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ABSTRACT 

Spermatogenesis in reproductive active male Callorhynchus callorhynchus was investigated microscopically. 
Spermiocytogenesis as well as seven stages of spermiogenesis are described. Collecting ductules for the transport of sperm 
from the ripe spermatocytes to the vasa efferentia after spermiation, are described and illustrated. The histological description 
of spermatogenesis has not been described in Callorhynchidae before. 
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RESUMEN 

Se estudi6 microsc6picamente Ia espermatogenesis en machos activamente reproductivos de Callorhynchus callorhynchus. 
Se describe la espermiocitogenesis, asf como siete estadios de espermiogenesis. Se describen e ilustran los ductos colectores 
para e l  trans porte de espermios desde los espermatocitos maduros hasta los vasa efferentia, despues de la expulsion de los 
espermios. La descripci6n histol6gica de Ia espermatogenesis en Callorhynchidae no habfa sido descrita anteriormente. 

Palabras clave: Espermatogenesis, espermiocitogenesis, espermiogenesis, Callorhynchidae. 

INTRODUCTION 

Testicular structure in elasmobranchs is 
polyspermatogenic and the unit of structure 
and function is the spermatocyst (Parsons 
& Grier 1992). Hoar ( 1969) first recognised 
morphologically different testes types 
among elasmobranchs. Pratt ( 1988) descri-
bed three distinctly different types namely, 
radial, diametric and compound. Although 
there are differences in the patterns by 
which spermatocysts originate and develop 
in different elasmobranch species (Pratt 
1988), spermatocyst development and 
spermatogenesis are similar in all the 
s p e c i e s  examined thus far (Parsons & Grier 
1992). In elasmobranchs spermatogenesis 
occurs in spermatocysts which are arranged 
in a manner that seems to be unique among 
the vertebrates (Hoar 1969). 

Callorhynchidae, one of three living 
families of Chimaeriformes, are cartilagi-
nous fishes confined to cooler waters off 
southern Australia, New Zealand, southern 
Africa and South America. Callorhynchus 
callorhynchus is distributed along the entire 

coast of Chile almost reaching the coast of 
Peru (Lorenzen et al. 1979) and also along 
the coast in Argentina (Menni et al. 1984). 

Studies on the reproductive biology of 
Holocephali have been investigated by 
several authors (Garman 1904, Burlend 
1910, Gorman 1963, Stanley 1963, Stahl 
1967, Roosen-Runge 1977, Jones & Jones 
1982 and Hara & Tanaka 1986) but detailed 
studies of the process of spermatogenesis 
have not been described before. Biological 
aspects, which included the reproduction 
of C. milii from New Zealand, have been 
described by Gorman (1963). Aspects of 
reproduction for chimaeroids have also 
been described by Garman ( 1904) and 
Burlend (1910). 

Due to the confusion that exist in terms of 
testicular terminology in elasmobranchs 
(see Parsons & Grier 1992), the following 
terms will be used in this report (terms 
used by previous workers in brackets): 
spermatocyst (ampulla and follicle); 
spermatocytogenesis ( spermiocytogenesis) 
and spermiogenesis (spermiohistogenesis). 

(Recibido el6 de septiembre de 1993; aceptado el2 de marzo de 1994) 
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MATERIALS AND METHODS 

C. callorhynchus were obtained from fi-
shermen in Queule (40 °S), operating gill-
nets in the south-central area of the Chilean 
coast. 

Specimens of C. callorhynchus were 
collected during February, March and April 
1991. For the purpose of this study only 
adult males were selected. Males that 
possessed an erupted tenaculum and 
calcified claspers, were considered repro-
ductively mature. The testis were dissected 
out and preserved in Bouin's fluid. After 
fixation, the samples were embedded in 
para'ffin wax (Histosec) and sectioned on a 
rotary microtome. The sections were cut at 
7-10 μm thickness and stained with eosin 
and Harris's haematoxy lin. 

Fig. 1.a. Aspects ol spermatogenesisof Callorhynchus 
callodnnchLtS. Primary spermatocytes showing a central 
lumen and Sertoli cells arranged around the center of the 
spermatocyte ; sc -Sertoli cell. Bar scale = 100 μm. 
Aspectos de la espermatogenesis de Callorhynchus 
ca//orhnlcillls. Espermatocitos primarios mostrando un lúmen 
central y celulas de Sertoli ordenadas alrededor del centro de 
los mismos. ps- espermatocito primario; sc- célula de Sertoli. 
Escalade Ia harra = I 1 Jlm. 

Fig.l.b. Stage I spermatids. Bar scale= I 00 μm. 
Espermátidas estadio I. Escalade la barra = 100 μ m .

RESULTS AND DISCUSSION 

Cross-sections that were made of the testes 
of C. callorhynchus, reveal a diametric 
pattern of spermatocyst development as 
described by Pratt ( 1988). Spermatogenesis 
or the development of male germ cells has 
been divided into several stages by previous 
authors. Roosen-Runge (1977) divided 
spermatogenesis into three stages: a) 
spermatocytogenesis, the "multiplication 
stage" or mitotic stage; b) spermatocytic or 
meiotic stage and c) spermiogenesis or 
spermatid stage. 

Teshima ( 1981) divided spermatogenesis 
into two stages: (a) spermiocytogenesis 
(which is a combination of the mitotic and 
meiotic stages), where spermatogenic cells 
repeatedly divide to become spermatids, 

Fig.l.c. Stage 2 vermiform spermatids (indicated hy 
arrow head). Bar scale = 100 μm. 
Espermatidas vermiformes. estadio 2 (indicadas porIa 
flecha). Esc ala de la barra = I 00 μm. 

Fig. l.d. Stage 3 spermatids  indicated by arrow 
head). Bar scale= I 00 μm. 
Esperrnatidas, estadic 3 (indicadas porIa flecha). Escalade 
Ia barra = 100 μm. 
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and (b) spermiohistogenesis, where the 
spermatids develop into spermatozoa. 

The author of this paper prefers the term 
spermiogenesis, which is more widely used 
to describe the latter stage (Bols et al. 1980, 
Stanley 1971). 

Spernzatocytogenesis 

The onset of spermatocytogenesis is 
indicated by the appearance of primary 
spermatogonia confined to the germinal 
zone (Parsons & Grier 1992). These cells 
are in close association with seminiferous 
epithelial cells and are not contained in 
spermatocysts. Stanley (1966) considered 
these epithelial cells homologous with 
mammalian Sertoli cells and I will refer to 
these cells as Sertoli cells. Seminiferous 
epit.helial cells surround the pnmary 

Fig.l.e. Stage 4 s p e r m a t i d s .  A prominent hook i s
visible at the base of the spermatid (indicated by 
arrow head). Bar scale= 100 J.lm. 
Espermatidas, estadio 4. En la base de la espermatida se 
observa un gancho prominente (indicado porIa flecha). 
Escala de la barra = 100 μm. 

Fig. l.f. Stage 5 spermatids. T h e s e  spermatids are 
loosely arranged. sc: Sertoli cell. Bar scale= 100 J.lm. 
Espermatidas, estadio 5. La ordenaci6n de estas espermatidas 
noes compacta. sc: celula de Sertoli. Escalade Ia barra = 100 ɛ m .

spermatogonia. A close association between 
secondary spermatogonia and Sertoli cells 
develop as the early spermatocyst develops 
(Parsons & Grier 1992). A single layer of 
Sertoli nuclei occupies the area next to the 
lumen while the nuclei of the primary 
spermatogonia are situated at the periphery 
(Fig.l.a). The same situation was described 
for Hydrolagus colliei (Stanley 1963). 
Spermatogonia develop, through mitotic 
division, between the basement membrane 
and the seminiferous epithelium. Prolife-
ration ofthe spermatogonia push the nuclei 
of the seminiferous epithelium towards the 
lumen. The mitoticaly active spermatogonia 
continue to proliferate and consequently 
the spermatogonial spermatocysts develop 
from a unilayered to a multilayered stage. 
The seminiferous epithelium or Sertoli cells 
now occupy an adluminal position (Fig.l.a). 

Fig. l.g. Stage 6 spermatids. Bar scale= I 00 J.llll. 
Espermatidas, estadio 6. Escalade la barra = 100 μm. 

Fig.l.h. Stage 7 spermatids and collecting ductule 
(indicated by arrow head). Bar scale = 100 J.lm. 
Espermatidas, estadio 7 y ductos colectores (indicados por la 
flecha). Escala de Ia barra = I 00 μ m .  



104 ROSSOUW 

Continuous division of spermatogonia fill 
the entire spermatocyst, with the lumen 
much reduced (Fig.l.b). After repeated 
divisions, the secondary spermatogonia are 
transformed into primary spermatocytes 
that are delineated by a basement membrane 
(still engulfed by Sertoli cells) and which 
are the largest spermatogenic cells in the 
development process. The first meiotic 
division of the primary spermatocytes 
results in the formation of secondary 
spermatocytes, which are smaller. 

Spermiogenesis 

Th,is developmental process with different 
stages of spermatid development can be 
observed in the topographic separated 
spermatocysts. Vander Horst & McClusky 
( 1986), employing scanning electron 
microscopy, described spermiogenesis in 
the soupfin shark, Galeorhinus galeus. 
Their study complements the earlier 
transmission electron microscopic and light 
microscopic studies of chondrichthtyan 
spe;miogenesis, as reviewed by Stanley 
(1971). 

On the basis of nuclear shape and 
spermatocyst organization, Bols et al. 
( 1980), recognized eight stages of 
spermiogenesis in Raja rhina, and seven 
stages in Squalus acanthias. Parsons & 
Grier ( 1992) examined the seasonal cycling 
in the testis of Sphyrna tiburo and classified 
the spermatocysts into seven spermatogenic 
stages. In Ga.leorhinus galeus (Van der 
Horst & McClusky 1986), Mustelus 
palumbes (Rossouw & Van Essen 1993) 
and in the present study on C. 
callorhynchus, seven stages were observed. 
Bols et al. ( 1980) state that the sixth and 
seventh stages observed in R. rhina, have 
both completed spiralization, but differ in 
their organization within the spermatocyst. 
The only difference being a tighter grouping 
of the spermatids, the author of this study 
believe this does not warrant a seventh 
stage. 

Stage 1 spermatids show round nuclei 
and are not loosely arranged, but show 
clumps or groups of spermatids (Fig.l.b). 
This phenomenon was also observed in M. 
palumbes (Rossouw & Van Essen 1993). 

According to Stanley (1971), this is a clear 
indication of spermatocyst formation, thus 
each group of spermatids originate from a 
single spermatogonium. Vermiform and 
spindle shaped nuclei, are recognized in 
stage 2 (Fig.l.c). It is difficult to distinguish 
tails at this stage. Stage 3 spermatid nuclei 
are in the process of elongation, still 
showing a vermiform nature (Fig.l.d). 
Spermatids are still arranged at random 
throughout the spermatocyst at this stage. 

In Stage 4 the spermatids have elongated 
further, the waved shape is lost except for 
the basal end which now shows a prominent 
hook (Fig.l.e). Spermatid heads are also 
forming definite groups arranged on the 
periphery of the spermatocyts. 

Stage 5 spermatids show clearly discern-
able tails, corkscrew shaped heads and 
Sertoli cell nuclei are visible on the 
peripheral spermatocystic wall (Fig.l.f). 
The heads are loosely arranged and do not 
intertwine at this stage. The position that 
the Sertoli cell nucleus now occupies, 
implies that it probably migrated periphe-
rally during spermiogenesis. Simpson and 
Wardle (1967), observed this migration in 
Squalus acanthias. Migration could not be 
observed in M. palumbes (Rossouw & Van 
Essen 1993) or in C. callorhynchus (this 
study). 

Intertwined, grouped spermatids with 
elongated tails are designated to stage 6 
(Fig.l.g). All heads orientate towards the 
basement membrane. 

Stage 7 spermatids or physiologically 
immature spermatozoa represent the final 
stage in spermiogenesis before spermiation. 
The sperm heads are tightly packed, and 
arranged spirally in the spherically shaped 
spermatocyst (Fig.l.g). Due to the spherical 
shape of the spermatocyst, cross sections 
as well as longitudinal sections ofthe sperm 
heads are visible in the individual 
spermatocyst sections (Fig. l.g). 

Spermiation 

The release of spermatozoa from the in-
dividual spermatocysts has been described 
for several species of elasmobranchs 
(Stanley 1963, Stanley 1971, Teshima 1981, 
Rossouw 1983, Callard et.al. 1989 and 
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Rossouw & Van Essen 1993), but an 
accompanying illustration has only been 
described forM. palumbes (Rossouw & Van 
Essen 1993). The process of sperm release 
in C. callorhynchus was found to be similar 
to that in R. annulatus (Rossouw 1983) and 
M. palumbes (Rossouw & Van Essen 1993). 
The duct system for conveying the 
spermatozoa is not patent until the 
spermatocysts have reached the final stage 
of spermiogenesis (Grier 1992). Collecting 
ductules appear in the matrix between the 
spermatocysts and are connected to those 
spermatocysts ready for sperm release (Fig. 
l.h). After an opening is established in the 
spermatocystic wall, the sperm is conveyed 
in the ciliated lumen of the collecting 
ductule. The mechanism for opening of the 
wall and consequent release of sperm, has 
yet to be established. Networks of these 
collecting ductules terminate in the vasa 
efferentia on the medial side of the testis. 
Degeneration of the spermatocysts and fi-
nal resorption follows spermiation. 
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