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ABSTRACT — Annual patterns of testicular development and of testicular and plasma androgen levels
in the Chinese bullfrog, Rana rugulosa Wiegmann, are reported. The animals were collected from a
frog culture farm from November of 1986 through November of 1987, at monthly intervals or more
frequently during the breeding season. Proliferation of primary spermatogonia was observed in
November-December. In January-February, the number of primary spermatogonia decreased while
secondary spermatogonia increased. Primary and secondary spermatocytes showed little changes until
February when their number rose sharply. Although every stage of spermatogenesis was present year
around, spermatozoa were massively formed in April-June. Thus, the spermatogenetic cycle of R.
rugulosa, inhabiting subtropical Taiwan, is of continuous type. Leydig cells began to proliferate in late
March and were abundant from April through July. Testicular androgen content showed basal values in
January-February and August-December, began to increase in late March, peaked in April, and
dropped markedly in May. The pattern of plasma androgen levels was similar to that of testicular
androgen content, except peaking in middle April-early May and dropped in late June. The unimodal
pattern of seasonal changes in plasma androgen levels parallels Leydig cell proliferation, spermatogene-
sis, testicular androgen content, and reproductive activities. In addition, the testicular weight was
negatively correlated with liver weight, but not with fat body weight during an annual reproductive cycle
of R. rugulosa.

INTRODUCTION
ly  continuous  spermatogenesis;  and  R.  hexa-
dactyla, R. cyanophlyctis, and R. catesbeiana, the

The  patterns  of  reproductive  cycle  have  been  continuous  spermatogenesis  [6,  22,  43,  44,  58].
investigated  in  many  species  of  anurans.  The  The  secretion  patterns  of  the  pituitary  gonado-
annual spermatogenetic pattern in anurans varies tropins in relation to testicular development and
from  discontinuous  spermatogenesis  in  the  activity  during  a  reproductive  cycle  of  anurans
temperate zone to continuous spermatogenesis  in  have been relatively  less  studied [13,  19].  It  was
tropical  species  [22],  Earlier  studies  have  shown  demonstrated  that  the  circulating  luteinizing  hor-
that  ranids,  one  of  the  major  groups  of  anurans,  mone  (LH)  and  follicle-stimulating  hormone
display  a  diverse  type  of  spermatogenesis:  such  as  (FSH)  were  highly  correlated,  respectively,  with
Rana  temporaria,  R.  arvalis,  and  R.  dalmatina  the  changes  in  plasma  androgen  levels  and  in
exhibiting  the  discontinuous  spermatogenesis;  R.  testicular  weight  during  an  annual  cycle  of  male
tigerina,  R.  esculenta,  and  R.  perezi,  the  potencial-  toad,  Bufo  japonicus  [13].  On  the  other  hand,

seasonal changes in testicular and /or circulating
Accepted  December  3,  1992  androgen  levels  in  relation  to  spermatogenetic
Received  August  18,  1992  and/or  reproductive  activity  have  been  established
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Academia  Sinica,  Nankang,  Taipei,  Taiwan  115,  56  L  R  -  P  erezi  [  6  J<  R  -  catesbeiana  [19,  58],  B.
R.O.C.  japonicus  [13],  B.  mauritanicus  [48],  Pachymedusa
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dacnicolor [41], R. ridibunda [55], and Rana occi-
pitalis  [17].  However,  the  annual  patterns  of
circulating  androgen levels  in  anurans  exhibit  a
great variation of species specificity.

The  Indian  bullfrog  (R.  tigerina  Daudin)  was
reported to show a potentially continuous sperma-
togenetic  cycle  [1,  45].  Correlations  of  the
androgen levels in testis and in blood with sperma-
togenesis  and  reproductive  activity  during  an
annual  cycle  of  this  species  were,  however,  not
investigated.

The Chinese bullfrog, R. rugulosa, is phylogeni-
cally  closely  related  to  the  Indian  bullfrog,  R.
tigerina  [9,  20,  39].  Little  information  has  been
available in male R. rugulosa, inhabiting subtropi-
cal Taiwan, and central and southern China, with
respect to its patterns of reproductive cycle: sper-
matogenetic  cycle,  androgen  levels,  breeding
activity, secondary sexual characters, and changes
in various organs in association with reproduction,
such as liver and fat body. We have conducted a
series of studies investigating the annual reproduc-
tive  patterns  of  R.  rugulosa  in  both  males  and
females.  We  report  here  the  annual  patterns  of
male R. rugulosa with respect to: 1) the changes in
the sizes of body, testis, liver, and fat body; 2) the
spermatogenetic  cycle,  and  the  changes  in  the
proliferation of Leydig cells; 3) the androgen levels
in  testis  and  plasma;  and  4)  the  correlation  of
plasma and testicular androgen levels with sperma-
togenesis and other reproductive activity.

MATERIALS  AND  METHODS

Study site
Rana rugulosa were collected from a frog culture

farm  located  in  Tungshih  (23°40'N,  120°15'E),
Yunlin County,  Central  Taiwan. Briefly,  the frogs
were raised in an open pond which was surrounded
with fishing nets. They were fed with "frog food"
manufactured  by  Fu-Shou  Food  Co.,  Taichung,
and the natural preys as well. During hibernation,
the frogs were dormant under digged earth caves
or the hayricks of rice and woody box.

Chorussing of male frogs was heard from March
through  July  at  the  frog  culture  farm,  and  was
occasionally  heard  in  August  and  September.

Young  tadpoles  with  external  gills  were  first
observed in late May, and metamorphosing frog-
lets were first observed in early June.

Data on rainfall, temperature, and photoperiod
at Tungshih, are summarized in Fig. 1. The period
between March and September, 1987 was the rainy
season. The lowest monthly mean air temperature
was 15.4°C in January and the highest was 28.5°C
in  August.  Monthly  minimum  air  temperature
averaged about 5°C in January and February. The
photoperiod was shortest in December and longest
in June. Shortest and longest days had about three
hours difference in photoperiod.

Collection of blood and tissues

Monthly samples of 12-25 sexually mature male
frogs (hatched in April, 1986) were collected from
November, 1986 through November, 1987, except
for sampling at weekly or biweekly intervals during
the  breeding  season  from March  through early
July.  Frogs,  after  collection,  were  imediately
placed into a wet fishing net and were anesthetized
with  ether.  Blood  (0.8-2.0  ml)  was  drawn  from
the  conus  arteriosus  with  a  2-ml  heparinized
syringe, and centrifuged at 1000 G for 10 min at
8°C;  and  plasma  (0.4-1.0  ml)  was  collected  and
stored at — 20°C until androgen assay. Both right
and left testes of each frog were removed and their
lengths and weights were measured. One testis
was fixed in Bouin's fluid for histological observa-
tions,  and  the  other  was  stored  at  —  20°C  for
androgen  assay.  Liver  and  fat  bodies  were  re-
moved and weighed as well.

Histological examination
Bouin's-fixed testes were wax-embedded, sec-

tioned at 7/im, and stained with Harris' hemato-
xylin and eosin. We determined spermatogenetic
cycle by two phases: spermatogenesis, and sper-
miogenesis. The stages of spermatogenesis were
identified according to the method used by Rastogi
et al. [43]: stage 1, primary spermatogonia (ISPG);
stage 2, secondary spermatogonia (IISPG); stage
3, primary spermatocytes (ISPC); stage 4, secon-
dary spermatocytes (IISPC); and stage 5, sperma-
tids (SPT).  Spermiogenesis was recorded by the
extent of spermatozoa present in the seminiferous
tubules.  Both  spermatogenesis  and  sper-
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Fig. 1. Monthly cahgnes in the rainfall, photoperiod (day length), and air temperature in Tungshih, Yunlin County,
Taiwan.

miogenesis of each animal were determined from
twenty cross-sectioned seminiferous tubules repre-
senting four different cross-sections of each testis.
The proliferation of Leydig cells in the interstitial
tissues was recorded.

Radioimmunoassay of androgen in plasma and
testis

Androgen concentrations in blood plasma and
testis were measured by the radioimmunoassay
described  previously  by  Chen  et  al.  [4].  The
steroids in samples were extracted with diethyl
ether. The average recoveries of the added ster-
oids were 70.2% and 83.3% for plasma and tes-
ticular androgen, respectively, and individuals re-
coveries  were run with  each sample.  The cross
reactivities  of  the  antiserum  with  various

androgens,  in  relative  to  testosterone  (100%),
were:  5a-dihydrotestosterone  (74%),  andro-
stenedione (1.23%), and androstenediol (0.59%)
[59]. Thus, the data are expressed as "androgen"
which mainly representing testosterone and dihy-
drotestosterone.

The coefficient of variation (CV) of the interas-
say was 11.0% (N = 5) and that of intraassay was
6%  (N  =  6)  for  plasma  androgen.  The  CV  of
interassay was 9.2% (N = 8) and that of intraassay
was 2.4% (N=6) for testicular androgen.

Statistical analysis

Analysis  of  variance  (ANOVA)  and  Duncan's
multiple range tests were used to examine differ-
ences among the numerous means. Linear correla-
tions were performed for all variables. Probability
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levels  of  0.05  and  0.01  were  used  to  indicate
significance in comparison of means and correla-
tions [49].

RESULTS

Annual changes in the sizes of body, testis, liver and
fat body

Changes  in  body  weight  and  body  length  are
shown in Table 1 . During the annual reproductive
cycle  of  R.  rugulosa,  body  weights  ranged  from
30-82  g;  and  body  lengths  from  70-92  mm.  The
body weights were greater during May-November

than those during December- April. The weight of
paired  testes  increased  during  Dcember-Febru-
ary,  peaked  in  March,  sharply  declined  in  April-
May, and remained at low levels in June-October
(Table 1). Differential changes in the weights and
lengths of left and right testes were observed (Fig.
2).  The  mean  weight  of  the  left  testis  was  20%
higher than that of the right testis; while, the mean
length of the left testis was 40% higher than that of
the right testis.  The shape of left  testis was less
uniform than that of right testis. In addition, the
annual changes in lengths of both testes were not
as great as those of testicular weight although the
lengths of both testes rose in February- April.

Table 1. Changes in the sizes of body, testis, liver,
cycle of R. rugulosa

and fat body during an annual reproductive

1 The frogs were collected monthly, or more frequently during the active breeding season from march
through June.
2 Number of animals
3 The data are expressed as the means + SE.
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Fig. 2. Changes in the weights and lengths of the left and right testes during an annual reproductive cycle of R.

rugulosa. The data are expressed as the means + SE, and the number of animlas as indicated in Table 1.

Annual pattern in the weights of liver and fat
body are shown in Table 1. The liver and fat body
weights  decreased  in  November-February,
reached the minimal sizes in early May and late
June, repsectively, and increase in early June and
late July, repsectively. In September, both organs
attained  the  maximal  sizes,  and  then  began  to
decrease in late October. Highly significant cor-
relation was observed between liver and fat body
weights  (r=0.60,  p<0.01).  As  shown in  Fig.  3,  an
inverse relationship existed between the hepato-
somatic index and the gonadosomatic index (r'=
-0.828,  p<0.01).  The  correlation  between  fat
body-somatic index and the gonadosomatic index
was, however, not significant.

Testicular development and spermatogenesis
Proliferation of Leydig cells changed with sea-

son  (Fig.  4).  In  November-December  and
January-February,  Leydig  cells  were  sparse  and
difficult to distinguish from other connective tissue
(Fig. 4- A). The Leydig cells began to proliferate
in  late  March  and  were  abundant  in  the  broad
intertubule  space  in  April-July  (Fig.  4-B)  after
which they rapidly decreasd between the decreas-
ing intertubular space (Fig. 4-C).

Seasonal changes in histological observations of
the spermatogenetic cycle in the testis of R. tiger-
ina rugulosa are also representatively shown in
Fig. 4. The spermatogenetic cycle showed every
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Fig. 3. The relations of liver and fat body weights to the testicular weights during an annual reproductive cycle of R.
rugulosa. The data are expressed as mean±SE, and the number of animals as indicated in Table 1. GSI. testes
weight/body weight; HSI, liver weight/body weight; FBSI, fat body weight/body weight.

Fig. 4. Seasonal changes in the spermatogenetic cycle and the proliferation of Leydig cells of R. rugulosa. a, the nest
of primary spermatogonia; b, the nest of secondary spermatogonia; c, the nest of primary spermatocytes; d. the
nest of secondary spermatocytes; e, the nest of spermatids; f. spermatozoa; g. Leydig cells. A. Hibernation
(December). Primary and secondary spermatogonia were the most numerous spermatogenetic cells in this
period. A few clusters of spermatozoa were produced. Leydig cells existed in sparse between the seminiferous
tubules. B. Breeding Season (May). Massive spermatozoa were formed in this period. Leydig cells were
abundant in the intertubular space. C. Postbrccding Season (August). Cell nests of all stages of spermatogenetic
cycle were existent. Few spermatozoa occurred in this period. Leydig cells were greatly reduced in number in the
intcrtubules.
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stage of spermatogenesis year around. Only a few
clusters of spermatozoa were found in the semi-
niferous tubules during hibernation (November-
February) (Fig. 4- A). Massive formation of sper-
matozoa occurred during the active breeding sea-
son mainly in April- June (Fig. 4-B). Spermatozoa
were greatly reduced in number during postbreed-

ing in  August-October (Fig.  4-C).
Significant annual changes occured in the sper-

matogenetic  cycle  (ANOVA,  p<0.01)  based  on
the estimate of the number of various stages of cell
nests from primary spermatogonia to spermatids
(Fig.  5).  In  November-December  of  1986,  ISPG
were most numerous, accounting for 48% of the

1986 1987
Months

Fig. 5. Quantitative changes in different stages of spermatogenesis during an annual reproductive cycle of R.
rugulosa. Values are expressed as the average number of cell nests of various spermatogenetic stages per
seminiferous tubule. ISPG and IISPG, primary and secondary spermatogonia; ISPC and IISPC, primary and
secondary spermatocytes; SPT, spermatids.
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total germinal cell nests; other stages of germ cells
began  to  multiply  in  December.  In  January  and
February, the number of ISPG and SPT declined,
but  those  of  IISPG,  ISPC,  and  IISPC  increased
with  the  rise  in  ISPC  and  IISPC  lagging  behind
that  of  IISPG.  In  March  there  were  increases  in
the ISPG and IISPG followed by sharp decreases
in  April.  ISPG  then  exhibited  a  slight  increase
with  some  fluctuations  in  May-  August;  it  de-
creased  again  in  September,  followed  by  sharp
increases  in  October  and  November.  IISPG  re-
mained  virtually  constant  from  May  through
September, and then increased in October. ISPC
decreased in March-May, and increased again in
June-July;  by  contrast,  a  reverse  pattern  existed
for  IISPC  in  March-July.  At  this  period  (March-
July),  the cell  nests of SPC (the sum of ISPC and
IISPC)  became  the  most  numerous.  During  the
breeding season (March-July), spermatozoa were
massively  formed  from  SPT.  ISPC,  IISPC,  SPT,
and spermatozoa all  reduced in August,  and in-
creased in September-October.

Plasma and testicular androgen levels

Plasma and testicular androgen levels showed
significant  seasonal  changes  (ANOVA,  p<0.05,
Fig.  6).  Plasma  androgen  levels  were  very  low

(<lng/ml)  during  hibernation  (November-
February),  increased  in  late  March,  peaked  in
early May (14.50 + 1.05 ng/ml), decreased sharply
in  late  May  and  June,  and  reached  basal  levels
afterwards (from July through October). Testicu-
lar androgen content was also low during hiberna-
tion  period  (<1  ng/testis),  increased  rapidly  in
early  April  (3.28 +  0.28 ng/testis)  and peaked in
middle (3.88 + 0.45 ng/testis) and late April (3.90
+  0.44  ng/testis);  the  androgen  levels  were  de-
creased markedly in May, followed by a gradual
drop  afterwards,  and  reached  basal  values  in
September  (0.7  +  0.07  ng/testis).  During  the
annual  reproductive  cycle  of  R.  rugulosa,  the
difference between maximal and minimal values in
testicular androgen content was 10 fold, while that
in plasma androgen was 50 fold.

Correlations of plasma androgen concentration
with  testicular  development,  liver,  and  fat  body
are  summarized  in  Table  2.  Highly  significant
correlations  were  observed  between  plasma
androgen levels and testicular androgen content.
There  were  significant  negative  correlations  of
plasma and testicular androgen levels with liver
weight and fat body weight respectively, as well as
with two stages of spermatogonia (the number of
nests  of  primary  spermatogonia,  ISPG,  and  of

Table 2. Correlation coefficients (r) of plasma and testicular androgen levels with sperma-
togenetic cell types, and liver and fat body weights of male R. rugulosa during an annual
reproductive cycle

Plasma androgen Testicular androgen

Testicular androgen
Testicular weight
GSI
Liver weight
HSI
Fat body weight
FBSI
Primary spermatogonia
Secondary spermatogonia
Primary spermatocytes
Secondary spermatocytes
Spermatids

0.734"
0.087
0.288

-0.438 +
-0.448 f
-0.702"
-0.719"
-0.515 +
-0.499*

0.025
0.389

-0.074

1.0
0.188
0.426

-0.460*
-0.466*
-0.696**
-0.707**
-0.628*
-0.403

0.139
0.141

-0.019

Correlation coefficients (r) were analyzed from the monthly means of those parameters. GSI,
gonadosomatic index = testis weight/body weight; FBSI, fat body weight/body weight; HSI. liver
weight/body weight; \ p<0.10; *, p<0.05; **, p<0.01.
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secondary  spermatogonia,  IISPG).  The  rising
phases of both plasma and testicular androgen
levels  were  synchronized  with  active  sper-
miogenesis (Figs. 4-B and 6).

DISCUSSION

Annual patterns of testis, liver, and fat body
A unimodal pattern of annual variation exists in

the  testicular  weight  of  R.  rugulosa.  There  are
significant differences between the maximal and
minimal mean values of both testicular weight (2
fold)  and  GSI  (3  fold)  during  the  annual  cycle.
Such annual  changes in  GSI  of  this  species  are
similar to those of/?, tigerina [44], B. marinus [44],
R. esculenta [21, 43], and B. japonicus [13, 30], but
are different from those of R.  perezi  [6] and R.
catesbeiana  [19,  58],  showing  little  variation  of
GSI. The annual change in the testicular weight of
R. rugulosa also shows a positive correlation with
secondary  spermatogonia  (r=0.625;  p<0.05).
Thus,  the  rising  phase  of  testicular  weight  in
January-March is presumably due to the increases
in the secondary spermatogonia even though other
factors, such as water reabsorption and cellular
hypertrophy, may be involved. On the other hand,
the observations that the testicular weight of R.
rugulosa exhibited some fluctuations during the
entire  breeding  season  (March-July)  and  sharp
decreases in the late breeding season (June-early
July) may be attributed to the evacuation of sper-
matozoa.  We  observed  that  both  lengths  and
weights of left testis were greater than those of
right testis during an annual cycle of R. rugulosa.
Such findings are similar to those of B. bufo and R.
nigromaculata reported by other investigators [53].

In male anurans, the roles of liver in the repro-
ductive cycle include the formation of sex steroid-
binding  proteins,  the  formation  and  storage  of
lipids and carbohydrates for the metabolic activity
of the gonads, the degradation of gonadal steroid
hormones  and  others  [23,  26,  29,  35,  47].  we
demonstrated that a unimodal pattern of annual
change in liver weight exists in male R. rugulosa.
This finding is similar to those of A. crepitans [23],
B.  woodhousei  [23],  B.  canorus  [29],  and  R.
esculenta  [47],  but  is  different  from  that  of  R.

nigromaculata [27],  a temperate species,  which
showing  no  significant  difference  in  the  liver
weight during the annual cycle. We also found that
the annual change in liver weight of R. rugulosa
positively correlates with that of the body weight (r
=0.877,  p<0.01),  but  negatively  with  that  of  the
testicular weight. Such findings are in disagree-
ment with those reported for R. ridibunda [24],
which displaying high positive correlations among
the weights of body, liver, and testes.

The  functions  of  fat  body  on  reproduction  in
male anurans are likely the supply of metabolic
energy for the maintenance of testicular activity
during hibernation, and for androgen production
during the breeding season, as demonstrated in R.
esculenta [28, 43], and in Acris crepitans and B.
woodhousei [23]. Male R. rugulosa, as observed in
the present study, exhibits a unimodal pattern of
annual change in the fat body weight, which being
positively correlated with liver weight, but not with
the  body  weight  (r=0.421,  p>0.05).  The  annual
change in the fat body weight is not correlated with
that  in  the  testicular  weight,  but  is  negatively
correlated with androgen levels in testis and plas-
ma (Table 2). These results are similar to those of
R. perezi [6] and B. japonicus [30] thus support the
proposals that the fat bodies serve as a major lipid
nutrient for metabolic energy in general and in the
testis in particular [5, 8].

Spermatogenetic cycle
The annual spermatogenetic cycles in anurans

have  been  classified  into  three  types:  discon-
tinuous, potentially continuous, and continuous
[22]. Discontinuous spermatogenesis is commonly
found in temperate and cold zone species such as
R.  temporaria  [22];  while  continuous  sperma-
togenesis is characteristic of the spermatogenetic
cycle  of  tropical  and  subtropical  anurans  [22].
Some anuran species such as R. esculenta and R.
tigerina are classified as "potentially continuous
cycle"  where  the  primary  spermatogonia  never
become refractory to gonadotropin and continue
to  undergo  multiplication  until  the  lowering
temperature of autumn and winter causes a re-
tardation [1, 22, 34, 44, 45]. In the present study,
we observed that R. rugulosa inhabiting subtropic-
al Taiwan exhibits a continuous spermatogenetic
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cycle with germ cells of all stages found throughout
the  year,  although  massive  spermatozoa  being
existed in  April-May.

Androgen patterns

Annual changes in plasma androgen levels have
been studied  in  many species  of  male  anurans:
seven temperate  species,  R.  perezi  [6],  R.  cates-
beiana [19], B. japonicus [13], R. esculenta [7], B.
mauritanicus [48], R. ridibunda [55], and R. nigro-
maculata [51]; three subtropical species, P. dacni-
color [41] and B. bufo gargarizans and B. melanos-
tictus  [12];  a  tropical  species,  D.  occipitalis  [17].
These  male  anurans  exhibit  either  unimodal  or
bimodal  types  of  annual  patterns  in  plasma
androgen characterized by a single peak or two
peaks, respectively, of annual circulating androgen
levels [13]. Studies have demonstrated that sub-
tropical male anurans show an annual unimodal
pattern of plasma androgen levels [12, 41], while
temperate male anurans show both unimodal and
bimodal patterns of androgen levels [6, 7, 13, 19,
48, 51, 55]. However, D. occipitalis [17], a tropical
anura, displays a bimodal pattern of annual plasma
androgen  level.  We  have  demonstrated  in  the
present  study  that  male  R.  rugulosa,  inhabiting
subtropical Taiwan, displays a unimodal pattern of
circulating androgen levels during an annual repro-
ductive  cycle.  This  pattern  is  comparable  with
those  of  subtropical  anurans  reported  by  other
investigators [12, 41].

In vitro studies of testicular androgen biosynthe-
sis in Amphibia indicate that dihydrotestosterone
(DHT)  is  the  major  androgen in  Anura  and  that
testosterone (T) is the major androgen in Urodele
[15].  Such  a  conclusion  is  supported  by  in  vivo
investigations  of  the  circulating  androgens  in
Anurans,  R.  catesbeiana  [19],  R.  nigromaculata
[51], R. pipiens [57], Eleutherodactylus coqui [54],
and in Urodeles, Necturus maculosus [2], Salaman-
dra salamandra [18], Pleurodeles waltl [10], and
Ambystoma  tigrinum  [33].  However,  in  several
anuran  species,  such  as  B.  japonicus  [13],  R.
esculenta [38], B. mauritanicus [48], and P. dacni-
color  [41],  T  is  more  predominant  than  DHT  in
circulation.  Whether  T  or  DHT  is  the  predomi-
nant  androgen in  the  male  Chinese  bullfrog,  R.
rugulosa, requires further investigations. In mam-

mals, DTH is identified to be primarily a metabo-
lite  of  T  in  peripheral  target  tissues.  DTH  is
considered to be directly formed by testis of anu-
ran amphibians [11, 15, 16, 31, 32, 36, 37], while it
has  not  been  identified  in  the  testis  of  urodel
amphibians [15, 25, 29, 50, 52]. The physiological
role  of  DHT  in  amphibians  is  not  yet  clearly
defined, and thus needs further studies.

Androgen secretion is regulated by the interac-
tions of hormonal and environmental factors [43,
44]. Rastogi et al. [43] reported that androgen in
R. esculenta shows a negative feedback interaction
with gonadotropins by a study of hypophysectomic
implantation with homoplastic pituitary extract; on
the other hand, in R. catesbeiana, plasma gonadot-
ropins and steroids are simultaneously elevated
throughout most of the reproductive cycle, as well
as  LH  levels  exhibit  a  weak  correlation  with
androgen levels [19].  In B.  japonicus,  Itoh et al.
[13] reported that plasma LH levels, but not FSH
levels,  were  highly  correlated  with  circulating
androgen levels.

Correlation of androgen patterns with spermato-
genetic cycle

The  hormonal  control  of  spermatogenesis  in
anurans has been investigated [6, 40, 41, 43, 44,
58]. It was demonstrated that FSH stimulates the
spermatogenesis on the basis of the studies with
mammalian  hormones  [40,  44].  On  the  other
hand,  the  controversial  results  of  the  effect  of
androgen on spermatogenesis have been reported
in anurans: such as in R. hexadactyla, R. esculenta
and R. tigerina, where androgen exhibiting sup-
pression  of  spermatogenesis  (mainly  at  the  se-
condary spermatogonia stage); and in B. fowleri
and B. arenarum, where androgen showing the
stimulation of spermatogenesis [1, 40, 44]. In male
R. rugulosa, as observed in this study, androgen
levels  in  both  testis  and  plasma  show  a  weakly
reverse correlation with spermatogenetic stages of
primary  and  secondary  spermatogonia,  but  pa-
rallel with changes in the number of spermatozoa.
The role which androgen plays on different stages
of spermatogenesis in R. rugulosa needs further
investigation.
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Relations of androgen patterns to breeding activity

In  male  R.  rugulosa,  we  observed  that  the
pattern of androgen secretion parallels with breed-
ing activity; the circulating androgen peak occur-
ring in early May was found to be coincident with
the  active  breeding  period  in  April-June.  Such
patterns are similar to those of P. dacnicolor [41],
but  different  from  those  of  R.  perezi  [6],  B.
japonicus [13], R. esculenta [38], and R. ridibunda
[55] which showing a peak of plasma androgen
level  prior  to  breeding  season.  The  patterns  of
testicular activity and androgen secretion observed
in male R. rugulosa were synchronized with the
patterns of ovarian maturation and estradiol secre-
tion of the females,  which were simultaneously
investigated in a parallel study at the same frog
culture farm [3].

The role of androgen in induction and subse-
quent maintenance of male reproductive behavior,
has been established in several anurans [14, 48, 54,
57].  For  example,  B.  Mauitanicus  [48]  and  E.
coqui [54] both show a high androgen level during
the amplexing behavior; while, B. japonicus [14]
shows a high androgen level during the migration
behavior. We also observed in the present study
that high androgen levels in plasma of R. rugulosa
are paralleled with its reproductive activity such as
chorussing and spermiation, as well as with nuptial
pad  development  in  relation  to  amplexing  be-
havior. These observations support the proposal
that androgen plays a role in maintenance of the
male reproductive behavior in this species.

Association of environmental factors with repro-
ductive cycle

Effects of environmental cues on male anuran
reproductive cycle have been studied [6, 22, 42, 43,
44, 46]. It was reported that, in most subtropical
and tropical species, rainfall is the most important
factor associated with initiation of breeding activ-
ity since temperature changes little with seasons in
these  areas  [11].  However,  the  mechanisms  of
rainfall in the regulation of anuran reproductive
cycle  are  not  clear  [46].  On  the  other  hand,
temperature is the primary factor in temperate
species,  which  exhibiting  a  cyclic  reproductive
pattern with season. The role of temperature in

the regulation of anuran spermatogenetic cycle has
been investigated in many speices [6, 22, 43, 46].
In R. esculenta, the proliferation of primary sper-
matogonia  is  available  in  low  temperature;  in
addition, the formation of secondary spermatogo-
nia,  and  primary  and  secondary  spermatocytes
occurs with increasing temperature [42, 43]. It was
subsequently demonstrated in this species that the
temperature  plays  a  major  role  in  the  sperma-
togenesis via stimulation of the release of pituitary
gonadotropins and testicular androgen secretion
[43].  Rastogi  et  al.  [43]  also  demonstrated  that
photoperiod serves as a permissive role on temper-
ature  influence  upon  spermatogenesis  of  R.
esculenta. In the present study, we found that the
rising phases of climatic factors (rainfall, tempera-
ture,  and photoperiod)  parallel  temporally  with
active testicular development and spermatogene-
sis, the rising androgen levels in plasma and testis,
and breeding activity during the annual reproduc-
tive cycle of R. rugulosa. Regulatory mechanisms
of environmental factors on a reproductive cycle of
anurans are highly complex, and are presumably
mediated by a pathway of optic or other transmis-
sions  to  the  hypothalamo-hypophysial-gonadal
axis.
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