THE REPRODUCTIVE CYCLE OF Pleurodema thaul (ANURA,
LEPTODACTYLIDAE) IN CENTRAL CHILE.

Helen Diaz-Paez & Juan Carlos Ortiz

Departamento. de Zoologia, Casilla 160-C, Universidad de Concepcion, Concepcion, Chile.

Abstract. The reproductive cycle of Pleurodema. thaul is described. Males were analyzed according
to their spermatogenic stage using histological sections of their testes. For females we used the size
and pigmentation of the ovarian follicles. The results show a partially continuous reproductive cycle.
Males produce sperm during almost all the year. Spermatogenesis is initiated in summer (February-
March), when the seminiferous tubules contain abundant undifferentiated spermatozoids, which are
transformed to spermatozoa as fall advances (May-June). The first spermatozoa appeared in late
May, and spermatogenesis increaces from July to September, sometimes to November. Females
present bimodal vitellogenic activity. The first vitellogenic phase is initiated in late February with a
progressive maturation of the oocytes, reaching the post-vitellogenic stage between June and August.
The breeding period is established during these months and continues until December. In September,
some females can begin the vitellogenesis, with a second stage that ends in middle December, when
the oocytes that were not spawned, pass massively to the atresic stage . The fat bodies show a
synchronic increase with the gametogenic activity in both sexes, that coincide with the greater
reproductive activity. Fat bodies are likely to be used as energetic reserve energetic for the vitellogenic
activity.

Resumen. Se describe el ciclo reproductivo de P. thaul. El ciclo de los machos fue analizado segiin
su estado espermatogénico realizando cortes histologicos de testiculos. El ciclo de las hembras se
analiz6 de acuerdo a la variacion anual de los tamafios y pigmentacion de los foliculos ovaricos. Los
resultados muestran un ciclo reproductivo parcialmente continuo. Los machos producen
espermatozoides durante casi todo el afio. La espermatogénesis se inicia en verano (febrero — marzo),
donde los tibulos seminiferos se encuentran con abundantes espermatidas indiferenciadas, que se
transforman en espermatozoides a medida que avanza el otoflo (mayo — junio). Los primeros
espermatozoides son liberados a mediados de mayo. La espermatogénesis se incrementa de julio a
septiembre y se puede extender hasta noviembre. Las hembras presentan actividad vitelogénica
bimodal. Una primera onda se inicia a fines de febrero con una maduracion progresiva de los oocitos,
alcanzando el estado post-vitelogénico entre junio y agosto. El periodo de apareamiento se establece
entre estos meses y continua hasta diciembre. En septiembre, algunas hembras parecen reiniciar la
vitelogénica, con una segunda onda que concluye a mediados de diciembre, cuando los oocitos que no
han sido desovados, pasan masivamente al estado atrésico. En ambos casos, los cuerpos grasos
muestran un aumento en forma sincrénica con la actividad gametogénica, coincidiendo con el periodo
de mayor actividad reproductiva, por lo que se estima su utilizacion como reserva energética para la
actividad vitelogénica.
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Introduction

Amphibian populations reflect a close link between environmental variables (temperature,
precipitation, photoperiod, altitude, latitude, etc.) and the adjustments of the organisms to their
environment (Duellman & Trueb, 1986; Lofts, 1974). Reproductive patterns are correlated with
prevailing climatic conditions. Changes in temperature, and photoperiod stimulate gametogenesis, and
establish continuous or discontinuous cycles (Jorgensen, 1972).

Species that inhabit temperate zones, exhibit a determined gonadal annual cycle, with alternation
of activity and resting periods, where the reproductive standards reflect the annual climatic cycles
(Jorgensen, 1981 and 1984; Jorgensen et al., 1978, Jorgensen et al., 1986; Rastogi al., 1976, Rastogi et
al., 1983a). Species that inhabit tropical areas, with a constantly warm and humid climate, exhibit
continuous or potentially continuous cycles (Church, 1960; Inger & Greenber, 1963; Jorgensen et al.,
1986; Rastogi et al., 1976).

In Chile, reproductive studies of anura have mainly been centered on their strategies that including
parental care of Rhinoderma darwini and R. rufum (Busse, 1991; Jorquera et al., 1981), and on the
terrestrial oviparity modalities of species of Batrachyla .(Busse, 1971; Capurro, 1957) and Eupsophus
(Formas & Pugin, 1978; Formas, 1979). However, the spermatogenic and vitellogenic cycles have
been practically ignored (Diaz, 1983). There are only a few observations in early studies (Wilhelm,
1927, Cei, 1961, Cei & Codoceo 1957).

Pleurodema thaul is the most abundant anuran in Chile; its distributional extends from Copiapo
(27°22°S - 70°20°W)) in the north to Aysén (45°30’S - 70°20°W) in the south (Cei, 1962). Several
studies have dealt with taxonomic (Victoriano et al., 1995), phylogenetic (Duellman & Veloso, 1977)
and behavioral (Penna & Solis, 1992; Solis, 1994) aspects of this frog, but little is known about its
reproductive biology (Diaz, 1983; Diaz-Paez & Ortiz, 1996).

Cei (1961), when describing the cycle of Pleurodema bufonina, made reference to a potentially
continuous sexual cycle for P. thaul, at least in the central and north areas of its distribution,
attributing an intensive reproductive activity during the months of September to October in the region
of Concepcion. In this paper, we describe the reproductive cycle of P. thaul. We characterize the
vitellogenic and spermiogenic periods, to verify gametic differential activity in both sexes and its
relations with environmental conditions (rainfall and temperature).

Materials and Methods

The reproductive cycle was determined by examining the gonads of 210 individuals of P. thaul
(143 males and 67 females). Individuals were captured in the vicinity of Concepcion, Chile between
1997 and 1998, and were fixed in 10% formalin, and preserved in 70% alcohol. Specimens were
deposited in the herpetological collection of the Museo de Zoologia, Universidad de Concepcion
(MZUC).

Individuals were measured from snout to vent (SVL) with digital calipers (0.01 mm) and weighed
with a digital scale of 0.01g. Ovaries, oviducts and fat bodies of females were removed and weighted.
The follicles in vitellogenesis were counted and measured with a graduated ocular (0.001 mm);
maturity was determinated by size and pigmentation (Hermosilla et al., 1986; Jorgensen, 1981; Rastogi
et al ., 1983b). The number of oocytes was recorded in the different vitellogenesis stages for 20% of
the ovarian weight in each case; we determined the cycle stage by measuring the size and number of
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eggs (Fig. 1). According to this information females were assigned to reproductive categories: ovaries
in maturation (stage 5), reproductive ovaries (stage 6), atresic ovaries (stage 7), and ovaries in
regression (stage 8) (Ramirez, 1995).

To determine the reproductive stage of males, the testes and fat bodies were extracted. Testes were
histologically sectioned (8 pm), stained with hematoxiline (Mayer) and stained with 1% eosine. The
recognition of different cellular types in the spermatogenesis was carried out according to Bustos &
Cubillos (1967) and Hermosilla et al. (1983). Ten seminiferous tubules selected randomly from five
different sections of each testis were examined (Rastogi et al., 1976). Analyzed samples were assigned
to spermiogenic stages following Mayhew & Wright (1970). The gametic activity of each month is
established by the prevail spermiogenic stage in the analyzed samples (Habit & Ortiz, 1996; Ortiz,
1981).

Information on average montly temperature and rainfall was (Fig. 2) provided by Departmento de
Fisica de la Atmosfera (DEFAO), Facultad de Ciencias Fisicas y Matematicas, Universidad de
Concepcion. These data were used to describe and relate environmental conditions with reproductive
activity. We used ANOVA, and Tukey’s test of multiple ranges (Zar, 1984) to analyze annual
differences in reproduction. Other statistics used are Kolmogorov-Smirnov Test, ANCOVA, multiple
regression, etc.,are described in Dytham (1999).

Results

Morphometry

Strong sexual dimorphism exists in body length (SVL female /SVL male = 1.29; Fig. 3), with females
larger than males (t = 16.804; p < 0.05; 193 g.I). The SVL of each sex is distributed normally
(Kolmogorov-Smirnov Test, p > 0.01). Sexual maturity in males is reached at 27 mm evidenced by the

presence of sperm in the seminiferous tubules (;C =30.48 mm + 2.92; n = 143). In females sexual

maturity is reached when individuals are more than 31 mm (} = 39.68 mm + 4.09; n = 67). The
ovaries of smaller females only contain small transparent follicles.

Reproductive cycle of males

Statistically significant differences in testis size (Fyi131 5.47; p < 0.001) were observed between
months. Testis volume increased in fall and reached a maximum in March. Thereafter, only minor
small variation exist throughout the year. The monthly analysis of spermatogenic stages (Table 1)
indicated reproductively active specimens throughout the year (Fig. 4) with an apparently synchronous
testicular activity. Spermiogenic activity seems positively related, although insignificantly, to rainfall
and temperature (r = -0.35 and r = 0.22; p > 0.05).

During summer (January and February) Stage 4 (Fig. 5a), characterized by the prevalence of
undifferentiated spermatozoids, is maintained. As the season advances spermatozoids continue their
development until they reach Stage 5 in the fall (March-May). In April, the cellular lumen is formed
and the lobes contain cellular nests with secondary spermatozoids and spermatides in development
(Fig. 5b).
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Figure 1: Stages in vitelogenic P. thaul. (a) Corresponds to July for a female of 44.94 mm SVL (A-15x).
Previtellogenic oocytes (PrV). Whitish, follicular, almost transparent, with diameter smaller than 0.6 mm;
Beginning of vitellogenic (IV), Characterized to be whitish and with diameter of 0.6-1.0 mm; Active
vitellogenesis (VA), Dark folliculars, almost black and with average size ranging from 0.9 at 1.7 mm; and
postvitellogenic oocytes (PV), in which it is possible to observe the division of both poles, animal and vegetal,
and with a size average of 1.6 to 2.0 mm; (b) Female during January of 44.11 mm (A-10x) with abundant atresic
oocytes (At). They are recognized by their intense black color and degeneration features.
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Temperature °C Rainfall
(mm)
20 -+ 360
18 + 320
16 - + 280
14 - + 240
12 + 200
10 + 160
8 - - 120
6 - + 80
4 - + 40
2 A +0
STAGE STAGE STAGE STAGE
MALES 4 5 6 5
ATRESIC FIRST MATING SECOND
FEMALES PERIOD WAVE PERIOD WAVE

Figure 2.- Ombrotermic diagram of Concepcion, in agreement with the reproductive cycle for males and females
of P. thaul. ( e ) Fluctuation of environmental temperature along the year; ( A ) Variation of the precipitation per
month.

The first sperm are liberated to the tubular lumen during May, when the increase in rainfall favors the
increase of the spermiogenesis (Fig. 5¢). During June it is still possible to observe specimens in Stage
5 (Fig. 5d), which reach stages 6 and 7 in July (Fig. 6a and 6b) to October (Fig. 6¢). In December, a
regression of the spermatozoids is occurs. There are numerous spermatides and sperm in clusters
within the wetnurse cells (Sertoli cells; Fig. 6b). In addition, a few free sperm also are present in the
tubular lumen (Fig. 6d).

Reproductive cycle of females

The ovaries exhibit significant differences in size throught the year (Fj147 2.52; p < 0.05). The
presence of two main vitellogenic waves was detected. The first wave is initiated in late February
when a progressive ripeness of the oocytes contained in the ovaries is evident. The samples from
March and April contain few oocytes in an active vitellogenic stage, which mature as fall advances
and, reach the post-vitellogenic stage in June -August.
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Figure 3.- Relationship of body weight and snouth-vent length in male ( @ ) and female ( O ) of P. thaul.

Table 1: Gametogenic stage by month. For male sensu Mayhew & Wright (1970) and female modificated by
Ramirez (1995).

Male Female
MONTH n Stage n Stage
January 6 3-4 5 7-8
February 7 4 3 5-8
March 6 4-5 3 5-8
April 16 5 3 5
May 14 5-6 3 5
June 10 6 10 5-6
July 14 6 7 6
August 14 6 6 5-7
September 8 6-7 6 5-7
October 4 5-6 11 5-6
November 15 6-7 5 7-8
December 7 6-7 5 8

Apparently, females are asynchronous during the reproductive season. During June, July, August
and probably September, some females are post-vitellogenic, whereas others have ripe follicles (Table
1). This pattern seems to indicate two events of gametogenic activity during the reproductive season;
this could explain the extension of this first vitellogenic ripeness wave.
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Figure 7.- Percent of the reproductive stage for females per month. The reproductive stage corresponds to Rastogi
et al., 1983 and Hermosilla et al., 1986 modified. Number over the bar of each month represents sample size.

Cycle of fat bodies

The cycle of fat male and female bodies is shown in figure 8. One way covariance analysis
(ANCOVA) revealed that fat bodies of males are not significantly affected by variation in body size
(Fi1,130 = 1.60; p > 0.05), but there was significant variation of fat bodies within each month (F; 5, =
2.92; p <0.05).

In males, fat bodies increase as the spermiogenic activity passes to Stages 5 and 6 (Fig. 8). The
greatest proportion was observed during June, July and September, a period described as the highest
reproductive activity for the species (Cei, 1961; 1962). In females, the total average mass of the
bodies was significantly greater in the vitellogenic individuals than in gravid and nonreproductive
individuals (p < 0.05). Likely, the fat bodies increase in the periods previous to vitellogenesis, with
greater proportions in March and June (Fig. 8). In both sexes, the increase of fat bodies is positively
related with temperature (r = -0.61; p < 0.05 and r = 0.50; p < 0.05), but not with rainfall (r = 0.50 and
r=0.44; p > 0.05).



Reproductive cycle of Pleurodema thaul 441

o

IS)

o
|

FATBODY WEIGHT(g)

J F M A M J J A s o N D
0.3 -
0.25 4 FEMALE
C
= 0.2 -
I
o
w
2 0.15 A
>
[a]
o
[1:1]
- 0.1
<
('S
0.05 -
0 ;\N . ! T ——
MALE A M J J A S o N D

Figure 8.- Monthly changes in fat body weights for male and female P. thaul. Data presented as adjusted mean +
SE.

Discussion

The reproductive cycle of Pleurodema thaul is almost continuous, with gametogenic activity in males
and females during fall, winter, and spring, and a recession during the summer. Both sexes seen to be
influenced by environmental conditions (Duellman & Trueb 1986, Wake, 1995).

The decrease in temperature activated the spermiogenic process in P. thaul. Jorgensen & Billeter
(1982) indicated that the annual temperature cycle is the main factor in the synchronization of the
spermatogenic wave in testes of frogs and toads from the temperate zone. The data indicates that
although spermatogenesis is maintained throughout the year, only one subset of spermatozoids mature
coincidentally with the reproductive cycle of females (Wake, 1995).

This pattern is fonnd in temperate zone amphibians (Jorgensen, 1992), where the plasticity of the
ovarian ¢ FEMALE l., 1983Db) is the response to a variable and unpredictable environment
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(Ritke & Lessman, 1994). The changes in the ovary are mainly due to fluctuations of environmental
factors: temperature and rainfall (Duellman & Trueb, 1986; Jorgensen, 1992). The ovary increases its
weigh as the environmental temperature decreases. The positive relation between ovarian mass and
total corporal mass, is altered during the reproductive season and the subsequent summer (Jorgensen,
1981, 1986 and 1992; Rastogi et al., 1983D).

The female reproductive cycle consists of two principal vitellogenic waves, one at the beginning of
the fall, and the second around late winter. Recruitment of follicles is produced after each ovulation
wave; the new follicles undergo a vitellogenic maturation process, but there is only evidence that those
of the first wave are expelled. The timing coincides with the increase of fat bodies doing these dates
(Fig. 8), which would be used as energetic reserve to initiate vitellogenesis (Rastogi et al., 1983b).

It is likely that there are two oviposition strategies in a season, when some females do not enter in
to quiescence after the first oviposition and retain mature oocytes to be used in a following
ovoposition (Van Beurden 1979). This would facilitate multiple ovoposition during the reproductive
season (Jorgensen, 1992, Ritke & Lessman, 1994) and would explain the presence of mature females
between September and December. Thus, females that enter early into vitellogenesis would have a
second vitellogenic period around late winter (September). They would exhibit two vitellogenic
cycles per season, one at the beginning of winter with oviposition in June, and the second in late
spring with oviposition in November and December.

The inverse relations between fat bodies and gonadal development has been observed in several
species of amphibians from temperate zones (Jorgensen et al., 1979; Jorgensen, 1992). The weight of
fat bodies varies according to annual temperature and food availability (Church, 1960; Frost, 1983;
Jorgensen, 1986), but the role of these factors in gametogenesis is not clear (Saidapur & Hoque,
1996).

The cycle of fat bodies of males and female P. thaul coincides with greater activity periods. In
males, the increase of fat bodies is initially simultaneous with the increase in testis volume. The
gonadal function in males is less dependent of nutritional condition than in females, suggesting that
fat bodies act only in the reduction of the gonadotropic secretion rate decreasing the spermatogenic
activity when they are scarce (Guba et al., 1989; Jorgensen, 1992). It is likely than in males fat bodies
only serve for the production supported by their coincidental with spermiogenic activity toward Stages
5 and 6 (Fig. 8). The larger fat bodies at the beginning of winter (June, July and September) are
coincident with the period greater activity for P. thaul (Cei, 1961; 1962).

In females the decrease of fat bodies in April would be in agreement with a decrease of the oocytes
of vitellogenesis initiation and the increase in the post-vitellogenic oocytes, as part of the vitellogenic
kinetic. Likely, fat bodies exhibit their minimum size during the spawning period (Verrel et al., 1986)
and decrease progressively while the size of oocytes increases (Frost, 1983, Jorgensen, 1992). The
nutritional condition of females is an important factor in their reproductive success (Jorgensen, 1986).
Therefore, they depend on the contribution to vitellogenesis by fat bodies. Based on these precedents,
it seems worthy an action of the fat bodies as a support in the growth of the oocytes, without being an
obligatory role (Frost, 1983, Saidapur & Hoque, 1996). The fat bodies reduce in size and even
dissappear during the reproductive season, because they have been used as energy source to clutch the
first posture of the season (Ritke & Lessman, 1994).

The cycle described for P. thaul coincides with that outlined for amphibians that inhabit temperate
zones, with potentially continuous spermiogenic and vitellogenic cycles. These cycles include a
negative relation between fat bodies and gametic activity (Morton, 1981; Jorgensen, 1992).

There are also documented cases in which one species exhibits different reproductive periods
according to climatic conditions (Diaz et al., 1987). Therefore, we suggest that continous gametogenic
activity regulated by environmental conditions may be the general pattern in Chilean amphibians. As
in other species of temperate regions, such as Rana esculenta (Rastogi et al., 1976), changes in
temperature are the main influence on reproction followed by changes in rainfall (Fig. 2). Thus, the
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breeding period commences when temperature decreases and precipitation increases. To further
inderstand the organics of the reproductive cycle, more research on hormonal control is needed.
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