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ABSTRACT. – The Panha’s crocodile newt, Tylototriton panhai, has a narrow distribution range in Northeastern Thailand and adjacent Laos 

PDR. This cryptic species is listed as vulnerable with a decreasing population trend. A local population of T. panhai at Phu Soi Dao National 

Park, Thailand with a limited distribution through the high mountainous protected area was examined for its reproductive phenology and 

environmental conditions inducing reproductive period. A total of 269 adult newts (257 males, 12 females) and 298 larvae were captured 

using a visual encounter survey method, conducted twice a day at daytime and nighttime, and four sets of three-fence arrays with pit fall traps 

installed at breeding sites and checked daily. The study area (breeding sites) was approximately one square kilometer at 1,633 meters above 

mean sea level, and was investigated from July 2020 to May 2022. Adult newts were found to be seasonal breeders, with a strongly male 

biased sex ratio of caught individuals, and visited breeding sites only in the wet season (May–October) with the exception of one male 

recorded in November 2021. Males stayed at breeding sites for several months (May–November), whereas females visited for a shorter period 

of time (May to July). Numbers of adults decreased in the breeding sites after breeding, whereas larvae were initially observed in June and 

had been found in seasonal aquatic habitats until early dry season. Both adults and larvae disappeared in March 2021. A quasi-Poisson 

regression model showed a significant correlation between the number of adult newts visiting breeding sites and air temperature, humidity, or 

water pH. Furthermore, drought-induced water scarcity influenced the duration that adults and larvae remained in aquatic habitats. Adult 

newts were weighed and measured for 16 morphometric characters. Females were larger in body size and exhibited larger traits than males, as 

shown by ANCOVA with snout–vent length as a covariate (p < 0.05). A total of 108 adults (99 males, 9 females) were tagged with a 7-mm 

PIT tag, from which 20 recaptured males (20.20%) were found from May, 2021–April, 2022. The longest duration of the same male in 

aquatic habitats was from May to November in 2021, but no females were recaptured in the aquatic habitats, suggesting either lower site 

fidelity, different habitat use, or lower survival of females during this period. The estimated population size using RMark with the POPAN 

model was 249 individuals with an increasing abundance trend (227–249), and the estimate detection probability for males (0.26 ± 0.04) was 

higher than for females (0.02 ± 0.01).  
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INTRODUCTION 

 

Newts (Amphibia:Urodela) are a group of 

salamanders belonging to the family Salamandridae 

(Frost, 2022; Raffaëlli, 2022). Adult newts spend part 

of their life cycle in aquatic habitats for breeding 

(Pough et al., 1998; Glime and Boelema, 2017; Wells, 

2010). They usually have a rough and dry skin, webbed 

feet, and a paddle-like tail adapted for swimming in 

water (Duellman and Trueb, 1994; Petranka, 1998). 

The Salamandrid genus Tylototriton Anderson, 1871, 

well known as crocodile newts, is one group of old-

world tropical newts with a restricted distribution in 

Asia from eastern Himalayan, Indochina, to central and 

southern China and southwards to northern parts of 

Myanmar, Thailand, Laos, and Vietnam (Nishikawa et 

al., 2013a, b; Sparreboom, 2014; Phimmachak et al., 

2015a; Hernandez, 2016; Pomchote et al., 2021). 

Currently, 40 species were recognized in this genus 

(Dufresnes and Hernandez, 2022), and they are 

classified into three species groups based on molecular 

phylogenetics: the T. taliangensis, T. asperrimus, and 

T. verrucosus groups (Lyu et al., 2021) corresponding 

to three subgenera Liangshantriton, Yaotriton and 

Tylototriton.  

Although these groups were defined using genetic 

data, they generally align with different geographic and 

climatic zones. For example, species in the T. 

taliangensis group are mostly distributed in temperate 

montane forests of central and southwestern China, 

often at high elevations with cooler climates. In 

contrast, members of the T. asperrimus and T. 

verrucosus groups are more widely distributed across 

tropical and subtropical regions of Southeast Asia, 

inhabiting evergreen or mixed deciduous forests at mid 

to high elevations (Lyu et al., 2021; Sparreboom, 

2014). These distinct environmental settings involve 

differences in temperature, rainfall, and the seasonal 

availability of aquatic habitats, all of which are likely 
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to influence reproductive timing and life-history 

strategies within the genus. 

The reproductive cycles of newts vary among 

species due to both intrinsic life-history traits and 

extrinsic environmental factors (Anderson et al., 2015). 

For instance, T. podichthys, a tropical species from 

southern Laos, breeds in the early rainy season (June–

July), with juveniles emerging in the cool dry season 

(December), suggesting a strong link to rainfall 

seasonality (Phimmachak et al., 2015b). In contrast, T. 

vietnamensis and T. ziegleri, found in subtropical 

montane habitats of northern Vietnam, breed from 

April to July (Bӧhme et al., 2005; Bernardes et al., 

2017), reflecting a different climatic influence. These 

differences suggest that reproductive phenology in 

Tylototriton species is shaped by the interaction of 

intrinsic biological traits (e.g., reproductive timing, 

physiological thresholds) and extrinsic environmental 

cues (e.g., precipitation, temperature). 

In Thailand, six species of the Tylototriton genus 

have been found in the Northern (T. verrucosus, T. 

uyenoi, T. anguliceps, T. phukaensis), Western (T. 

umphangensis), and Northeastern (T. panhai) parts of 

Thailand (Taylor, 1962; Nishikawa et al., 2013a; Le et 

al., 2015; Pomchote et al., 2020b, 2021). All 

Tylototriton species in Thailand have been found at 

high elevation at over 1,000 meters above mean sea 

level (AMSL) in mountainous protected areas (Taylor, 

1962; Hernandez, 2016; Pomchote et al., 2020b, 2021). 

Tylototriton panhai is endemic in northeastern 

Thailand and western Laos (Hernandez, 2016, 2017; 

Hernandez et al, 2019; Phimmachak et al., 2015a). The 

species has only been found in protected areas and 

listed as vulnerable (VU) with a decreasing population 

trend under criteria B1 ab (iii, v) in the IUCN Red List 

of Threatened Species in 2020, and added in CITES 

Appendix II as a protected species of Thailand (Frost, 

2022). Hernandez and Pomchote (2020) studied the 

ecology and habitat characteristics of the three main 

populations of T. panhai and provided important 

baseline data for this species. Furthermore, Hernandez 

et al. (2022) described the reproduction, courtship 

behavior, and egg and larval development of T. panhai 

in captivity of the phenotype II from the Phu Suan Sai-

Phu Soi Dao lineage. However, basic knowledge of the 

life history and ecological data of local and natural 

populations in habitats are still unknown. 

Understanding the interaction between intrinsic 

biological traits and extrinsic environmental factors is 

essential to explaining how reproductive timing varies 

among species and across environments. This research 

aimed to: (1) examine the reproductive phenology of T. 

panhai at Phu Soi Dao National Park (PSDNP), 

Thailand, and (2) investigate the physical factors that 

influence the reproductive period of T. panhai. 

 

MATERIALS AND METHODS 

 

Study site 

The research was conducted during July 2020 to 

May 2022 at PSDNP, Uttaradit province, Thailand 

(Fig. 1); a part of the Luang Prabang Range that lies in 

a north-south direction with the eastern part of 

Thailand, forming a natural boundary between 

Thailand and Laos. The highest elevation is at 2,102 

meters above mean sea level (AMSL), and the 

sampling area was located at approximately one square 

kilometer at 1,600 meters AMSL. The forest in the 

study area is primarily composed of Pinus kesiya but 

also includes a mixture of other native species 

(Hernandez and Pomchote, 2020). The area 

experiences an average minimum temperature of 13 °C, 

a maximum of 27 °C, and an average annual 

precipitation of 1,334.4 mm (Pongthornpruek et al., 

2008). However, during the study period, temperatures 

at the campground ranged from 5 to 13 °C, and the 

precipitation varied seasonally (see below for details). 

All breeding site observations and sample 

collections were carried out within this defined area. A 

total of eleven aquatic sites were surveyed to assess 

potential breeding habitats. These sites included 

ephemeral ponds, small creeks, and stream segments. 

Although the broader landscape consists mainly of 

open areas with Pinus kesiya, all aquatic sites were 

located in areas surrounded by trees and shrubs, 

resulting in denser vegetation cover compared to the 

surrounding pine-dominated forest. This denser 

vegetation likely contributed to increased shading and 

humidity at the breeding sites. Aquatic habitats varied 

in their physical characteristics. Most ephemeral ponds 

and slow-moving stream segments had muddy or leaf-

litter-covered substrates, with still or gently flowing 

water. Water clarity ranged from clear to slightly 

turbid, and submerged leaf litter was commonly 

observed. Some sites also had noticeable algal growth. 

At each site, physical parameters were recorded, 

including site dimensions (maximum width and 

length), average water depth, water pH, water and air 

temperature, and air humidity, to assess their 

relationship with the occurrence of T. panhai.  

Field survey and capturing newts 

Adult newts and larvae were sought every month 

during the putative reproductive period (April–July), 

which includes the documented breeding season of 

May to July (Nishikawa et al., 2013; Hernandez and 

Pomchote, 2020; AmphibiaWeb, 2024), as well as 

every other month outside the reproductive period 
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(August–March). Newt surveys were conducted twice 

a day at daytime and nighttime (9:30–11:00 a.m.; 6:30–

11:30 p.m.) according to the newts’ active period 

(Hernandez et al., 2018). Reproductive sites (vernal 

ponds, creeks, and streams) were observed at the 

bottom of water bodies using a visual encounter survey 

method (Heyer et al., 1994). Adult newts and larvae 

were captured by hand and dip nets during the surveys, 

and two pairs of three-fence arrays with pitfall traps 

were installed at each of two locations where eggs and 

adults were found so as to increase the possibility of 

capturing adult newts. Each pair was set in the opposite 

direction 500 m from the breeding sites (Scott and 

Woodward, 1994). The three fence-arrays were 

comprised of three fabric fences (5 m length, 0.5 m 

height) with four pit-fall traps located at the center and 

at the terminal of each fence. A 5-L plastic bucket with 

a wet sponge was placed in each pit-fall and covered 

with 30 × 30 cm white corrugated plastic sheet. During 

each field survey, conducted over multiple consecutive 

days in selected months (3–5 days per month), traps 

were checked daily, and captured newts were kept in 

labeled plastic bags before being brought back to the 

campground. In addition, the physical characteristics of 

the reproductive sites (e.g., pond width, length, and 

water depth), along with abiotic environmental 

variables such as air and water temperatures, relative 

humidity, and water pH, were recorded directly in the 

field during each observation to investigate suitable 

environmental conditions for breeding in T. panhai. At 

each site visit, water depth was measured at three times 

randomly within the site, and the average of these three 

measurements was used as the representative water 

depth for analysis. In addition to field-collected 

environmental variables, monthly weather data 

(temperature and rainfall) for Uttaradit province from 

January 2020 to December 2022 were obtained from 

the Thai Meteorological Department (TMD) to assess 

long-term seasonal patterns. These data were used to 

classify the regional climate type and determine the 

timing of wet and dry seasons. The Köppen-Geiger 

climate classification system was applied to categorize 

the study area as tropical wet and dry (“Aw”), and a 

climograph was constructed following the method of 

Bagnouls and Gaussen (1954) to distinguish seasonal 

boundaries based on the intersection of temperature 

and precipitation curves. 

 

 
 

FIGURE 1. Location of study site and photos of the breeding site of Tylototriton panhai at PSDNP, Uttaradit province, Thailand. 



TROPICAL NATURAL HISTORY 26 (2026) 

 

16 

Data collection 

A total of 269 captured Panha’crocodile newts were 

sexed based on secondary sexual characteristics, 

including a swollen and wider cloacal opening in 

males, compared to a flatter and narrower cloaca in 

females. After sex determination, individuals were 

anesthetized with 0.1% tricaine methanesulfonate 

(MS222) for short-term handling and morphometric 

measurements. All individuals recovered fully from 

anesthesia, with 100% survival throughout the study. 

Adult newts were weighed (wet weight) with an 

electronic balance (TANITA 1579) to the nearest 0.01 

g. Sexual size dimorphism (SSD) was investigated via 

16 morphometric characters, each measured using a 

vernier caliper to the nearest 0.05 mm following Segle 

et al. (2016). These morphometric characters were the 

total length (TTL), snout to vent length (SVL), head 

width (HW), head length (HDL), internarial distance 

(IND), eye-naris distance (END), eye length (EL), 

humerus length (HML), radius length (RDL), femur 

length (FML), tibia length (TBL), cloacal width 

(CLW), cloacal length (CLL), cloacal height (CLH), 

tail length (TL), and tail height (TLH). All adult newts 

were photographed from dorsal, ventral, and lateral 

views to document coloration and morphology. For 

individual identification, 108 adults were tagged with a 

7-mm PIT tag (FAREAD®), inserted subcutaneously 

on the right side of the mid-body area. Antibiotic 

cream was applied to prevent wound and infection. 

Newts were kept in captivity for 24 hours before being 

released back to the same natural habitat (Welsh-

Appleby, 2015; Whiteman et al., 2016). Detection of 

recaptured newts was detected using FRD5910 Animal 

Handheld Reader, FAREAD®. The field study of mark-

recapture had five sampling occasions. The samplings 

were conducted once per month between May and July 

2021, November 2021, and May 2022. The 

experimental protocol was approved by the Animal 

Care and Use Committee of Faculty of Science, 

Chulalongkorn University (Protocol Review No. 

2123003) and the research project was also approved 

by The National Parks, Wildlife and Plant 

Conservation Department (DNP) under permit number 

6410602. 

Data analysis 

Reproductive phenology of Tylototriton panhai was 

verified from the total number of adults captured in 

reproductive sites during the study period 

(Supplementary material S1). Correlation between 

counts and environmental factors of interest (air 

temperature, humidity, rainfall, water depth, and water 

pH) were analyzed using quasi-Poisson regression with 

the GLM function. However, because air temperature 

had a strong correlation with water temperature (r = 

0.95) and water depth (r = -0.82), water temperature, 

and water depth were removed from the model 

(Supplementary material S2). Weight and size were 

compared between males and females. Weight was 

analyzed using a Wilcoxon rank-sum test, and sexual 

size dimorphism (SSD) in morphometric traits was 

assessed using Analysis of Covariance (ANCOVA) 

with snout-vent length (SVL) as a covariate, allowing 

us to test whether body proportions differed between 

sexes independent of overall body size (Supplementary 

material S3). For the mark-recapture analysis, mark-

recapture data was analyzed from the recapture rate 

using the Jolly-Seber open-mark recapture models and 

the POPAN formulation (Schwarz and Arnason, 1996). 

Apparent survival (Phi, ɸ), capture probability (p), and 

population size (Nsuper) were analyzed using marked 

and RMark packages. The best model from lowest 

ΔAIC and the most weight {Phi(~time)p(~1)pent 

(~time)N(~sex)} was used to estimate apparent survival, 

capture probability, and population size (Supplementary 

material S4). All analyses were perform using R 

program version 4.3.0. (R Core Team, 2022). 

 

RESULTS 

 
Season clarification 

The Köppen-Geiger climate classification 

categorized the study area as a tropical wet and dry 

climate “AW”, as the annual temperature data are 

higher than 18 °C, and the driest month showed a 

precipitation of less than 60 mm and below average 

precipitation (Köppen, 1900; Geiger, 1961; Kottek et 

al., 2006). According to Bagnouls and Gaussen (1954), 

the climatic diagram (climograph) at the study area was 

plotted to determine the wet and dry months, and the 

wet season was verified when the temperature curve 

crossed over the precipitation line (Fig. 2). On average, 

from January 2020 to December 2022, the wet season 

began in April and ended in October, while the dry 

season began in November and ended in March. The 

average monthly temperature was 29.4 ºC (range 24.8–
33.4 ºC), while the average monthly precipitation was 

114.1 mm (range 0-787 mm). The mean monthly 

precipitation varied across the 3-y period, with a 

maximum precipitation of 787 mm in August 2020. 

However, rainfall in August 2021 and 2022 decreased 

dramatically to 186.2 mm and 254.8 mm, respectively. 

Reproductive phenology 

A total of 269 individuals (257 males, 12 females) 

were captured with a male-biased sex ratio (Fig. 3). All 

the adult newts were captured during the wet seasons 

except for one adult male in November 2021. Adult 

newts likely visited breeding sites were found from the 

beginning of the wet season to the early dry season 
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(May–November). The highest numbers of males and 

females caught peaked in May 2022 (135 males, 7 

females) and May 2021 (51 males, 2 females), 

respectively. The number of males captured decreased 

markedly in June, and the last male was caught in 

November 2021. Male newts individually identified 

using PIT tags were recaptured at the breeding sites 

over several months (May–November 2021), 

suggesting a prolonged duration of presence at the 

breeding sites. Male newts stayed at the breeding sites 

for several months (May–November 2021), while 

females visited reproductive sites only in a few months 

in the early wet season about 64 days (11 May–14 July 

2021). There were no females captured from 

September 2020 to March 2021, and no females were 

found in November 2021 or January 2022. Adult newts 

were not observed in the water from the late wet season 

to the dry period (September–March); however, we 

were unable to detect where they emigrated to from the 

water habitats after breeding. Larvae were spotted in 

the water in June 2021 and July 2020 after the adults 

had immigrated to breeding sites, with the maximum 

number of larvae recorded in the late wet season in 

November 2020 and 2021. The number of larvae 

captured in the following months was decreased 

drastically throughout the dry season, eventually 

dropping to zero between March 2020 and May 2021. 

 

 
FIGURE 2. Climograph showing the average monthly temperature (°C) and monthly precipitation (mm) in Uttaradit province, Thailand 

(January 2020 – December 2022), with the wet season defined as the period during which the average monthly rainfall exceeded twice 

the average monthly temperature. Data were taken from the TMD. 

 
 

FIGURE 3. The numbers of adults and larvae of Panha’s newt (T. panhai) recorded at PSDNP (July, 2020–May, 2022). Values 

represent pooled captures from visual census and traps. Months with no survey effort are indicated as NA. 
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Breeding ecology 

Environmental conditions influenced adult newt 

appearances at breeding sites. A quasi-Poisson 

regression model showed that the air temperature, 

humidity, and water pH had significant correlations 

with the number of adult newts visiting breeding sites 

(Table 1).  

The air temperature at the breeding sites ranged 

between 6 °C and 28.5 °C. The humidity ranged from 

51 to 100, and the water pH ranged between 5 and 6. 

Increasing air temperature and humidity showed a 

significantly positive correlation with an increased 

number of adult newts being caught, while the water 

pH showed a negative correlation with the number of 

adult newts caught at breeding sites (Fig. 4). For 

TABLE 1. Results of the quasi-Poisson regression analysis for the count of environmental factors, where significance levels are shown 

as *, **, and *** for p < 0.05, p < 0.01, and p < 0.001, respectively. 

 

 Estimated Std. Error t value p values 

         (Intercept) -126.300 34.990 -3.611 0.01122 * 

Air temperature 2.961 0.693 4.272 0.00525 ** 

Humidity 1.069 0.271 3.940 0.00762 ** 

Rainfall   0.000 0.002 0.179 0.86388 

Water pH -5.014 1.095 -4.580 0.00377 ** 

 

 
 

FIGURE 4. Results of GLM with a quasi-Poisson model estimates relating the number of adult newts caught to the (A) air temperature, 

(B) humidity, and (C) water pH. 
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covariate factors with air temperature, the average 

monthly humidity ranged from 81% in January 2021 

and 81.4% in January 2022 (dry season) to 95.8% in 

July 2021 (wet season). Water availability at the 

breeding sites fluctuated with an average maximum 

water depth at breeding sites of 73 cm in March 2021 

and decreasing in the following months to the lowest 

water depth of 11.5 cm in January 2022 and 11.7 cm in 

January 2021.  

Body condition and sexual size dimorphism in 

adults of T. panhai 

There was a noticeable difference in the body 

weight and size between male and female T. panhai 

(129 males, 12 females). A Wilcoxon rank-sum test 

indicated that females were significantly heavier than 

males (W = 1547, p < 0.0001) (Fig. 5). To assess 

sexual size and shape dimorphism in morphometric 

traits, we performed ANCOVA with snout–vent length 

(SVL) as a covariate and sex as a fixed factor. The 

analysis revealed that 14 out of 15 traits (excluding 

SVL) differed significantly between sexes after 

controlling for overall body size, with females showing 

proportionally larger values than males in most 

measurements (p < 0.05; Table 2). The only exception 

was cloacal height (CLH), which did not differ 

significantly between sexes (p = 0.723). These results 

indicate that sexual size dimorphism in T. panhai is not 

solely due to differences in overall body length, but 

also in body shape, with females exhibiting larger 

proportional dimensions across most morphological 

traits. 

 

 
 

FIGURE 5. Box plot of the Wilcoxon rank-sum test for weight comparison between male and female T. panhai. 
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Capture-recapture of adult newts 

A total of 108 tagged adult newts (9 females, 99 

males) were observed at the breeding sites. The lowest 

ΔAIC showed a constant apparent survival (Phi), 

probability of capturing (p) was time dependent, while 

the entry probability (pend) and population size (Nsuper) 

were sex dependent. The Phi value for the top POPAN 

model was 0.69 (0.61, 0.76), while the RMark 

estimated Nsuper of T. panhai at PSDNP was 249.3351 

with an increasing abundance from about 227 to about 

249 individuals from May, 2021 to April, 2022 (Fig. 

6). There was no evidence of any of the captured 

females returning back to the breeding sites during the 

observation period (2020-2022). However, 20 male 

newts were recaptured (20.20%) during this period, 

with a higher estimated detection probability for males 

(0.26 ± 0.04) than females (0.02 ± 0.01). The longest 

period the same male was detected at the breeding sites 

was from May to November in 2021, and he was found 

again in April, 2022 (Supplementary material S5). 

TABLE 2. Descriptive statistics of body weight (g) and morphometric measurements (mm) of male and female Panha’s newts (T. 

panhai). Body weight was compared between sexes using a Wilcoxon rank-sum test, and morphometric variables were compared using 

ANCOVA with snout–vent length (SVL) as the covariate. Levels of statistical significance are shown as: */▲ for p < 0.05, **/▲▲ for p < 

0.01, ***/▲▲▲ for p < 0.001, */▲▲▲▲ for p < 0.0001, and N.S. for p > 0.05. Triangle (▲) indicates Wilcoxon test, and asterisk (*) 

indicates ANCOVA. 

 

Variables 

Male (n = 130) Female (n = 12) W-value 

/ANCOVA 

p (Sex) 

p-value 

Mean ± SD Min Max Mean ± SD Min Max 

1. Weight  11.03 ± 1.63 6.08 15.18 23.02 ± 5.10 14.99 28.67 1547.0 ▲▲▲▲ 

2. SVL 73.99 ± 3.62 62.20 83.00 91.18 ± 5.90 82.70 99.60 - - 

3. TTL 143.01 ± 8.28 116.90 167.20 169.95 ± 10.82 153.80 183.20 0.0000 **** 

4. HW 15.62 ± 0.76 13.30 17.90 18.43 ± 0.90 17.20 19.70 0.0000 **** 

5. HDL 15.46 ± 2.62 12.15 26.50 18.70 ± 2.35 15.80 24.60 0.0001 *** 

6. IND 5.82 ± 0.54 4.40 7.10 6.47 ± 0.41 5.30 6.90 0.0001 *** 

7. END 4.64 ± 0.46 3.65 6.85 4.97 ± 0.34 4.20 5.40 0.0144 * 

8. EL 4.51 ± 0.46 3.10 5.60 4.81 ± 0.43 4.30 5.50 0.0246 * 

9. HML 10.97 ± 1.44 7.23 15.50 11.90 ± 1.52 8.76 13.70 0.0250 * 

10. RDL 17.73 ± 1.07 14.80 20.80 19.82 ± 1.43 17.20 21.80 0.0000 **** 

11. FML 9.88 ± 1.29 6.97 15.80 12.18 ± 1.63 10.00 15.40 0.0000 **** 

12. TBL 18.83 ± 1.32 12.40 22.60 21.56 ± 1.28 19.20 23.50 0.0000 **** 

13. CLW 5.84 ± 0.84 4.00 8.06 3.96 ± 0.44 3.20 4.70 0.0000 **** 

14. CLL 6.64 ± 0.86 4.30 8.77 3.48 ± 0.78 2.30 4.80 0.0000 **** 

15. CLH 1.83 ± 0.55 1.00 2.63 1.90 ± 1.00 0.00 3.50 0.7228 N.S. 

16. TL 70.24 ± 5.39 57.00 84.70 79.08 ± 6.09 70.20 90.98 0.0000 **** 

17. TLH 9.49 ± 0.99 5.52 12.61 10.24 ± 1.21 8.10 11.80 0.0094 ** 
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DISCUSSIONS 

 

Breeding phenology 

Adult Panha’s crocodile newts (T. panhai) at 

PSDNP, Uttaradit province, Thailand were confirmed 

to be seasonal breeders. Hernandez and Pomchote 

(2020) reported the breeding period of T. panhai in 

Thailand ranged from May to July in different study 

locations (Phu Hin Rong Kla National Park, Phu Luang 

Wildlife Sanctuary, Phu Suan Sai National park), and 

only few individuals were found on land in August at 

Phu Hin Rong Kla National Park. Results of our study 

are compatible with previous studies including 

Hernandez (2016), Hernandez et al. (2019) and 

Hernandez and Pomchote (2020) with an extended 

active time for adult newts staying in water habitats, 

where male newts spent more time in the water during 

the wet season (May–November). In contrast, females 

only spent a few months at breeding sites during the 

early wet season (May–July). This breeding period 

pattern resembles those seen in the closely related 

species. The breeding season was from June to July for 

T. podichthys in Xiengkhouang province, Laos 

(Phimmachak et al., 2015b), between April and July 

for T. vietnamensis, and T. ziegleri in northern Vietnam 

(Bernardes et al., 2017), between March and May, and 

occasionally until October for T. himalayanus from 

western Bengal, India (Kuzmin et al., 1994), and from 

April to July for T. sini from Guangdong, southeast 

China (Lyu et al., 2021).  

According to our research, female newts not only 

had a larger overall body size but also showed 

proportionally larger morphometric traits than males 

after controlling for body length (SVL). They were 

caught in markedly lower numbers at the breeding sites 

than males. Our observation for the larger body size in 

female is similar to that for the congener species T. 

himalayanus from the Himalayan region (Seglie et al., 

2010), T. himalayanus from western Bengal (Bedi et 

al., 2021), and T. podichthys from Laos (Phimmachak 

et al., 2015a), although the sex ratio in T. podichthys 

was not significantly different from the expected 1:1 

ratio. This pattern in SSD is common in amphibians 

(Halliday and Verrel, 1986, Shine, 1978; Halliday and 

Tejedo, 1995). Shine (1979) reviewed the published 

literatures of many amphibian species and reported 

larger females in most anurans and 61% of urodeles. 

The larger body size in females is correlated with an 

increased fecundity, in terms of a larger egg size and 

 

 
FIGURE 6. Estimated population size with error bars (95% confidence intervals, CI) of T. panhai at PSDNP, Thailand based on the 

Jolly-Seber model of five capture events from May 2021 to April 2022. 
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clutch size (Hedrick and Temeles, 1989; Wells, 2010). 

The putative shorter period of time staying at breeding 

sites in female may reflect that left the site immediately 

after laying eggs (Pimentel, 1960). However, males 

remained at the breeding site longer, as they may 

obtain energy from feeding on food in the water 

habitats to continue spermatophore production and 

courtship activities (Griffiths, 1986).  

Environmental conditions on T. panhai breeding 

phenology 

Based on this 2-year survey, the orientation of 

adults and larvae at breeding sites was related to 

environmental parameters, particularly air temperature, 

humidity, and the presence of standing water. In the 

early wet season, adult newts were observed 

immigrating to breeding sites during periods of rapidly 

increasing air temperature and humidity, and they 

occupied aquatic habitats that were already filled with 

water. Subsequently, adult newts emigrated and 

returned to terrestrial habitats, whereas a few larvae 

were detected in the water in June 2021. The 

orientation between adults and larval stages at breeding 

sites may avoid competition between the different 

stages (Griffiths, 1986; Smith, 1983). Larvae remained 

in the water after adults had dispersed, and the highest 

numbers of larvae were recorded in November during 

the late wet season in both years. After November, 

larval presence gradually declined throughout the dry 

season and eventually dropped to zero between March 

and May of the following year. An absence of all 

stages of newts at the breeding sites was detected in the 

late dry season (March-May) as the water level was 

quickly reduced and had dried up in most of the 

breeding sites by the late dry season; however, other 

breeding sites consisted of shallow water (Fig. 1B). 

The response to water availability may differ between 

different aquatic organisms based on their life history 

strategy and adaptability, while the timing of 

metamorphosis may be correlated with the drying of 

water habitats (Semlitsch and Wilbur, 1988; Anderson 

et al., 2015, Wilcox et al., 2017). To this end, T. panhai 

larvae may circumvent the limited water and food 

availability at breeding sites in the late dry season by 

completing larval growth and metamorphosis before all 

the water at the breeding sites has evaporated.  

Circumneutral water pH at breeding sites is 

commonly preferred in Tylototriton species. For 

example, the pH of the breeding pond water was found 

to be between 6.8 and 8 for T. ziegleri (Bernardes et 

al., 2017), 6.4 for T. phukhaensis (Pomchote et al., 

2020a), 6.75 for T. verrucosus (Pomchote et al., 

2020b), and 4.7-7.5 for T. vietnamensis (Bernardes et 

al., 2013). For T. panhai, Pomchote et al. (2020a) 

reported a breeding site pH of 6.4. Hernandez et al. 

(2019) reported new breeding localities of T. panhai at 

Phu Thap Boek, Lom Kao district, Phetchabun 

province, north-eastern Thailand with slightly acidic 

water (pH 6.62). The breeding sites of T. panhai at 

PSDNP were freshwater lentic habitats that ranged 

from ephemeral puddles to ephemeral small ponds and 

creeks. The water pH varied within a narrow range of 5 

to 6, which is more acidic than that for T. panhai at 

Phu Thap Boek and all the related species except for T. 

vietnamensis. This could be explained by local 

adaptation of the newts to geographical variations. The 

geological structure at PSDNP consisted of igneous 

rock covered with sedimentary rocks (Pongthornpruek 

et al., 2008). Such aquatic habitats with an igneous 

bedrock (granite, basalt) typically have a low alkalinity 

due to the absence of carbonates (Dodd, 2010). In 

addition, another factor affecting the water pH at 

breeding sites could be the level of dissolved organic 

matters, where the clear brown water color with debris 

from leaves and branches on the waterbed indicate the 

presence of organic acids (Sherman and Van Munster, 

2012), and the decreasing water level would increase 

their concentration making the water more acidic in the 

dry season. 

Our results on climatic factors are congruent with 

most other studies, where temperature plays an 

important role in the adult newts’ breeding activities 

with warmer temperatures increasing the adult newt 

number in aquatic habitats. Many studies have reported 

that environmental cues, such as temperature and 

rainfall, affect the terrestrial life cycle of amphibians 

(Dervo et al., 2016; Johnson et al., 2017, Todd and 

Winne, 2006; Vitt and Caldwell, 2013); whereas, there 

was no relationship between the rainfall level and the 

number of newts visiting the reproductive sites in this 

study. Instead, humidity showed a strong relationship 

with the breeding patterns. Ficetola and Maiorano 

(2016) reported that temperature appears to have a 

greater relationship with breeding activities than 

rainfall across five continents. Moisture is required for 

amphibians to prevent dehydration when they are on 

land, such as for reproduction and egg and larval 

development (Parker, 1960). During the course of this 

study, we observed female newts attaching their eggs 

on the base of grasses, mosses growing on rocks, or the 

soil close to aquatic habitats, which is consistent with 

the findings of Nishikawa et al. (2013). Thus, a high 

atmospheric moisture in the wet season may protect the 

eggs from dehydration during the egg and larval 

development on land, as well as possibly protecting the 

eggs from predators in the water (Marangio and 

Anderson, 1977). 
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Mark-recapture study of adult T. panhai 

In this study, we captured more male newts than 

female newts, resulting in a highly male-biased sex 

ratio. This could be attributed to the sampling methods. 

All males were captured using the visual encounter 

survey method, but four of the 12 females were 

captured in the three-fence array with pit fall traps. 

Grayson et al. (2012) indicated a reduced female 

detection in breeding ponds since they spend more time 

hidden in the vegetation and substrate to avoid male 

encounters under a male-biased sex ratio. Thus, the use 

of the three-fence array with pit-fall traps could 

increase the efficiency of capturing females. Our study 

revealed a greater proportion of caught males at the 

breeding sites during the breeding season, some of 

which returned to the breeding site in the following 

year. We detected a lower capture rate of females at 

breeding sites, which may be due to females skipping 

one or more years of breeding and remain in terrestrial 

habitats as females have higher energetic costs for 

reproduction giving differences in the breeding 

frequency between sexes (Grayson et al., 2011; Bull 

and Shine, 1979). In this study, we detected a low 

estimated population size for T. panhai from five 

sampling occasions. According to the IUCN Red List 

categorization system for threatened species, the 

estimated local adult breeding population size of T. 

panhai at PSDNP was more than 50 individuals, which 

was sufficient for preventing inbreeding depression 

over five generations in the wild, but with an estimated 

population size of less than 500 individuals (249 

individuals) it still indicated a risk of inbreeding within 

the population (IUCN, 2001). However, the breeding 

population size could be underestimated due to the low 

capture events. Increasing the intensity of the sampling 

effort and long-term observation would provide a more 

effective estimated population size and conservation 

plan for the species at a regional scale. 

 

CONCLUSION 

 

In this study, a local population of T. panhai at 

PSDNP, Thailand was found to be typical seasonal 

breeders. The cycle of migratory movement in adults at 

breeding sites was found to be positively correlated 

with the environmental cues of temperature, humidity, 

and water pH. Furthermore, water availability and a 

drought condition influenced the duration that adult 

newts and larvae stayed in the aquatic habitats. The 

adult newt population had a small estimated population 

size with a male-biased sex ratio, though this could 

reflect a bias in catching efficiencies between the 

sexes. Females were not only larger overall but also 

exhibited proportionally larger morphometric traits 

than males, indicating sexual size dimorphism in both 

size and body proportions. No female newts were 

recaptured across years, in contrast to several 

recaptured males. This may suggest that females do not 

breed every year, or that their shorter presence or 

differing behavior at breeding sites reduces the 

likelihood of detection and recapture. However, at least 

some males seem to breed every year. A future 

framework for conservation actions that benefits the 

species should include strategies such as protecting and 

maintaining aquatic breeding habitats, especially 

during critical breeding seasons; monitoring water 

availability and quality to mitigate the effects of 

drought; and implementing long-term population 

monitoring programs to track sex ratios, breeding 

frequency, and migratory patterns. Additionally, 

habitat restoration and the creation of artificial 

breeding ponds may support population resilience, 

especially in the face of changing environmental 

conditions.  
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