm 
vesicles are easily 
distinguishable and, 
combined with the 
dorsoventrally 
depressed shape, gives 
the appearance of a 
bunch of grapes. The 
epigonal organ is 
greatly reduced and 
restricted to the 
testicular periphery. 
The epididymides are 
firmly attached to the 
edge of the spine, and 
the ducts and seminal 
vesicle are easily 
distinguishable.
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Immature. Immature males were the most abundant, with 46 individuals between 41 and 89 cm DW 
(65.73±10.99 cm). Claspers were barely distinguishable, ranging from 3 cm to 7 cm in length. Testes 
were watery and whitish in appearance, with lengths ranging from 4.5 to 14.2 cm for the left (9.71±2.29) 
and 3.2 to 12.5 cm for the right (7.26±1.80): Spermatic ducts and vesicles were poorly developed and 
difficult to distinguish.

Juvenile. The DW of juveniles (n=15) ranged between 72 and 109 cm (94.41±10 cm). Claspers increased 
in size, measuring between 7 and 14 cm (9.06±2.04 cm). Regarding the testes, a change to a more 
pinkish colour and an increase in size were observed: between 8 and 22.2 cm for the left (14.28±4.07) 
and between 6 and 19 cm for the right (11.33±3.27). At this stage, spermatic ducts and vesicles were 
clearly differentiated.

Mature. Nineteen mature males were examined, with DWs ranging from 103 to 153 cm (122.72±10.07 
cm). Claspers were evidently larger and fully developed, reaching up to 15 cm (14.69±0.63 cm). The 
testes showed slight asymmetry between left and right, but the overall structure was similar. Right 
testis lengths ranged from 13 to 19.7 cm (16.64±1.91 cm), while left testis length ranged from 15.5 
to 25 cm (19.79±2.81 cm). The testes were pinkish and rich in spermatic vesicles, indicating active 
reproductive capacity.

3.10. Disc width–clasper length ratio

The CL was recorded for all male individuals (n=80) (Fig. S11). The minimum size was 4 cm, which 
remained constant for the sizes between 40 and 60 cm DW. Transition was observed at approximately 
7 cm CL and DWs between 80 and 90 cm.

Among the juveniles, the sizes of the copulatory organ ranged from 7 to 14 cm. They were in the 
calcification stage, with some already showing considerable rigidity, although the rhipidion remained 
closed. In contrast, mature claspers were significantly larger and thicker, with open rhipidion and the 
ability to rotate, features indicative of full sexual maturity. The final transition occurred at 14 cm CL 
and 114 cm DW, with all individuals at or beyond these measurements being sexually mature. A strong 
linear correlation was found between DW and CL (r=0.9320).

3.11. Male reproductive system

The basic structure of the male reproductive system is made up of five parts: testes, epididymis, 
conducts, seminal vesicle and copulatory organs. The reproductive organs are paired without significant 
differences regarding sizes between the left and right side. The testes are of the compound type (Pratt 
1988, Engel and Callard 2005, Conrath and Musick 2012), appearing as elongated, flattened structures 
resembling a laterally compressed bunch of grapes. They are suspended by the mesorchium and are 
light pink in colour. In contrast to females, the asymmetry between the left and right testis is minimal, 
although, as with the ovaries, the left testis tends to be slightly larger.

The efferent ducts connect the testes to the epididymis, a light pink to orange structure averaging 15 
cm in length, located near the spinal column. The vasa deferentia continue from the epididymis to the 
seminal vesicles, where sperm is stored prior to ejaculation through the claspers.

Claspers are specialized copulatory organs formed by extensions of the pelvic fins. When mature, they 
reach up to 15 cm in length and are fully calcified and permanently rigid. During sexual intercourse, 
one clasper is inserted into the female’s cloaca, allowing internal fertilization through ejaculation. At 
the anterior base of each clasper and near the junction with the pelvic fin, there is an opening called 
the apopyle. At the posterior tip is another, more prominent opening called the hypopyle, which is 
partially covered by the rhipidion. Complete coverage of the hypopyle by the rhipidion indicates that 
the individual is not yet reproductively active. As in females, the testes are initially covered by the 
epigonal organ, which gradually regresses as the individual matures. Both testes are functional, and 
spermatogenesis occurs in 11 distinct phases, which are detailed in Table 6 and Figures S12- S15 of the 
Supplementary material.
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3.12. Median size at sexual maturity

One of the most significant findings of this study was the determination of the DW at which 50% 
of individuals were sexually mature. This measurement was determined as 122.22 cm for males and 
163.16 cm for females (Fig. 8). The smallest female with vitellogenic oocytes was 144 cm DW. From 160 
cm DW onwards, females consistently exhibited an LO longer than 17 cm and approximately 6 cm in 
width, along with well-developed uteri exceeding 15 cm in length and 5 cm in width.

The smallest male with a developed clasper was 103 cm DW. From 114 cm DW onwards, all males had 
fully calcified, rotatable claspers with open rhipidion. At 120 cm DW, testes had reached a minimum 
of 17 cm in length for the left testis, 15 cm for the right, and 4 cm in width, which is indicative of full 
reproductive capability.

Figure 8. Median size at sexual maturity for males (♂) and females (♀), showing observed values (Yi) and 
theorical calculated values (T Yi).
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Table 6. – Spermatogenesis scale of M. chilensis.

Development stage Characteristics

Phase I The cysts develop spermatogonia, characterized by a large basophilic nucleus 
and loose chromatin.

Phase II Arrangement of the spermatogonia around the cyst, leaving a central lumen. 
Sertoli cells (whitish in colour) also migrate toward the periphery.

Phase III Condensation of the chromatin in the spermatogonia and division; they will 
end up being placed one on top of the other.

Phase IV Meiotic divisions resulted in spermatocytes I, smaller cells with a nucleus with 
fairly condensed chromatin. The cyst increases in size.

Phase V The new divisions give rise to spermatocytes II, smaller cells with condensed 
nuclei.

Phase VI
Spermatocytes II lengthen and are reduced in size.

Phase VII The haploid cell, the spermatid, finishes developing.

Phase VIII
Reduction of the head and elongation of the flagella of the spermatids to 
develop as spermatozoa. The head moves to the cytoplasm of the Sertoli cells 
and the flagella projects towards the lumen.

Phase IX The sperm are fully developed and are in a “spiral arrangement”.

Phase X The sperm compact together to form “packages” that will be expelled through 
a process called spermiation.

Phase XI The cysts are now residual follicles with some sperm or Sertoli cells remaining. 
These cells will be reabsorbed.

4. DISCUSSION

During the period from October 2017 to November 2018, maritime conditions were normal. The 
exceptional El Niño events experienced during the summer of 2017 had subsided by October of that 
year (Grupo de Trabajo Institucional El Niño 2017). No anomalous oceanographic conditions were 
recorded throughout 2018. As a result, the biological and reproductive parameters evaluated in this 
study can be considered representative of the species under normal environmental conditions.

4.1. Size distribution

The size structure of the sampled population revealed three to four well-defined groups, each within a 
normal distribution, corresponding to distinct age classes. Both females and males were present in the 
smaller size ranges, but from 155 cm DW onwards, only females were observed. This pattern suggests 
that females reach larger sizes than males, a trend commonly seen in fishes, particularly among 
elasmobranchs (Pratt et al. 1990, Conrath and Musick 2012). Indeed, the largest individual recorded 
in this study was a female measuring 221.6 cm DW. The absence of large males may also suggest 
a slower growth rate or shorter lifespan in males than in females. Although some large individuals 
were occasionally observed, their representativeness may be underestimated, as some specimens 
were sectioned prior to being landed, making it difficult to account for them fully. The majority of the 
sampled individuals were immature. This could be due to two potential factors:
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First, the fishing grounds off Salaverry may serve as a nursery area. Nursery or breeding grounds are 
generally found in shallow coastal waters. The continental shelf off La Libertad extends approximately 
120 km, and the stretch between the La Libertad and Ancash regions comprises one of the most 
extensive continental shelves in the country (GEF et al. 2002, Graco et al. 2007, Martillo et al. 2011). 
Further studies, including those on other populations of M. chilensis along the Peruvian coast, would 
be needed to test this hypothesis. Such research could assess catch composition by size, ontogenetic 
variation (shifts in juvenile diet and habitat preferences), and the spatial distribution of mature females 
(Bejarano, 2007).

Second, the fishing nets do not discriminate between individuals based on their life stage. Local fishers 
use drift nets with a mesh size of 14–15 inches, smaller than the DW of the smallest specimen found 
(41 cm). This indicates that the gear does not discriminate by life stage and captures individuals of 
all sizes and cohorts indiscriminately. Prolonged fishing pressure on immature specimens could have 
serious long-term implications for the population, as it reduces the number of individuals that reach 
reproductive age, potentially leading to population decline (Oddone et al. 2008, Dulvy et al. 2014)

Seasonality is a consistent feature in most related studies, with the greatest abundance typically 
observed between August and November. A similar pattern was documented by Capapé et al. (2007) in 
Myliobatis aquila, with greater abundance noted from August to October (boreal summer to autumn), 
a period when temperatures resemble those of the sea off the coast of La Libertad during the austral 
spring (Observatoire National de la Mer et du Littoral 2016). In regions with minimal temperature 
variation throughout the year, abundance tends to remain constant, with slight increases in certain 
months: Villavicencio (1996) recorded greater numbers of M. californica specimens in May and June 
(boreal spring to summer), and M. longirostris from June to December. Notably, the temperatures 
in the sampling area are warm, averaging around 20°C (INAPESCA, 2013), which appear to be ideal 
conditions for Myliobatis species. In addition, prey availability plays a critical role, as high prey 
abundance typically correlates with increased predator populations. M. chilensis primarily feeds on 
Peruvian anchovy (Engraulis ringens) (Peña-Cutimbo et al. 2024), so fluctuations in anchovy availability 
are likely to influence its abundance. Consequently, during El Niño–Southern Oscillation (ENSO) events, 
vertical or latitudinal migrations of M. chilensis may occur in response to changes in water temperature 
and prey distribution.

4.2. Sex, weight–length ratio

Although specimens were randomly sampled, an overall sex ratio of 1:1 was observed, indicating that 
M. chilensis may exhibit a natural balance in the number of males and females. This equilibrium can 
enhance the reproductive potential of the species by maximizing mating opportunities for both sexes. 
Similar sex ratios have been documented in various elasmobranch species, including Zapteryx xyster 
from Santa Rosa, Ecuador (Vélez 2015), Rhinobatos percellens from Santa Marta, Colombia (Grijalba-
Bendeck et al. 2012), and Narcine entemedor (Burgos-Vásquez et al. 2017) and Rhinoptera steindacheri 
from the southern Gulf of California (Burgos-Vásquez et al. 2018). These studies also reported seasonal 
trends in sex ratios, which align with those observed in the present study.

Immature rays are morphologically identical from adults. Growth curves were adjusted to a potential 
model, where both exponents (b) were equal to 3, indicating isometric growth (Cifuentes et al. 2012), 
suggesting that body proportions remain consistent as individuals increase in size: weight increases 
proportionally with length. A similar trend was observed in Aetobatus narinari from Venezuela, where 
the exponent (b) was 2.948 (Tagliafico 2012), and in a study from southern Africa, where the value was 
b=3.13 (Torres 1991). Torres (1991) also reported similar values for Dasyatis pastinaca (b=3.11) and 
Gymnura natalensis (b=3.02).

4.3. Biological indexes

Indexes are useful as an indirect method for estimating reproductive periods (Tresierra et al. 2002). 
An increase in GSI indicates periods when the ovaries are producing oocytes, while a decrease 
suggests that spawning has occurred (Tresierra et al. 2013). Peaks in HI reflect the liver’s preparation 
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for reproduction, as it is the primary site of lipid storage and vitellogenin synthesis (Henningsen 
1999). Conversely, decreasing HI values are associated with reproductive activity, reflecting energy 
expenditure during gamete production (Tresierra et al. 2013).

Because female gamete production requires greater energy investment, female livers were generally 
larger than those of males, even among individuals of similar body size. This sexual dimorphism in liver 
size is consistent with the energy demands of vitellogenesis. However, the variations in both HI and GSI 
did not exhibit clearly defined seasonal peaks, suggesting the absence of a distinct reproductive season 
in M. chilensis.

The relatively stable temperatures (Table S2 – Supplementary material) of the Humboldt Current 
throughout the year likely contribute to the species’ continuous reproductive cycle. In contrast to 
other marine environments with strong seasonal shifts, the ecological niche of M. chilensis appears 
to lack extreme environmental fluctuations that would necessitate seasonally timed reproduction. 
This hypothesis is supported by anecdotal evidence from local fishers, who reported the presence 
of pregnant females year-round. However, these individuals often do not arrive at port intact, as 
they are typically cut into sections onboard for easier handling and storage, which may result in 
underrepresentation in landing records.

4.4. Reproductive system

The basic reproductive structure of M. chilensis is similar to that of other elasmobranchs, especially 
myliobatids. In the assessment of male maturity, the analysis of reproductive organs primarily served 
to corroborate findings based on the copulatory organs (Tresierra et al. 2002). External characteristics 
such as clasper size, rotation ability, rhipidion opening and calcification provided reliable, non-
lethal indicators of maturity (Walker 2005). The development of copulatory structures is regulated 
by androgens; for instance, significant testosterone peaks have been recorded in Mobula alfredi 
during mating behaviour (Matsumoto et al. 2019), and clasper development in whale sharks has been 
associated with rising testosterone levels (Nozu et al. 2017). Thus, the degree of clasper development 
is considered a proxy for reproductive maturity.

In this study, linear regression demonstrated a strong correlation between gonad size and CL. However, 
as observed in Rhinobatos steindachneri (Burgos-Vásquez et al. 2018), some M. chilensis specimens 
exhibited well-developed testes but lacked full calcification of the claspers, and the apopyle and 
hypopyle remained closed. Although these individuals may be physiologically mature, their copulatory 
structures would not yet permit successful internal fertilization (Moya, 2017). Therefore, while gonadal 
development is essential for reproductive capability, functional maturity is best assessed through 
clasper morphology. Despite slight asymmetries in testis size, the presence of similar cysts in both 
organs suggests that both testes are functional.

Spermatogenesis in elasmobranchs is typically described in five phases (Tresierra et al. 2002, Acero et 
al. 2008, Moya 2017), though other classifications range from seven (Hoyos 2003, García 2018) to nine 
phases (Grijalba-Bendeck et al. 2008). Nevertheless, classification into 11 phases provides the most 
detailed characterization. Once mature, sperm is transported from the testes through the epididymis, 
often packaged into bundles during transit to prevent dispersion in seawater during ejaculation. 
Histological studies of the female’s recipient organs and the epididymis of males would provide a more 
in-depth understanding of the reproductive system of M. chilensis.

In contrast to males, external morphological traits were insufficient for assessing reproductive maturity 
in females. Instead, histological and macroscopic analyses of the reproductive organs were required. 
The difference in size may be indicative of sexual dimorphism, and this could be complemented 
with an endocrine analysis (Nozu et al. 2015). Although ovarian size increased with DW, it was not a 
reliable indicator of maturity. For example, ovaries measuring 10–15 cm LO were observed in both 
immature and juvenile individuals. Therefore, morphological features offered more accurate maturity 
assessments.
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Immature specimens showed an abundant epigonal organ, a haematopoietic organ responsible for 
blood supply and protection of developing structures. As individuals grow, the epigonal organ tends 
to shrink while gonads acquire greater vascularization and tissue thickening. In mature individuals, 
the right ovary remained largely undeveloped, still enveloped by the epigonal organ, whereas the 
functional LO showed clear signs of oogenesis. This unilateral development pattern is characteristic 
of several elasmobranchs, including Carcharhinus falciformis and Sphyrna zygaena, in which only the 
right ovary is functional (Hoyos 2003, Bejarano 2007). In some Myliobatiformes, such as Rhinoptera 
steindacheri (Burgos-Vásquez et al. 2018), Gymnura marmorata (Burgos-Vásquez et al. 2019), species of 
the genus Mobula (Serrano 2009) and M. chilensis, the LO is the only one capable of producing oocytes 
which are few but large. Smaller species may develop both functional ovaries, as seen in Myliobatis 
aquila (Capapé et al. 2007). The exclusive functionality of one ovary may reflect the high energetic 
costs of producing large oocytes.

Interestingly, no nidamental or oviducal gland was found in M. chilensis, a rare condition among 
elasmobranchs. This gland, typically responsible for sperm storage, fertilization and egg encapsulation, 
is usually reduced in viviparous and ovoviviparous species (Alva et al. 2012). Its complete absence, 
though previously reported in Narcine entemedor (Burgos-Vásquez et al. 2018), may represent 
an evolutionary adaptation in M. chilensis. Notably, the gland is still present in congeners such as 
Myliobatis aquila (Capapé et al. 2007), suggesting species-specific divergence.

The number of vitellogenic oocytes showed a positive correlation with both ovary and body size, but 
no relationship was found between body size and oocyte diameter. This may reflect asynchronous 
development, in which vitellogenic oocytes are released gradually rather than in a single spawning 
event. These oocytes are notably large and are protected by multiple surrounding cellular layers. After 
ovulation, they pass through the ostium into the oviduct, where fertilization occurs, and then migrate 
to the endometrium of the uterus.

The uteri are paired, with no apparent connection between the left and right sections. Colonello (2013) 
described asymmetry in the uteri of Myliobatiformes, noting that the left section is slightly larger than 
the right, although both are functional, as evidenced by the presence of developed trophonemata. 
Initially, uteri were not collected due to a lack of knowledge about the organ’s appearance. Though 
we did not find embryos in formation, it was inferred that M. chilensis is viviparous, with histotrophic 
lipid nutrition. This conclusion was based on the presence of trophonemata in the larger uteri, which 
secreted a whitish substance known as “uterine milk” or histotroph. This secretion provides nutrition 
to the developing embryos, which grow relatively large. Although mature females were classified into 
a single stage, it is likely that histotrophic females with empty uteri were either ready to gestate or 
had miscarried during fishing operations. Smaller individuals found during fishing could potentially be 
neonates.

According to local fishers, pregnant females are present year-round, with more frequent captures 
between June and July. They also noted that pregnant females typically carried 2 to 6 embryos. These 
pups and embryos are locally known as rayas mariposas (butterfly rays) or simply mariposas (butterflies), 
though this term should not be confused with the common name of Gymnura marmorata, which was 
not reported in Salaverry. If accurate, this suggests that M. chilensis has slightly higher fecundity than 
other myliobatids: when the number of embryos in gestation was studied in two Rhinoptera species, 
both gestated a single embryo (Pérez-Jiménez 2011, Burgos-Vásquez et al. 2018).

Myliobatis is considered a relatively recent genus in the phylogeny of batoids (Dulvy and Reynolds 
1997). Its large body size and K-selected life-history strategy—characterized by low fecundity, slow 
growth and late maturity—render it especially vulnerable to overfishing. This is exacerbated by its 
exposure to artisanal fisheries. The median size at sexual maturity was relatively high for both sexes, 
and the majority of specimens sampled were immature, indicating significant fishing pressure on non-
reproductive individuals. Combined with increasing market demand and low reproductive output, 
these pressures could lead to population decline. To mitigate this, further studies are urgently needed 
to understand life-history traits, reproductive biology and population structure across the Humboldt 
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Current system. Management strategies such as seasonal closures, gear restrictions, marine protected 
areas and extraction quotas should be considered to ensure the long-term viability of M. chilensis.
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