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Abstract 

Résumé 

Loir M., C. Cauty, P. Planquette, P.-Y. Le Bail. Aquat. Living Resour., 1989, 2, 45-56. 

Specimens belonging to 20 species (7 families) of catfishes have been collected in French Guyana. 
The anatomy and histology of the male reproductive tracts have been studied. In the most primitive 
species (Helogeneidae, Ariidae) no seminal vesicle is present in the males. In the Pimelodidae, 
Loricariidae and Callichthyidae (and also in an african Bagridae), there is a progressive transition, 
going from anterior to posterior in the male tract, from testicular tissue towards round germ cell-free 
tubules and finally to seminal vesicular tissue. Al1 these families produce round-headed spermatozoa 
and have external fertilization. The Auchenipteridae and Ageneiosidae are characterized by elongated 
sperm nuclei, interna1 fertilization with the aid of a gonopodium and sperm storage in the ovaries. In 
the Auchenipteridae there is a clear-cut distinction between testes and seminal vesicles. In the 
Ageneiosidae there is no seminal vesicle, but the dilated deferent duct displays a high secretory activity. 
Depending on the family and species, the seminal vesicles may carry out either one or both of the 
two main functions: secretion and sperm storage. In addition, in some species, sperm is also stored in 
one or two accessory pouches until fertilization. The trends that we have observed in the changes in 
the organization of the reproductive tracts are in agreement with the hypotheses proposed for catfish 
evolution from comparative anatomical data. 

Keywords : Fish, catfish, Siluriformes, South America, reproductive tract, testis, ovary, seminal vesicles, 
histology, evolution. 

Étude comparée du tractus génital mâle chez sept familles de silures sud-américains. 

Nous avons collecté en Guyane française des animaux appartenant à 20 espèces (7 familles) de 
silures et nous avons étudié l'anatomie et l'histologie des tractus génitaux mâles. Les espèces les plus 
primitives (Helogeneidae, Ariidae) sont dépourvues de vésicules séminales. Chez les Pimelodidae, les 
Loricariidae et les Callichthyidae (ainsi que chez un Bagridae africain), le tissu testiculaire, localisé 
antérieurement, est progressivement remplacé vers l'arrière par un tissu à caractères de vésicules 
séminales. Chez toutes ces familles, le noyau des spermatozoïdes est sphérique et la fécondation est 
externe. Les Auchenipteridae et les Ageneiosidae sont caractérisés par des spermatozoïdes à noyau 
allongé, une fécondation interne réalisée à l'aide d'un gonopode et i'existence d'un stockage des 
spermatozoïdes dans les ovaires. Chez les Auchenipteridae les testicules sont nettement distincts des 
vésicules séminales. Chez les Ageneiosidae les vésicules sont absentes mais la partie postérieure du 
canal déférent est élargie et possède une activité secrétoire. Selon les familles, les vésicules séminales 
assureraient soit le stockage des spermatozoïdes soit une fonction de secrétion, soit simultanément les 
deux fonctions. En outre, chez certaines espèces les spermatozoïdes sont aussi stockés dans une ou 
deux poches annexes. L'évolution que nous avons observée quant à l'organisation du tractus génital 
mâle et aux modalités de la reproduction sont en accord avec les hypothèses proposées pour l'évolution 
des Silures à partir de données anatomiques. 

Mots-clés : Poisson, silure, Amérique du Sud, tractus génital, testicule, ovaire, vésicule séminale, 
histologie, évolution. 
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MATERIAL AND METHODS 

The Ostariophysii is the dominant freshwater fish 
group in the world in general and in South America 
in particular. In the latter continent, Siluriformes (cat- 
fishes) -one of the two orders of Ostariophysii-are 
represented by 14 families. The systematics and evolu- 
tion of these catfishes are poorly known. This is also 
true for the biology and physiology of most of the 
species which are not potential candidates for fish 
farming. Al1 phylogenic studies dealing with these 
fishes have taken anatomical data into consideration 
and, in some scarce cases, embryological data. In the 
present state of Our knowledge, two main sets of 
working hypotheses concerning catfish evolution have 
been proposed by Chardon in 1968 and by Gosline 
in 1975. 

In most Siluriformes, seminal vesicles are present 
in the male. These organs have been histologically 
studied for six species only, five being found in Africa 
and Eurasia (for review see Van den Hurk et al., 1987) 
and only one in South America (Parauchenipterus 
galeatus: Chacon and Mendes Filho, 1972). No com- 
parative study of the accessory organs-and in gen- 
eral of the male genital tract-has been carried out 
on catfishes. For the females, only one paper has 
briefly mentioned the presence of spermatozoa in the 
ovary of one Auchenipteridae (Chacon and Mendes 
Filho, 1972). 

We have had the opportunity to collect specimens 
from 20 siluroid species (7 families) in French 
Guyanan freshwaters and coastal waters and to study 
the histology of the male genital tracts. It appears 
that spermatogenesis usually develops according to 
the general pattern known for fishes (testes of the 
unrestricted spermatogonial, lobular type; Grier, 
1981; Billard, 1986). In this paper, we have focused 
our attention on the evolution of the morphology and 
structure of the seminal vesicles and also of the other 
accessory organs participating in the male tract in 
some species. Furthermore, we have examined some 
original aspects of the reproductive biology of these 
fishes. In this respect we have looked for the presence 
of spermatozoa in the ovaries of females to ascertain 
the occurrence of interna1 fertilization where the males 
have a gonopodium. Since it appears that the Bagri- 
dae (not present in South America) represent an 
evolutionary step which has not been found in the 
Guyanan catfishes that we have collected, Chrisich- 
thys nigrodigitatus was also included in our study. 

In general, the trends that we have demonstrated in 
the evolution of the male tract and of the reproductive 
biology are in agreement with the evolutionary 
relationships of the Siluriformes families proposed on 
the basis of comparative anatomical data. 

Specimens from 17 species of Siluriformes fishes 
have been collected in three French Guyana rivers 
(Kourou, Maroni and Oyapock), in December and 

Table 1. - Siluriformes species considered in this study (in brack- 
ets: number of males). 

Families Species 

Helogeneidae Helogenes marmoratus Günther (5) 
Ariidae Arius proops (Valenciennes in C.V.) (58) 

Arius parkeri (Trail) (40) 
Arius couma (Valenciennes in C.V.) (16) 

Bagridae Chrysichthys nigrodigitatus (Lacépède) (2) 
Pimelodidae Pimelodella cristata (Müller & Troschel) (4) 

Pimelodus blochii Valenciennes in C.V. (4) 
Pimelodus ornatus Kner (3) 
Pseudopilemodus raninus (Valenciennes in C.V.) 
(2) 
Rhamdia quelen (Quoy & Gaimard) (2) 

Loricariidae Hypostomus gymnorynchus (Norman) (2) 
Pseudoancistrus barbatus (Valenciennes in C.V.) 
(1) 
Ilarttia surinamensis Boeseman (2) 

Callichthyidae Corydoras sp. (3) 
Hoplosternum littorale (Hancock) ( 5 )  
Hoplosternum thoracatum (Valenciennes in C.V.) 
(4) 

Auchenipteridae Auchenipterus nuchalis (Spix in Spix & Agassiz) 
(3) 
Parauchenipterus galeatus (Linnaeus) (15) 
Pseudauchenipterus nodosus (Bloch) (3) 
Tatia brunnea Mees (1) 

Ageneiosidae Ageneiosus breoifilis Valenciennes in C.V. (6) 

in March (1984, 1985, and 1986) (table 1). Specimens 
from three species of Ariidae were netted in French 
Guyana coastal seawaters throughout the year (1982- 
1983). Chrysichthys nigrodigitatus specimens were 
obtained from a fish farm in the Ivory Coast. The 
males that we have studied were either mature or 
almost mature. In addition, some were juvenile or in 
a regressed stage. 

After dissection, under a binocular magnifier if 
necessary, the male and female genital tracts were 
fixed either in aqueous Bouin or in Bouin Holland, 
either in toto or in several pieces corresponding to the 
different visible parts. After embedding in Paraplast, 
sections were stained with Regaud Hematoxylin, 
Orange G and Aniline blue. 

RESULTS 

Helogeneidae 

For Helogenes marmoratus, the testes appear as 
two elongated pouches (3 to 5 mm long in mature 
males 55-65 mm long) with a lightly lobated profile 
(fig. 1). They converge towards a short genital 
papilla. The deferent canal is extremely short. There 
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PimeIodella cristata Rhsmdie ouelen 

Carydoras sp, Hoploaternum littorale 

Testie Pouch, subdi\idrd, uith spermatozoa 

~emlnal  vesic~e. Pouch, undirided, vithout 6~ermato20a Figure 1. - Schematic morphology and organization of the 
Pouch with secretory epithelium Efferent, main, deferenl ducte male tracts of ~ 0 m e  Siluriformes. 

Presence of goblet celle Gonopodium 

are no seminal vesicles. No efferent ducts were obser- 
ved. The albuginea is particularly thick. In mature 
males caught in December, the interstitium is well-. 
developed and interstitial cells with a small round 
nucleus are scattered in this tissue. The sperm nucleus 
is spherical. 

For the three studied species, the anatomy of the 
testes is roughly similar to that observed on 
H. marmoratus and, in particular, there are no semi- 
na1 vesicles. However, a main duct runs along every 
testis and the deferent duct is longer, being equal to 
about one half of the testis length (fig. 1). According 
to the maturation stage, the testis varies from a thin 
filament (Gonadosomatic index, GSI lower than 
0.07%) to a whitish 1 cm wide pouch (GSI=O.lS- 
0.30%). At sexual rest, only A spermatogonia are 

present in the tubules, while at spermiation, the tubu- 
lar lumen is filled with spermatozoa, the nuclei of 
which are spherical. Interstitial cells, supposed to be 
Leydig cells, are usually observed in clusters, scattered 
among conjunctive fibers. Their histology varies in 
parallel with the maturation stages; the nuclei are 
small and have an irregular profile in regressed testes 
(June-July) while they are large and spherical or ovoid 
in spermiating testes (December-February). 

Bagridae 

For the male Chrysichthys nigrodigitatus the genital 
tract is composed of two elongated "testes" (fig. 1). 
They have a foliate appearance with flattened lobes 
disposed along a stalk. In the anterior part of the 
"testes", there are some wide lobes. In the posterior 
part they are much more narrow while in the median 
part they have an intermediate width. 
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Plate 1 .  - 1: Chrysichthyis nigrodigi- 
tatus. One posterior lobe. Testicular 
tissue (T) is restricted to the apex x 32. 
2: Pimelodella cristata. Intermediate 
lobe. The testicular tissue (T) is related 
to the main duct (D) through tubules 
mainly devoid of round germ cells 
(E) x 53. 3: Pimelodella cristata. Inside of 
the "pouch". Spermatozoa (S) between 
the villi are mixed with cellular debris. 
The epithelium is mostly desqua- 
mated x 70. 4: Pimelodus blochii. Seminal 
vesicle. Detail of one tubule. Spermato- 
zoa (S) mixed with secretory material 
(M) x 240. 5: Pseudopimelodus raninus. 
"Deferent duct". Long, highly digitated 
villi (V) originating from the wall (W). 
Arrows: eohlet cells x 140. 6: Rhamdia . . . . . . . -. - . . . . . . . . . . . . . . . . . . . . . . . 

8 '  . O -  -. 
,;@ (O . quelen. Efferent ducts filled with tightly 

packed spermatozoa x 150. 7: Rhamdia 
. W .  3, . quelen. Posterior  art of the ..deferent 

amounts of spermatozoa are present in the dilated 
seminiferous tubules. 4) Two pouches instead of one 
are present in the posterior part of the genital tract. 

The interstitial tissue is very reduced in males 
caught in December. At the basal part of the testicular 
lobes the tubules are connected to the main duct by 
tubules lined by a thick epithelium devoid of germ 
cells (efferent ducts; plate 1-6). At the end of the 
"testis", the deferent duct is replaced by a tubular 
structure with inner villi, similar to that described for 
P. raninus excepted that there are more goblet cells in 
the epithelium (plate 1-7). The two posterior pouches 
connect to the modified deferent duct. They are elon- 
gated, tubular and the inside is unsubdivided. They 
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duct". In the lumen, spermatozoa (S) 
; more or less embedded in secretory mate 

artefactually disconnected from the con- 
junctive tissue) x 240. 8: Hoplosternum 
thoracatwn. Spermatozoa (S) in the 
lumen of the main duct. Some nuclei are 

k twice (small arrows) or four times (long 
* arrows) larger x 580. 

have a conjunctivo-muscular wall. The epithelium 
does not possess goblet cells. No spermatozoa were 
observed in the pouches which contain an amorphous 
material mixed with cellular debris. Posteriorly to 
these pouches, several seminal vesicles, but also some 
testicular lobes, as well as the posterior part of the 
modified deferent canal, are completely surrounded 
by a thick, well individualized muscular mass. Seminal 
vesicles are composed of very wide tubules separated 
by a reduced interstitial tissue. Tubules contain a 
light flocculent secretory material (merocrine, but also 
holocrine secretion). No spermatozoa were seen in 
the seminal vesicles. 
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Loricariidae 

Only one or two males of each of the three studied 
species have been collected, and furthermore it has 
not been possible to study accurately the anatomy of 
the genital tracts. Nevertheless, it appears that the 
male tract is characterized by, 1) long and thin testes 
localized in the anterior part, 2) poorly defined semi- 
na1 vesicles localized in the posterior part where the 
deferent duct is somewhat enlarged. 

The histology of spermatogenesis does not differ 
clearly fom that described for Pimelodidae and the 
spermatozoa have a spherical nucleus. In the anterior 
part, the tubules are preferentially oriented longitudi- 
nally. The interstitial tissue is well developed in males 
caught in December. 

In the posterior part of the tract, the relationship 
between the enlarged testes and the seminal vesicles 
is not clear, but it seems that it is the basal parts of 
the testes which are differentiated and fulfill the func- 
tion of seminal vesicles: the tubules become larger 
and devoid of germ cells. The unistratified layer of 
somatic cells lining the tubules become secretory. 
Spermatozoa seen in the main ducts are then embed- 
ded in an homogeneous substance. 

For Hypostomus gymnorhynchus especially, the pos- 
terior part of the main ducts, before they join, has a 
remarkable inner epithelium which builds up 
numerous microvilli. Most of the cells covering these 
villi are goblet cells which expel secretory material 
into the lumen. The posterior deferent duct, after the 
two main ducts have joined, is a wide canal with a 
thick conjunctive wall. The inner epithelium also 
builds up microvilli covered by epithelial cells which 
secrete (merocrine secretion) a flocculent material. 

Callichthyidae 

In the three studied species the histology of sperma- 
togenesis is similar to that described in the previous 
species. Spermatozoa have a spherical nucleus. It 
should be noted that for Hoplosternum thoracatum a 
small proportion of sperm nuclei, but also of sperma- 
tid nuclei is consistently observed to be about 2 or 4 
or even 8 times larger than the others (plate 1-8). This 
is not the case for H. littorale. It should also be noted 
that for Corydoras sp. the germ cells are larger than 
for any other species. In mature testes, the interstitium 
is moderately developed and interstitial cells have 
conspicuous round nuclei. 

For Corydoras sp. the anatomy and histology of 
the genital tract have similarities with those described 
for the Loricariidae. Indeed, in the anterior part, 
both testes are elongated and have a small diameter 
( j g .  1). Tubules are longitudinally oriented. In the 
posterior lightly lobated mass the distinction between 
testicular tissue and seminal vesicles is not evident. 
In some parts, some spermatogonia, and occasional 
spermatocytes, spermatids and even spermatozoa are 
present in the tubules. In spite of this, the somatic 

cells (Sertoli cells?) secrete a colloidal substance, in 
variable amounts depending on the tubules (plate 2- 
9). 

For Hoplosternum sp., the male genital tract con- 
sists of two elongated lightly lobated and flattened 
testes which join posteriorly in a segment which goes 
towards the genital papilla ( f ig .  1). The posterior part 
of this segment is surrounded by a mass composed 
of several packed seminal vesicles. The tract ends 
in a short (5 to 8 mm long) retractile conjunctivo- 
muscular external appendix. For H. littorale mature 
males, the CS1 (total genital tract) is around l x ,  
while it is equal to 5-14% in wild mature females and 
to 20-25% in females grown in ponds. 

The anterior lobes consist entirely of testicular 
tissue. Moving posteriorly, increasing lengths of tubu- 
les become progressively devoid of germ cells, starting 
from the main ducts. These tubules may be considered 
as equivalent to efferent ducts. Simultaneously, the 
conjunctive tissue between tubules becomes more pro- 
minent and some nuclei identical to those of the 
interstitial testicular cells are visible. At the end of 
the anterior part there is no more testicular tissue but 
only tubules, the basal part of which is similar to 
efferent ducts and the apical part of which secretes 
(merocrine secretion) an homogeneous material i.e. 
having the same activity as seminal vesicle tubules. 

In the posterior part of the tract, seminal vesicles 
are tightly packed around the unique deferent duct. In 
their part, tubules are wide and filled with a secretory 
material similar to that mentioned above (plate 2-10). 
They are devoid of spermatozoa. In the basal part, 
tubules are narrower and contain numerous sperma- 
tozoa embedded in the same secretory substance 
(plate 2-10). In the deferent duct, which is lined by a 
pluristratified epithelium, they are also so embedded. 

Auchenipteridae 

This family differs from the preceeding ones in the 
following points: 
- Spermiogenesis is characterized by complex 

morphological cellular changes leading to the produc- 
tion of spermatozoa with a long, thin and often 
straight nucleus. However, for Auchenipterus nuchalis 
spermatid nuclei have a curved profile at some matur- 
ation stage. For Tatia brunnea, the posterior part of 
the nucleus is wider than the anterior one which 
appears to be lightly helical. In addition, in this spe- 
cies, the spermatozoa are gathered in bundles, the 
nuclei being bound together. 
- In the testicular lobes, the seminiferous tubules 

show a tendency to be radially oriented and in some 
species it is clear that tubules similar to efferent ducts, 
that is without round germ cells, but filled with 
mature spermatozoa, are disposed at the periphery of 
every lobe (plate 2-11) and converge towards their 
basal part where the main duct is. This suggests that 
sperm cells are not collected from testes in the classi- 
cal way but according to an orignal one. The genital 
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tract ends in a roughly cylindrical gonopodium which 
possesses an internal canal and which corresponds to 
the first ray of the anal fin. This observation argues 
in favour of internal fertilization. 

- Spermatozoa are usually present in mature ova- 
ries which display more or less differentiated structu- 
res to favour sperm storage. 

In the different species, the male genital tract is 
organized on a similar pattern: testes consist of two 
chaplets of testicular lobes (fig. 1). The two main 
ducts, as well as several seminal vesicles, open in a 
usually large ampulla which is prolonged as a narrow 
canal extending throughout the gonopodium. 

More data have been collected for males of Parau- 
chenipterus galeatus than for the other species. It 
seems that for this species the total number of testicu- 
lar lobes (fig. 1) may Vary in mature males between 
13 and 44 without relation with the size of the ani- 
mals, while the number of the seminal vesicles varies 
between 14 and 20. In addition, the colour and mor- 
phology of the testicular lobes and seminal vesicles is 
variable. The anterior vesicles are usually pink, while 
the posterior ones are rather white and smaller. The 
weight of the ampulla plus the seminal vesicles may 
be up to 8 times higher than that of al1 of the testicu- 
lar lobes. 

As opposed to the preceeding species, the GSI can 
be very high in male P. galeatus, varying between 1.3 
and 6.5% (testes only) or between 9 and 13% (genital 
tract) for mature males. For mature females it varies 
between 4 and 20%. For Pseudauchenipterus nodosus 
it may be equal to 10% (genital tract) for mature 
males and 25% for mature females. 

In the Auchenipteridae the histology of spermato- 
genesis is characterized by tubules almost completely 
filled by the cysts (2 to 5 in a cross-section) so that, 
quite unlike of the Pimelodidae, the tubule lumen is 
often more or less occluded (plate 2-12). In mature 
spermiating males, A spermatogonia are scattered at 
the periphery of the tubules. Cysts contain large num- 
bers of spermatocytes or spermatids and the nuclei are 
tightly packed, suggesting a high nucleo-cytoplasmic 
ratio. Sertoli nuclei are exceptionally observed in 
mature testes. Elongated spermatid nuclei are often 
regularly disposed, resulting from an orientation of 
al1 of the tips of the nuclei towards the periphery of 
the cyst (plate 2-12). The interstitial tissue is always 
extremely reduced in mature males collected in 
December and March. 

In Auchenipterus nuchalis ( f ig .  1) seminal vesicles 
are short and broad and packed as a mass around 
the ampulla, which has a reduced diameter and 
volume but a thick conjunctive wall. They consist 
only of some very wide tubules lined by a thick 
epithelium. Usually the tubules are filled with sperma- 
tozoa embedded in an either compact or sometimes 
bubbly material also containing cellular remnants 
(holocrine but also merocrine secretion). Some tubules 
are devoid of spermatozoa. 

In Pseudauchenipterus nodosus, the ampulla is not 
wide. Its thick conjunctive wall builds up short micro- 
villi which are covered by a thick epithelium. Sperma- 
tozoa, often pointing their nuclei towards that of the 
cell, are enclosed in the epithelial cells. Numerous 
spermatozoa free of any material are present in the 
lumen of the ampulla, although some large masses of 
a dense colloidal substance are scattered among them. 
The seminal vesicles are made up of several rather 
narrow tubules with a usually thin epithelium which, 
however, is sometimes similar to that of the pouch. 
Large homogeneous colloidal masses and free sperma- 
tozoa are in al1 the tubules, sometimes in large num- 
bers. Some interstitial cells are scattered between the 
tubules. 

The structural organization of the ovary in 
P. nodosus is particularly unusual. The epithelium of 
the ovary lamellae is differentiated in two different 
ways. At the outside of the lamellae, at the point of 
contact with the follicular envelopes of the oocytes, 
the cells which have a moderate height contain 
numeroii\ spermatozoa deeply inserted in their cyto- 
plasm i l ~ l ~ r t e  2-13 and 14). The epithelium also builds 
up deep digitated invaginations into the lamellae 
(plate 2-13). They are lined by high cells which appar- 
ently secrete in an holocrine way a material which 
envelopes the spermatozoa present in the lumen. Usu- 
ally few if any spermatozoa are inserted in these cells. 

For mature male P. galeatus the anterior seminal 
vesicles consist of tubules with a diameter approach- 
ing that of the testicular tubules. They are radially 
oriented in the centre and longitudinally oriented at 
the periphery. Their epithelium has a variable height. 
An homogeneous, possibly colloidal material due to 
merocrine secretion by the epithelial cells is present 
in al1 the tubules, although it seems that these cells 
would also secrete in a holocrine way. Some intersti- 
tial cells are scattered between the tubules. The pos- 
terior seminal vesicles differ from the anterior ones 
in the following points: 
- the conjunctive tissue between the tubules is 

thicker, but no interstitial cells are visible any more; 
- the diameter of the tubules is somewhat greater; 
- less or no secretory material is visible in the 

tubules while spermatozoa are present; some of them 
are gathered in small groups, being bound together 
by the tip of their nuclei. 

The ampulla (vesicula gelatinosa; Chacon and 
Mendes Filho, 1972) may be 3 x 4 cm large and is 
subdivided by long villi. It has a thick conjunctive 
wall. In mature males it is filled with free spermatozoa 
and with a translucent, whitish, gelatinous material 
in which spermatozoa are scattered. In fact, this mate- 
rial is composed of small masses with spermatozoa 
inserted in their surface. This mixture or "milt" is 
easily expelled from spermiating males by a light 
abdominal pressure. 

It should be noted that in an immature male, the 
histology of the testicular lobes was similar to that 
of the seminal vesicles, except that spermatogonia and 
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Plate 2. - 9: Corydoras sp. Tissue with 
characters of seminal vesicles and with 
some spermatogonia (arrows) in the epi- 

a ~e theliurn of the tubules x 340. 10: Hoplo- 
sternum littorale. Serninal vesicle. ~ec re -  
tory material (M) in the apical part of 
the tubules and spermatozoa mixed with 
identical material (S) in the basal part of 
the tubules x 150. 11: Pseudauchenipterus 
nodosus. Apical part of a testicular lobe. 
Testicular tissue (T) and at the periphery, 
efferent ducts filled with spermatozoa 
(E) x 45. 12: Pseudauchenipterus nodosus. 
Testicular tissue. Cysts of round and 
elongated spermatids. Note 2 cysts 
with concentrically-oriented spermatid 
nuclei x 165. 13: Pseudauchenipterus no- 
dosus. Ovary. Arrowheads: thln cpithel- 
ium of the ovary lamellae. (1) digitated 
invaginations of the epithelium x 50. 
14: Pseudauchenipteru.~ nodosus. Ovary. 
Detail of the epithelium of the lamellae. 
Note the numerous sperm heads inserted 
in thc cclls x 280. 15: Parauchenipterus 
galeatus. Ovary lamellae. (0) previtello- 
genic oocyte. Spermatozoa (S) in the 
lumen or inserted in the epithelial 
cells x 200. 16: Ageneiosus hreviJlis. 
"Deferent duct". Detail of the long, 
highly digitatcd villi. In the lumen, sper- 

some spermatocytes were present in the testicular 
tubules while they were absent in the seminal vesicular 
tubules. In the two organs the tubules had a small 
diameter and the interstitial tissue was developed. 

In the females, the structure of the ovary is not as 
complex as for P. nodosus. Indeed, the epithelium of 
the ovary lamellae does not display special differentia- 
tion. Al1 epithelial cells are similar, differing only in 
their height. It does not seem that they secrete any 
material. Numerous spermatozoa, sometimes tightly 
packed together, are present between the lamellae. 
They are usually alone but are sometimes associated 
with a light flocculent material. Furthermore, in some 
places, bundles of spermatozoa have the anterior part 

matozoa mixed with secretory mate- 
rial x 1 IO. 

of their nuclei inserted in the epithelial cells (plate 2- 
15). No spermatozoa are present in previtellogenic 
ovaries. 

Ageneiosidae 

The morphology of the anterior part of the genital 
tract, that is the testes, of A. brevifilis is similar to 
that described for the Auchenipteridae ( fig. 1). How- 
ever, the posterior part is different. Indeed, the two 
main ducts open in a long, roughly cylindrical, 
ampulla which corresponds to the deferent duct and 
which ends in a gonopodium. Two short elongated 
appendices are connected at the end of this structure. 
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For mature males and mature females the GSI 
(total genital tract) is around 2-3%. The histology of 
spermatogenesis and the structural organization of 
the testicular lobes are identical to those described in 
the Auchenipteridae. 

'The long ampulla has a thick conjunctive wall. The 
inside is subdivided by very digitated long villi. These 
villi are sustained by a well-developed conjunctive 
tissue (plate 2-16). In mature males the spaces 
between the villi are wide and the epithelial cells 
which cover them secrete (holocrine secretion) a floc- 
culent but rather globular material. Numerous sper- 
matozoa are present everywhere between the villi, 
mixed with secretory globules. In immature males the 
spaces between the villi are more narrow, but the cells 
secrete abundantly. 

The two posterior small appendices have a thick 
conjunctive and muscular wall. They are glandular 
organs. The lumen is radially digitated and lined by 
a high unistratified epithelium which contains goblet 
cells (plate 3-17). The glandular lumen is filled with 
an homogeneous secretory material. These glands 
open into the posterior end of the ampulla. A narrow 
canal extends longitudinally throughout the gonopo- 
dium. 

In females, the structural organization of the ovary 
is classical. The epithelium of the ovary lamellae is 
thin and not especially differentiated, except at the 
bottom of the interlamellae spaces where the cells are 
taller. In mature females, masses of packed spermato- 
zoa either without additional material or embedded 
in a light substance, are usually visible in front of 
these cells (plate 3-18) and are also scattered in the 
interlamellar spaces. Small bundles of spermatozoa 
are sometimes inserted in the epithelial cells along the 
lamellae. 

DISCUSSION 

Spermatogenesis and biology of reproduction (table 2) 

In six (Helogeneidae, Ariidae, Bagridae, Pimelodi- 
dae, Loricariidae and Callichthyidae) of the eight 
families considered in this study, the sperm nucleus 
is spherical. The absence of a gonopodium and of 
spermatozoa inside the ovaries indicate that fertiliz- 
ation takes place external to the body of the female. 
In contrast, in the two other families, Auchenipteridae 
and Ageneiosidae, the sperm nucleus is conspicuously 
elongated and, as already indicated, for at least one 
species (P. galeatus, Chacon and Mendes Filho, 1972) 
fertilization takes place within the female reproductive 
tract with the aid of a gonopodium. 

Species of several fish families were already known 
to display internal fertilization and viviparity (Breder 
and Rosen, 1966). In general, spherical headed sper- 
matozoa are thought to be evolutionarily primitive 
and correlated with external fertilization. By contrast, 
elongated sperm heads are thought to be more 

Plate 3. - 17: Ageneiosus brevifilis. Posterior gland. Numerous 
goblet cells cover longitudinally oriented cryptae. (S) secretory 
material x 150. 18: Ageneiosus brevifilis. Ovary. Spermatozoa 
gathered at the bottom of an interlamellar space. (T) ovary 
tunica x 160. 

advanced inasmuch as they are correlated with inter- 
na1 fertilization and viviparity. Our observations con- 
firm that such a relationship "shape of the sperm 
head/biology of reproduction" is also valid for at 
least two families of catfishes. However, three points 
are to be noted. 1) The Auchenipteridae and 
Ageneiosidae that we have studied exhibit internal 
fertilization but according to our observations, and 
in agreement with Chacon and Mendes Filho (1972), 
they are oviparous spawning eggs which have been 
fertilized in the ovary. 2) While in the viviparous 
Atheriniformes the testis is of the "restricted sperma- 
togonial type" (Grier, 1981; spermatogonia are 
restricted to the distal end of the seminiferous tubu- 
les), in Auchenipteridae and Ageneiosidae it is of the 
"unrestricted spermatogonial type" (spermatogonia 
occur along the length of the seminiferous tubules). 
3) These Siluriformes species have a tubular gonopo- 
dium. Concomitantly, spermatozoa are usually not 
organized in either spermatophores or spermatozeug- 
mata (for Tatia brunnea they are however gathered 
in bundles, being stuck together by their nuclei). This 
situation is similar to those observed in advanced 
Anablepidae and Grier (1981) has proposed that a 
"tubular gonopodium obviates the necessity of pro- 
ducing either spermatozeugmata or spermatophores". 

In the Auchenipteridae and Ageneiosidae, the 
sperm nucleus is especially elongated and seems to 
be-at least for its shape and length (no ultrastructu- 
ral data)-intermediate between that of viviparous 
Atheriniformes and that of Chondrostean fishes. In 
addition, at least in Tatia brunnea, it is lightly helical 
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Table 2. - Summary of some features of the male reproductive biology in the studied families and genera of Siluriformes. 

Testis Seminal vesicles Deferent ducts Other Spermato. Fertilization 
shape organs shape Shape SPZ 
-- 

Helogeneidae elongated O 
Ariidae elonaated O 

very short O S E 
tubular O S E 

Bagridae folGted small lobes + or O tubular convoluted O S E 
Pimelodidae 

Pimelodella lobes small lobes + o r 0  tubular 1 pouch S E 
Pimelodus 
Pseudopimelodus small lobes small lobes O tubular then subdiv. O S E 

by villi with C C  
Rhamdia numerous muscles O n 2 pouches Ov. E 

thin lobes surround lobes 
Loricariidae thin, post. part + o r 0  >) O S E 

elongated of testes 
Callichthyidae 

Corydoras elongated idem O tubular O S E 
Hoplosternum elongated packed around + or O >> O S E 

main duct 
Auchenipteridae 

Parauchenipterus numerous lobes ( 2  types) Ant O tubular t large O Elo 1 
lobes post + subdiv. ampulla 

Pseudauchenipterus several lobes + lubular tsubdiv. O Elo 1 
lobes ampulla 

Auchenipterus foliated packed around + or O tubular O Elo 1 
main duct 

A geneiosidae numerous O tubular + large 2 pouches Elo 1 
lobes subdiv. ampulla with GC - - - . . - . . - 

Abbreviations: E: external fertilization; Elo: elongated sperm nucleus; CC: goblet cells; 1: intemal fertilization; 0: absence of spermatozoa; 
Ov.: ovoid sperm nucleus; S: spherical sperm nucleus; +: spermatozoa present in the seminal vesicles. 

like the sperm nucleus of the Rajidae and Scylliorhini- 
dae. Since there could be a relationship between such 
an elongated nucleus and the presence of original 
DNA-associated proteins (sulphur-containing prota- 
mines; Gusse and Chevaillier, 198 1 ), it would be inter- 
esting to know which proteins are present in the 
sperm nuclei of Auchenipteridae and Ageneiosidae. 
In any case, the presence of elongated sperm nuclei, 
a gonopodium and interna1 fertilization in these two 
catfish families, while al1 the others have round sperm 
nuclei and spawn in the water, represents a small 
"revolution" in catfish evolution. It could have taken 
place in a common unknown ancestor arisen from 
the Pimelodidae (Chardon, 1968; fig. 2). From this 
point of view, it should be noted that the sperm 
nucleus in Rhamdia quelen-though this species is 
considered to be a primitive Pimelodid-is not spheri- 
cal but slightly elongated. 

The studied Auchenipteridae and Ageneiosidae 
exhibit two other original reproductive features. 
Inside the testis lobes spermatogenic tubules are radia- 
Ily-oriented and the efferent ducts are longitudinally 
disposed on the surface of each lobe. In the females, 
the spermatozoa are stored throughout the ovary. 
This is in contrast with, for instance Poecilia reticulata 
(Jalabert and Billard, 1969) where the spermatozoa 
are stored in an antero-dorsal seminal receptacle. 
Spermatozoa are either free between the lamellae or 
localized in differentiated invaginations which could 
have a secretory activity, or they are inserted by the 

head in the epithelial cells. In the guppy, such a 
relationship with the epithelial cells allows spermato- 
zoa to retain their viability for several months. We 
do not know how long spermatozoa remain alive in 
the ovary in the two catfish families, nor how and 
when the oocytes are fertilized. 

Organization of the male reproductive tract 

Among the catfish species that we have studied, 
Helogenes marmoratus and the Ariidae are considered 
as being the most primitive (see Chardon, 1968, Gos- 
line, 1975; fig. 2). It appears that they effectively have 
the simplest male tract: only testicular tissue and a 
well-defined deferent duct in the Ariidae, are present 
(figo 1). 

In Loricariidae and Callichthyidae the schematic 
morphology of the male tract is more or less unchan- 
ged, while in Bagridae and Pimelodidae the "testes" 
are segmented into several either flattened or approxi- 
mately tubular lobes (fig. 1). Whatever the tract mor- 
phology is, structures more or less individualized but 
which exhibit characters of seminal vesicles are pre- 
sent in these four families. They consist of tubules, 
without spermatogenic cells, lined by an epithelium 
having a rather high secretory activity. What is 
especially interesting in these four families, is the 
topographical-but also the structural and histologi- 
cal-relationships between the testicular tissue and 
the vesicular tissue. Indeed, going from the front 
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toward the rear of the tract, and starting from the 
main duct, the round germ cells disappear progressi- 
vely from the tubules. Finally, either a small number 
of germ cells remain present (restricted to the apex 
of the tubules: Bagridae and Loricariidae; some germ 
cells scattered everywhere: Corydoras sp.) or they 
become completely absent (Hoplosternum sp. and 
Pimelodidae). Then, the remaining epithelial cells, 
supposed to be homologous to Sertoli cells, reinforce 
their secretory activity (which may be very discrete 
when germ cells are present). In addition, they prob- 
ably secrete different molecules such as polysacchar- 
ides, proteins and phospholipids which would be pre- 
sent in the seminal vesicle fluid (Van den Hurk 
et al., 1987). Another implication of the common ori- 
gin of the testicular tissue and of the seminal vesicles 
is that the interstitial cells in the vesicles are homolo- 
gous to Leydig cells in the testis. The steroidogenic 
activity of these interstitial cells has been extensively 
demonstrated in Clarias gariepinus (Schoonen and 
Lambert, 1986). These conclusions are in agreement 
with data indicating that both testis and seminal ves- 
icles develop from the genital ridge (Sneed and 
Clemens, 1963). 

I I 

According to Gosline (1975), Pimelodidae gave rise 
to most of the modern catfishes present in South 
America, while Chardon (1968) has proposed two dif- 
ferent origins (fig. 2). Our observations do not pro- 
vide definitive arguments for either of the two hypo- 
theses, but the consideration of the organization and 
morphology of the male tracts would rather argue in 
favour of the second. 

CLARIIDAE 

In addition to the presence of a gonopodium, male 
tracts of Auchenipteridae are characterized by 1) a 
differentiation of the deferent duct in a more or 
less dilated ampulla subdivided by villi, 2) a clear- 

CALLICHTBYIDAE LORICARIIDAE ACENEIOSIDAE Figure 2. - Summary of the working 
hypotheses concerning evolution of 
the eight Catfish families cited in this 
study, from Chardon (1968, C) and 
Gosline (1975, G).  Evolutionary 
steps from Chardon: 1) entire and 
free swimmbladder; 2) reduced and 
free swimbladder; 3) reduced and at 
least partially enclosed swimbladder. 

1 

cut topographical and histological distinction between 
testes and seminal vesicles, while there is a progressive 
transition between both tissues in the supposed ance- 
stors: the Pimelodidae. Although both catfish evolu- 
tions were geographically independent (Gosline, 
1975), the same situation takes place also in Clariidae 
(Van den Hurk et al., 1987) as compared with the 
Bagridae which are supposed to have given rise to 
them. 

The Ageneiosidae are characterized by the disap- 
pearance of the seminal vesicles which, however, seem 
to be replaced 1) by the acquisition of a secretory 
activity by the deferent duct differentiated in an 
ampulla, and 2) by the two glandular appendices. 
This organization, coupled with elongated sperm 
nuclei and interna1 fertilization, could correspond to 
the most advanced evolutionary step of the male 
reproductive tract in the Siluriformes. 

Sperm storage 

Our observations suggest that in mature males 
there are species- or family-specific differences in the 
relationships that sperm cells establish temporarily, 
with the seminal vesicles and with the secretion: either 
spermatozoa are present exclusively in the basal parts 
of the seminal vesicular tubules or they are present 
everywhere along the tubules, mixed with secretory 
material. While in several species, the spermatozoa 
are stored for some time in the seminal vesicles, in 
others, the function of sperm storage may be assum- 
ed-either uniquely or in addition to the seminal 
vesicles-by other structures. This is true for the 
pouch present in some Pimelodidae and for the large 
subdivided deferent duct present in Pseudopimelodus 
raninus and in Ageneiosus brevifilis. 

In the Auchenipteridae and Ageneiosidae, ovaries 
exhibit cellular or structural differentiations similar 
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t o  those observed in the male tract to maintain the orland embedded in a secretory material either produ- 
fertility of the sperm cells during storage. Indeed, ced by the ovarian epithelial cells (Pimelodus ornatus) 
spermatozoa are either inserted in the epithelial cells or, perhaps, of male origin (P. galeatus, A. brevifilis). 
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