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Ultrastructural comparison of the spermatozoa 
of Ranina ranina (Oxystomata) and of other crabs exemplified 
by Portunus pelagicus (Brachygnatha) (Crustacea, Brachyura) 
Barrie G.M. Jamieson 
Zoology Department, University of Queensland, Brisbane 4067, Australia 

Summary. Features shared between the sperm of Ranina 
ranina and of the so-called "higher Brachyura" (the Oxy- 
rhyncha - Cancridea - Brachygnatha assemblage, OCB) 
include: (1) the large subspheroidal acrosome (a synapo- 
morphy of the Raninoidea + the OCB contrasting with the 
disc-shaped Dromioidea acrosome); (2) enclosure of the 
acrosome by a thin layer of cytoplasm which is in turn 
cupped by the nucleus; (3) extension of the nucleus as later- 
al arms and as a posterior median process (this process 
is absent in the more advanced families, including portun- 
ids); (4) extension of the cytoplasm into the basal region 
of each nuclear arm; and (5) topographical equivalence and 
presumed homology of components of the acrosome, viz. 
the electron dense capsule; inner and outer dense zones 
surrounding the longitudinal axis; peripheral vesicular con- 
tents; a perforate or, in Portunus, a n  imperforate, apical 
operculum; subopercular- or subcap-zone; and a basally 
open subacrosomal chamber enclosing perforatorial materi- 
al. Significant differences of the Ranina sperm from those 
of the OCB, including Portunus, are: (1) anterior termina- 
tion of the subacrosomal space at the equator of the acro- 
some and its conical form (plesiomorphy?), in the latter 
assemblage reaching the operculum; (2) differentiation 
within the subacrosomal material of a coiled, filiform puta- 
tive perforatorium (plesiomorphy or apomorphic homo- 
plasy with Anaspidacea?) whereas the entire subacrosomal 
contents in the OCB form a stout perforatorial rod; (3) 
subdivision from the acrosome vesicle in Ranina of a poste- 
rior acrosomal chamber with differentiation of the walls 
of this, lining the subacrosomal chamber, as longitudinal 
corrugations (Raninoidea autapomorphies); and (4) plesio- 
morphic persistence of numerous well developed, simple 
mitochondria in contrast to their degeneration, with greater 
development of a myelin-like lamellar complex, in the OCB. 
Spermatologically, the Raninoidea thus appear to be the 
plesiomorphic adelphotaxon of the Oxyrhyncha - Cancri- 
dea - Brachygnatha assemblage. 

A. Introduction 

Ultrastructural studies on the spermatozoa of Brachyura 
have encompassed a wide taxonomic diversity (Table 1). 
The spermatozoal ultrastructure of many families remains 
to be investigated, however, and it is remarkable that the 

spermatozoa of the Raninidae, including the spanner crab, 
Ranina ranina (Linn6, 1758) have not previously been de- 
scribed. Raninoidea resemble Dromioidea, Homoloidea 
and Tymoloidea in the coxal position of the female pores, 
hence the name Podotremata Guinot, 1979, for this assem- 
blage. These differ in this respect from an assemblage which 
is often loosely termed the "higher" Brachyura (the Oxyr- 
hyncha - Cancridea - Brachygnatha assemblage, hereafter 
termed the OCB) which have sternal female pores. Raninoi- 
dea are considered in a phylogenetic hierarchy to have 
branched off above the Homoloidea (themselves considered 
to have originated from a pre-anomuran - thalassinid - 
dromid ancestor) but below the OCB (Rice 1980, 1983). 
Their inclusion in the Brachyura has been questioned but 
is supported by the similarity of their zoeas to those of 
the OCB, although the structure of the zoeal maxillipeds 
places Raninoidea on a level with hippids which are ad- 
vanced anomurans (Williamson 1965; Rice 1980, 1983). In 
the present study the spermatozoon of R. ranina, as a spe- 
cies with a greater number of plesiomorphic anatomical 
attributes than the OCB, is compared and contrasted with 
the spermatozoa of the latter. These will be exemplified 
by the spermatozoon of Portunus pelagicus (Linn6, 1766), 
briefly described, which conforms with the generally en- 
visaged "typical" brachyuran spermatozoon though pre- 
sumably in many respects apomorphic for the Brachyura 
as a whole. 

B. Materials and methods 

Specimens of R. ranina were collected from Heron Island, 
Great Barrier Reef, in October 1984 and of P. pelagicus 
from Moreton Bay, in February 1988, respectively, both 
localities in Queensland, Australia. Portions of the male 
ducts were fixed in 3% glutaraldehyde in 0.2 M sodium 
cacodylate buffer (pH 7.4), with 6% sucrose, at 4°C for 
2 h; washed in buffer; post-fixed for 80 min in similarly 
buffered 1% osmium tetroxide; washed in buffer; dehy- 
drated through an ethanol series; and infiltrated and em- 
bedded in Spurr's epoxy resin. Sections were cut with dia- 
mond knives, on an LKB 2128 UM IV microtome. Thin 
sections, 500-800 ~ thick, were collected on carbon stabi- 
lized colloidin-coated 200 mesh copper grids and stained 
for 40 min in 6% aqueous uranyl acetate (after rinsing in 
distilled water) and a further 20 min in lead citrate before 
final rinsing. 
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1. General  m o r p h o l o g y  

The spermatozoon of  Ranina  (refer to line drawing, Fig. 1, 
throughout)  is slightly ellipsoidal,  with the shorter  axis an- 
tero-poster ior  if the acrosome be considered anterior.  

This simple form is modified by the presence of  four 
project ions or  ' a r m s '  of  which three project laterally 
(Fig. 2H,  K), and one projects poster iorly (Fig. 2A). The 
term "pos t e r io r  median process"  (Hinsch 1973) will here 
be applied to the poster ior  project ion (see Discussion). This 
is absent  from Por tunus  (Fig. 3A). 

2. A c r o s o m e  

The ell ipsoidal core of  the Ranina  spermatozoon consists 
entirely of  the complex acrosome (Fig. 2A). This is com- 
posed of  a number  of  components  which seem readily iden- 
tifiable with, and homologous  to, those described for other 
b rachyuran  sperm together with components  of  doubtful  
homology.  
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Table 1. Ultrastructural investigations of spermatozoa of the Brachyura 

1 #m posterior median process 

Fig. l. Ranina ranina. Line drawing of a sagittal longitudinal sec- 
tion of the spermatozoon prepared from tracings of transmission 
electron micrographs 

Fig. 2A-K. Ranina ranina. Transmission electron micrographs of the spermatozoon. A Sagittal longitudinal section (LS). Upper inset: 
oblique transverse section of anterior subacrosomal chamber showing enclosed putative perforatorium, here V-shaped. Lower inset: 
detail of corrugations of the wall of the subacrosomal chamber. B-E L S  (B and C oblique) of the subacrosomal region to show 
lining corrugations. F-K Transverse sections at levels indicated in 2A. Scale 1 ~tm unless otherwise indicated 
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The acrosome is invested by an electron dense sheath, 
the "capsule" (Fig. 2A), which is interrupted at each pole. 
It is much thicker in Ranina (Fig. 2A) than in Portunus 
(Fig. 3A, B). In Ranina the mean length of the capsule 
is 4.80 gm (range 4.68-5.08 Hm, n=6) ;  the mean width is 
6.33 gm (range 6.19-6.67 gm, n = 6). In Portunus, in which 
the acrosome is almost spherical, the mean length is 2.53 gm 
(range 2.33-2.78 gm, n=4) ;  the mean width is 2.38 gm 
(range 2.33-2.52 Hm, n=4).  The capsule in Ranina sends 
an extension on each side into the thin layer of investing 
cytoplasm (sagittal longitudinal section, LS, Fig. 2 A; trans- 
verse section, TS, Fig. 21). In some transverse sections 
(Fig. 2G, H) these extensions of the capsule can be seen 
to extend for some distance around the periphery of the 
acrosome and (Fig. 2H) portions of the extensions appear 
to be detached. It is likely that the extensions represent 
extrusion and destruction of capsule material and the over- 
lying acrosomal membrane achieved during spermiogenesis. 
The acrosomal membrane is a thin, pale layer, covering 
the capsule and, with it, interrupted at the posterior pole 
where it is invaginated around a complex subacrosomal 
space (Fig. 2A-E). In Ranina the subacrosomal space is 
conical and its anterior tip reaches approximately to the 
equator of the acrosome. A spherical dense body (Fig. 2A) 
capping the apex of the cone is here termed the "central 
acrosomal body" (see Discussion). This body has yet to 
be demonstrated for the sperm of P. pelagicus. 

The central axis of the acrosome, from its anterior end, 
to somewhat less than halfway along the subacrosomal 
cone, and including the central body, is surrounded by an 
electron dense column, here termed the "inner dense zone" 
(Fig. 2A, D, E, G-J). This has been termed the region of 
"acrosomal rays", in Callinectes sapidus (Brown 1966a, b), 
a term also descriptive of its appearance (in transverse sec- 
tion) in P. pelagicus (Fig. 3 A, D). In Ranina it is surrounded 
by a narrower, paler but still moderately electron dense 
layer, like a penumbra, here termed the "outer dense zone" 
(Fig. 2A, G-J). In Portunus (Fig. 3A-E) this is a broad 
layer. It is continuous with a thin layer underlying the cap- 
sule in Ranina in which the bulk of the contents of the 
acrosome vesicle are composed of paler but again moderate- 
ly electron dense material, which may be termed the "pe- 
ripheral contents" of the acrosome vesicle (Fig. 2A). In 
Callinectes this forms a "narrow amorphous layer" (Brown 
1966 a, b). Thus both of the dense concentric columns and 
the peripheral contents in Ranina have their equivalent in 
other brachyuran sperm (see Portunus, Fig. 3A-E). The 
outer dense zone and the peripheral contents have respec- 
tively been termed the "peripheral and homogeneous for- 
mations" for Carcinus maenas (Chevaillier 1966, 1967) but 
in Cancer the outer dense zone is not differentiated from 
the peripheral contents, there being a unitary "outer region 
of acrosome" (Langreth 1969). 

At the anterior pole of the Ranina acrosome there is 
a dense ring (Fig. 2A), surrounding a central perforation. 
This ring is probably homologous with the well developed 
structure seen in the Portunus (Fig. 3A) and other brachy- 
uran sperm and will here be termed the operculum (see 
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Fig. 4. Width of the operculum in various crabs plotted against 
length of the acrosome, from the literature cited and the present 
study. Note the large size of the Ranina acrosome relative to that 
of other brachyurans. The portunid is Portunus pelagicus and (stip- 
pled) Callinectes sapidus 

Discussion). In Ran&a it is poorly differentiated, consisting 
merely of a strongly electron dense apical border of the 
capsule which is here at its thickest (Fig. 2 A); mean width 
1.88 ~tm, range 1.67-1.98 ~tm (n=6). The mean opercular 
width in P. pelagicus is 1.55 Ixm, range 1.50-1.66 lam (n =4). 
The width of the operculum in various crabs plotted against 
length of the acrosome, from the literature cited and the 
present study, is shown in Fig. 4. This demonstrates the 
large size of the Ranina acrosome relative to that of other 
brachyurans. 

A broad ring of relatively electron pale material, here 
termed the "subopercular zone", separates the opercular 
sphincter and adjacent region of the capsule from the sum- 
mit of the column formed by the inner and outer dense 
zones and from the adjacent peripheral contents (Fig. 2A). 
It is shown for Portunus in Fig. 3 A. 

At the opposite, posterior, pole the capsule in Ranina 
is perforated by a narrower orifice which opens into the 
conical subacrosomal space. On each side of the orifice, 
material, here considered a posterior chamber of the acro- 
some vesicle (LS, Fig. 2A-E;  TS, Fig. 2K), is invested on 
its posterolateral face by the capsule and on its anterolateral 
face by an inturned portion of the capsule which continues 
forward, becoming thinner, to line the entire surface of the 
subacrosomal space including its narrow apex. The antero- 
median wall of this posterior acrosomal chamber cups the 
contents of the subacrosomal space and extends as a ring 
of very elongate projections which converge to the tip of 
the conical space as a pallisade-like enclosure (LS, Fig. 2 A  
E; TS, Fig. 2J, K) embracing its contents. These projections 
are in fact longitudinal corrugations of the acrosomal mem- 
brane surrounding the subacrosomal space. Each corruga- 
tion may be simple, bifid or trifoliate in cross section 
(Fig. 2A, inset; 2K). No equivalent of the posterior acroso- 
mal chamber and the corrugations lining the subacrosomal 
chamber which it encloses occurs in P. pelagicus. The latter 
species differs from Ranina in having a thickening of the 
capsule as a "thickened ring" on each side of the posterior 
perforation (Fig. 3 A, B). 

Fig. 3A-E. Portunus pelagicus. Transmission electron micrographs of the spermatozoon. A Sagittal longitudinal section. B Details of 
same showing centrioles and incomplete inner nuclear envelope, the outer being fused with the plasmalemma. Inset: lamellar complex 
lateral to the acrosome. C-E Transverse sections at levels indicated in 3A. Scale t ~tm 
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3. Subacrosomal region 

In Portunus (Fig. 3A-E), the subacrosomal material con- 
sists of a highly differentiated stout perforatorium which 
extends from the posterior perforation in the capsule to 
the vicinity of the operculum at the apex of the acrosome. 
It includes apparently degenerating tortuous but chiefly 
longitudinal microtubules (Fig. 3A, B). 

No clearly differentiated perforatorium of this type is 
seen in Ranina and the conical subacrosomal space is excep- 
tional in ending anteriorly at the equator of the acrosome 
where it is capped by the central body (Fig. 2A). The subac- 
rosomal material in Ranina shows three principal compo- 
nents (Fig. 2A). The anterior portion of the subacrosomal 
cone, comprising almost two-thirds of the length of the 
cone, is electron pale and is occupied by fine dense granules. 
The remaining, posterior, portion of the subacrosomal cone 
is clearly defined from the anterior material by a transverse 
line. It is cupped by the corrugated posterior acrosomal 
chamber and posteriorly is continuous with the material 
occupying the posterior perforation of the capsule. The ma- 
terial in this posterior subacrosomal region is denser than 
that of the anterior portion and in some sections has several 
horizontal strata formed by alternation of lighter and 
darker material, partly shown in Fig. 2A, the nature of 
which has not been determined. Peripherally its material 
is prolonged to the tip of the subacrosomal cone by exten- 
sion between the corrugations formed by the wall of the 
enclosing posterior acrosomal chamber (Fig. 2A). The third 
component of the subacrosomal cone of Ranina is located 
within the material of the anterior subacrosomal region. 
It consists of elliptical or elongate profiles with a moderate- 
ly electron dense finely granular core surrounded by a broad 
pale zone. It is externally delimited by a single file of dense 
points which give the impression of a discontinuous mem- 
brane (Fig. 2A). Fine lines join the core to this "mem- 
brane". In cross-section of the anterior subacrosomal re- 
gion only a single, approximately transverse section of a 
similary structured profile is seen (Fig. 2 I, J). These profiles 
are interpreted as collectively representing a coiled or wind- 
ing tubular structure, tentatively considered a perforator- 
ium, with dense core and pale periphery, located in the 
anterior subacrosomal chamber from the base to the tip 
of the latter (see Discussion). Occasional absence in trans- 
verse sections or discontinuities in longitudinal sections of 
the subacrosomal cone suggest that this putative perforator- 
ium may not be entirely preformed and that assembly may 
be completed on reaction of the acrosome. 

4. Cytoplasm 

In Ranina, as in other brachyurans, spermatozoal cyto- 
plasm is limited to a very thin layer surrounding the capsule 
of the acrosome and an extension into each lateral arm 
(Fig. 2A, H). There is no extension of cytoplasm into the 
posterior median process, where this is present, as in Ran- 
ina. Whether the material in the posterior subacrosomal 
chamber in Ranina should be considered general cytoplasm 
is debatable but the distinct, though small, postacrosomal 
region of cytoplasm of other brachyurans is absent. This 
contains two centrioles in Portunus (Fig. 3 A, B). 

In Ranina the cytoplasmic prolongations in the arms 
have numerous, often contiguous, subspheroidal mitochon- 
dria with few, slender cristae (Fig. 2A). Although degener- 

ating mitochondria are present, some appear intact and 
possibly remain functional until fertilization. 

No equivalent has been observed in Ranina of the large 
structure resembling a myelin-body located in the cyto- 
plasm on one side of the acrosome illustrated for Carcinus 
maenas (Chevaillier 1967; Pochon-Masson 1968) and there 
termed the "lamellar system". This is illustrated for P. pela- 
gicus in Fig. 3 B (inset). However, conglomerations of mem- 
branes, which appear to be derived from degenerating mito- 
chondria, here termed "membrane remnants", are present 
in Ranina (Fig. 1 ; see Discussion). 

5. Nucleus 

In Ranina the nuclear material is located in the three lateral 
arms (Fig. 2H, K), in the median posterior projection and 
in the confluence of these as a narrow zone around the 
acrosome and its cytoplasmic sheath, the latter projecting 
into it as conical extensions. It is extremely attenuated over 
the upper third, approximately, of the acrosome (Fig. 2A), 
and does not extend over the opercular region at the apex 
of the latter. No nuclear membrane is apparent in Ranina 
between the cytoplasmic sheath and the nuclear material. 
The thick dense membrane externally limiting the nucleus 
is interpreted as the combined nuclear and plasma mem- 
branes. In Portunus (Fig. 3B) the nuclear envelope is re- 
tained, though much disrupted, between the chromatin and 
the cytoplasm investing the acrosome; a thick combined 
nucleo-plasmalemmal membrane is again present. In Ran- 
ina (Fig. 2A), as in Portunus (Fig. 3A), the chromatin con- 
sists of electron dense filaments in a pale matrix (see Discus- 
sion). 

D. Discussion 

Some additional comparison of structures described above 
with those of other crabs follows and the phylogenetic im- 
plications of Raninoidea sperm structure will be discussed. 
An attempted synonymy of the terms used throughout the 
literature is given in Table 2. For a list of equivalent terms 
from the older, chiefly light microscopical literature see Po- 
chon-Masson (1968). 

The number of lateral arms in brachyuran sperm varies 
from three, in the majids Libinia, Macrocoeloma, Mithrax, 
and Pitho, the portunid Carcinus and cancrid Cancer, as 
in Ranina; to four or five in the majid Stenorhynchus; and 
eight morphologically somewhat pseudopodium-like arms 
(with some variation) in Callinectes and Portunus. The pres- 
ence of a posterior median process in the Majidae (a family 
with many plesiomorphic anatomical features) and in Ran- 
ina, and its absence from the Cancridea and Brachygnatha, 
suggests that a posterior median process is a plesiomorphy 
for the Brachyura or at least for the Raninoidea-OCB as- 
semblage. 

In all brachyuran sperm the chromatin consists of elec- 
tron dense filaments in a pale matrix. Langreth (1969), for 
Cancer, has shown that these filaments are digested by 
DNase. Yasuzumi (1960) had earlier shown that the arms, 
in Eriocheir, were Feulgen-positive. 

With regard to the structure of the acrosome, the "cap- 
sule" is a general feature of brachyuran acrosomes. It was 
so named for Carcinus by Chevaillier (1966, 1967) who 
showed it to consist of polysaccharides, proteins and basic 
proteins. No equivalent of the tubular, putative perforator- 
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Table 2. Synonymy of terms used in descriptions of brachyuran 
sperm 

Present account Other authors 

Lateral arms 

Posterior median 
process 

Capsule 

Operculum 

Subopercular zone 

Perforatorium 
(in Portunus) 

Central acrosomal 
body 

Inner dense zone 
of the acrosome 

Outer dense zone 
of the acrosome 

Cytoplasm 

Membrane 
remnants 

Lamellar system 

' Radial arms', if lateral (Brown 1966a, b) 
'Spines' (Chevaillier 1966, 1967) 
'Spines' or [with the collar] 
' chondrionucleopolymicrotubular complexes' 
(Pochon-Masson 1965, 1968) 

'Posterior median process' (Hinsch 1973) 

'Capsule' (Chevaillier 1966, 1967) 
'Internal vesicular membrane' 
(Pochon-Masson 1965) 

'Apical cap' (Brown 1966a, b; Goudeau 1982; 
Hinsch 1969, 1973; 
Pearson and Walker 1975; 
Vaughn and Hinseh 1972) 
'Opercular sphincter' (Pochon-Masson 1965, 
1968) 

'Subcap zone' (Brown 1966a, b) 
' Apical granule' (Chevaillier 1966, 1967) 

'Acrosomal tubule' (Brown 1966a, b; 
Hinsch, 1969, 1973) 
'Core' (Pearson and Walker 1975) 
'Axial rod' (b~tonnet axial) 
(Chevaillier 1966, 1967) 
'Percutor organ' (organ percuteur) 
(Pochon-Masson 1965, 1968, 1983) 

' Dense body' (Yasuzumi 1960) 
Unlabelled circular structure within the 
acrosomal tubule (Brown 1966b) 
Bundle of microtubules (Chevaillier 1967) 

Region of 'acrosomal rays' (Brown 1966a, b) 
'Inner region of acrosome' (Langreth 1969) 
' Reticular formation' (Chevaillier 1966, 1967) 
' Inner acrosomal material' (Goudeau 1982) 
'Wall of central canal' (Pochon-Masson 1965, 
1968) 

' Large microtubular layer of the acrosomal 
vesicle' (Brown 1966a, b) 

' Collier', ' nucleochondriomic complex' or 
' Chondrionucleopolymicrotubular complex' 
(Pochon-Masson 1965, 1968) 

'Membrane remnants' (Reger et al. 1984) 

'Lamellar region' (Hinsch 1969, 1973) 
' Lamellar complex' (Pearson and Walker 1975) 
' Membrane complex' (Langreth 1969) 

ium of  Ranina is known in other Brachyura. It appears 
structurally equivalent to the single, long, coiled perforator- 
ium of  Limulus (Chelicerata, Xiphosura) (Andr6 1965) and 
ofAnaspides (Syncarida) (Jespersen 1983) and to the shorter 
but filiform perforatorium of  Peracarida (e.g. Reger et al. 
1979) and of  Stomatopoda (Cotelli and Lora Lamia Donin 
1983; Jamieson 1989). Confirmation o f  the nature of  the 
Raninoidea perforatorial filament requires investigation of  
the acrosome reaction, a study which awaits collection of  
new material of  Ranina. Again, no equivalent of  the posteri- 
or acrosomal chamber and the corrugations lining the su- 
bacrosomal chamber which it encloses in Ranina is known 

in the OCB. Conversely, the Ranina sperm lacks a thicken- 
ing o f  the capsule as a "thickened r ing" on each side of  
the posterior perforation seen in the latter (Brown 1966a, 
b; Hinsch 1973; Vaughn and Hinsch 1972), including Por- 
tunus. The OCB assemblage, including Portunus, differs 
from Ranina in extension of  a highly differentiated stout 
perforatorium from the posterior limit of  the capsule to 
the vicinity o f  the operculum at the apex of  the acrosome. 
Pochon-Masson 's  statement that the rod (organ percuteur) 
of  brachygnathan sperm originates from the centrioles, re- 
quires confirmation. 

Centrioles, absent in Ranina and in some brachygnathan 
crabs (e.g. the xanthid Atergatisfloridus; B.G.M. Jamieson 
unpublished), have been observed in other brachygnathan,  
and in oxyrhynch and cancrid, crabs where they lie in the 
cytoplasm below the base of  the acrosome (e.g. Carcinus 
maenas [Pochon-Masson 1968]; Libinia emarginata [Hinsch 
1969]; Cancer sp. [Langreth 1969]; P. pelagicus [present 
study]). They lose an initial orthogonal  (Pochon-Masson 
1968) or perpendicular (Langreth 1969) arrangement and 
come to lie at various angles to each other. 

In Ranina, as in Callinectes (see Brown 1966b), the nu- 
cleus is bounded peripherally by the juxtaposed nuclear and 
plasma membranes, although the double nature of  the nu- 
clear component  seen in Callinectes is not  apparent in Ran- 
ina. In both, no clearly identifiable nuclear envelope sepa- 
rates the nucleus from the central region. However, in Li- 
binia the nuclear membrane persists between the centriole- 
containing cytoplasm and the nucleus, and this has been 
shown above, albeit as a discontinuous envelope, for Por- 
tunus. Hinsch (1969) states that in Libinia the limiting mem- 
brane of  the cell is formed by the fusion of  cell and nuclear 
membranes while Reger (1970) states that in Pinnixia the 
cell is bounded by the plasma membrane and a subjacent 
pentalaminar nuclear membrane. The difference in nuclear 
membranes between Callinectes sapidus and P. pelagicus 
may not be significant, and possibly relates to the degree 
of  maturat ion of  the sperm as it is here considered uncertain 
that the two species are distinct. 

It has not  been established whether some of  the mem- 
brane remnants described above for Ranina are derived 
from the nuclear envelope as in the case of  the similarly 
termed remnants described for Carcinus maenas by Reger 
et al. (1984). Pochon-Masson (1965) states that separate la- 
mellae are derived from mitochondria and from the nuclear 
membrane. 

Persistence of  mitochondria at maturity of  the Ranina 
sperm would have significant implications for their metabo- 
lism. When, in brachygnathan crabs, the mitochondria dis- 
appear, cytochrome c oxidase activity is entirely lost from 
the sperm (Anderson and Ellis 1967; Pearson and Walker 
1975). Possibly the cytochrome c system remains active in 
Raninoidea sperm. 

With regard to phylogeny, the chief characteristics of  
the sperm of  other Brachyura are already present in the 
Raninoidea. Determination of  which of  them are apo- 
morphic relative to eucarids in general will be the subject 
of  a further study when material of  additional taxa becomes 
available but some tentative suggestions may be made. 

Shared Raninoidea-brachyuran characteristics include: 
(1) the large subspheroidal acrosome, ensheathed by a thin 
layer of  cytoplasm which is in turn cupped by the nucleus; 
(2) extension of  the nucleus as lateral arms and, plesio- 
morphically, as a posterior median process (absent in the 
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more advanced families, including portunids);  (3) extension 
of the cytoplasm into the basal region of each nuclear arm 
but not  into the posterior process; and (4) topographical 
equivalence and presumed homology of components  of the 
acrosome. Equivalent components  of the acrosome are its 
electron dense sheath or capsule; an inner dense zone, sur- 
rounding the longitudinal  axis; around this zone, though 
not always differentiated in the OCB, an outer dense zone; 
external to this the peripheral contents;  differentiation of 
a perforated apical ring, the opercular sphincter or of an 
imperforate apical cap (both here termed the operculum); 
below this a subopercular- or subcap-zone; occurrence of 
a basally open subacrosomal space or chamber;  and, lying 
in this, perforatorial material. 

Because the sperm of the Dromioidea are imperfectly 
known and those of the Homoloidea are unknown,  both 
groups believed to constitute the plesiomorph adelphotaxon 
(a term of Ax (1984), preferable, as gender-neutral, to 
"s is ter-group")  of the Raninoidea + "h igher"  brachyurans, 
it is not possible confidently to establish which of the above 
characters shared between Raninoidea and higher crabs are 
synapomorphies and which symplesiomorphies. Brown 
(1966a), in his very brief account, states that in Drornidia 

anti l lensis  the acrosomal region is disc-shaped. With the 
more spherical nucleus and stubby radial arms, he consid- 
ered this to reveal the dromid sperm as " a  possibly more 
primitive type" than "s tandard  brachyuran sperm type". 
The subspherical form of the acrosome of Ranina  is here 
considered to be a synapomorphy of the Raninoidea + the 
OCB. It contraindicates inclusion of the Raninidae in the 
Dromiacea advocated by Stevcic (1973). That  the short 
arms of the dromid are plesiomorphic is questionable as 
they are long nuclear extensions, as in higher crabs, in the 
Palinura (Talbot and Summers 1978). 

Significant differences of the R an i na  sperm from those 
of the OCB, including Por tunus ,  are: (1) penetration of 
the subacrosomal space anteriorly only to the equator of 
the acrosome and its conical form (possibly a plesiomorphic 
condition), whereas in the OCB it reaches the operculum; 
(2) differentiation within the subacrosomal material of a 
tortuous, filiform putative perforatorium (plesiomorphy or 
an apomorphic homoplasy with Anaspidacea etc. ?) whereas 
the entire subacrosomal contents in the OCB form a stout 
perforatorial rod (often misleadingly termed the acrosomal 
tubule);  (3) subdivision of the acrosome vesicle in Ranina  

by division of the capsule to give a posterior acrosomal 
chamber and differentiation of the walls of this lining the 
subacrosomal chamber (infolded acrosome vesicle) as longi- 
tudinal pallisade-like corrugations (Raninoidea autapomor-  
phies); and (4) pleisomorphic persistence of numerous well 
developed, simple mitochondria in apparently mature R a n -  

ina sperm in contrast to their more pronounced degenera- 
tion, with greater development of a myelin-like lamellar 
complex, in the OCB. Absence of centrioles in Ranina  

apears to be an apomorphic homoplasy with some brachyg- 
na than crabs in others of which centrioles are plesiomorphi- 
cally retained. 

In conclusion, the ultrastructure of the sperm of R. ran- 

ina is consistent with somatic and larval evidence, cited 
in the Introduct ion,  for regarding the Raninoidea as the 
plesiomorph adelphotaxon (sister-group) of the OCB as- 
semblage. 
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Abbreviations 

a acrosome la lateral arm 
ar acrosomal rays m mitochondrion 
asr anterior subacrosomal npm combined nuclear and 

region plasma membranes 
c centriole o operculum 
ca capsule oz outer dense zone 
cab central acrosomal body p perforatorium 
ce cytoplasmic extension pv peripheral contents of 

into arm acrosome vesicle 
co corrugations pc~ posterior chamber of 
DNA DNA of arm acrosome vesicle 
dt degenerating micro- prop posterior median process 

tubules pp putative perforatorium 
ine disrupted inner nuclear psr posterior subacrosomal 

envelope region 
iz inner dense zone sz subopercular zone 
1 part of lamellar complex tr thickened ring 
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