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Summary

Inmale crustaceans — unlike vertebrates — the endocrine and gametogenic functions are clearly
separated into distinct organs, the androgenic gland and the testis, respectively. The androgenic
gland is thought to be the exclusive source of hormone responsible for sex-differentation and
sexual characteristics in crustaceans. Information on this unique crustacean organ is revised with
respect to its structure, secretion and role in the regulation of the expression of sexual
characteristics, and intersexuality. Several decapod models are presented for research on sexual

differentation in higher crustaceans.
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Introduction

The mechanism of sex-determination — the
commitment of an embryo to either the female or the
male pathway — has not been studied extensively in
crustaceans  (Katakura, 1989); only limited
cytogenetical data are available in decapods (Legrand
et. al.,, 1987). In contrast, there have been numerous
attempts to study the regulation of sexual
differentiation, which is the overt manifestation of the
sex-determination state through the expression of the
sex cytodifferentiation genes responsible for the sexual
dimorphism of female and male crustaceans. It has
been suggested that the androgenic gland is the
exclusive source of hormone responsible for sex-
differentiation in crustaceans (Charniaux-Cotton,
1954). In male crustaceans — unlike vertebrates — the
endocrine and gametogenic functions are clearly
separated into distinct organs, the androgenic gland
and the testis, respectively (Ginsburger-Vogel and

Charniaux-Cotton, 1982; Charniaux-Cotton and Payen,
1988). Thus, the androgenic gland serves as a unique
biological model for the study of the endocrine
regulation of sex-differentiation. This article sets out to
update previous reviews of the androgenic gland
(Charniaux-Cotton and Payen, 1985, 1988; Payen,
1990) describing this unique crustacean organ and its
role in the regulation of the expression of primary and
secondary sexual characteristics, with emphasis on
decapod crustaceans. In general, most of the results on
sexual differentiation in decapods confirm those
obtained beforehand in peracarids and the
achievements in decapods are not superior due to
longer molting cycle, bigger body and lack of a viable
bioassay. This article presents several decapod models
that may be useful in future needed research — both
for applied and basic reasons — on sexual
differentiation of decapods.
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Anatomy and Histology of the Androgenic
Gland in Decapods

The androgenic gland was first described in the
crab Callinectes sapidus by Cronin (1947). In
decapods the gland is wusually located at the
subterminal portion of the sperm duct. The cells may
be arranged as thin, parallel and anastomosing cords
(Carpenter and DeRoos, 1970) or in a compact lobed
structure (Kleinholz and Keller, 1979). A combination
of the two structures was found in Macrobrachium
rosenbergii, in which the androgenic gland is
composed of strands of cells surrounded by a thin layer
of connective tissue, forming a pyramidal cluster
loosely associated with the posterior portion of the
ejaculatory duct (Veith and Malecha, 1983).

The ultrastructure of the androgenic gland of the
crab Pachygrapsus crassipes resembles that of a
vertebrate protein-producing cell rather than that of a
steroid-producing cell (King, 1964), being charac-
terized by a well developed, granular, endoplasmic
reticulum and abundant mitochondria. These cells
contain numerous large multivesicular bodies that
resemble lysosomes. However, acid phosphatase
activity has not been demonstrated in them. The
proteinaceous nature of the secretions was confirmed
by Taketomi (1986), who reported the existence of two
kinds of androgenic gland cells in Procambarus
clarkii, one of which resembles protein-secreting cells.
A gradual enlargement and structural changes in the
androgenic gland during sexual differentiation and
gonad maturation were described in P. clarkii
(Taketomi et. al., 1996). Veith and Malecha (1983)
observed three principal cell types in the androgenic
gland of M. rosenbergii: type 1 cells are small with a
dense cytoplasm, often containing two nuclei; type 2
cells are slightly larger and vacuolated; and type 3
cells are large, with vacuoles filling most of the
intracellular space consisting of vacuoles. Certain areas
of the gland display cellular degeneration, possibly
indicating a holocrine mode of secretion. The andro-
genic gland of M. rosenbergii stained positive for
lipids, of which the highest concentration was found
both in the gland and the epithelial cells lining the
lumen of the ejaculatory duct. The lipids appeared to
be evenly distributed throughout the gland and were
not confined to any one of the three cell types (Veith
and Malecha, 1983).

The Androgenic Gland, Development of Sexual
Characters and Somatic Growth

Charniaux-Cotton (1954) was the first to suggest a
regulatory role for the androgenic gland. She showed

that bilateral androgenic gland ablation (andrectomy)
in Orchestia gammarella blocked differentiation of
secondary male characteristics and resulted in
decreased spermatogenesis (Charniaux-Cotton, 1954).
Once the external male sexual characteristics are
formed in gonochoristic shrimp, the androgenic gland
is not needed for their maintenance (Touir, 1977a).
The role of the androgenic gland in the regulation of
the development of decapod external sex characters is
well established. It was recently illustrated by injecting
the crayfish P. clarkii with androgenic gland extracts,
which effected the appearance of external male
characters in the form of reversed spines. Injections of
sperm duct extracts as control produced no such effect
(Taketomi et al., 1990). A strong correlation was also
found in P. clarkii males between the development of
the androgenic gland and the morphological
differentiation of the abdominal appendages (Taketomi
et. al., 1996). Masculinization of the external charac-
teristics of female crayfish was observed after the
implantation of androgenic gland (Nagamine and
Knight, 1987a). A high degree of feminization, which
included initiation of oogenesis and development of
oviducts and female gonopores, occurred in maturing
M. rosenbergii males that had been andrectomized in
the youngest developmental stage. Males andrecto-
mized in later developmental stages were either
partially feminized or not feminized at all (Nagamine
et al., 1980a). Reimplantation of the androgenic gland
into andrectomized M. rosenbergii males reversed the
effect of the andrectomy. Androgenic gland
implantation masculinized female recipients, as
manifested by the development of the appendices
masculina, the male gonopore complex, mature
masculine chelipeds and initiation of spermatogenesis
in the ovaries (Nagamine et al., 1980a, 1980b). A wide
range of abnormalities in gonadal development was
observed in andrectomized males, depending on the
age at which the andrectomy was performed.
Development of reduced testes was observed in males
andrectomized at a relatively old age. In younger
andrectomized males partly testicular and partly
ovarian gonads (“ovotestes”, Fig. 1) or abnormally
lobulated ovaries developed (Snir, 1992). Sagi and
Cohen (1990) observed complete sex reversal as a
result of surgical removal of the androgenic gland in
juvenile M. rosenbergii, leading to the development of
functional females capable of mating and producing
progeny (Fig. 2). Functional sex reversal of female M.
rosenbergii by implanting androgenic glands into the
youngest and smallest prawns that could be identified
as females has been reported by Malecha et al. (1992).
In both cases, progeny was obtained when fertile sex-
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Fig. 1. Gonads of an andrectomized Macrobrachium rosenbergii male. Part of the gonad resembles the testis (=TST) and part
the ovary (=OV). The ovarian component contains yolk but no oocytes. The prawn was andrectomized 64 days after the
metamorphosis and weighed less than 1.0 g at the time of andrectomy. Bar represents 2.5 mm.

Fig. 2. An andrectomized M. rosenbergii male which has transformed into a functioning female carrying fertile eggs (arrow).
This prawn, andrectomized 30 days after metamorphosis, is the first case of a full and functional sex reversal ever reported

for a decapod crustacean.

reversed animals were crossed with normal prawns,
and the sex ratio of the offspring supported the
homogametic male theory, in keeping with Katakura
(1989). Implantation of ovarian tissue into andrecto-
mized crayfish males resulted in the development of

female secondary sexual characteristics (Nagamine and
Knight, 1987b); this finding suggested that the
androgenic gland prevents the appearance of female
characteristics only in the early stages via inhibition of
differentiation of the juvenile gonad into an ovary.















