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Most speciesof the genus Eleutherodactylus Duméril & Bibron,
1841 are direct developerswith eggslaid in terrestrial sites (Wake
1978). Internal fertilization occursin two speciesand may be more
widespread within the genus (Townsend et al. 1981; Townsend
and Stewart 1994). Live-bearing occurs in at least one species
(Eleutherodactylusjasperi; Wake 1978). Despite these uncommon
reproductive features among anurans, detailed aspects of repro-
ductive biology are known for only a few species of the genus
(e.g., Diesd etal. 1995; Donnelly 1999; Lutz 1944; Lynnand Lutz
194643, b; Ovaska and Rand 2001).

Eleutherodactylus binotatus is a common species distributed
along Atlantic Rainforest in Brazil but data on its natural history
are scarce (Haddad and Sazima 1992; Pombal and Gordo 2004).
The objects of this study are: A) to present data on E. binotatus
femal e reproductive investment verifying the correlation between
female snout-vent length and the number of ovarian follicles of
thelargest size class; and B) to analyze the reproductive seasonal -
ity in E. binotatus by evaluating the seasonal variation of total
ovarian mass, the number, and mean diameter of ovarian follicles
of the largest size class.

We examined 36 adult femal e Eleutherodactyl us binotatus col-
lected in afragment of Atlantic Rainforest (22°01’ S 43°31'W; ca.
600m above sealevel), at Municipality of Belmiro Braga, State of
Minas Gerais, Southeastern Brazil. Individuals were collected
during three seasons: thefirst wet season from September 2000 to
March 2001; the dry season from April to September 2001; and
the second wet season from October 2001 to March 2002. Speci-
mens are housed in the herpetological collection of Museu
Nacional, Rio de Janeiro, Brazil (MNRJ27371-72, 27376, 27380,
27383, 27386-87, 27394, 27397, 27404, 27409, 27411, 27414,
27417-18, 27420, 27422-24, 27446, 27448, 27451-52, 27460,
27474-78, 27490, 27492-93, 27556, 28317-18, and 28479).

Reproductive maturity of adult females was determined by ovi-
duct condition according to Lynch and Duellman (1997). The
snout-vent length (SVL) was measured with calipers to the near-
est 0.1 mm. Ovaries were removed and weighed on an electronic
balance to the nearest 0.001 g. Ovaries always presented several
follicles grouped in different, discrete size classes. We considered
only follicles of the largest size class from each ovary as we as-
sumed these follicles constitute a single clutch. The ovarian fol-
licles of the largest size class in ovaries were counted and mea-
sured under a stereomicroscope with an ocular micrometer.

We examined the rel ationship between the SVL and the number

of ovarian follicles of the largest size class using a Pearson’stest.
We performed an Analysis of Variance (ANOVA) to test for dif-
ferences among seasons regarding 1) ovarian mass, 2) number,
and 3) mean diameter of follicles of the largest size class.

Females were divided into two categories according to ovarian
mass (females with ovarian mass greater than 0.560 g and smaller
than 0.560 g; this corresponds to the mid-point of the total range)
in order to determine the frequency of females with the highest
ovaries through time and to estimate the approximate time of
clutching.

At the study site, female E. binotatus ranged in body size from
44.3 to 55.7 mm ( = 49.8 £ 2.3 mm); ovarian mass ranged from
0.011 gto 1.128 g ( = 0.389 £ 0.340 g); the number of follicles of
the largest size class ranged from 20 to 67 ( = 32.5 £+ 10.1), and
mean diameter of folliclesof thelargest size classranged from 1.1
mm to 4.6 mm (= 2.6 £ 1.0 mm) (Table 1).

Correlation between the number of follicles of the largest size
class and the snout—vent length of female E. binotatus was not
significant (r = 0.0553; p = 0.78). Significant correlation between
femaesizeand clutch sizeiscommonin anurans (Kuramoto 1978;
Salthe and Duellman 1973). However, Crump (1974) found this
correlationin only to 26.8% of studied speciesin atropical anuran
community. In some species of the genus Eleutherodactylusthere
is a correlation between egg number and female size (e.g. E.
altamazonicus, E. lacrimosus, and E. lanthanites: Crump 1974,
E. coqui: Townsend and Stewart 1994, E. johnstonei: Bourne 1997,
and E. bransfordii: Donnelly 1999) but Crump (1978) found no
significant correlation in E. conspicillatus, E. croceoinguinis, E.
martiae, E. ockendeni, E. pseudoacuminatus, and E. variabilis, as
well Ischnocnema quixensis, a species that also has direct devel-
opment. Species of Eleutherodactylus have, in general, smaller
clutches with larger eggs than other genera (Salthe and Duellman
1973; Wake 1978). Probably, egg sizeismoreimportant than clutch
size to the reproductive success of species with direct develop-
ment. Unfortunately, we did not test this hypothesisin the present
study because our size datareferred to follicles at different stages
of development and we could not estimate the final size of eggs
from our data.

There is no significant difference among wet and dry seasons,
on ovarian mass (F = 0.5379; df = 1, 34; p = 0.47), number of
follicles (F = 2.1898; df = 1, 26; p = 0.15), and mean diameter of
follicles (F =0.0919; df = 1, 26; p = 0.76). Nevertheless, females
with the heaviest ovaries (ovarian mass higher than 0.560 g) were
found only from September to November (Fig. 1). Furthermore,
development of ovarian follicles of the largest size class (indi-
cated by the variation in mean diameter of folliclesover time; Fig.
2) showed fallicles growing during the dry season (April to Sep-

TaBLE 1. Mean, standard deviation (SD), and range of snout—vent length
(SVL), ovarian mass, number, and mean diameter of follicles of thelarg-
est size class of female Eleutherodactylus binotatus (N = 36).

Variables mean = SD range
SVL (mm) 498+23 44.3-55.7
Ovarian mass (g) 0.389 + 0.340 0.011-1.128
Number of follicles 325+10.1 20-67
Follicles mean diam (mm) 26+10 1146

Herpetological Review 37(2), 2006 149



N of females
B B B B b

=t

J FMAMIIJT AGSOND

MMonths

B

M ot females

Dec - Feb Mar 3;1“.3,'. Jun - Auag . Suep Nov
Combmed Months

Fic. 1. Number of female Eleutherodactylus binotatus with ovarian
mass higher than 0.560 g (black) and females with ovarian mass smaller
than 0.560 g (gray), datawere summed for months sampled during differ-
ent years. (A) Month to month and (B) combined three-to-three months.

tember) and reaching a developmental peak at the beginning of
the wet season (October to November). Thispeak isfollowed by a
decrease in the mean diameter of follicles, suggestive of anendto
the clutching period.

The statistical tests only compare the means among the differ-
ent seasons and the graphs demonstrate that the follicles are uni-
formly middle sized in the whole dry season and the largest fol-
licles are present especially at the beginning of the wet season
while the smallest follicles are present at the ending of this sea
son. Thus, despite the not significant different means, we could
assume that the reproduction in E. binotatus is seasonal, occur-
ring at the beginning of the wet season. Thisis aso the time pe-
riod of the highest vocalization activity of male E. binotatusin the
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Fic. 2. Mean diameter in millimeters of ovarian follicles of the largest
size class in female Eleutherodactylus binotatus from September 2000
(S) to March 2002 (M), presenting polynomial of third order trendline.
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same population (C. Canedo, unpubl. data).

In the Atlantic Rainforest, in Southeastern Brazil, most anuran
speciesreproduce only during the wet season (e.g., Pombal 1997),
aswefound for E. binotatus. However, Eleutherodactyl us species
have continuous reproduction along the year showing seasonal
variation only in thefrequency of reproductive activity at Amazo-
nian Rainforest (e.g., Bourne 1997; Towsend and Stewart 1994)
and Costa Rican Rainforest (Donnelly 1999).

We conclude that the studied E. binotatus population: 1) pre-
sents no significant correlation between number of follicles and
size of females, and 2) present seasonal reproduction, occurring at
the beginning of the wet season.
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California Newts (Taricha torosa) inhabit the streams and sur-
rounding terrestria habitatsalong the Californiacoast. Inthewinter
and spring, adultsmigratefrom terrestrial habitatsto nearby streams
or ponds for breeding. Few studies have examined the behavioral
patterns of adult T. torosa in any great detail, but extensive popu-
lation and migration studieson T. rivularis have demonstrated site
fidelity and homing behavior in individuals displaced from cap-
ture locations during the breeding season (Twitty 1966). Sala-
mandersin other families (e.g., Ambystomatidae, Plethodontidae)
have been shown to possess strong breeding pond fidelity from
season to season (Mathis 1989; Trenham et al. 2000), and we sus-
pected that this characteristic existsin T. torosa as well.

However, demonstrating breeding sitefidelity in Tarichaischal-
lenging experimentally, due to both their longevity and the diffi-
culty that liesinidentifying individual newts and their migrations
from year to year. We examined PIT tagging as amarking method
for identification in T. torosa. This marking technique was suc-
cessful over our long-term study and enabled usto confirm breed-
ing site fidelity in this species.

Site fidelity in newts was first verified by the use of coded toe
clipping, but that technique was reliable for only a couple years
following marking because newts regenerated amputated append-
agesand limbs (Twitty 1966). Radio transmitters, either surgically
implanted or inserted into the sadlamanders’ abdomen (Jehle 2000;
Madison 1997), are not practical for long-term studiesdueto their
limited battery life. While heat branding can be used to identify
individuals years after their initial capture (Peterson et al. 1983),
the use of passive integrated transponders (PI T tags) has been in-
troduced recently as a more reliable technique (Trenham et al.
2000).

We conducted amark-recapture study of T. torosain Cold Creek,
Cadlifornia(LosAngelesCo.), astream located in the SantaMonica
Mountains Using permanent geographic land markers, we mapped
700 m of the stream. We surveyed this stream section annually

from 1991 to 2003 and recorded the location, sex, SVL, and mass
of adult newts. From 1991 to 1994, 36 adults were marked with
PIT tags manufactured by AVID. Newts were anesthetized using
MS222 and tags were inserted into the abdomen using a syringe.
Theincision was closed using New Skin® (Medtech). Each sub-
sequent year until 2003, on several days during the breeding sea
son, the stream was mapped and surveyed as before. Newts en-
countered during surveys were captured and scanned for a PIT
tag. Recaptureswere measured and weighed, and the distance from
their first location was determined. Many individualsin this study
were captured several timesin a single breeding season, but only
the datafor their first capture of the season wasincluded in analy-
SES.

Through 2003, 14 of 36 (39%) tagged T. torosa adults were
recaptured among years, up to 11 years post-tagging (mean 763
d). A few adults were captured more than once for a total of 22
recaptures. Each recapture increased in length (mean (SD): 0.12
(0.16) cm) and body mass (mean (SD): 1.11 (2.47) g) from when
they had most recently been collected. Upon recapture, the mean
distance between an individual’s recapture site and site of initial
capture was 15.5 m (SD: 30.1 m). Fourteen of the 22 total recap-
tures occurred at or within 10 m of an individua’s original cap-
ture.

Our data demonstrate the utility of PIT tags for long term stud-
iesin newts and documentation of life history and population de-
mography information. Our study is the first to document the po-
tential lifespan of the California newt in the wild. One female,
recovered in 2000, was originally tagged in 1991 and was last
recaptured in May of 1993. Two males, originally markedin 1994,
wererecaptured and recorded in April of 2003, along with another
male who had not been observed in the field since his original
capturein 1992, 11 years earlier. Given that Taricha do not reach
sexual maturity until at least three to four years of age in males,
and dlightly longer in females (Twitty 1959), the four individuals
captured 9-11 years after their initial marking are likely, at mini-
mum, 12-14 years of age.

In Southern California, the 6-12 week breeding period for T.
torosa can last into May, but most adults leave the streams within
several weeksfollowing thisperiod and densitiesdrop to near zero
over the course of the summer (Kats et. al 1994; Petranka 1998).
Adults emerge from below ground and do not reenter streams,
ponds, and reservoirs until after late Fall rains (Stebbins 2003).
Our findings suggest that many individuals return to almost the
exact locations within the stream among years. Exactly how T.
torosa orient to the same location along a stream year in and year
out is unknown. In T. rivularis and T. granulosa, Twitty (1959)
ruled out visual navigation using landmarks and memorization of
the topographical pattern of an individual’s home range, and sug-
gested navigation by a chemical mechanism. Extra-ocular mag-
netic orientation is now known in the red spotted newt,
Notophthalmus viridescens (Deutschlander et. al 1999).

Acknowl edgments.—\We thank Tom Vandergon for his valuable field
assistance, the Mountains Restoration Trust for accessto Cold Creek and
continuing support of stream ecology research in the SantaMonicaMoun-
tains, and the Natural Science Division at Pepperdine University for pro-
viding the equipment used in this study.

Herpetological Review 37(2), 2006 151



