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Ultrastructural changes in the spermatogonia and spermatocytes 
of Poecilia reticulata during spermatogenesis 

Roland Billard 

I.N.R.A., Laboratoire de Physiologie des Poissons, Campus de Beaulieu, Rennes, France 
et Station de Physiologic animale Jouy en Josas, France 

Summary. The structure of guppy (Poecilia reticulata) sper- 
matogonia and spermatocytes has been studied using elec- 
tron microscopy. The spermatogonia, situated at the apex 
of the seminiferous tubule, are almost all surrounded by 
a network of Sertoli cells; they have very diffuse chromatin 
and one or two large nucleoli. The cytoplasm contains rela- 
tively few organelles, although annulate lamellae are found. 
The mitochondria have few cristae and are concentrated 
at one pole of the cell; they are sometimes found with inter- 
mitochondrial cement. These spermatogonia are separated 
from each other, having no intercellular bridges or inclusion 
in Sertoli cells, and are relatively undifferentiated; they cor- 
respond to stem cells. The spermatogonia beneath the apex 
are organized into cysts. First-generation spermatogonia 
are more dense and heterogeneous, their nuclei becoming 
smaller and their chromatin becoming denser during succes- 
sive generations. In spermatocytes, the synaptinemal com- 
plex exists as a modified form until metaphase. The concen- 
tration of organelles in the cytoplasm increases and the 
organelles become more diversified as spermatogenesis pro- 
gresses. Many cytoplasmic bridges are observed (several per 
cell), indicating that the cells remain in contact after several 
divisions. These changes in germ cell structure have been 
related to some of the characteristic features of spermato- 
genesis in guppy, e.g. the large number of spermatogonial 
generations and the complexity of spermiogenesis. 
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Spermatogenesis in poecilids has been studied by several 
authors and exhibits certain characteristic features (Vaupel 
1929; Dulzetto 1933; Billard 1969a, 1970a, b; Hurk 1973; 
Grier 1975a, b). The testis is composed of short seminifer- 
ous tubules radiating from a central testicular canal. At 
the periphery, the apex of the tubules is occupied by type 
A spermatogonia (GA) organized into cysts in which the 
entire process of spermatogenesis occurs, as in all the lower 
vertebrates. Fourteen spermatogonial generations have 
been found in the guppy, Poecilia reticulata (Billard 1969 a), 
this being the largest number yet reported for vertebrates 
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(Roosen-Runge 1977). The cysts in guppy are large and 
have the peculiar feature of moving along the seminiferous 
tubules as spermatogenesis progresses. At the completion 
of spermatogenesis, spermatozoa are released into the testi- 
cular duct. This type of testicular structure has been called 
tubular (Billard et al. 1982) or "restricted" (Grier 1981) 
as opposed to the more frequent type in teleosts which 
is termed lobular or "unrestricted". The final phase of cyst 
migration or spermiogenesis has already been described 
(Billard 31970 a). The present paper concerns two points that 
have been little discussed: (1) the structure of spermato- 
gonia in the apex and their relationship to somatic cells, 
and (2) the structure and organization of the spermatogonia 
and spermatocytes in cysts and changes in their nuclear 
and cytoplasmic compartments during the spermatogonial 
generations and meiotic prophase. 

Materials and methods 

The fish and their rearing conditions have been described 
(Billard 1969 a). Testicular fragments or microdissected tu- 
bules were fixed for 30 min in a 4% solution of glutaralde- 
hyde (0.1 M phosphate buffer, pH 7.25) and postfixed in 
a 2% solution of Os 0 4 in the same buffer. Several cross- 
sections were treated with phosphotungstic acid (PTA) to 
identify carbohydrate-like material; the tissues, fixed in glu- 
taraldehyde, were embedded in glycolmethacrylate and the 
sections treated for 30 min with PTA in a 1% aqueous 
solution in normal HC1. The technique for glycogen identi- 
fication using periodic-acid-thiocarbohydrazide-silver pro- 
teinate (PA-TC-SP) has been described (Billard et al. 1973). 

The size of various organelles was measured; maximal 
dimensions or mean values were obtained from about 50 
measurements. The nucleo-mitochondrial ratio of Andr6 
(1962) was established by planimetry on about 10 sections 
of various germ cells; type A spermatogonia (GA), type B 
spermatogonia (GB) in either early (GI -G7)  or late (G8-  
G14) stages (Billard 1969 a), and spermatocytes in prophase 
or metaphase. Our observations are shown in Figs. 1 to 
13 and a summary is given in Table 1. 

Results 

Spermatogonia in the tubular apex 

Each of the spermatogonia in the tubular apex was almost 
completely surrounded by Sertoli cells (Figs. 1, 2), the nu- 
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Table 1. Summary of the evolution of some organelles in the germ cell during spermatogenesis (excluding spermiogenesis) in the guppy 

G A (apex) GB in cysts Spermatocytes 

G 1 G 7 Gs-G14 prophase metaphase 

Nuclear structures 

Chromatin aspect 
Perichromatin granules 
Interchromatin granules 
Synaptonemal complex 
Nucleolus 

number 
size, gm 

Cytoplasmic structures 

Mitochondria: 
size: length • diameter, gm 
maximum length gm 
width of the intermembrane spaces, nm 
matrix aspect 
dense granules 
Intercentriolar formation 
Osmiophilic rods 
Nucleo-mitochondrial ratio 
Annulate lamellae 
Intercellular bridges 
Ribosomes 
Endoplasmic reticulum 
Golgi apparatus 
Glycogen 

clear homogeneous clear clusters dense clusters dense clusters - -  

rare + + + + 
+ + + + + 
_ _ _ + + 

1-2 1 2 1 (1) ? 
3 1 0.2 0.2-0.5 ? 

1 x0.7 1 x0.4 1 x0.4 1 x0.4 1 • 
2.5 3 3 4 6 
15 20 3O 30 450 
clear clear dark dark dark 
+ + +  + + + + 
+ + + + + 

( - )  ( - )  ( - )  + +  + 
11.2 10.2 14.3 15.7 16.7 
- [ -  . . . .  

- -  + + + + 

+ + +  + + + 
+ + + + + +  

(+)  + + +  + +  + 
- • • • • 

clei of  which were usually located at the periphery of  the 
tubule. Thin cytoplasmic extensions of  these cells were in- 
serted between the spermatogonia .  Not  all the spermato-  
gonia were completely surrounded,  however, and two 
neighboring cells were sometimes found in direct contact  
with each other. The chromat in  in the nucleus was diffuse 
and homogeneously  " d u s t y "  (Figs. 1, 2). Only one nucleo- 
lus was usually found in these spermatogonia,  al though 
two were sometimes identified under  light microscopy. The 
nuclear  membrane  often had a undulated aspect (Fig. 1); 
there were few nuclear pores (Fig. 2). 

Mos t  o f  the mi tochondr ia  in the cytoplasm were gath- 
ered at  one cellular pole (Figs. 1, 2). They were spherical 
or slightly elongated with a clear matr ix;  the few cristae 
observed were oriented obliquely or roughly parallel  to the 
mi tochondr ia l  wall (Figs. 1, 2). Dense granules (80-130 nm) 
were also found in the matr ix  (Figs. 1, 2). Frequently asso- 
ciated with these mi tochondr ia  were various organelles: an- 
nulate lamellae (Fig. 1), Golgi  cisternae and centrioles 
(Figs. 1, 2). The cytoplasm contained many r ibosomes usu- 
ally grouped in rosettes. Some dense mater ial  (cement) was 
associated with the mi tochondr ia  or  found free (" nuages")  
in the cytoplasm (Fig. 2). Outside the basement  membrane,  
the tubule was bound  by an extremely thin but  cont inuous 
wall (Fig. 2). Several stained bodies, which were possibly 
remnants  of  degenerat ing germ cell, were visible in Sertoli 
cells at the tubule apex. N o  organelle or  material  reacted 
to PTA or  PA-TC-SP.  

Spermatogonia in cysts 

Immedia te ly  beneath the apex, the spermatogonia  were 
grouped in cysts at different stages of  development.  As sper- 
matogonia l  generations progressed, the chromat in  became 

more dense and heterogeneous, especially after the G4 gen- 
eration (Fig. 3). Peri- and inter-chromatin grains were also 
seen during the first spermatogonial  generations. In early 
spermatogonia,  the one or two nucleoli had the same struc- 
ture and were the same size as in apical spermatogonia.  
In late spermatogonia,  these nucleoli only appeared discre- 
tely, especially the pars fibrosa. As in GA,  some of  the 
mi tochondr ia  in the cytoplasm were grouped at  one pole 
of  the cell and associated with other organelles such as 
highly developed Golgi  apparatus,  intermitochondriat  ce- 
ment  and " n u a g e s "  of  dense material  (Fig. 3). The mito- 
chondrial  matr ix was darker  than in GA.  Some mitochon-  
dria had elongated considerably (up to 3 gm). Dur ing the 
progression of  spermatogonial  division, the area occupied 
by mi tochondr ia  remained approximate ly  constant.  The cy- 
toplasm was densely occupied by r ibosomes often grouped 
into rosettes. Small flagella were also identified. Spermato-  
gonia at the edge of  the cysts were apposed closely to the 
Sertoli cells. The intercellular spaces towards the center of  
the cyst were occupied by material  that  did not  react to 
PTA, in contrast  to that  found around spermatocytes (see 

Fig. 4). 
Only a few particles of  glycogen could be identified in 

spermatogonia.  Many  intercellular bridges were identified 
between spermatogonia.  Pyknotic cells and "s ta ined  bod-  
ies"  were sometimes found inside these cysts and in Sertoli 
cells, respectively. In the proximal  part  of  the tubules, large 
pyknot ic  patches surrounded by Sertoli cells were observed, 
indicating that entire cysts may degenerate. 

Spermatocytes 

The spermatocyte stage was characterized by more complex 
nuclear structures, with the format ion of  clumps of  chroma- 
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Fig. l. Apical spermatogonia. Note the structure of the nucleolus [pars fibrosa (p]) surrounded by the pars granulosa (pg)], annulate 
lamellae (/) and intramitochondrial dense granules (dg); s layer of Sertoli cell cytoplasm, x 14000 

Fig. 2. Apical spermatogonia, s Very thin cytoplasmic extension of a Sertoli cell; note its nucleus (Ns) at bottom of micrograph. The 
extension is inserted between two spermatogonia, GA1 and GA2. Outside the basement membrane (bin), the tubule is bound by a 
thin, continuous wall (w); dg intramitochondrial dense granule; nu "nuage" of dense material probably originating from the nucleus 
via the nuclear pore (np). x 10700 

tin and synaptinemal complexes. However, the chromatin 
appeared similar to that of  the last spermatogonial genera- 
tions (Fig. 3) and of  the leptotene stage (Fig. 5), and thus 
these cells could only be identified by their larger nuclei 
and cysts. Typical synaptinemal complexes (Fig. 6) were 
distinct at the pachytene stage (Figs. 7-9) and were still 
seen at diplotene. Polycomplex-type organelles o f  similar 
structure were present during the formation of  the meta- 
phasic plate (Figs. 10, 11), although short, chromosomal 
cores still remained at this stage. Dense material reacting 
to PTA was abundant  between the spermatocytes (Fig. 4) 
in contact with Sertoli cells and tended to accumulate be- 
tween the spermatocytes (Fig. 4). Basement membranes and 
Golgi cisternae (Fig. 4) reacted strongly to PTA, the cister- 
nae being highly developed in spermatocytes (Fig. 4). Nu-  
merous mitochondria were usually grouped at one pole of  
the cell, some being very elongated (Fig. 7). The mitochon- 
drial matrix was relatively electron-dense, particularly dur- 
ing cell division, and the enlarged cristae were more numer- 
ous than in spermatogonial mitochondria. Spermatocyte 
mitochondria had dense granules and were sometimes asso- 

ciated with dense material (intermitochondrial cement) 
(Fig. 7). This dense material was also found in the form 
o f "  nuages" (Fig. 7). We observed a large variety of  osmio- 
philic, fibrous structures in areas containing Golgi appara- 
tuses and centrioles (Figs. 12, 13). Individual cells often pos- 
sessed many intercellular bridges (Fig. 9), some of  which 
were considerably extended. Fig. 8 shows a long peduncle 
joining two widely separated cells. The microtubules ob- 
served in the peduncle could be either the remains of  a 
division spindle or the cytoskeleton of  the peduncle. This 
might also be an abnormal figure. Microtubules were ob- 
served on the outside o f  the nuclear envelope (Fig. 10). The 
nuclear envelope seemed to be duplicated. Apar t  from these 
structures, the spermatocytes had little endoplasmic reticu- 
lum but the cytoplasm was densely occupied by ribosomes 
often in the form of polyribosomes. Some "nuages"  re- 
mained in spermatocytes in metaphase but there was no 
intermitochondrial cement. In spermatocyte and spermato- 
gonial cysts, the Sertoli cells remained at the periphery of  
the cyst and, except for some very short extensions (Fig. 7), 
did not radiate towards the interior. 
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Fig. 3. Late spermatogonica. The organelles are concentrated at one pole of the cell. Note the mitochondria and "nuages" (nu) and 
Golgi cisternae (G) around the centriolar complex (cc). The chromatin is denser and more heterogeneous than in earlier stages, x | 8000 

Fig. 4. Spermatocytes in pachytene. Phosphotungstic acid staining. An area of reactive material is seen in the cytoplasm (arrows) and 
in the intercellular space (is) ; bm basement membrane; s Sertoli cell. x 9000 

Discussion 

Spermatogonia 

Spermatogonia show morphological changes throughout 
their numerous generations. The decrease in the size of the 
nucleus and the increase in chromatin density have already 
been noted in light microscopic studies (Vaupel 1929; Bil- 
lard 1969a). However, the area occupied by mitochondria 
seems to remain constant. The higher concentration of mi- 
tochondria at one pole of the cell has also been seen using 
light microscopy (Vaupel 1929). In apical spermatogonia, 
mitochondrial cristae are rare (Porte and Foll6nius 1960), 
and annulate lamellae are present. Such structures have 
been described in spermatogonia in trout (Hurk et al. 1982), 
Pimephales notatus (in association with a "chromatoid 
body") (Schjeide et al. 1972), and in primary spermatocytes 
of Lycodontis afer (Mattei et al. 1967). The dense, osmio- 
philic material (free or associated with mitochondria), 
which might at least partly have resulted from a cytoplasm- 
nucleus exchange, has been found in smaller amounts in 
Poecilia than in other teleosts (C16rot 1976; Brusl6 1982). 

Intercellular bridges found between spermatogonia are 

characteristic of developing germinal cells (Fawcett et al. 
1959). This incomplete type of spermatogonial division, dis- 
cussed by Clbrot (1971), concerns only cells committed to 
spermatogenesis (cells included in cysts in the present case) 
and not the free stem cells (GA) of the apex. However, 
intercellular bridges have been identified in the apex of 
guppy tubules (Billard and Fl6chon 1969), the two cells 
thus joined constituting the beginning of a cyst developing 
in the apex itself. It should be noted that mitoses are not 
synchronous in the apex (Billard 1969a). Relationships be- 
tween spermatogonia and Sertoli cells have been previously 
studied in P. reticulata (Billard 1970b). The present study 
confirms that spermatogonia, including those of the apex, 
are never in contact with the basement membrane; they 
are always separated from it by at least one layer of Sertoli 
cells. The presence of "stained bodies" in apical Sertoli 
cells indicates that stem spermatogonia degenerate. During 
at least the first spermatogonial generations, entire cysts 
may also degenerate. We could not determine the extent 
of this degeneration in the present study but previous work 
(Billard 1969a) has evaluated the total number of these 
cysts at 2.5%. Degeneration should considerably reduce the 
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Fig. 5. Leptotene spermatocyte showing the chromatin becoming denser and a group of mitochondria with cement (ce). np nuclear 
pore; bm basement membrane ; s Sertoli cell. x 13000 

Fig. 6. Synaptinemal complex attached to the nuclear envelope (he) ofa pachytene spermatocyte, x 69000 

Fig. 7. Pachytene spermatocyte I at the edge of a cyst. Note the synaptinemal complexes (sc) in the nucleus. Small cytoplasmic extensions 
(cex) radiate from the Sertoli cells (s) towards the interior of the cyst. N, Sertoli cell nucleus; nu "nuage". x 12000 

effectiveness of spermatogenesis, although the efficiency of 
this process appears to be relatively good (65%) according 
to a light microscopy study by Billard (1969a). The mor- 
phological differences between the first (G1-G7) and last 
(G8-G14) spermatogonial generations correspond to physi- 
ological differences observed after hypophysectomy (Billard 
1969b) and methallibure (Billard et al. 1970) or parathion 
(Billard and de Kinkelin 1970) treatment, the last genera- 
tions being highly dependent on the presence of pituitary 
gonadotropin and more sensitive to micropollutants than 
the first generations. 

In conclusion, apical spermatogonia are little differen- 
tiated and morphologically independent, and their divisions 
are not synchronous. These spermatogonia in guppy appear 
to correspond to type A spermatogonia in mammals, as 
shown by Lofts (1968) and Billard (1969a) in other teleosts 
and by Stanley (1966) and Holstein (1968) in selachians. 
Although spermatogonia in the first cysts (GI to G3) retain 
some of the morphological characteristics of GA, their loca- 
tion inside well-organized cysts indicates that they are com- 
mitted irreversibly to spermatogenesis, i.e. that they are ho- 
mologous to type B spermatogonia and not to stem cells. 

Spermatocy tes  

The structure of the nuclear chromatin of spermatocytes 
is characterized by the appearance of many clumps of chro- 
matin and the synaptinemal complex. The latter, identified 
by Fawcett (1956), takes a variety of  forms (see review 
by Westergaard and Wettstein 1972). According to Nebel 
(1960), the structures identified during metaphase I 
(Figs. 10-11) can also be considered as synaptinemal com- 
plexes or as derivations of  a polycomplex type (Oakley and 
Jones 1982); Jones (1962) has found similar structures in 
nucleoli. 

Contrary to the higher vertebrates (Andr6 1962), there 
is little mitochondrial transformation in spermatocytes and 
spermatids of guppy (Billard 1970a). The mitochondrial 
groupings associated with intermitochondrial cement and 
"nuages"  (also reported in Gasterosteus by Foll~nius 1965) 
have been found here up to metaphase, an unusual feature 
for teleosts (Brusl6 1982). The diversification of organelles 
in late spermatocytes (Figs. 12, 13), especially the centriolar 
transformation described in this species (Billard 1970a), 
may be related to the complexity of spermiogenesis. The 
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Fig. 8. Intercellular bridge (ib) on a long peduncle linking two spermatocytes I that are far apart ;  mt microtubule, x 30000 

Fig. 9. Pachytene spermatocytes I in the center of a cyst connected to each other by cytoplasmic bridges (arrows). sc synaptinemal 
complex, x 10000 

Fig. 10. Spermatocyte 1 in metaphase I. The fibrous structure at top right is probably a remnant  of a polycomplex-type synaptinemal 
complex (pc) (see Oakley and Jones 1982). At the bottom, microtubules (mt) outside the nuclear envelope are organized into bundles. 

Ch chromosome x 30000 

Fig. 11. Another  section of  the polycomplex-type structure (pc) seen in Fig. 10. x 30000 

Fig. 12. Spermatocyte I. Note the osmiophilic rods (or) in the vicinity of the centriolar complex (c). x 30000 " 

Fig. 13. Spermatocyte I. Golgi cisternae and a fibrous structure (J). x 40000 
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intercellular bridges linking spermatocytes can be easily 

identified, perhaps because of the prominent  spaces between 

the cells. As in spermatogonia, the presence of these bridges 

has often been reported between spermatocytes whether 
they occur in cysts (Cl~rot 1971; Russo and Pisano 1973) 
or not (Dym and Fawcett 1971). Fig. 9 shows that one 
cell may have several cytoplasmic bridges; this would sug- 
gest that the cell retains these links with sister-cells over 
several divisions. Thus, all the cells in a cyst may remain 
in contact with each other by these bridges, as proposed 

by C16rot (1971). 
The carbohydrate material secreted into the intercellular 

space inside the cysts is readily apparent  in spermatocyte 
cysts (Fig. 4) and in round spermatid cysts (Billard, unpub-  

lished data); it might have a t rophic  function. This accumu- 

lation might also result from the establishment of the blood- 
testis barrier in meiotic and postmeiotic cysts due to the 
development of zona occludens (Marcaillou and Sz6116si 
1980). This barrier may prevent the intercystic material 

from leaving the cyst. The trophic relationships between 
Sertoli and germinal cells are not  clear; they could occur 
by way of the intercellular material. Flickinger and Fawcett 

(1967) have suggested that germinal cells move. If  so, they 
may regularly visit the edge of the cyst and become closely 
apposed to the Sertoli cells. The presence of long peduncles 

between two cells (Fig. 8) would agree with this hypothesis. 
However, some intercellular exchange may take place via 

the cytoplasmic bridges. 
The presence of microtubules on the outside of the nu-  

clear membrane suggests that, if these microtubules play 
a role in the formation of the division spindle, they are 
in place before the nuclear envelope disappears. This mem- 

brane would disappear first at the centriolar region, but  
still remain in place laterally while the division spindle is 

present and the metaphasic plate forms. 

Structure o f  the tubule 

The present study shows that at least the anterior part of  
the tubule is covered by a thin layer of cytoplasm that 

lies outside the basement membrane and seems continuous,  
contrary to the description of the lobular type (unrestricted) 
testis given by Grier et al. (1980). 
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