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Abstract
In this study, in order to determine how climate change may affect amphibian and reptile communities, we surveyed 

the numbers of egg clumps and adults of amphibians and the number of reptiles at eight amphibian and nine reptile 

survey sites in Woraksan National Park from March 2005 to September 2009. We assessed the relationships among six 

climate factors (annual minimum temperature, annual maximum temperature, monthly mean temperature, monthly 

mean precipitation, monthly mean temperature during winter, and monthly mean precipitation during winter); species 

diversity, evenness, and richness indexes for both amphibians and reptiles; and the number of each species and egg 

clumps of three amphibian species. First, both the amphibian and reptile species indices evidenced sudden changes in 

2007, when climate factors in Korea fluctuated substantially. Second, amphibian diversity and evenness were negatively 

related with annual minimum temperature. Increased monthly mean precipitation had a positive effect in mountain 

edge sites, but a negative effect in valley sites. Third, reptile species evenness was positively related with monthly mean 

precipitation. In particular, the monthly mean temperature in the winter season affected the numbers of the Dione's rat 

snake and the Korean tiger keelback snake. These results indicate that amphibian and reptile communities are respond-

ing to climate change in a variety of ways.
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INTRODUCTION

Recent climate changes have been affecting various 

aspects of the lives of many different plant and animal 

taxa (Walther et al. 2002, Parmesan 2006, Willis and 

Bhagwat 2009, Gilman et al. 2010). Should this trend con-

tinue, many species are expected to become extinct in 

the near future (Brook et al. 2008). Thus, many countries 

are monitoring various field populations and evaluating 

the direct and indirect effects of climate changes on these 

populations (Araújo et al. 2006, Whitfield et al. 2007, Lau-

rance 2008, D’Amen and Bombi 2009). In particular, am-

phibians and reptiles are employed widely as model taxa 

for studies of how climate changes affect animal ecology, 

as the small, poikilothermal bodies of amphibians and 

reptiles render them quite sensitive to environmental 

changes (Wake 2007, Whitfield et al. 2007).

It is difficult to detect declines or changes in field 

populations or communities following environmental 

changes without instituting long-term monitoring of the 

populations and communities both prior to and after 

the environmental changes occur (Blaustein et al. 2003). 

Therefore, developed countries have been conducting 

long-term monitoring of various plant and animal taxa 

and have begun to use the data obtained from the moni-

toring to deal with recent climate changes (Gibbs and 

Breisch 2001, Reading 2007, Whitfield et al. 2007, Hartel 

2008, McMenamin et al. 2008, Olson 2009).
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ed small ponds, wetlands, or agricultural lands located at 

the edges of mountains. For the reptile surveys, we se-

lected approximately 50 m × 50 m areas, which included 

dry lands, rocky sites, and abandoned crop fields. Of the 

nine reptile survey sites, six were in the amphibian sur-

vey quadrates, and three sites were near the quadrates, 

thus ostensibly increasing the likelihood of finding rep-

tiles during surveys.

Survey methods

We conducted amphibian and reptile surveys once per 

month from March to September, from 2005 to 2009 (total 

35 times). Between March and May, our surveys focused 

on amphibians, but between June and September, they 

focused on reptiles. For the amphibian surveys, we scru-

tinized entire survey sites, found and identified individu-

als based on the methods described by Kang and Yoon 

(1975), and recorded all the individuals detected. In the 

valley sites, two persons slowly walked along the stream 

line, finding and recording all individuals. Additionally, 

we counted and recorded the numbers of egg clumps of 

the Korean salamander (Hynobius leechii), Dybowskii's 

brown frog (Rana dybowskii), and Korean stream brown 

frog (Rana huarenensis). Because we surveyed once per 

month, newly deposited egg clumps could be readily dis-

tinguished from previously deposited egg clumps. For 

the reptile surveys, two persons screened each survey 

site for 30 min by slowly walking the entire site area. We 

paid attention primarily to reptile basking sites, such as 

mountain edges, rocks, and bare ground surrounded by 

grass. After recording, all collected amphibians and rep-

tiles were released to the site from which they were origi-

nally taken.

Data analysis

We divided the raw data into annual data: the num-

ber of individuals of each amphibian and reptile species 

found in each year and the number of egg clumps of the 

Korean salamander, Dybowskii's brown frog, and Korean 

stream brown frog found in each year. Using these data, 

we first calculated the diversity, evenness, and richness 

of amphibian species at the valley sites, at the mountain 

edge sites, and with combined data from the two sites 

(Margalef 1958, Pielou 1966, McNaughton 1967). We also 

calculated the species diversity, evenness, and richness 

of reptile species, in a similar fashion. We assessed the 

dominance of both amphibians and reptiles.

Climate data were obtained from the Chungju  met-

In this study, we monitored the herpetofauna in Wor-

aksan National Park from March 2005 to September 2009, 

and analyzed the data in an effort to determine how cli-

mate changes affected the amphibian and reptile com-

munities in the park.

MATERIALS AND METHODS

Survey sites

Woraksan National Park covers a total area of 288 km2, 

including parts of Jecheon-si, Moonkyeong-si, Danyang-

gun, and Chungcheongbuk-do; the park contains more 

than five mountains, the altitudes of each over 1,000 m. 

There are three main mountain valleys in the site: the 

Songgae, Yongha, and Sunam valleys. To select amphib-

ian and reptile survey sites, we first imposed 2 km × 2 

km quadrates on a map of Woraksan national park, and 

from these quadrates, we selected two quadrates in the 

east side of the park, one quadrate in the middle, and one 

quadrate on the west side, taking into consideration the 

topographic characteristics of the sites, such as the exis-

tence of rocky areas and valleys (Fig. 1). We then selected 

one or two detailed survey sites in each quadrate by visit-

ing the selected quadrate sites.

    For the amphibian surveys, we selected both valley 

sites and mountain edge sites to represent both the cen-

ter and the edge areas of amphibian communities. For 

the valley sites, we selected parts of mountain streams 

(100-300 m in length, 3-5 m in width) in the valleys for 

detailed surveys. For the mountain edge sites, we select-

Fig. 1. Four amphibian and reptile survey quadrates selected from total 
103 quadrates in Woraksan National Park.
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During the monitoring, we detected a total of 11 am-

phibian species (1,873 individuals) in seven genera, six 

families, and two orders (Table 1). We found 5,000 egg 

clumps of the Korean salamander, Dybowskii's brown 

frog, and Korean stream brown frog. The most dominant 

species was the Korean fire-bellied toad (Bombina ori-

entalis), followed by the Dybowskii's brown frog, Black-

spotted pond frog (Rana nigromaculata), and Korean 

stream brown frog. The combined amphibian species 

diversity and evenness declined to their minima in 2007, 

but afterward, they began to increase again (Fig. 2). The 

decreases noted in the valley sites were less distinct than 

in the mountain edge sites. The combined amphibian di-

versity and evenness were closely related to the diversity 

and evenness measured at the mountain edge sites (r = 

-0.900, N = 5, P = 0.037 for both cases). The combined am-

phibian richness was lowest in 2008, and the richness in 

the mountain edge sites declined continuously (Fig. 2).

Combined amphibian species diversity and evenness 

was negatively correlated with the annual minimum 

temperature (r = -1.00, N = 5, P < 0.01 for the diversity; 

r = -0.90, N = 5, P = 0.037 for the evenness) (Fig. 3). The 

monthly mean precipitation was negatively related with 

amphibian species diversity and evenness in the valley 

sites (r = 0.900, N = 5, P = 0.037 for both cases), but was 

positively correlated with amphibian species richness 

in the mountain edge sites (r = 0.900, N = 5, P = 0.037). 

The numbers of egg clumps of the Korean salamander, 

Dybowskii's brown frog, and Korean stream brown frog 

were not correlated with any climate factors (P > 0.05 for 

all cases).

rological center (http://chungju.kma.go.kr), which is lo-

cated approximately 20 km from the survey sites. From 

the archived climate data, we extracted climate factors 

between 2005 and 2009 including annual minimum tem-

perature, annual maximum temperature, monthly mean 

temperature, monthly mean precipitation, monthly 

mean temperature during winter, and monthly mean 

precipitation during winter (from December to March). 

We used the winter temperature and precipitation data, 

because those would be the most relevant to spring-

breeding amphibians and reptiles. We included the 

weather conditions in March because the conditions in 

the March could be parts of winter season in some areas 

in Korea.

Because the year-based sample size was frequently 

as small as five, we used Spearman’s correlation test to 

analyze relationships among the six climate factors and 

the survey data, including amphibian species indices; 

the numbers of egg clumps of the Korean salamander, 

Dybowskii's brown frog, and Korean stream brown frog; 

reptile species indices; and the numbers of the Dione's 

ratsnake (Elaphe dione), Korean tiger keelback snake 

(Rhabdophis tigrinus), and Red-tongue pit-viper (Gloy-

dius ussuriensis). We also analyzed amphibian data in the 

same manner, based on the valley and mountain edge 

sites. All analyses were conducted using SPSS ver. 16.0 

(SPSS Inc., Chicago, IL, USA), and all data were expressed 

as means ± standard error.

RESULTS

Table 1. Amphibian species list and the number of each species found in Woraksan National Park between 2005 and 2009

Order Family Genus Species Adult Larva* Egg¶ Total

Caudata Hynobiidae Hynobius H. leechii 60 † 633 693

Onychodactylus O. fischeri 16 ‡   16

Plethodontidae Karsenia K. koreana 62     62

Anura Bombintoridae Bombina B. orientalis 605 §   605

Bufonidae Bufo
B. stejnegeri 32 ‡ 32

B. gargarizans 2 2

Hylidae Hyla H. japonica 76 ‡ 76

Ranidae Rana R. dybowskii 416 § 2,849 3,265

R. huanrenensis 229 † 2,151 2,380

R. nigromaculata 372 ‡   372

R. rugosa 3     3

2 6 7 11 1,873 §  5,000 7,506

*Number of larva: † > 10,000 inds, ‡ > 100 inds, and § > 100,000 inds.
¶Number of egg clumps.
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During the monitoring, we identified 11 reptile spe-

cies (234 individuals) in six genera, four families, and 

one order (Table 2). The most dominant species was the 

Red-tongue pit viper, followed by the Long-tailed lizard 

(Takyromus amurensis), Dione's ratsnake, and Korean ti-

ger keelback snake. Reptile species diversity and richness 

increased gradually from the minima occurring in 2006, 

whereas species evenness declined from its maximum in 

2007 (Fig. 4).

Reptile species evenness was positively correlated with 

monthly mean precipitation (r = 0.900, N = 5, P = 0.037), 

and both reptile species diversity and evenness evi-

denced a somewhat positive relationship with monthly 

Fig. 3. Relationships of amphibian species diversity and evenness to 
annual minimum temperature in Woraksan National Park.

Fig. 4. Changes in reptile species diversity, evenness, and richness in 
Woraksan National Park between 2005 and 2009.

Table 2. Reptile species list and the number of each species found in 
Woraksan National Park between 2005 and 2009

Order Family Genus Species Total

Squamate Lacertilidae Takydromus T. amurensis 38

T. wolteri 3

Scincidae Scincella S. vandenburghi 2

Colubridae Elaphe E. dione 37

E. rufodorsata 3

E. schrenckii 5

Rhabdophis R. tigrinus 25

Dinodon D. rufozonatus 3

Viperidae Gloydius G. brevicaudus 5

G. ussuriensis 107

G. saxatilis 6

1 4 6 11 234

a

c

b

Fig. 2. Changes in amphibian species diversity (a), evenness (b), and 
richness (c) in Woraksan National Park between 2005 and 2009. Data from 
valley sites and mountain edge sites were analyzed separately and then 
combined for further analysis.



Long-term herpetofauna monitoring

131 http://jefb.org131 http://jefb.org

Our results are consistent with previous results showing 

that climate changes affect amphibian populations dif-

ferently based on their habitats and locations (Buckley 

and Jetz 2007, Soares and Brito 2007), and our results in-

dicate that efforts to conserve mountain frogs in Korea 

would be best served by knowledge regarding how am-

phibian individuals at valley and mountain-edge sites 

interact in detail.

   In this study, the annual minimum temperature was 

shown to negatively affect the diversity and evenness of 

amphibian species, thereby indicating that increased an-

nual minimum temperature induced a reduction in these 

indices. Among a variety of factors, winter temperature in 

the temperate climate zone is an important factor in the 

winter mortality of amphibians (Anholt et al. 2003, Read-

ing 2007). Temperatures that are too low could result in 

death during hibernation, whereas overly high tempera-

tures could also increase mortality due to excessive ener-

gy losses (Costanzo et al. 1997). Several previous studies 

addressing the manner in which climate changes affect 

hibernation patterns have shown that increased winter 

temperatures negatively affect amphibian populations 

(Anholt et al. 2003, Reading 2007). In particular, the fact 

that the annual minimum temperature affected species 

evenness demonstrates that different species might be 

differently affected, and also suggests the necessity of 

further studies to elucidate more clearly how different 

species respond to annual minimum temperature fluc-

tuations.

Monthly mean precipitation affected reptile species 

evenness, whereas monthly mean temperature tended to 

affect reptile species diversity and richness; these results 

indicate that both temperature and precipitation are im-

portant factors for reptiles. In particular, the numbers 

of the Dione's ratsnake and Korean tiger keelback snake 

were correlated with the monthly mean temperature and 

precipitation during the winter season. Increased winter 

temperatures positively affected the number of individu-

als of the species, as opposed to the negative effects of 

increased winter temperatures on amphibians. Consid-

ering that temperature fluctuations during hibernation 

are related to the mortality of snakes, which breed in 

the spring (Bauwens 1981, Gregory 1982), the increased 

winter temperatures in this study may have reduced the 

mortality rates of the Dione's ratsnake and Korean tiger 

keelback snake. By way of contrast, winter temperatures 

do not appear to affect significantly the snakes that breed 

in summer, such as the Red-tongue pit-viper and Long-

tailed lizard.

Considering the long-term ecological monitoring ef-

mean temperature (r = 0.872, N = 5, P = 0.054 for both 

cases). The number of Dione's ratsnakes was positively 

correlated with the monthly mean temperature and 

monthly mean precipitation during winter (r = 0.900, N = 

5, P = 0.037 for both cases) (Fig. 5), and the number of Ko-

rea tiger keelback snakes was positively correlated with 

monthly mean temperature (r = 0.900, N = 5, P = 0.037) 

(Fig. 5).

DISCUSSION

Our results demonstrated that amphibian and reptile 

communities responded sensitively to climate changes, 

and in particular, to the sudden climate changes that oc-

curred in 2007 (Sin et al. 2008). Sensitivity to and effects 

of climate changes varied depending on species and hab-

itat, thereby underlining the need for studies of individu-

al species and their response patterns in the near future.

   Our results imply that the effects of climate changes 

at the valley sites and mountain edge sites can differ sub-

stantially. In this study, increased monthly mean precipi-

tation negatively affected amphibian species diversity 

and evenness in the valley sites, but positively affected 

amphibian species richness in the mountain edge sites. 

Increased precipitation might result in a reduction in po-

tential amphibian breeding sites in valleys, such as small 

ponds along stream lines, and might remove oviposited 

amphibian egg clumps from those areas. By way of con-

trast, in the mountain edge sites, increased precipita-

tion could provide more breeding sites for the Korean 

salamander, Dybowskii's brown frog, and Black-spotted 

pond frog, and might also extend their breeding period. 

Fig. 5. Relationships of the number of Dione’s ratsnake (Elaphe dione) 
and Korean tiger keelback snake (Rhabdophis tigrinus) to monthly mean 
temperature during winter in Woraksan National Park.
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forts thus far conducted in developed countries (Gibbs 

and Breisch 2001, Whitfield et al. 2007, Olson 2009), the 

five-year monitoring duration of this study is relatively 

short. Nevertheless, our results amply demonstrate the 

sensitivity of amphibians and reptiles to climate chang-

es, and also the variance in their responses depending 

on species and habitat. In order to gain more detailed 

insights into the effects of recent climate changes and to 

better prepare for such changes, continuous long-term 

monitoring programs should be implemented, coupled 

with studies of phenological changes, physical and be-

havioral responses, and adaptation responses. Addition-

ally, ecological modeling on a national scale to determine 

the expected changes in amphibian and reptile distribu-

tions in response to climate changes should prove help-

ful in the development of long-term conservation plans 

for amphibians and reptiles on the Korean peninsula.
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