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Effects of Physical Parameters and Age on the Order of Entrance of
Hynobius leechii to a Breeding Pond
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ABSTRACT: To determine the age structure of a Hynobius leechii breeding population and analyze relationships
between the order of entrance to breeding ponds and physical parameters and age, we studied a wild population
of the species in the Research Forests of Kangwon National University in Chuncheon, Kangwon, South Korea
from March 16 to April 13, 2005. The age of breeding males ranged one to nine years old and that of females
ranged from three to nine years old. The asymptotic sizes of males and females were 6.36 and 6.51 cm,
respectively, and the growth coefficients of males and females were 0.71 and 0.81, respectively. The snout-vent
length (SVL), head length, and body mass of males were all positively correlated with their age, but female age
did not show a significant relationship with any physical parameter. The tail depth, body mass, and condition
factors (SVL/body mass x 100) of both males and females were negatively related with the order of entrance
to the breeding pond. The head width and SVL of males were also negatively correlated with the order of
entrance, but the SVL of females was positively related with the order of entrance. These results suggest that
physical parameters are more important determinants of breeding migration patterns than age. We discuss which
of two hypotheses, the mate opportunity hypothesis and the susceptibility hypothesis, is better able to explain
the order of entrance to breeding ponds for male and female H. leechii.

Key words: Amphibian, Hynobius leechii, Mate opportunity hypothesis, Migration, Salamander, Skeletochro-

nology, Susceptibility hypothesis

INTRODUCTION

In many different animal taxa inhabiting temperate zones, bree-
ding males arrive at breeding sites earlier than breeding females
(Morbey and Ydenberg 2001), a pattern referred to as protandry.
Several different hypotheses, such as rank advantage (Ketterson and
Nolan 1976), mate opportunity (Iwasa et al. 1983, Douglas 1979,
Semlitsch et al. 1993, Lodé et al. 2005), mate choice (Wang et al.
1990), constraint (Gauthreaux 1978, Wiklund and Solbreck 1982),
and susceptibility (Ketterson and Nolan 1983), have been proposed
to explain protandry. In amphibians, the mate opportunity hypo-
thesis-that breeding males arrive at a breeding site earlier than
females to increase their mating opportunities-has been widely
accepted as the most plausible hypothesis, but has not been directly
investigated. However, a recent study (Miwa 2007) showed that the
time of amphibians’ breeding migrations is affected by environ-
mental conditions in their hibernation sites in early spring, which
is more compatible with the susceptibility hypothesis.

The operational sex ratio (OSR) of Hynobius leechii in breeding
populations was male-biased, with about 1 female for every 3.8
males (Park and Park 2000), so males are faced with strong intra-

sexual competition for mating opportunities. In general, three to
four males simultaneously mate with a single female (Park et al.
1996, Park and Park 2000). Breeding males arrive at a breeding
pond two to three days earlier than females and stay at the pond
for approximately 10 days (Sung et al. 2005). During the breeding
season, since few food resources are available in breeding ponds,
males staying at the ponds lose substantial proportions of their body
mass, but these males may also participate in multiple matings,
potentially resulting in increased reproductive success. Females ge-
nerally arrive at breeding ponds when it is raining (Sung et al.
2005). During a breeding season, therefore, the OSR varied greatly
depending on how many males stayed in a pond and how many
females arrived at the pond on a specific day (Park and Park 2000,
Sung et al. 2005). Although previous studies have reported that
breeding males arrive earlier than females at breeding ponds, they
have not explored how different physical parameters and individual
age affect the order of entrance of H. leechii to breeding ponds.

If the order of entrance of H. leechii to breeding ponds is the
primary determinant of mating opportunities (Iwasa et al. 1983, Dou-
glas 1979, Semlitsch et al. 1993), then we expect large males to
arrive at a given breeding pond earlier than small males. Small
males who cannot endure harsh environmental conditions in bree-
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ding ponds, such as freezing water and low food availability, may
be forced to wait until the later part of the breeding season, when
environmental conditions are milder, to enter the breeding pond.
Females should tend to appear in the middle of the breeding season
to increase their chances of encountering sufficient males in the
breeding pond while avoiding the disadvantages of early arrival. In
addition, considering that the ages of individual salamanders reflect
their breeding experience (Woodrey and Chandler 1997, Dolbeer
1982, Reading 2001), older males may arrive at the breeding pond
earlier than younger males. On the contrary, if the susceptibility
hypothesis (Ketterson and Nolan 1983, Douglas 1979) explains the
pattern of entrance of H. leechii to breeding ponds, then small
males and females should arrive at the breeding pond earlier than
large males and females, as metabolic rate and respiration rate
studies suggest that large individuals have higher metabolic and
respiration rates and therefore are more vulnerable to mortality
resulting from long-distance migration in low temperature (Ryan
and Hopkins 2000, Finkler 2006).

In this study, we determined the age structure of a H. leechii
breeding population, analyzed relationships between the order of
entrance to a breeding pond and physical parameters and age, and
evaluated two competing hypotheses about the causes of variation
in male and female order of entrance to the breeding pond.

MATERIALS AND METHODS

Study Site

The study site, a small pond, is located in the Research Forests
of Kangwon National University (37°46'19", 127°48'56"). The
pond is produced and maintained by the flow of water underground
from a mountain stream, and had not run dry for at least four years
prior to the study. We described the study site in detail in a
previous publication (Sung et al. 2005).

Monitoring a Breeding Population

To capture salamanders entering and exiting a breeding pond, we
constructed a drift fence with nine pitfall traps surrounding the pond
at a 1 m distance from the edge of the pond on March 18, 2005.
The nine rectangular pitfall traps (23 x 15 x 15 cm), four inside and
four outside of the fence and one in the waterway of the under-
ground stream, were buried and attached to the fence. We filled
each trap with water to a 5 cm depth to prevent captured salaman-
ders from drying and placed several leaves and two plat pebbles in
each trap to provide hiding places.

A total of 16 field surveys were conducted from March 16 to
April 13, 2005. Daily surveys were made between 1,600 and 2,300
h. During a survey, we checked each pitfall trap 1~4 times a day
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to determine whether salamanders were caught. When salamanders
were captured, we recorded the date, time, and location of capture
for each individual, and measured physical parameters such as total
length, SVL (snout-vent length), body mass, head length and width,
and tail depth on a plastic plate dish (23 x 15 cm).

After recording physical parameters, we toe-clipped each indi-
vidual for individual identification and reserved the clipped toes in
10% neutralized-formalin for a skeletochronological study. Sala-
manders caught in pitfall traps located outside of the fence were
released inside the fence, and salamanders caught in pitfall traps
inside of the fence were released outside the fence. Female sala-
manders caught in the trap placed on the waterway inside of the
fence were classified as ovulated or oviposited based on the pre-
sence or absence of visible eggs in the abdomen, and males were
classified as toe-clipped or non-clipped. Ovulated females and non-
clipped males were released inside of the fence. Oviposited and
toe-clipped males were released outside of the fence. When we
re-captured a salamander, we treated it following the above pro-
tocol. We considered a salamander caught in a the breeding pond
as an earlier arriver at the breeding site than a salamander caught
in the pitfall traps if both salamanders were discovered on the same
day and at the same survey time.

Skeletochronology

To prepare the clipped toes for skeletochronology in the labo-
ratory, we followed the procedures of Hemelaar (1985). We first
cleaned the clipped toes by washing them in tap water for 24 hrs
and the decalcified them by submerging the toes in 5% nitric acid
for 20~30 min. After another 24 hrs of washing with tap water,
we paraffin-embedded the toes after a serial dehydration processes,
cut them into sections at 10 xm thickness using a rotary microtome
(Erma Inc. Tokyo), stained the sections using the Harris Eosin-
Haematoxylin method (Presnell and Schreibman 1997), and ob-
served them under a microscope (x 400). Growth zones and LAGs
(line of arrested growth) were visible in cross sections of the
phalanges (Fig. 1). The number of LAGs was counted following the
methods of Leary et al. (2005). Individual age was independently
estimated by the two authors. When the determinations of the two
authors were different, we corroborated the LAG scores and drew
a consensus conclusion.

Amphibians show an S-shaped growth curve like most ecto-
therms (Atkinson and Sibly 1997). We estimated the growth curve
using the model of von Bertalanffy (1938) as follows: Si= Sy — (Sm
-S0)e™ " where S; = average body length at age t, S, = asymp-
totic body length, So = hody length at metamorphosis, t = number of
growing seasons experienced, t = age at metamorphosis, and K =
growth coefficient (i.e., the shape of the growth curve).
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Fig. 1. Phalangeal cross sections of a 4-year-old male (left) and a 4-year-old female (right) Hynobius leechii from the study population. Each
black arrow indicates a line of arrested growth (LAG). MC represents the medullary cavity. Magnification x 400.

We estimated the age at metamorphosis as 0.3. The von Bertalanffy
growth model was fitted to the average growth curves using the
dynamic fitting method with SigmaPlot 10.0 (Systat Software Inc.).

Statistics

Since most data showed distributions that were not significantly
different from normal (Shapiro-Wilk's normality test, p > 0.05, ex-
cept head length and staying time), we used Pearson correlation
analysis to analyze relationships among physical parameters, age,
staying time, and order of entrance to a breeding pond. To compare
differences between male and female physical parameters, growth
coefficients and asymptotic size, we applied the independent sample
t-test. Numerical data in the text are presented as mean + SD.

RESULTS

During the breeding season, we captured a total of 58 males and
87 females. We included in our analyses 43 males and 32 females
for which age could be determined. The age of breeding males
ranged from one to nine years old and most males (69.8%) were
between three and five years old (Fig. 2). The asymptotic size of
males was 6.36 cm and the growth coefficient was 0.71 (Fig. 3).
The age of breeding females ranged from three to nine years old.
The age of most females (87.5%) were between four and seven
years old. The asymptotic size of females was 6.51 cm and the
growth coefficient was 0.81.

The average age of breeding females was older than that of
breeding males (t=2.24, df =73, p<0.028; Table 1, Fig. 2), but
the asymptotic sizes and growth coefficients of breeding males and
females were not significantly different (t-test, p > 0.05, Fig. 3). The

SVL, body mass, and condition factor of females were greater than
those of breeding males (t-tests, p < 0.05, Table 1), while head width
and tail depth of males were greater than those of females (t-tests,
p<0.05 Table 1). Head length was not different between males
and females (t-test, p > 0.05, Table 1).

Male ages showed significant positive relationships with their
SVL, head length, and body mass (Table 1, Fig. 4), but female ages
did not show any significant relationships with their physical para-
meters (Table 1, Fig. 4). There was no significant relationship bet-
ween the order of entrance to the breeding pond and age for males
or females. For males, the order of entrance to the breeding pond
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Fig. 2. Age distribution of breeding male and female Hynobius leechii
in the study population.
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Fig. 3. Growth patterns of male and female Hynobius leechii in the
study population, fitted to the von Bertalanffy's equation (1938).
The annual growth rates and asymptotic sizes of males and
females were not different.

was negatively correlated with SVL, head width, tail depth, body
mass, and condition factor (Table 1, Fig. 5). For females, the order
of entrance was also negatively correlated with tail depth, body
mass, and condition factor, but positively correlated with SVL
(Table 1, Fig. 5). Within the breeding site, males with large SVL
stayed longer than smaller males, while females with small SVL
stayed longer than larger females (Fig. 6).

DISCUSSION

In our study, the order of entrance to the breeding pond was not
related to age, but individuals having better body condition arrived
at the pond earlier. Males with larger SVL arrived earlier, while
females with smaller SVL arrived earlier. These results suggest that
the mate opportunity hypothesis can adequately explain the order of
arrival for males at a breeding pond, whereas the susceptibility
hypothesis explains some of the variation in the order of arrival for
females. The different patterns for the two sexes might be caused
by high intra-sexual mating competition in males and little to no
intra-sexual competition for mates in females.

Amphibians that are ectotherms generally do not actively adjust
their physiological condition in response to environmental changes
unless the changes are critical to maintain their normal homeostasis
(Brattstrom 1963). Therefore, the susceptibility hypothesis may ex-
plain the order of entrance of H. leechii to breeding ponds in the
spring (Douglas 1979, Hasumi and Kanda 2007). In a Japanese
mountain frog study, the number of times that frogs were exposed
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to DCT (daily cumulative temperature, defined as the cumulative
excess of temperature above a minimum threshold for the animals
from a reference date) determined the time that they initiated their
breeding migration (Miwa 2007). There is a possibility that H. lee-
chii may also use such a mechanism. Since at low temperatures,
large males and large females could face higher risk during mig-
ration than small males and females (Ryan and Hopkins 2000,
Finkler 2006), the susceptibility hypothesis predicts that small indi-
viduals should enter a breeding pond earlier than large individuals.
However, in our study, large males arrived at the breeding pond
earlier than small males, which is not consistent with the suscep-
tibility hypothesis. Also, both in males and females, heavier males
and females and those in better body condition arrived at the bree-
ding pond earlier, which is not consistent with the susceptibility
hypothesis. However, females with small SVL arrived at the pond
earlier than large females, which supports the susceptibility hypo-
thesis. Therefore, at the moment, our result showed that the sus-
ceptibility hypothesis cannot explain the order of entrance to bree-
ding ponds for males, but may explain in part the order of entrance
for females. Hibernation in different sites may also result in diffe-
rent arrival patterns for males and females (Ketterson and Nolan
1976), but urodele males and females usually use similar sites for
hibernation (Smith and Green 2006). Future studies should exa-
mine how individuals of different sexes and different sizes respond
to environmental changes and whether their responses directly
affect the order of entrance of salamanders to breeding ponds.
In our study, males with large SVL arrived at a breeding pond
earlier than small males, which supports the mate opportunity hy-
pothesis. Larger males with better body condition arrived early at
the breeding pond and stayed longer within the pond. This beha-
vior may allow large males to have more opportunities to mate
than later-arriving and shorter-staying small males. Since food is
very limited in the breeding pond during the breeding period (Park
and Park 2000, Sung et al. 2005), large individuals with more
energy stored may be able to stay in the pond longer than small
individuals, who have relatively little usable stored energy. Since
there is higher risk in the early breeding season for failed fer-
tilization and freezing, and the late breeding season is characterized
by the presence of a greater proportion of small, lower-quality
males, better- conditioned females might be predicted to arrive in
the middle of the breeding season. However, in our study, better
conditioned, but small females arrived at the breeding pond early,
which is not consistent with our expectation, suggesting that fe-
male arrival pattern does not follow the predictions of the mate
opportunity hypothesis. Furthermore, age of males and females did
not show significant relationships with the order of entrance to the
breeding pond, suggesting that other factors that were not consi-
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Table 1. Relationships among physical parameters, age, and order of entrance to the breeding pond for breeding male and female Hynobius leechii.
a, Pearson correlation coefficient (r); b, Type | error probability (P); *, P<0.05. The sample size for the staying time was N =26 and

all other sample sizes were N =43 for males and N =32 for females.

SVL Head length  Head width  Tail depth Body mass Condition factor  Staying time
0.594°
Head length .
ead leng 0.000b
0.672 0.607
H idth R R
ead widt 0.000 0.000
. 0.398 0.165 0.486
Tail depth . .
0.008 0.291 0.001
0.648 0.416 0.684 0.704
Body mass . . . .
0.000 0.006 0.000 0.000
Male
. 0.236 0.154 0.459 0.637 0.882
Condition factor . . B
0.128 0.323 0.002 0.000 0.000
Staving fime 0.437 -0.184 0.247 0.338 0.226 0.018
ying 0026 0.369 0225 0092 0267 0931
Ade 0.406 0.438 0.182 -0.004 0.328 0179 -0.091
g 0.007" 0.003" 0.244 0978 0.032" 0.250 0.658
Order of entrance -0.431 -0.079 -0.406 -0.660 -0.474 -0.346 -0.609
to the pond 0.004" 0.615 0.007" 0.000" 0.001° 0.023" 0.001"
0.071
Head length
ead lengtl 0701
0.629 0.053
Head width .
0.000 0.773
. -0.142 0.006 0212
Tail depth
0.437 0.974 0.243
Body mass 0.256 0.067 0.234 0.399
y 0.157 0.714 0.197 0.024"
Female
o -0.098 0.040 0.028 0.476 0.936
Condition factor « .
0.595 0.830 0.877 0.006 0.000
o -0.556 -0.179 -0.311 0.265 0.287 0.494
Staying time « "
0.003 0.382 0.122 0.191 0.155 0.010
Ade -0.035 0.216 -0.050 0.028 0.041 0.040 -0.239
g 0.851 0.236 0.788 0.881 0.822 0.828 0.239
Order of entrance 0.443 0.063 -0.050 -0.589 -0.559 -0.743 -0.735
to the pond 0.011° 0.732 0.788 0.000" 0.001° 0.000" 0.000"

dered in this study affect the order of entrance of H. leechii to

breeding ponds. Future studies should attempt to clarify whether
variation in the size of males and females is correlated with va-
riation in mating success, and if so, whether the relationship is
mediated by their order of arrival at the breeding pond over the

breeding period.

Tail depth is believed to be a good indicator of body condition
for breeding male and female H. leechii. In urodeles, the tail is one
of the sites used for storage of nutrients. The tail depth is regulated
by sex hormones and prolactin (Dent 1975) and in conditions of
food deprivation the tail depth greatly decreases (Pool and Dent

1977). In our study, tail depth was correlated with male and female



188

Head length (cm) Snout-vent length (cm)

Body mass (g)

Fig. 4.

condition factors, meaning that salamanders having a greater tail
depth are healthier. Also, the order of entrance to the breeding pond
showed a strong negative correlation with the tail depth, suggesting
that males and females having a greater tail depth arrived at the
pond earlier and stayed longer. Jeon et al. (2005) showed that tail
depth in Korean salamanders affects the generation of water vib-
rations which are used in intra-sexual competition. It would be in-
teresting to know whether the tail depth is responsible for the qua-
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Relationships between age and physical parameters for males (A, C, E) and females (B, D, F). Males' snout-vent length (SVL, A), head
length (C), and body mass (E) were positively correlated with their age, whereas no physical parameter of females was significantly

correlated with their age.

lity of mating signals of male salamanders.

Our study is the first to determine the age structure of a urodele
population in Korea. However, several previous studies have de-
termined the age structures of other Hynobius breeding populations.
Ento and Matsui (2002) reported that the youngest individuals ob-
served mating were four-year-old males and five-year-old females
of H. nebulosus, whereas five-year-old males and seven-year-old
females were the youngest H. kimurae to reproduce (Misawa and
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Relationships between the order of entrance to the breeding pond and male (A, C, E, G) and female (B, D, F, H) physical parameters.
The tail depth, body mass, and condition factor of both males (C, E, G) and females (D, F, H) showed significant relationships with the
entering order. Male's snout-vent length (SVL, A) was negatively correlated with the order of entrance, but female's SVL (B) was positively
correlated with the order of entrance.
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Fig. 6. Relationships between the staying time in the breeding pond
or at the breeding site and the snout-vent length (SVL) of
breeding male (A) and female (B) Hynobius leechii. Larger
males stayed at the pond longer, while smaller females stayed
at the breeding site longer.

Matsui 1999). In our study, one-year-old male and three-year-old
females were observed mating. These differences may result from
methodological problems, as several studies have reported diffi-
culties in determining the age of amphibians using skeletochrono-
logy (Hemelaar 1985, Wake and Castanet 1995, Eden et al. 2007,
Lee et al. 2008). However, to date, skeletochronology is still con-
sidered to be the most reliable method to determine the ages of am-
phibians, and is used by many researchers (Trenham et al. 2000,
Ento and Matsui 2002).

In conclusion, our study suggests that intra-sexual mating com-
petition may shape the pattern of arrival of male H. leechii at bree-
ding ponds and that body condition, such as the amount of stored
energy, may also affect their immigration schedule. Our study is the
first to determine the age structure of a urodele breeding population
in Korea.
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