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SUMMARY:  Identifying the maturity stage of specimens is essential for the determination of the spawning season, which in
turn facilitates the formulation of adequate fisheries management measures for the sustainable use of sea resources, such as abalone. This
study aims to validate, based on histological evidence, a gonad maturation scale that encompasses four morphochromatically-defined
stages (developing, maturity, spawning and resting) for females and males, plus an additional stage for reproductively inactive
(undifferentiated) specimens, to be used as an identification key. Given the similarity between Haliotis fulgens and Haliotis corrugata as
to their morphochromatic features, the gonadal maturation scale can be used for both species.
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INTRODUCTION

Haliotids possess a single gonad that is part of a
conical appendage known as hepatogonadal complex,
located on the left side of the shell and that can be exposed
simply by raising the foot and the epipodium (a sensory
structure and extension of the foot that nears tentacles) (Cox,
1962) (Fig. 1). The hepatogonadal complex is conical in
shape and consists of two organs: the inner one is the
digestive gland (hepatopancreas), while the outer one is the
gonad (Cox; Martin et al., 1983) (Fig. 2). Gonad color varies
both with the maturity stage and between species; for
instance, the testes of Haliotis rufescens Swainson, 1822
display an orange or yellow coloration (Wood, 1993; Rogers-
Bennett et al., 2004), while the ovaries of Haliotis cyclobates
Péron & Lesueur 1816, Haliotis laevigata Donovan, 1808,
Haliotis roei Gray, 1826, Haliotis ruber Leach 1814 and
Haliotis scalaris Leach, 1814 are grey to blue-green
(Shepherd & Laws, 1974).

The position of the gonad within the hepatogonadal
complex allows its color to be distinguished from outside,
thus making it possible to determine the sex of the specimen
examined (beige or cream in males, green in females)
(Boolootian et al., 1962; Cox; Martin et al.; Sobhon et al.,
1999; Singhakaew et al., 2003; Garcia-Esquivel 2007; Roux
et al., 2013; Hadijah et al., 2013) without dissecting it;
sometimes it is also possible to infer its maturity stage based
on gonad firmness and size.

Both the green (Haliotis fulgens) and the pink
(Haliotis corrugata) abalone have been extensively studied
and systematically monitored because of their economic
importance as a fishery resource in the Mexican Pacific coast.
In this context, and in order to validate the use of the
morphochromatic scale as a practical tool for the extensive
monitoring of green and pink abalone, in this investigation
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we conducted a histological description of the gonad
development stages of H. fulgens and H. corrugata in relation
to the respective morphochromatically-defined stages, as a
guideline for identifying the gonad maturation stage of
specimens.

Fig. 1. Live abalone showing the gonad (g) and hepatopancreas
(h) over the shell (c), when the epipodius (e) is removed. Photo:
fishconsult.org.

Fig. 2. Scheme of longitudinal and cross-sections of the abalone
gonad, showing the hepatopancreas and the gonad surrounding it.

MATERIAL AND METHOD

About 30 specimens of each species
(Haliotis fulgens and Haliotis corrugata) were
collected monthly from September 2011 through
October 2012. The specimens were collected at
0–24 meters depth at the coast of La Bocana (26°
02' 58.61” N, 112° 17' 07.14” W), Tortugas Bay
(27° 38' 57” N, 114° 52' 36” W) and Asuncion
Bay (27º 06' 00” N, 114° 18' 00” W) in the State
of Baja California Sur. Specimens were dissected
to remove the hepatogonadal complex. Each
hepatogonadal complex was photographed and
examined to describe the gonad color and
consistency, as well as its size relative to the
hepatopancreas size. Hepatogonadal complexes
were then fixed in 10% formalin and processed
following the standard histological technique:
they were included in paraffin, and 5 mm-thick
sections were obtained and stained with
hematoxylin-eosin (Humason, 1979) (Fig. 4).
The gonad maturation stage of each specimen
was determined based on the amount and type

Fig. 3. Histological images of the different
morphochromatic gonad maturation stages in Haliotis
fulgens and H. corrugata: A) developing female, B)
developing male, C) mature female, D) mature male,
E) spawning female, F) spawning male, G) resting
female, H) resting male. Spermatozoa (S),
spermatogonia (C), trabeculae (arrowhead), pre-
vitellogenic oocytes (arrow), vitellogenic oocytes
(Ov), atresic oocytes (Oa), Hepatopancreas (HP). The
bar length represents 200 mm. Hematoxylin-eosin
technique.
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of cells in the gonad, following Najmudeen & Victor (2004)
and Setyono (2006).

A total of 535 H. fulgens and 552 H. corrugata
specimens were examined, on which morphochromatic and
histological features of gonad maturation were observed. As

both species showed similar characteristics, a single scale
encompassing four stages (developing, maturity, spawning
and resting) of ovaries and testes is described for both species
(Table I, Figs. 3 and 5). The hepatogonadal complex of
sexually undifferentiated specimens (undifferentiated stage)
(Fig. 4) was also described.

RESULTS

The gonad shows no evidence of gametogenesis
during undifferentiated stage: germ cells located in the
epithelium surrounding the hepatogonadal complex have not
yet been differentiated into gametes, and the hepatogonadal

complex only consists of the hepatopancreas. Externally, the
organ has a smooth consistency, flaccid to the touch, and
the epithelium and the gonad surrounding it are thin and
have an almost transparent whitish appearance, which reveals
the nearly black coloration of the underlying hepatopancreas.
Its size ranges from 2 to 6 cm (Fig. 4a) and, in cross-section,
the brown hepatopancreas can be observed (Fig. 4b).

Fig. 4. A) Morphological features
of undifferentiated stage of gonads,
B) Histological images of
undifferentiated stage of gonads,
trabeculae (arrowhead),
Hepatopancreas (HP). The bar
length represents 200 mm.
Hematoxylin-eosin technique.

Stage Description
Developing Gonads enter the gametogenesis process. The histological analysis reveals a large number of oogonia and

previtellogenic oocytes attached to the trabeculae of connective tissue in females (Fig. 3A); in males,
trabeculae appear widened due to the large number of spermatogonia and spermatocytes attached to them;
spermatozoa can be seen in the gonad lumen (Figure 3B). Externally, the organ is sti ll flaccid and soft, and
the basal part of the hepatopancreas has not yet been surrounded by the gonad. The gonad occupies between
4% and 60% of the cross-section area. Female gonads have a g reen khaki color, while male gonads are beige
(Figs. 5A and 5B).

Maturity Mature gonads are fully developed and contain a large number of gametes, which gives them a firm
consistency. The histological analysis reveals that female gonads are virtually filled with mature oocytes (Fig.
3C), while male gonads have thinned trabeculae covered with spermatozoa (Fig. 3D). The gonad appears as
an external sheath fully covering the hepatogonadal complex. The gonadal tissue occupies 60% to 90% of the
cross-section area. Ovaries have a bright khaki green color and its content has a grainy appearance given by
the mature oocytes. Testicles have a nearly white color and are filled with a viscous fluid containing
spermatozoa (Figs. 5C and 5D).

Spawning The gonads show evidence of gamete release (spawning/ejaculation); histological observations reveal gaps
above the gonadal tissue (Figs. 3E and 3F). Morphologically, gonads lack consistency, that is, they are
flaccid. Externally, the gonad surrounds completely the hepatogonadal complex and shows an opaque khaki
color in females and opaque white in males. Gametes spur out from the gonad upon cutting a cross-section of
the hepatogonad. The gonad represents between 11% and 78% of the cross-section area of the hepatogonadal
complex (Figs. 5E and 5F).

Resting Following spawning, the gonad is still present in th e  hepatogonadal complex but only as a thin layer that
occupies less than 10% of its cross-section area. The histological analysis reveals some vitellogenic or atresic
oocytes or spermatozoa being reabsorbed by phagocytes (Figs. 3G and 3H). The hepatogonad appears flaccid;
its color ranges from gray to khaki with dark brown spots in females, whereas males might display white and
brown shades in the same gonad (Figs. 5G and 5H).

Table I. Description of the gonad maturation stages in Haliotis fulgens and H. corrugata.
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Fig. 5. Morphological features of the different stages of gonad maturation in Haliotis fulgens and H. corrugata: A) developing female, B)
developing male, C) mature female, D) mature male, E) spawning female, F) spawning male, G) resting female, H) resting male. To the
right hand side of each hepatogonad picture, the corresponding cross-section is shown.
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DISCUSSION

Gonad maturation is a continuous process. Thus,
dividing it into distinct stages always leads to controversy
and, therefore, demands the use of adequate tools to descri-
be and differentiate such stages. The gonad maturation
process in Haliotis has been described by several authors
based on histological features (Capinpin et al., 1998; Sobhon
et al.; Najmudeen & Victor; Setyono), which is the most
reliable approach (Jaramillo & Navarro, 1995).

However, in this investigation we were able to
validate macroscopic features that occur in parallel with
histological characteristics as, in general, the gonad
maturation process is characterized by a steady increase in
the number of cells and their maturation within the gonad,
which in turn leads to an increase in gonad size that is easy
to appreciate to the naked eye. Another noticeable feature is
that, due to the transport of nutrients from the hepatopancreas
to the gonad, hepatopancreas size decreases accordingly. The
color of the gonad changes as cells mature inside it, thus
allowing the recognition of different stages based on
macroscopic features.

This sort of descriptions have been successfully used
in fish species such as Clarias ngamensis Castelnau 1861
and C. gariepinus Burchell, 1822 (Mokae et al., 2013), in
which macroscopic gonad characteristics have been used to
recognize males; in crustaceans such as Parastacus defossus
Faxon, 1898 (Noro et al., 2008) and Aegla platensis Schmitt,
1942 (Sokolowicz et al., 2007), in which the gonad
maturation process has been described in terms of changes
in the histological characteristics and coloration of the gonad;
and in other mollusks such as the giant squid Dosidicus gigas
d'Orbigny, 1835 (Diáz-Uribe et al., 2006), in which cell
morphometry has been used to differentiate between gonad
maturation stages by comparison with external features, and
gastropods such as Strombus gigas Linnaeus, 1758, in which

various macroscopic and histological features have been
described for different maturation stages (Aldana Aranda et
al., 2003). Najmudeen & Victor even considered
macroscopic features such as gonad color and percent
coverage in the conical appendage, for the study of Haliotis
varia Linnaeus, 1758.

The complexity of studies like the one reported here
varies between species and in relation to the difficulty in
identifying gonad maturation stages at first glance. However,
the characteristics of gonad growth in Haliotis make it easy
to identify the different maturation stages, as confirmed at
the histological level. This allows using the morphochromatic
scale to recognize, in a reliable and practical manner, the
different maturation stages without the need to conduct the
more time-consuming histological analyses.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the support
received from SAGARPA-CONACYT, through grant 01-
163322 coordinated by the CRIP-La Paz; CICIMAR-IPN,
through grant SIP20121218; and CRIP-La Paz for POA-
Bentónicos grants in 2012, 2013 and 2014. The authors also
thank the Fisheries Cooperative Societies “Bahía Tortugas”,
“Emancipación”, “California de San Ignacio” and “Progre-
so” for sample collection, and researchers from CRIP-La
Paz (Mr. Carlos Monroy, Dr. Eduardo Quiroz, Mr. Mauro
Guadarrama and Dr. Verónica Fernández) for processing
biological material. We also thank Ms. Blanca Sabrina Man-
cilla Arellano for image processing. María Elena Sánchez
Salazar contributed to the preparation of the English
manuscript. R. Sánchez-Cárdenas thanks the support from
Cátedras CONACyT programme.

VÉLEZ-ARELLANO, N.; GARCÍA-DOMÍNGUEZ, F. A.; LLUCH-COTA, D. B.; GUTIÉRREZ-GONZÁLEZ, J. L. &
SÁNCHEZ-CÁRDENAS, R. Validación histológica de las fases morfocromáticas de maduración gonádica del abulón azul (Haliotis
fulgens) Philippi, 1845 y del abulón amarillo (Haliotis corrugata) Wood, 1828. Int. J. Morphol., 33(3):1054-1059, 2015.

RESUMEN: La determinación de la fase de madurez es importante para identificar la temporada de desove y permitir establecer
medidas de manejo pesquero para el aprovechamiento responsable de los recursos como el abulón. El presente trabajo valida
histológicamente una escala de maduración gonádica a manera de guía de identificación, que consiste de cuatro fases morfocromáticas
para hembras y machos (desarrollo, madurez, desove y reposo), y un estadio para los organismos reproductivamente inactivos (indife-
renciado). Dada la similitud entre las características morfocromáticas de Haliotis fulgens y Haliotis corrugata, la escala de maduración
gonádica puede ser utilizada indistintamente.
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