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Fig. 7. Histological sections of vagina and associated structures of Mithraculus sculptus (A-D) and Stenorhynchus seticornis (E-F).
A: Longitudinal section of vagina with attached muscles. The cuticle epithelium forms prominent folds at the transition to the seminal
receptacle. The line indicates approximate position of cross section shown in B. B: Cross section of crescent shaped vagina at transition to
seminal receptacle. The flexible inner wall is invaginated into the outer wall. C: Detail of the flexible vagina cuticle. Columnar epithelium
lined by cuticle. Two cuticle areas can be distinguished: procuticle and epicuticle (the latter facing the lumen). D: Muscle attachment to
the flexible cuticle of inner vagina wall. Arrow = fibrous tissue that connects the muscle to the cuticle. E: Cross section of crescent shaped
vagina of S. seticornis. Muscles attached on both sides of vagina walls. Seminal receptacle filled with sperm mass. F: Cross section through
vagina, with the sperm plug clearly visible in lumen. — Abbreviations: ce = columnar epithelium; cu = cuticle; epi = epicuticle; pro =
procuticle; cf = cuticle folds; fl.cu = flexible part of cuticle; st.sr = secretory tissue of the seminal receptacle; m = muscle; sp.pl = sperm
plug; sp = sperm mass; sr = seminal receptacle; st = sternum; lu = lumen (of vagina).
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part of the ovary that forms the connection to the semi-
nal receptacle (Fig. 4D,F). The structural similarity of
oviduct and ovary and the view that they should not be
treated as separate structures have been previously dis-
cussed by several authors (HARD 1942; SpALDING 1942;
HartNoLL 1968; BECKER et al. 2011).

The oviduct does not form an open tube where it con-
nects to the SR of M. sculptus and S. seticornis. There-
fore, it seems likely that the tissues of the seminal recep-
tacle and oviduct undergo cyclic changes and only form
a tube when the female ovulates. This temporary orifice
has been reported for the majoid C. opilio (SAINTE-MARIE
& SAINTE-MARIE 1998) and the grapsoid Eriocheir sinen-
sis H. Milne Edwards, 1853 (LEe & Yamazaki 1990).

4.2.3. The seminal receptacle and the issue of
the velum

In both investigated species the dorsal area of the SR is
formed by a secretory tissue whose cells release secre-
tions and degenerate towards the lumen (Fig. 5D). Secre-
tory tissues have been described in numerous eubrachy-
uran species showing different dimensions within the SR
(JonnsoN 1980; ZAra et al. 2014; EwWERS-SAUCEDO et al.
2015; Haver et al. 2015; pE Souza et al. 2017). Interest-
ingly, the arrangement of the secretory tissue cells at the
proximity to the oviduct connection of the females of M.
sculptus and S. seticornis follows a similar pattern as that
described as the “holocrine transfer tissue” in Pinnotheri-
dae described by BEcKER et al. (2011) (see also ANTUNES
et al. 2016) (Fig. 6C,G). If this pattern is homologous,
this would undoubtedly serve as a useful character but
it needs further investigations into this subject to verify
this.

DieseL (1989, 1991) described a division of the SR
into two discrete chambers in females of a number of
majoid species. The dorsal, secretory “storage cham-
ber” and the ventral, cuticular “insemination chamber”
were interpreted as a key aspect of majoid reproduc-
tion and discussed in terms of sperm competition (DIE-
SeL 1989, 1991). According to this view, the velum
that separates both chambers could allow the female to
control the amount of sperm stored in the dorsal “stor-
age chamber” and of that released into the ventral “in-
semination chamber” during ovulation. The concept of
the velum has been adopted by some authors for other
majoids and a number of eubrachyuran species (e.g.,
L. spinosa: SAL Moyano et al. 2010; GoNzALEZ-Pisani et
al. 2011; Ucides cordatus (Linnaeus, 1763): SANT’ ANNA
et al. 2007). In the present study however, none of the
females possesses a velum, which challenges previous
observations. In some sections of S. seticornis a struc-
ture similar to a velum appears but the 3D-reconstruc-
tion reveals it to be an invagination of a cuticle-lined
area of the SR wall (see * in Fig. 6D,F), which does
not separate it into two chambers. In M. sculptus a struc-
ture resembling the velum in L. spinosa (GONZALEz-
Pisant et al. 2011) is present, but is just a prominent
cuticle bulge that protrudes into the ventral area-lu-
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men of the SR and stretches towards the opposite wall
(Fig. 5A4).

Thus, it might be necessary to differentiate between
a velum in the sense of DieseL (1989) and cuticle invagi-
nations that incompletely divide the ventral area of the
SR.

Instead of a velum, in most of the investigated ma-
joid species some cuticle folds are present at the transi-
tion between the dorsal and ventral area of the SR (see
Table 2 for a summary of the hitherto investigated majoid
species). These folds can be structurally different. In C.
opilio and H. coarctatus musculature inserts into the cu-
ticle folds (BENINGER et al. 1993; LANTEIGNE et al. 1996),
whereas in all other species muscles are absent. ANTUNES
et al. (2016) detected musculature within the folds in S.
seticornis. However, this finding has not been confirmed
in our study. The presence of cuticle folds seems to be a
widely distributed eubrachyuran character (BECKER et al.
2011; GonzALEz-Pisant et al. 2011; bE Souza et al. 2013).
Nevertheless, with the sperm mass being present in the
entire lumen of the SR, the cuticle folds seem not to limit
its dispersion. Thus, a division in a sperm “storage- and
insemination chamber” as described by DieseL (1989) is
unlikely. Due to the lack of a velum or other structures
such as a bursa (VEHOF et al. 2017), an active participation
of the female during copulation regarding the amount of
sperm used for fertilization and control over specific male
sperm seems improbable.

ANTUNES et al. (2016) observed spermatophores and
free spermatozoa in the ventral region of the SR of S. sefi-
cornis. In contrast to this, we observed only free sper-
matozoa in M. sculptus and S. seticornis, which might
be due to differences in the elapsed time since mating.
The absence of spermatophores and sperm layering in
the seminal receptacle of both species could also be due
to this. Similar conclusions have been drawn for hyme-
nosomatids as sperm masses from multiple copulations
slowly mix after some time (VAN DEN BrRiNnk & McLay
2009; Kraus et al. 2014).

Concerning the oviduct orifice of eubrachyurans,
DieseL (1991) differentiated between a SR of a dorsal-
type and a ventral-type, with the oviduct orifice being
located opposite to or adjoining the vagina, respectively.
This differentiation has been widely accepted and further
hypotheses concerning sperm competition were built
upon it (DieseL 1991; McLay & Lorez Greco 2011). In
the herein studied species, the oviduct connection with
the secretory tissue of the seminal receptacle is situated
somewhat intermediate. Nevertheless, it is situated close
to the cuticle area and the vagina and therefore of the
ventral type (Figs. 5, 6). With regard to sperm compe-
tition, this would indicate a last male precedence. Yet,
since no layering is obvious, it remains unclear if the
stored sperm belongs to more than one male.

4.2.4. The vagina

The continuity of the cuticle in the SR, the vagina, and
the integument suggests an ectodermal origin of all
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these structures. The structures of the vagina have been
elaborated in detail by HARTNOLL (1968). In his study on
brachyuran female genital ducts he recognized four types
of vaginae, namely (1) simple, (2) concave and concave
with operculum (3) mobile, and (4) immobile.

All hitherto investigated majoid species have vaginae
of the concave type and the vulva is enclosed by the de-
flated inner wall and opens only by contraction of the
attached muscle. HARTNOLL (1968) refers to this type of
closure of the genital ducts as operculum.

5. Conclusions

Several characters are shared by the species investigated
in the present study (see also Tables 1 and 2):

Male gonopods. (1) The G1 is long, slender, tapers dis-
tally and forms a bulbous tip. (2) The opening of the
ejaculatory canal is subterminal and (3) surrounded by
denticles. (4) The gonopod tegumental glands (= rosette
glands) are present in the proximal part of the G1 where
the G2 is inserted. (5) The G2 is short and stout and (6)
has longitudinal folds on its distal surface and (7) an api-
cal girdle is present around its distal tip. (8) The penis
emerges from the gonopore of the fifth coxa and enters
the G1 opposite the G2.

Female reproductive system. Within the SR (1) a
(mostly) dorsal secretory area can be distinguished from
(2) a (mostly) ventral area lined by cuticle. (3) Both areas
are separated by cuticle folds with or without muscle at-
tachment. (4) The vagina is always of the concave pattern
(sensu HArRTNOLL 1968) and (5) the vulva is enclosed by
the inner flexible wall of the deflated vaginal tube.

In contrast to earlier descriptions of majoid repro-
ductive systems, the species investigated in the present
study lack a division of the SR into a dorsal sperm “stor-
age chamber” and a ventral “insemination chamber”
separated by a muscular velum. Instead, we observed
invaginations of the cuticle receptacle wall in histologi-
cal sections and 3D-reconstructions which represent no
anatomical or functional division of the SR. In histologi-
cal sections however, those invaginations resemble the
data published by DieseL (1989, 1991) and could by mis-
take be interpreted as a velum. At the present stage, it
remains unclear whether a divided seminal receptacle is
a character which is only present in part of the Majoidea
or whether histological observations of earlier studies
have been misinterpreted. Our findings clearly show the
benefit of 3D-reconstruction to understand the spatial or-
ganisation of reproductive structures and suggest a re-
consideration of the velum as a majoid character.
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