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ABSTRACT: The spermatogenesis of Pseudis limellum, from the Southern Pantanal, Brazil, was studied
from July 1995 to May 1996, through histological sections of the testis. The cells could be differentiated as:
primary spermatogonia, large cells, generally with bilobed nucleus; secondary spermatogonia, smaller cells,
with darker cytoplasm, chromatin of radial form; primary and secondary spermatocytes, differentiated ac-
cording to the different stages of the nucleus during the successive cells divisions. Furthermore, we observed
cells in process of morphologic differentiation: rounded spermatids much smaller, with nucleus containing
chromatin in compacting process and cytoplasm reduction; elongated spermatids, generally parallel orga-
nized in well defined bundles, with the anterior region directed toward the periphery of the seminiferous
tubule and the tail directed toward the lumen. Spermatozoa are free in the lumen of the seminiferous tubule.
All the cells are organized as cysts, which are supported by a large amount of Sertoli cells. The spermatoge-
nesis in P limellum is very similar to that of other anurans, but peculiarities were observed regarding the
organization of the germ cells, the great amount of free Sertoli cells in the lumen of testis collected in May,
and the long cytoplasmatic extensions of the cells bearing pigments and involving the seminiferous tubule.
The diameter of the seminiferous tubule (SD) exhibited an annual mean of 251.79 + 37.57 um. Spermatozoa
number by seminiferous tubule (SN) exhibited an annual mean of 306.66 + 39.83, also with higher and lower
values at each month. Variations in SD and SN were not significantly correlated with climatic variables. In
this species, reproduction occurs throughout the year in ponds and flooded areas, despite the seasonal climate
of the Pantanal. Although males varied in their annual reproductive activity, they were considered potentially
reproductive in all months throughout the year.

Introduction

The reproductive activity in anurans is correlated
with the climatic conditions of the environment where
they live. Changes in temperature, photoperiod, and rain-
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fall affect spermatogenesis and establish continuous or
discontinuous cycles (Jorgensen, 1992; Huang et al.,
1997). Species inhabiting temperate regions show a
defined annual gonadal cycle. Alternations in the activ-
ity and quiescence periods are related to the climatic
annual cycles (Rastogi, 1976; Jorgensen et al., 1986).
Species that inhabit tropical regions, with a hot and con-
stant humid climate, exhibit continuous or potentially
continuous cycles (Inger and Greenberg, 1963; Rastogi,
1976; Jorgensen et al., 1986; Montero and Pisano, 1990;
Prado et al., 2005). In Brazil, studies on the reproduc-
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tive aspects of anurans describe mainly reproductive
behaviors (e. g., Bastos and Haddad, 2002; Lima and
Keller, 2003; Brasileiro and Martins, 2006), but few
studies focus on the reproductive cycles under a mor-
phological analysis (e.g., Oliveira et al., 2003; Costa et
al., 2004).

The spermatogenesis process is very similar among
the different groups of vertebrates. The most pronounced
differences among them, including anurans, refer to the
seminiferous tubules arrangement. Interesting features
of the spermatogenesis of frogs were described based
on light microscopy of members included in the family
Hylidae (Hermosilla et al., 1983; Rastogi et al., 1988;
Oliveira et al., 2002; Oliveira et al., 2003). This work
describes some aspects of the seminiferous tubule mor-
phology of the hylid frog Pseudis limellum.

Pseudis limellum adults are small size frogs, snout-
vent length of 15.9 - 23.0 mm for females and 14.4 -
20.2 mm for males (Prado and Uetanabaro, 2000). They
are typically aquatic (Gallardo, 1988), occurring in open
habitats, such as the Chaco and Cerrado, but they are
also found in forest habitats (Bosch et al., 1996). This
species can withstand periods of drought in small vol-
umes of water (Gallardo, 1988). Frost (2007) mentions
its distribution only for Paraguay, Uruguay, Bolivia, and
northern Argentina. Few studies were conducted on P.
limellum biology (Kehr and Basso, 1990; Bosch et al.,
1996; Prado and Uetanabaro, 2000), and no studies were
made on gonad morphological aspects.

Herein we describe the annual reproductive cycle
of males of P limellum. We described spermatogenesis
and verified testis histological variations along the year.
Such variations were correlated with the seasonal cli-
mate of the Pantanal, where the species occurs in high
densities throughout the year.

Materials and Methods
Study Area

The Pantanal is a floodplain with a markedly sea-
sonal climate. Although seasonal floods are common in
the region, they are not related to local rainfall but to
drainage constraints, evidenced by the slow flow of
waters (Amaral Filho, 1986). The exact period and in-
tensity of floods may vary from year to year (Brown Jr.,
1984). Climate is hot and humid, with a dry season ex-
tending from May to September and a rainy period from
October to April. Rainfall, however, is low, with a total
of 1,070 mm between July 1995 and June 1996 recorded
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for the municipality of Corumba, state of Mato Grosso
do Sul, 50 km apart from the sample locality. For the
same period, mean monthly air temperature was 25.1°C,
varying from 21.4°C to 27.7°C (Soriano, 1997). Floods
are common from January to April (Amaral Filho, 1986).

Specimens data

Adult males of Pseudis limellum (N = 36) were
collected in the Southern Pantanal (19°34°S, 57°00°W),
municipality of Corumba, state of Mato Grosso do Sul,
Brazil. Individuals were collected from July 1995 to May
1996, except for the months January and March 1996.
Specimens were measured and prepared according to
McDiarmid (1994).

Histological analysis

Testis were removed and fixed by immersion for
overnight at 4°C in 10% formalin, dehydrated in a graded
series of ethanol, and embedded in methacrilate glycol
resin (Historesin Leica®). The sections (2 um) were
stained with 1% toluidine blue, observed, and photo-
graphed under an Olympus BX 60 microscope. The rec-
ognition of cells was made according to Hermosilla et
al. (1983).

FIGURE 1. General aspect of the seminiferous tubule. Note
the germ cells in a cystic organization, supported by Sertoli
cells and free spermatozoa in the lumen. Melanomacrophage
cells (mm) involving all seminiferous tubule. SC: Sertoli cell,
G1: primary spermatogonia, G2: secondary spermatogonia,
C1: primary spermatocyte, C2: secondary spermatocyte, T1:
early spermatid, T2: late spermatid, Z: spermatozoa.
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Morphometric and statistical analysis

For an individual of each month, we measured the
seminiferous tubule diameter (SD) from ten transversal
oriented tubules, which were randomly selected from
five different sections in each testis, next to the testes
core. The software Image Pro-plus® was used during
these analysis. Mean monthly diameter, mean annual
variation, and standard deviation were calculated. Sper-
matozoa from ten tubules, exhibiting similar diameter
and randomly selected from five different sections of
each testis, were counted (SN — spermatozoa number),
and mean monthly number, mean annual variation, and
standard deviation were calculated.

Mean monthly air temperature and total rainfall for
the years 1995 - 1996 were registered by the Climatic
Station of the National Institute of Meteorology
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(INMET), in the municipality of Corumba (19°05’S,
57°30°W; 130 m elevation), state of Mato Grosso do
Sul, Brazil, and obtained from Soriano (1997). To verify
monthly variation in SD and SN, one-way analysis of
variance (ANOVA) was performed (Zar, 1999). To test
for the influence of the climatic variables on the changes
in SD and SN, a non-parametric analysis of correlation,
Kendall’s coefficient (Zar, 1999), was made among the
variables monthly total rainfall, mean monthly air tem-
perature, SD, and SN.

Results

Primary spermatogonia are characterized by their
basal location within the seminiferous tubule, they are
much larger than the other germ cells and their nuclei

FIGURES 2-13. Sertoli cells (SC), primary spermatogonia (G1), secondary spermatogonia (G2), primary spermato-
cytes (C1), secondary spermatocytes (C2), early spermatids (T1), late spermatids (T2), spermatozoa (Z).
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FIGURES 11 and 12. Elongated spermatids in along nuclear and chromatin compacting process. To
observe the formation of the different regions of the spermatozoon: nucleus (n), middle piece (mp),
residual cytoplasm (rc), flagellum (f), proacrosomal vesicle (av).
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are frequently bilobed, with loose chromatin and a well-
stained cytoplasm (Figs. 1-5). Secondary spermatogo-
nia are smaller than the primary spermatogonia and
characteristically form cysts; the cytoplasm is darker
and the chromatin in the nuclei forms more evident clus-
ters (Figs. 1, 3, 4, 6).

Primary spermatocytes are generally irregular
spheres, with large, vesicular nuclei (Figs. 1-4, 7, 8).
They divide into the secondary spermatocytes that are
found in small quantities. The secondary spermatocytes
are half the size of the primary spermatocytes and are
found closer to the lumen of the seminiferous tubule.
Their nuclei are usually dark and well stained and the
cytoplasm may be thinner on one side (Figs. 1 and 3).

The spermatids, resulting from the second meiotic
division, are smaller and have condensed irregular nu-
clei. The cysts of the spermatids resemble bundles. The
rounded (or early) spermatids have spherical, extremely
condensed nuclei, and may present a lateral bulge that
is most likely the proacrosomal vesicle (Figs. 1-3, 9,
10). Long (or late) spermatids that are slightly thicker
than the spermatozoa are also observed. They have long
nuclei, and highly condensed chromatin (Figs. 1, 2, 4,
9-13).

The spermatozoa are extremely long and point to-
wards the edge of the seminiferous tubule; they have a
continuous nucleus with an anterior acrosome. The
middle part of each spermatozoon is not visible but the
tail can be seen in the lumen as an extension composed
of gray filaments, approximately four times the length
of the head. In all cross-sections of the testicle, the
bundles of spermatozoa can be cut at right angles or
tangents (Figs. 8-10, 13). The spermatids and the sper-
matozoa are dependent on external nourishment, which
is why the heads always converge towards the cytoplasm
of the Sertoli cells. These cells are relatively large, with
basal columnar nuclei, evident nucleoli and slightly
darker cytoplasm (Figs. 1-4, 7). Testicles collected in
May showed Sertoli cells in the region of the lumen
(Fig. 9).

During differentiation of the primary and second-
ary spermatocytes, several morphological variations
occur, especially of the nucleus. During these changes
the chromatin presents the most varied forms from rela-
tively rough bulges to filaments arranged in adjacent
rows (Fig. 8). The chromatin can also be arranged con-
verging towards the edge of the nucleus. The granules
of chromatin become small and aggregated to the fila-
ments that are much shorter and denser (Fig. 7).

Monthly analysis of the spermatogenesis stages
indicated no significant variations concerning the pres-
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ence of germ cells in the seminiferous tubule and all
spermatogenesis stages, including free spermatozoa,
were observed in all months (Fig. 14a-14i). For all
months studied, mean diameter of the seminiferous tu-
bule (SD) was 251.79 £ 37.57 um, ranging from 209.94
um in December to 322.30 um in May (Fig. 15). For the
same period, spermatozoa number by seminiferous tu-
bule (SN) showed an annual mean of 306.66 + 39.83,
with numbers varying from 249 in April to 377 in Feb-
ruary. The statistical analysis revealed a significant vari-
ance in SD (ANOVA, F =7.98, df =89, P <0.0001, N
=0), but not in SN (ANOVA, F =091, df = 89, P =
0.51, N=9). Neither SD nor SN correlated significantly
with monthly rainfall and monthly air temperature (P >
0.05) (Fig. 15).

Discussion

According to Oliveira et al. (2003), spermatogen-
esis occurs in structures called seminiferous tubules,
where the germinal epithelium is organized into
spermatocysts. In Scinax fuscovarius each cyst contains
cells at the exact same stage of differentiation (Oliveira
et al., 2003), which agrees with that observed in P
limellum. Several anuran species, mainly those with a
discontinuous reproductive cycle, have seminiferous
tubules with various cysts and all the cysts contain cells
at the same stage of cellular differentiation (Rastogi,
1976; Jorgensen et al., 1986). However, anurans with a
continuous reproductive cycle (Inger and Greenberg,
1963; Rastogi, 1976; Jorgensen et al., 1986; Montero
and Pisan6, 1990), such as P limellum, show various
cysts within the seminiferous tubules with cells at dif-
ferent stages of differentiation.

Spermatogenesis in P limellum occurs in a very
similar way to that described for other anurans
(Hermosilla et al., 1983; Rastogi ef al., 1988; Oliveira
et al., 2002; Oliveira et al., 2003). This is especially
true if the structural characteristics of the cell are ob-
served individually, irrespective of the cysts. The dif-
ferentiation of primary spermatogonia into either pale
or dark sub-groups is very common in anurans (Rastogi
et al., 1985; Rastogi et al., 1988; Oliveira et al., 2003).
However, in P limellum this difference was not observed.
The secondary spermatogonia are very similar to the
descriptions for other anurans. According to Lofts (1974)
and Rastogi et al. (1988), this is a period of intense cel-
lular division, when the cysts are formed. They remain
until the phase where the spermatids become more
rounded. The main modifications between the primary
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FIGURE 14 (A-l). Histological images showing the general aspect of the semin-
iferous tubule of L. limellum throughout the year. In all figures: spermatogonia
(G), spermatocytes (C), spermatids (T) and spermatozoa (Z).
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and secondary spermatogonia are the acute reduction
of the cytoplasm and the change from a lobe-shaped
nucleus to a spherical shape, both of which are very
similar to that observed by Rastogi et al. (1988) and
Oliveira et al. (2003). The primary spermatocytes are
much larger than the secondary spermatogonia and the
cysts are more spread as described by Lofts (1974) and
Rastogi et al. (1988). The secondary spermatocytes are
not easily differentiated from the primary spermatocytes.
Descriptions by Hermosilla et al. (1983) only suggest
that there are differences between the cysts, where the
cysts of the secondary spermatocytes present intercel-
lular spaces. However, this was not observed in P
limellum. In this species intercellular spaces only occur
in some cysts of the spermatids. These intercellular
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spaces had been described by Lofts (1974) as vacuoles,
a term that is quite inappropriate if we consider the
meaning and function of a vacuole in cellular terms.
According to Lofts (1974), these clear spaces do not
occur in the center of the rounded cysts of the sperma-
tids as observed in P, limellum. The cellular differentia-
tion of rounded spermatids into elongated spermatids
marks an important stage in the conformation of the
seminiferous tubule as these cells are no longer orga-
nized into cysts but form bundles, a characteristic con-
firmed by Lofts (1974), Rastogi et al. (1988) and
Oliveira et al. (2003).

Data on the ultrastructure of spermiogenesis for
ranids (Zirkin, 1971; Sprando and Russel, 1988), hylids
(Lee and Kwon, 1992; Taboga and Dolder, 1993), and
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FIGURE 15. Monthly total rainfall (dashed line) and variation in the seminiferous tubule
diameter in um (SD: squares) and spermatozoa number (SN: triangles) in Lysapsus
limellum in the southern Pantanal, Brazil, between 1995 and 1996.
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leiuperids (Amaral et al., 1999; referred as leptodactylids),
allowed us to classify the observed cellular types. This
was especially true for the initial spermatids that presented
a structure similar to a proacrosomal vesicle, also ob-
served in lizards and other anurans (Lee and Kwon, 1992;
Taboga and Dolder, 1993; Ferreira and Dolder, 2002).
The acrosomal vesicle is formed by the fusion of innu-
merable vesicles deriving from the Golgi complex. These
vesicles suffer a series of modifications that culminate
in the formation of the acrosome, responsible in the
spermatozoon for enzymatic function and in some cases
for the perforation of the ovule during fertilization
(Ferreira and Dolder, 2002).

The flagella of the elongated spermatids and the
free spermatozoa in the lumen of the seminiferous tu-
bules are easily observed in P limellum, however it is
difficult to have an accurate idea of their length and
morphology in the resolution of the optic microscope.
The region of the anuran spermatozoon that shows most
ultra structure variation is the flagellum. The flagellum
of most vertebrates is made up of a central axoneme,
with a 9+2 microtubule pattern associated to the pe-
ripheral proteins. Characteristics peculiar to anurans,
such as flagella with two axonemes (Asa and Phillips,
1988), the presence of an axial rod (Taboga and Dolder,
1993), and an undulating membrane (Garda et al., 2002)
have been described. These variations are used exten-
sively as taxonomic characters.

Few data exist on the morphology and function of
cells similar to the pigmented and dispersed cells in the
testicle of P limellum. These pigmented cells resemble
cells of the monocytic phagocyte system, where pig-
mented granules can be observed in the interior of the
cytoplasm (Knight et al., 1992; Rund et al., 1998).

Descriptions of the morphophysiology of Sertoli
cells during spermatogenesis and spermiation in anurans
are wanting in the literature. On the basis of our obser-
vations of the morphology of these cells in seminifer-
ous tubules of animals collected in May, two hypoth-
eses can be raised: (1) the Sertoli cells in these anurans
can become loose from the germinal epithelium and are
eliminated together with the spermatozoa during sper-
miation; or (2) these cells present large enough cyto-
plasmic extensions to fill the lumen of the seminifer-
ous tubules, supporting spermatozoa at this period of
the annual reproductive cycle. This could characterize
a short discontinuity in the reproductive activity, with-
out provoking a discontinuity in spermatogenesis. These
hypotheses are preliminary and need to be confirmed
through refined electronic microscopy analyses that may
assist in the understanding of some aspects of the mor-
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phophysiology of the Sertoli cells in anurans and their
activity throughout the annual reproductive cycle.

The few morphological analyses to establish re-
productive cycles on anuran gonads revealed some pat-
terns. The majority of anurans in temperate regions
exhibit a discontinuous and synchronized reproduc-
tive cycle (Ritke and Lessman, 1994). This type of
cycle possesses a periodic interruption that is under
the control of an endogenous rhythm, independent of
environmental factors. In tropical anurans, the cycles
may vary, but usually the maximum of reproductive
activities is associated with hot and humid conditions;
reproductive cycles are generally continuous (Saidapur,
1983) or potentially continuous, according to tempera-
ture variations. In continuous cycles, the seminiferous
tubule present cysts in various maturation stages (Lofts,
1974; Huang et al., 1997). In contrast, in discontinu-
ous cycles, the germ cells mature uniformly in each
seminiferous tubule (Lofts, 1974; Huang et al., 1997),
but as testis presents many seminiferous tubules, all
the stages of cell differentiation can be found (Inger
and Greenberg, 1963). In P, limellum, the cycle seemed
to be of the continuous type, since all germ cell stages
could be found in the same seminiferous tubule and
differentiation occurred simultaneously.

Concerning the morphological aspect of germ
cells, the pattern observed for P, limellum is very simi-
lar to what was described for other species within the
same family, such as Scinax ranki (Taboga and Dolder,
1991), Hyla japonica (Lee and Kwon, 1992),
Hypsiboas pulchellaus, H. andinus (Montero and
Pisano, 1992), and Scinax fuscovarius (Oliveira et al.,
2003). The pattern exhibited by P. limellum was also
similar to that observed for leiuperids, such as
Physalaemus marmoratus (Aoki et al., 1969, referred
as P. fuscomaculatus) and P cuvieri (Oliveira et al.,
2002), and the calyptocephalellid Calyptocephalella
gayi (Hermosilla et al., 1983, referred as Caudiverbera
caudiverbera). The presence of a great amount of pig-
mented cells in the interior of the testis is observed in
the gonads of males of some anuran species (Oliveira
et al., 2002). These pigmented cells can be found in
different organs, constituting an extracutaneous pig-
mentary system of unknown function (Zuasti et al.,
1998). Studies on these cells describing morphology,
pattern of distribution in the testis, and variations
throughout the annual reproductive cycle are scarce in
the literature.

All spermiogenic stages and spermatozoa were
found in higher or lower frequency in the histological
analysis of P limellum testes, from July 1995 to May
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1996. Temperature, rainfall, and photoperiod are im-
portant extrinsic factors regulating anuran reproduc-
tion (Duellman and Trueb, 1986). Our results, how-
ever, did not show any correlation between testes size
variation and climatic condition variation. The semin-
iferous tubule diameter and spermatozoa number were
almost constant throughout the year. One possible ex-
planation for the absence of correlation is that the spe-
cies present a continuous reproduction in the region,
or alternatively, that our sample was inadequate to
verify such correlation. Finally, the morphometric
analysis of testes of P limellum confirmed the histo-
logical analysis.

The reproductive activity of the anurans that in-
habit seasonal environments is generally associated
with the rainy period, mainly in the tropics (e. g.,
Donnelly and Guyer, 1994; Bertoluci and Rodrigues,
2002; Prado et al., 2005). However, it is not uncom-
mon, especially in tropical areas, to find anurans re-
producing year-round (e. g., Prado ef al., 2000, 2005).
Anuran gametogenic cycles were classified by Lofts
(1974), Saidapur (1983) and Huang et al. (1997) as
continuous, potentially continuous, or discontinuous.
Mature spermatozoa and all the spermiogenic stages
were observed in the testes of P /imellum throughout
the year, characterizing spermatogenesis as continu-
ous. Males can potentially reproduce throughout the
year, despite the seasonal climate of the Pantanal. Prado
and Uetanabaro (2000) observed gravid females
throughout the year during a study carried out in the
same locality. Based on the presence of gravid females
and calling males, these authors found that reproduc-
tion of P limellum occurs throughout the year in the
southern Pantanal, corroborating our results on repro-
ductive cycle.
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