
HELGOL.~NDER MEERESUNTERSUCHUNGEN 
Helgolhnder Meeresunters.  47, 311-322 (1993) 

The  u l t ras t ruc ture  of the  s p e r m a t o z o o n  of Parady- 

n o m e n e  tuberculata S a k a i ,  1963 (Crus tacea ,  B r a c h y u r a ,  

D y n o m e n i d a e ) :  s y n a p o m o r p h i e s  w i t h  d r o m i i d  s p e r m  

B. G. M. Jamieson 1, D. Guinot 2 & B. Richer de Forges 3 

1Zoology Department, University of Queensland; Brisbane 4072, Austrafia * 
2Laboratoire de Zoologie (Arthropodes), Mus4um National d'Histoire Naturelle; 

6I rue Buffon, 75231 Paris Cedex 05 
30RSTOM, B. P. AS; Noum4a Cedex, Nouvelle-Cal4donie 

ABSTRACT: The dynomenid spermatozoon, exemplified here by Paradynomene tuberculata, 
resembles the spermatozoa of the Dromiidae, Homolidae and lyreidine raninoids and differs 
markedly from those of other crabs (the heterotreme, thoracotremes, raninines and raninoidines) in 
the  depressed, discoidal form of the acrosome and the capitate form of the perforatorium. Four or five 
apparent dynomenid - dromiid sperm synapomorphies are recognizable. (1) Dynomenids (P. 
tuberculata) and dromiids differ from homohds and lyreidines in the greater depression of the  
acrosome (ratio of length to width --- 0.3); (2) the capitate head of the perforatorium is bilaterally 
prolonged in P. tuberculata as in dromiids though symmetrical in homolids; (3) dynomenid and 
dromiid sperm lack the - albeit variably developed - posterior median process of the nucleus seen in 
homolids, anomurans, raninoids and lower heterotremes; (4) P. tuberculata, like dromiids and less 
distinctly homolids, has an apical protuberance of subopercular material through the opercular 
perforation, unknown in other crabs, being distinct from the apical button of thoracotreme sperm; (5) 
a less certain synapomorphy is the anterolateral electron-pale peripheral zone of the acrosome. 
These synapomorphies endorse a sister-group relationship of dynomenids and dromiids, P. tuber- 
culata sperm differs notably from the sperm of dromiids in the more complex zonation of the 
acrosome. The perforatorium lacks the radial rays ("spiked wheel") of homolid sperm and does not  
show the "amoeboid" form seen in lyreidines. Absence of internal corrugations of the perforatorial 
chamber is a major difference from all examined raninids. Centrioles are only very tentatively 
identifiable. Nuclear arms are absent in glutaraldehyde fixed spermatozoa of P. tuberculata and 
have not been observed in the dromiid Petalomera lateralis but are present  as three small radial 
vertices in the dromiid Dromidiopsis edwardsi and in homolids. P. tuberculata resembles Petalomera 
lateralis in the large size of the sperm nucleus relative to the acrosome compared with D. edwardsi 
and homolids. 

I N T R O D U C T I O N  

T h e  "Dynom&nes"  w e r e  p l a c e d  b y  H. M i l n e  E d w a r d s  (1837) n e a r  t h e  D r o m i i d a e  

w i t h i n  the  A n o m u r a ,  a n d  c o n t a i n e d ,  at  t ha t  t ime,  the  s ing le  g e n u s  Dynomene  Latre i l le  

w i t h  one  s p e c i e s  Dynomene  hispida D e s m a r e s t ,  1825. At  p r e s e n t  t h e  fami ly  
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Dynomen idae  Ortmann,  1892, contains three  genera  (Dynomene Latreil le,  Acantho- 
dromida A. Milne  Edwards,  and  Paradynomene Sakai,  1963). The Dynomen idae ,  to 
which numerous  fossils have  been  at t r ibuted,  are amongs t  the most anc ien t  crabs known 
(Jurassic). They  p recede  the Dromiidae (cf. Glaessner ,  1969). Despi te  its age ,  the family is 
very poor ly  known. Tradit ionally,  the Dynomen idae  have  been  p laced  a longs ide  the  
Dromiidae  within the Dromiacea;  al ternat ively,  they have  been  given subfamiha l  rank,  as 
the Dynomeninae ,  within the  Dromiidae (for ins tance  by Bouvier, 1940). Wr igh t  & Collins 
(1972), p l aced  the genus  Acanthodromia and  its fossil re la t ives  in a s e p a r a t e  family 
Prosopidae  von Meyer  and  subfamily  Pi thonotinae Glaessner  whi l e  preserv ing  
Dynomene and re la ted  fossils (Paradynomene was ignored) in the Dynomen idae .  

Guinot  (1978) r anked  dynomenids  as a family in the superfamily  Dromioidea ,  p l aced  
with the Homolodromio idea  in a subsect ion Dromiacea,  within the sect ion Podotremata .  
The Podot remata  also contain the doubtful ly  monophyle t ic  subsect ion Archaeob rachy -  
ura, consis t ing of the Homoloidea,  Raninoidea  and Cyclodor ippoidea  (= Tymoloidea) .  
Monophy ly  of the Podot remata  has been  ques t ioned  (Jamieson, 1990, 1991) as they are  
def ined  by  two symplesiomorphies ,  coxal  location of the  male  and  f ema le  pores.  In 
contrast,  b rachyurans  of the He te ro t remata  and Thoracot remata  are  synapomorph ic  in 
the s ternal  locat ion of the female pores  and deve lopmen t  of the sper rna theca  as a 
diver t iculum of the oviduct.  The Thoraco t remata  are further apomorph ic  in the com- 
ple te ly  s ternal  locat ion of the  male  pores  - an advance  on the coxo-sternal  locat ion seen  
in some heterot remes.  

The Dynomen idae  are associate  with the  Dromiidae,  in addi t ion to thei r  fundamen ta l  
podo t reme  characters  (female and male  orifices coxal; p resence  of sper rna thecae ;  and  
external  fertihzation), by  numerous  traits such as the disposit ion of the an tennu le s  and  
antennae ,  the p resence  of vest igial  uropods,  and  the similar e n d o p h r a g m a l  thoracic 
system. Separa t ion  into two distinct  families, Dromiidae  and Dynomenidae ,  is just if ied by  
a large  number  of incontes table  differences (Guinot, 1979, 1993a) which  need  not be  
de ta i led  here  but  which include comple te  modificat ion of the coxa of P5 as a penis.  
Despi te  the  more b rachyuran  facies of some species,  severa l  features  of the D y n o m e n i d a e  
appea r  to be  p les iomorphic  and  to accord with the  earher  a p p e a r a n c e  of dynomenids  
relat ive to dromiids.  Unhke the dromiids,  car r iage  of camouf lage  on P5 is unknown.  The 
extremity  of each  P5 of these  forms a very  small  p incer  (Acanthodromia, Dynomene spp.) 
or the  dactyl  is great ly  rdduced  (Dynomene spp.,  Paradynomene) (A. Mi lne  Edwards  & 
Bouvier, 1902; Guinot,  1993a). 

Ontogenet ic  observat ions  on dynomenids  are very rare and f ragmentary .  Only  Rice 
(1981) has descr ibed  a prezoea,  ob ta ined  from an embryo  a t tached  to a female of 
Acanthodromia erinacea A. Milne  Edwards ,  and  he concludes  that  "If these  zoeae  of 
Acanthodromia are typical  of the Dynomen idae  then  this family, hke  the Dromiidae ,  has 
larval  characters  which  are clear ly Anomuran" .  This observat ion accords wi th  associat ion 
of the Dromiidae  with paguro id  hermit  crabs  on the basis  of I8S rRNA s e q u e n c e s  by  
Spears  et al. (1992). Never theless ,  this pu ta t ive  re la t ionship requires  fur ther  invest iga-  
tion. 

The genus Paradynomene Sakai is monotypic for Paradynomene tuberculata Sakai, 
1963 (formerly known only from two localities in Japan), which is here recorded from 

New Caledonia at greater depths. The carapace is subquadrilateral, the dorsal surface 

areolate, its border armed with teeth, the entire body strongly ornamented (including the 
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branchiostegite),  the anterior ventral  region inchned perpendicular ly relative to the 
dorsal surface and  forming with the merus of maxill iped 3 a t r iangular  area below which 
the internal  surface of the chelipeds is apphed, the anterior border of the buccal  frame 
notched by two orifices, maxillipeds 3 operculiform (except the two large latero-external  
orifices), and  disposed on two planes (the exposed merus which is ornamented,  the 
ischium depressed, smooth and setiferous, as is the exopodite against  which the fingers of 
the pincer are opposed; P5 with the ischio-basis fused to the merus and with a minute,  
rudimentary  dactylus). This copatation of the entire anteroventral  surface of maxilhpeds 3 
with the chelipeds constitutes a un ique  case in the Dynomenidae  and  denotes an 
advanced level of evolution of Paradynomene within the group (Guinot, 1993a). 

Studies of spermatozoal ultrastructure have revealed a distinctive sperm type for 
each of the families Dromiidae (Brown, 1966; Jamieson, 1990, 1991; Jamieson et al., 1993) 
and Homohdae (Guinot et al., 1993). Homohds differ in the "spiked wheel" form of the 
head of the perforatorium, contrasting with the smooth outline and  bilateral symmetry of 
that of dromiids. Dromiid and homohd sperm nevertheless share notable features, the 
depressed form of the acrosome and  the capitate form of the perforatorinm. These two 
characters have recently (Jamieson, Guinot  & Richer de Porges, in preparation) been  
demonstrated also in the ranininoid Lyreidus brevifrons, and possibly constitute dromiid- 
homolid-raninid synapomorphies supportive of recognition by Guinot (1978) of the 
Archaeobrachyura.  

In the present  study we investigate sperm ultrastructure in a species of the 
Dynomenidae,  Paradynomene tuberculata for its interest per se and with the aim of 
testing the monophyly of the Dromioidea sensu Guinot  (1978), consisting of the 
Dromiidae and  Dynomenidae.  

MATERIALS AND METHODS 

Specimens of Paradgnomene tuberculata were collected by B. Richer de Forges 
during the SMIB 8 Cruise on the R.V. "Alis" 26 January-3  February 1993, at station DW 
183,330-367 metres depth, 23 ~ 18.27'S. 168 ~ O4.95'E., on the top of a seamount.  Portions 
of the testes and male ducts were fixed in 3 % glutaraldehyde in 0.1 M sodium phosphate 
buffer (pH 7.2), with 3 % sucrose, at 4 ~ for 2 h and  despatched in the fixative to Brisbane 
for further processing. On receipt in Brisbane they were washed in buffer; post-fixed for 
80 min in similarly buffered 1% Osmium tetroxide; washed in three 15 min changes  of 
buffer; dehydrated through an ethanol series; and  infiltrated and  embedded  in Spurr 's 
epoxy resin. Sections were cut with diamond knives, on an LKB 2128 UM IV microtome. 
Thin sections, 50-80 nm thick, were collected on carbon stabilized colloidin-coated 200 
mesh copper grids, stained for 30 see in Reynolds'  lead citrate, r insed in distilled water, 
stained for 1 min in 6 % aqueous uranyl  acetate, rinsed in distilled water, s ta ined for a 
further 30 sec in lead citrate, before final rinsing. Electron micrographs were t aken  on an 
Hitachi 300 electron microscope at 75 kV and  a JEOL 100 at 60 kV. For hght  microscope 
observations, small portions of glutaraldehgde-fixed testes were squashed unde r  a 
coverslip on a microscope slide to release spermatozoa and these were photographed 
under  Nomarski contrast with an Olympus BH2 microscope. 
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RESULTS 

G e n e r a l  

The male  ducts  of Paradynomene tuberculata contain numerous  c losely  adp res sed  
sub-spheroidal ,  th in -wal led  spermatophores ,  each  containing many  spermatozoa .  Sper-  
matozoa  are i l lus t ra ted semid iagrammat ica l ly  in Figure  1, in hgh t  microscope  micro- 
graphs  in Figures  2A, B, and  in t ransmiss ion electron micrographs  in F igures  2C, D; 
3A-E.  Spermatozoa  are  5.0-5.3 t~m wide  (mean of 4 = 5.5 ~m), and  3.5-4.7 ~m in 
anteroposter ior  th ickness  (mean of 5 = 4.2 t~m). Almost  the entire width  of a la rge  anter ior  
port ion of the  spermatozoon  (Fig. 1) consists of the anteroposter ior ly  d e p r e s s e d  acrosome.  
The acrosome is covered,  with the except ion  of its anterior,  opercular  pole,  b y  a thin layer  
of nuclear  mater ia l  and  has  approx imate ly  the form of a concavo-convex  th ick disc, 
convexity anterior,  wi th  a central,  opercular  protrusion. The nucleus  is e l ec t ron-pa le  but  
is l aced  with innumerab le  slender,  dense  chromat in  fibres. A thin l a y e r  of ves t ig ia l  
cytoplasm is p resen t  b e t w e e n  the poster ior  face of the acrosome and the nucleus.  The 
cytoplasm shows occasional  short  extensions  into the  nucleus.  

The longi tudinal  axis of the Paradynomene acrosome is occup ied  b y  a capi ta te  
perfora tor ium with a short, wide  stalk. The expans ion  is wider  in one r ad ius  than  in that  
at r ight  angles  (Figs 2C, D). There  is no division of the  head  into radia l  rays.  

Ol~rcular 
per/oration 

. ~ . . .  

nucleus 

Fig. 1. Paradynomene tuberculata. Semidiagrammatic vertical longitudinal section of the spermato- 
zoon traced from a transmission electron micrograph 
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A low dome-shaped or low conical, dense layer, with a narrow apical interruption, 
covers the anterior hmit of the perforatorium and extends laterally over much of the 
anterior aspect of the acrosome vesicle; this layer is identifiable with the operculum of the 
sperm of anomurans,  dromiids, homohds, raninids and higher crabs. It is covered by the 
general  acrosome membrane  and the plasma membrane  of the sperm cell. 

Nuclear  arms are absent  as determined by transmission electron micrographs of 
transversely sectioned spermatozoon and  by hght  microscopy of glutaraldehyde fixed 
sperm. 

Acrosome 

The acrosome is a thick disc (Figs I, 2C, D, 3A). The anterior surface of the acrosome 

is gently domed over the operculum, which occupies more than half of its total width, but 

the region of the acrosome vesicle surrounding the operculum forms a wide torus (Figs 

2C, D, 3A). The width of the acrosome vesicle, in sagittal longi tudinal  section, is 3.3-5 ~m 
(mean of 7 = 4.3 ~m); its antero-posterior thickness is 1.3-1.8 ~m (mean of 7 = 1.5 ~m); 
ratio length:  width = 0.34 (mean of 7). The vesicle is bounded  by a unit  acrosomal 
membrane  around its entire periphery, including the l ining of the perforatorial chamber  
(Figs 2C, D, 3A). A separate layer identified as the "capsule" in many  brachyuran  sperm 
is not apparent .  

The contents of the acrosome vesicle, peripheral  to the axial perforatorium 
(described below), show a zonation (Figs 1, 2C, D, 3A) which is more conspicuously 
horizontal than concentric. Six zones or regions are discernible in the acrosome contents, 
with their own peculiar features. These include: (1) The operculum, which is 1.9-3.1 ~m 
wide (mean of 7 = 2.4 ~m), and appears in vertical section as a dome-shaped or low 
conical moderately electron-dense plate, the anterior layer of which forms a very thin 
strongly electron-dense zone with bead-l ike swelling at irregular intervals th ickening at 
its outer rim. The operculum is interrupted,  centrally, by a hiatus; (2) moderately dense 
material  protrudes from below the operculum through the perforation as an apically 
rounded cone. The layer of which the protuberance is an extension is here termed the 
subopercular  zone, though homology with a zone of the same name  in other brachyurans  
is uncer ta in  (Jamieson et al., 1993). The subopercular  zone directly overhes the capitate 
expansion of the perforatorium. The four remaining zones of the acrosome vesicle 
include: (3) the innermost  zone, surrounding the stalk of the perforatorium. This occupies 
approximately the posterior half of the acrosome, extending from the periphery of the 
stalk of the perforatorium, from which it is separated by a narrow pale layer bounded  
centrally by the membrane  which encloses the stalk, to the posterolateral wall of the 
acrosome. Its anteroposterior extent is greatest near  the perforatorium and it decreases 
more peripherally to a platelike form for more than half of its transverse extent. Its outer 
edge in longi tudinal  section of the sperm is often accompanied by small detached 
portions of the same composition. In cross-sect/on these are seen to represent  irre- 
gularities of the edge of this zone. Throughout  the entire extent  of this zone, a posterior 
layer, inc luding the whole  of the lateral plate and the th ickened central portion, shows 
wide cross striations. The striated region cups a rounded homogeneous  zone, which is 
continuous with it and  is not here separately named.  Anterior to the innermost  zone hes 
(4) a zone, the contents of which have the appearance  of parallel  dense hnes separated by 
pale hnes (tubules?), giving in longi tudinal  sagittal section a tortuous honey-comb-hke  or 
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f i n g e r - p r i n t - h k e  a p p e a r a n c e  (Figs 2C, D, 3A, D), w h i c h  appea r s  to be  iden t i f i ab le  wi th  

the  a c r o s o m e  ray  zone  of o ther  b r a c h y u r a n  sperm;  (5) a smal l  ind is t inc t  d e n s e  r e g i o n  

i m m e d i a t e l y  la te ra l  to the  ac rosome  ray  zone  m a y  r e p r e s e n t  an  ou te r  a c r o s o m e  zone .  This  

is no t  s e e n  in s o m e  sagi t ta l  l ong i tud ina l  sec t ions  (e.g. Fig. 2B), i nd ica t ing  tha t  it m a y  be  

i n t e rmi t t en t  in ex t en t  or poss ib ly  tha t  it is no t  cons tan t ly  p resen t ;  (6) an  e l e c t r o n - p a l e  

zone ,  the  p e r i p h e r a l  zone,  fills the  an te ro l a t e ra l  r e g i o n  of t he  ac rosome.  

T h e  cen t re  of the  ac rosome  ves ic le  is p e n e t r a t e d  by  a stout  ve r t i ca l  c o l u m n  of d e n s e  
m a t e r i a l  w h i c h  w i d e n s  apical ly  so as to a t ta in  the  fo rm of a c losed  m u s h r o o m  in sag i t ta l  

sec t ion  (Figs 1A, B, 3A, E), cons is ten t  wi th  its pos se s s ing  a cap i ta te  s t ructure ,  the  w h o l e  
b e i n g  the  pu ta t ive  per fora tor ium.  Its s ta lk  is c i rcular  in cross-sect ion.  It has  no t  b e e n  

poss ib le  to ob ta in  t r ansve r se  sec t ions  of the  head ,  bu t  it appea r s  f rom long i tud ina l  sagi t ta l  

sec t ions  tha t  it is l o n g e r  in one  d i a m e t e r  t han  in that  at r igh t -ang les .  T h e  long  axis of the  

h e a d  m e a s u r e s  2 .3-2 .7  ~m (mean  of 2 = 2.5 ~m), wh i l e  the  shor te r  axis is 1 .1-2.0 ~m 

( m e a n  of 7 = 1.5 ~m). A th ick  an t e r io rmos t  l aye r  of the  per fora tor ia l  h e a d  is f i l led wi th  

d e n s e  g ranu les .  In p l aces  t he se  s h o w  a t e n d e n c y  to form layers ,  r e s e m b l i n g  r o u g h  
e n d o p l a s m i c  r e t i cu lum (Figs 2C, D, 3A, B, E). 

N u c l e u s  

T h e  nuc l eus  (Pigs 1A, 2C) forms a p p r o x i m a t e l y  two thirds of t he  l e n g t h  of the  

s p e r m a t o z o o n ,  b e i n g  at leas t  twice  as l ong  in an te r io r  pos ter ior  e x t e n t  as the  a c r o s o m e  
w h i c h  su rmoun t s  it. T h e  ac rosome  is th in ly  i n v e s t e d  by  nuc l ea r  ma te r i a l  up  to the  l e v e l  of 

the  b a s e  of t he  ope rcu lum.  The  n u c l e a r  con ten t s  consis t  of a pa l e  ma t r ix  c o n t a i n i n g  a 

r e t i c u l u m  of f ine pu t a t i ve  D N A  fibrils (Figs 2C, D, 3A, C). The  n u c l e a r  ma te r i a l  is in d i rec t  

con tac t  wi th  the  cel l  m e m b r a n e  and  a d i scre te  n u c l e a r  m e m b r a n e  is no t  visible.  H o w e v e r ,  
the  cel l  m e m b r a n e  su r round ing  the  n u c l e u s  is not  a s imple  uni t  m e m b r a n e ,  and  in p l a c e s  

is s e e n  to consis t  of two  a p p o s e d  m e m b r a n e s ,  p r e s u m a b l y  the  n u c l e a r  e n v e l o p e  a n d  the  

p l a s m a  m e m b r a n e .  A d e n s e  bu t  i n t e r r u p t e d  i n n e r  n u c l e a r  m e m b r a n e  s e p a r a t e s  the  
n u c l e u s  f rom the  cy top lasm.  The  p l a s m a  m e m b r a n e  con t inues  ap ica l ly  ove r  t he  su r face  of 

the  a c r o s o m e  to w h i c h  it is c losely  adhe ren t ,  w i thou t  t he  i n t e rven t ion  of cy top l a sm (Pigs 
2C, D, 3A). No  n u c l e a r  p rocesses  or  a rms are  obse rvab le .  

Centrioles 

Pain t  s t ruc tures  w h i c h  m a y  be  d e g e n e r a t i n g  cen t r io les  h a v e  b e e n  s e e n  at  the  
pos te r io r  l imit  of the  per fora tor ia l  c h a m b e r  in Paradynomene bu t  the i r  n a t u r e  can  on ly  be  

r e g a r d e d  as u n c e r t a i n  (Pig. 3B). 

Pig. 2. Paradynomene tuberculata. A, B. Light micrographs of two spermatozoa.  A: A slightly 
obhque, anterolateral view. B: An anterior view. C, D: Transmission electron micrographs of vertical 
longitudinal sections of the spermatozoon; through C, the lesser, and D, the greater width of the 
capitate pefforatorium. Abbreviations (Pigs 2 and 3): a - acrosome; ap - apical protuberance; ar - 
acrosome ray zone; c - putative centriole; ca - capsule; cm - cell membrane; cy - cytoplasm; dm - 
degenerating mitochondrion; ia - inner acrosome zone; in - inner nuclear membrane; 1 - lamellae; 
n - nucleus; o - operculum; oa - outer acrosome zone; p - perforatorium; pa - peripheral acrosome 

zone; so - subopercular zone 
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DISCUSSION 

Some comparison be tween  the sperm of dynomenids,  dromiids (Jamieson, 1990), 

homohds  (Guinot et al., 1993) and lyreidine raninids is made  in Table 1. Lyreidines are 

included in the comparison, because  of features which their sperm share with 

dynomenids,  which are not seen in the invest igated sperm of the Ranininae (Jamieson, 
1989) and Raninoidinae (Jamieson, Guinot & Richer de Forges, in preparation). In the 

present  work, Lyreidinae connotes, among  others, the genus Lyreidus de Haan,  1841 

(sensu lato, including Lysirude Goeke,  1986); by Raninoidinae LSrenthey and Berlen, 

1929, we  intend the genus  Raninoides H. Milne Edwards and some other re la ted genera;  

the subfamily Ranininae de Haan  is therefore reduced  to the single genus  Ranina 
Lamarck, 1801 (Guinot, 1993b). 

Dynomenid  spermatozoa,  exemplif ied here  by Paradynomene tuberculata, resemble  

the spermatozoa of the Dromiidae and Homohdae  (Guinot et al., 1993) and lyreidine 

Table 1. Comparison of the spermatozoa of Dynomenidae, Dromiidae, Homohdae and lyreidine 
raninoids 

Character Dynomenidae Dromiidae Homohdae Lyreidinae 
(P. tuberculata} (4 species) (7 species) (L. brevifrons) 

Acrosome strongly strongly moderately moderately 
depressed 

Perforatorium capitate capitate capitate capitate 
Symmetry bilateral bilateral radial 'amoeboid' 
of perforatorium 

Head with radial absent absent present 'amoeboid' 
rays 
Posterior median absent absent present present 
process 

Nuclear arms absent 3 vertices or 3 vertices 3 vertices 
(as in 
Petalomera) 
absent? 

Nuclear arms - if present, lack lack lack 
microtubules microtubules microtubules 

Operculum with dense with dense with dense uniformly 
outer layer outer layer outer layer dense 

Operculum perforate perforate perforate perforate 
Acrosome ray zone present present absent absent 

Peripheral present present absent present, differs 
acrosome zone from dromioids 

Pig, 3. Paradynomene tuberculata. A: Vertical longitudinal section (LS) through the acrosome. B: LS 
through the perforatorium and the putative centriole. C: LS of the spermatozoon, showing the 
vestigial cytoplasm, the incomplete inner nuclear membrane and the fine putative DNA fibrils. D: LS 
of the acrosome, showing transversely striated pattern of the inner acrosome zone. E: LS spermato. 

zoon, showing lamellae and dense granules in the head of the perforatorium 
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raninoids and differ markedly from those of other crabs (the heterotreme-thoracotreme 
assemblage [see Jamieson, 1991], and  the Ranininae and raninoidinae) in  the discoidal 
form of the acrosome and the capitate form of the perforatorium. The dynome n i d  and  
dromiid sperm differ from those of homolids and lyreidines in the greater  depression of 
the acrosome (ratio of length to width -- 0.3, against  0.4-0.7 in homohds and  0.5 in 
Lyreidus) and  the form of the head of the perforatorium which lacks the radial rays 
("spiked wheel") of homohd sperm (Guinot et al., 1993) or the "amoeboid" form of 
Lyreidus sperm (Jamieson, Guinot  & Richer de Forges, in prep.). Bilateral symmetry of 
the head of the perforatorium, seen in Paradynomene, also occurs in dromiid sperm, 
be ing  more pronounced  in that of Dromidiopsis and about equally developed in Petalo- 
mera. Its symmetry is not described for Dromidia antillensis by Brown (1966). The 
tendency  of dense granules  in the perforatorial head to form layers, r esembl ing  rough 
endoplasmic reticulum, is reminiscent  of the condition in Dromidiopsis. 

Absence of in ternal  corrugations of the perforatorial chamber  is a major  difference of 
Paradynomene from the Raninoidea. A separate layer identified as the "capsule" in many  
brachyuran  sperm, inc luding Petalomera lateralis*, and tentatively recognized,  though 
only basally, in Dromidiopsis is not apparent.  

The occasional short extensions of the cytoplasm into the nucleus  in Paradynomene 
are probably identifiable with those termed extensions of the capsule in Petalomera. A 
few degenera t ing  mitochondria observed in the cytoplasm of Paradynomene sperm are 
also seen in Dromidiopsis and  in homolids (though more conspicuous). Mitochondria  are 
u n k n o w n  in Petalomera sperm. Centrioles are only very tentatively identif iable in 
pa radynomenid  sperm and have not been  seen in dromiid (Petalomera and  Dromidiopsis) 
sperm, but  are present  in those of homohds. 

In Paradynomene, as in Petalomera lateralis, the bulk of the spermatozoon is 
occupied by the nucleus,  whereas in Dromidiopsis the nucleus comprises only about  one 
third of the length of the spermatozoon. This feature has quest ionable  phylogenet ic  
significance. Nuclear  arms are absent  in glutaraldehyde fixed spermatozoa of Parady- 
nomene tuberculata, and  have not been  observed in Petalomera lateralis, bu t  are present  
as three small radial vertices in the dromiid Dromidiopsis edwardsi and in homolids, and  
three s tubby arms are reported for Dromidia antiflensis by Brown (1966). Three  arms are 
also seen in Lyreidus. Paradynomenid  and dromiid sperm lack the - albei t  variably 
developed - posterior median  process of the nucleus  seen in homolids, a nomur a ns  a nd  
lower heterotremes. The acrosome is covered by a thin extension of the nucleus  in 
Paradynomene tuberculata and  in D. edwardsi, whereas in Petalomera lateralis it is 
wholly superficial on the nucleus. Paradynomene tuberculata resembles  Petalomera 
lateralis in the large size of the sperm nucleus  relative to the acrosome compared  with D. 
edwardsi and  homohds. P. tuberculata, hke dromiids, has an apical p ro tuberance  of 
subopercular  material  through the opercular perforation. This is p robably  homologous 
with a less distinct protrusion of subopercular  material  through the perforation which 
occurs in homolid sperm (Guinot et al., 1993). It is u n k n o w n  in other crabs, be ing  distinct 
from the apical but ton of thoracotreme sperm. Homology with the subopercular  zone of 
other brachyurans  is uncer ta in  (Jamieson et al., 1993). Apical perforation of the oper- 
culum occurs also in dromiids and  homolids and  also in raninoids, cyclodorippoids and  

* Now Stimdromia lateralis (Gray, 1831) 



Paradynomene sperm 321 

lower (e.g. majid) heterotremes (Jamieson, 1991; Jamieson,  Guinot & Richer de Forges, in 

prep.). 
The contents of the acrosome vesicle, per ipheral  to the axial perforatorium 

(described below), show a zonation more closely resembhng  that in the acrosome of 

Petalomera than that of Dromidiopsis, in that the zones are more conspicuously horizontal 
than concentric. Nevertheless ,  as in Dromidiopsis, six zones or regions are discernible in 

the acrosome contents. The homology of some of these regions, particularly the outer 

dense zone and the acrosome ray zone, in Paradynomene with their counterparts  in 

dromiids is not unequivocal .  However ,  homology of the operculum, subopercular  zone, 

and per ipheral  zone may confidently be accepted.  The inner  dense zone in Parady- 
nomene appears  homologous with the large lower  zone in Petalomera but possibly with 

only part of the inner  zone of Dromidiopsis. The inner  or proximal e lec t ron-dense  layer  in 

D. antillensis is supposedly composed of material  very similar to that of the true 

acrosomal ray zone of the sperm of heterotremes,  astacids, and some hermit  crabs 
(Brown, 1966; Jamieson,  1990; Tudge,  1992). That  the small indistinct dense  region 

immedia te ly  lateral to the acrosome ray zone in Paradynomene is homologous with the 

wel l -deve loped  outer acrosome zone seen in Dromidiopsis is particularly uncertain,  and it 

is quest ionable  that it merits recognit ion of a distinct zone. The electron-pale  per ipheral  
zone which fills the anterolateral  region of the acrosome in Paradynomene is less 

deve loped  in Petalomera but is more extensive in Dromidiopsis, owing to failure of the 

inner acrosome zone to extend far laterally. 

Despite some questions with regard to homology of zones in the acrosome vesicle, 

the similarity of the sperm of P. tuberculata to those of dromiids, particularly that of 
Petalomera is striking and is unequa l led  by those of any other brachyurans.  After the 

dromiids, the next most similar spermatozoa are those of the Homolidae.  A sister-group 

relationship of dynomenids  and dromiids is spermatologically endorsed.  Al though P. 

tuberculata sperm differs from the sperm of dromiids in the more complex zonation of the 
acrosome, spermatological  differences from dromiids are slight, compared  with classical 

morphological  differences which separate  Paradynomene, and therefore dynomenids,  

from their sister-group, the Dromiidae. 
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