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ABSTRACT

The breeding habitat use, oviposition site selection, and breeding behaviors of
Zhangixalus prominanus at Sirindhorn Waterfall was studied from January 2018 to June
2019. The abiotic factors including temporal factors, climatic factors, and habitat
characteristics were considered. The frogs were marked and monitored by
photographic identification technique. The result shows that [1] the Z. prominanus was
a prolonged breeder, the adult male, gravid female, and foam nests were found
throughout the study. The climatic factors effected the appearance of males, females,
and clutching. The seasons, an average of air temperature, also an average of relative
humidity influenced the number of males occurring. The male occurrence and the
rainfall affected females occurring, then the female occurrence affected clutches
appearing. [2] Although the climatic and temporal factors did not impact the
probability of clutching, the breeding pool characteristics affected the probability of
oviposition selection including the water depth, pH, dissolved oxygen (DO), and pool
characteristics. [3] Finally, the individual monitoring represented the population only
use this site for breeding activities. The male arrived at the site for territorial defending
and monopolize the breeding pool while female occurred for eggs laying by choosing
the greater occupier male and as close to the water surface for mating. Moreover, it
had two mating patterns (monandry and polyandry), with the resource defense mating
system which was the defending site was the oviposition site, and unlike other arboreal
anuran species that were reported. These pieces of information are helpful for
protected area management and wildlife conservation, besides guiding research

combining among diverse fields of biology.
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CHAPTER 1

INTRODUCTION

Amphibians are ectothermic vertebrates with biphasic life cycle. Typically, their
larvae are aquatic, but adults are terrestrial (Pough et al, 2004; Wells, 2007).
The interaction between physiological modification of matured males and females,
also ecological conditions conduct reproductive activity display during the breeding
period (Pough et al., 2004; Ten Eyck 2005; Wells, 2007, de Andrade, et al,, 2017).
The number of known amphibian species is approximately 8,000, of which nearly 90%
are anuran (frog and toad) (The American Museum of Natural History; Frost, 2018).
Recently, many amphibians have been threatened and rank on high risk of becoming
extinct (Stuart et al., 2004, IUCN, 2018). The number of amphibian species is continually
on decline due to human activities, including the introductions of exotic species,
aquatic pollutions, habitat modifications, as well as the climate change (Collins
and Storfer, 2003; Beebee and Griffiths, 2005). Thus, influence of abiotic factors
(e.g., climate, season, habitat characteristics) on breeding habitat use, reproductive
activities, and oviposition site selection are continually studied (Wells, 2007; Grant et

al,, 2009; Steen et al., 2013; de Andrade, et al., 2017).

The Anuran are highly diverse and unique in morphology, behavior, and
ecology, they distribute in many locations but generally near a water source (Wells,
2007, Sridhar and Bickford, 2015; de Andrade, et al., 2017). Current evidence suggests
that frog species have required specific habitat characters to breed (Wells, 2007; Brown
et al,, 2011; Barrett et al., 2016; Martha, 2017). The frogs can decide to choose the egg-
laying duration and location (Anderson et al., 1999; Rodrigues et al., 2005; Wells, 2007,
Li et al,, 2018). The ecological condition such as rainfall, temperature, and humidity
are usually reported that encourage the breeding activities of anuran species, but not
absolute (Walther et al., 2002; Oseen and Wassersug, 2002; Saenz et al. 2006; Wells,
2007; Erdtmann and Lima, 2013). Some anuran species can not indicate the factors

that influence breeding activities (Wells, 2007).



Mostly, the breeding activities of anuran were focused on courtship until egg-
laying or types of parental care (if any). The breeding strategies of anurans impact the
reproductive success and maximize fitness (Crump, 1974; Alcock, 2005; Wells, 2007).
Furthermore, the oviposition site selection directly impacts the survival, growth, and
development of offspring until species existence (Wilbur and Collins, 1973; Laurila,
1998; Newman 1992; Martha, 2017). Previous research mentioned that influence of
environmental changing could modify or inhibit the breeding behavioral expression
and oviposition decision (Ursprung et al,, 2011; Toledo et al.,, 2012; Tumulty et al,,
2014; Sridhar and Bickford, 2015; Luna-Gémez et al., 2017). The specific environmental
conditions relate to the breeding activities of anuran, thus, studies of reproductive
behavioral ecology are vital to future conservation management (Beebee,

1996; Rodrigues and Bertoluci, 2002; Wells, 2007; Hamer and McDonnell, 2008).

The ¢liding frogs in the family Rhacophoridae were interesting, this family
contains 426 species in 19 genera (Frost, 2018) and are restricted distributed in
a tropical zone such as Tropical Africa, China, Southeast Asia, and Greater Sunda
Islands. They are easily recognized by their enlarged toe disc at the tip of the fingers
and the extensive webbing used for gliding (Pough et al., 2004; Wells, 2007; Frost,
2016). They live mainly arboreal and stay close to the canopy and arrive at ground
level to breed. Their spectral lifestyles have prevented herpetologists from
understanding their ecology, especially from the perspective of reproduction biology

(Sullivan et al., 1995; Halloy and Fiafo, 2000; Wells, 2007).

This study focused on the Malayan Flying Frog (Zhangixalus prominanus),
the frog has a very limited distribution range since it can be found in the Thai-Malay
Peninsula and on Sumatra Island (Harvey et al, 2002; Sukumaran et al., 2004).
In Thailand, Z. prominanus were reported at two locations, which are Hala-Bala
Wildlife Sanctuary, Narathiwat, and Khao Sok National Park (Thong-aree et al., 2011;
Niyomwan et al., 2019). Since Z. prominanus is relatively rare and knowledge about
the ecology, especially its breeding behavior is still limited. This study aimed to
investigate the influence of abiotic factors on breeding habitat use, reproductive

behaviors (including reproductive activity pattern, breeding activities, reproductive



mode, mate choice, and mating system), as well as oviposition site selection of Z

prominanus at the Hala-Bala Wildlife Sanctuary.

1.1 Research questions

1. How is the influence of temporal and climate factors on the breeding habitat
use of Malayan flying frog, Zhangixalus prominanus at Sirindhorn Waterfall, Hala-Bala

Wildlife Sanctuary, Narathiwat, Thailand?

2. How is the oviposition site characteristic, and what abiotic factors influence
the oviposition selection of Z. prominanus at Sirindhorn Waterfall, Hala-Bala Wildlife

Sanctuary, Narathiwat, Thailand?

3. What are the reproductive activities and breeding behaviors of Z. prominanus

at Sirindhorn Waterfall, Hala-Bala Wildlife Sanctuary, Narathiwat, Thailand?

1.2 Objectives

1. To investigate the effect of temporal and climatic parameters on the
breeding habitat use of the Malayan flying frog, Zhangixalus prominanus at Sirindhorn

Waterfall, Hala-Bala Wildlife Sanctuary, Narathiwat, Thailand.

2. To evaluate the abiotic parameters on oviposition site selection of Z

prominanus at Sirindhorn Waterfall, Hala-Bala Wildlife Sanctuary, Narathiwat, Thailand.

3. To describe reproductive activities and breeding behaviors of Z. prominanus

at Sirindhorn Waterfall, Hala-Bala Wildlife Sanctuary, Narathiwat, Thailand.

1.3 Hypothesis

1. The breeding habitat use of the Malayan flying frog, Zhangixalus prominanus
at Sirindhorn Waterfall, Hala-Bala Wildlife Sanctuary, Narathiwat, Thailand relates to

the temporal and climatic parameters.



2. The oviposition site selection of Z. prominanus at Sirindhorn Waterfall, Hala-

Bala Wildlife Sanctuary, Narathiwat, Thailand is influenced by the abiotic parameters.

3. Reproductive activities and breeding behaviors of Z prominanus at
Sirindhorn Waterfall, Hala-Bala Wildlife Sanctuary, Narathiwat, Thailand are not similar

to members of the Family Rhacophoridae.



CHAPTER 2

LITERATURE REVIEW

2.1 Anurans (Class Amphibia)

The anurans are known as frogs and toads, they are vertebrate taxa with four
legs and no tail. the anurans have the highest species diversity in Class Amphibia,
containing about 7,000 frog species (Frost, 2018). The frogs are ectothermic animals
with a double life, the juvenile (tadpole to froglet) are aquatic life meanwhile adults
are terrestrial (Pough et al., 2004; Wells, 2007). Even though the distribution of frogs is
generally near a water source, some species are quite specialized for terrestrial,
fossorial, or arboreal life (Wells, 2007, Sridhar and Bickford, 2015; de Andrade, et al,,
2017). The adaptation of frogs to survive in a variety of environments is an interaction
between physiology and behavior (de Andrade, et al., 2017; Luna-Gomez et al., 2017).
The differentiation of reproductive behavioral strategies between and within species
represents the varieties of habitat use and oviposition sites that impact the
reproductive success (Haddad and Pombal, 1998; Haddad and Prado, 2005; Wells,
2007; Toledo et al, 2012; de Andrade et al., 2017). Thus, they are often used as models
in functional anatomy, behavioral ecology, and evolutionary biology of vertebrates
(Beebee, 1996; Rodrigues and Bertoluci, 2002; Wells, 2007; Hamer and McDonnell,
2008).

2.2 Reproductive behaviors of anurans

The reproductive activities of matured males and females display during the
breeding season, are influenced by the interplay between physiological modification
and environmental conditions (Pough et al., 2004; Ten Eyck 2005; Wells, 2007; de
Andrade, et al,, 2017). The ecological factors that could affect frogs’ reproductive
behavior include biotic factors, such as competition and predation (Walther et al,,
2002; Oseen and Wassersug, 2002), also the abiotic factors, such as photoperiod,
rainfall, temperature, and humidity (Saenz et al. 2006; Grant et al., 2009; de Andrade,



et al,, 2017). Therefore, breeding habitat characteristics can influent their breeding
behavior (Haddad and Prado, 2005; Toledo et al., 2012; Wells, 2007; Indermaur et al,,
2010). The previous research suggests that specific environmental conditions relate to
the breeding activities of anuran. So, the studies of reproductive behavioral ecology
are necessary for future conservation management (Beebee, 1996; Rodrigues and

Bertoluci, 2002; Wells, 2007; Hamer and McDonnell, 2008).

Previous studies about reproductive behaviors of the anurans reported a high
competition between males in mating choice and continuous oviposition selection for
reproductive success and to maximize fitness (Crump, 1974; Alcock, 2005; Wells, 2007).
The reproductive behavioral study in frogs mostly focused on courtship, mating, until
egg-laying, and types of parental care (Crump 1974; Sullivan et al., 1995; Kadadevaru
and Kanamadi; 2000; Prado et al., 2005; Wells, 2007). Typically breeding behavior of
frogs starts with courtship by the vocal calling of male frogs (Wells 1977; Duellman and
Trueb, 1994). Then territory defense followed attractive females at terrestrial calling
sites or aquatic breeding sites (Mitchell, 2002; Wells, 2007; Byrne and Roberts, 2012).
Some species do not only display the advertisement call but also represent the
physical fighting for territory defending (Ryan, 1986; Bastos and Haddad, 2002). The
male frogs usually show courtship close to water sources, where they can increase
mating and spawning opportunities (Vilaca et al., 2011; de Oliveira, 2017). When female
approaches calling male, it suddenly grabs onto a female back, called amplexus
(Pough et al,, 2004; Wells, 2007) which is the one part of the mating process in
externally fertilizing species (Kadadevaru and Kanamadi, 2000; Osikowski, 2001;
Kraaijeveld et al., 2004; Sztatecsny et al., 2006). Finally, the amplexus deposits eggs
close to water areas, and a few anuran species have parental care that male and/or
female monitor and protect their offspring after egg laying (Pough et al., 2004; Wells,
2007).

2.2.1 Breeding habitat use (spatial and temporal patterns)

The spatial and temporal pattern of breeding habitat use is usually beneficial

to wildlife management (Price et al., 2005; Wells, 2007; Yetman and Ferguson, 2011).



The previous studies show that these frogs used different aquatic features at different
times for different purposes (Kato et al., 2010; Yetman and Ferguson, 2011; Pitt et al,,
2017). Although some species of frogs could lay their eggs in the soil with high humidity
(Wells, 2007, Sridhar and Bickford, 2015; de Andrade, et al., 2017), most frogs have a
larval stage in water until metamorphosis, so the reproductive activities often occur
near bodies of water (Crump 1974; Binckley and Resetarits, 2003). Components of the
habitat are most important to specific age and sex of frog within a population
(Gonzalez-Bernal et al., 2015). Abiotic and biotic factors effected to habitat use,
movement, and migration (Torres-Orozco et al., 2002; Wells, 2007). Because aquatic
pollution, habitat modifications, as well as climate change, could have a negative
effect on frog reproduction (Beebee, 1996; Collins and Storfer, 2003; Stuart et al., 2004;
Beebee and Griffiths, 2005).

The abiotic factors such as climatic factors, season, and habitat characters affect
the temporal location of anurans, they could stimulate or inhibit the reproductive
activities of anuran (Wells, 2007; Steen et al,, 2013). Generally, anurans in tropical
regions breed throughout the year, having only rainfall as a major factor controlling
reproduction. On the other hand, temperatures and rainfall are limiting factors of the
breeding activity of anuran in the temperate area (Rodrigues and Bertoluci, 2002).
However, reproductive activity in intraspecific could be modified by environmental

factors changing during the breeding period (Luna-Gomez et al., 2017).

The statements of anuran reproductive activity patterns usually refer to
advertisement calls and mating behavior and are classified by length of the active
period (Wells, 1977; Duellman and Trueb, 1994; Arzabe, 1999; Rodrigues and Bertoluci,
2002; Wells, 2007). The reproductive activity patterns of anurans are classified into two
types, including prolonged species, which continue breeding for more than three
months, and explosive species, of which breeding activity lasts for only one or a few
days (Wells, 1977; Duellman and Trueb, 1994). The breeding activities included male
calling, female occurring, and nesting was continues monitored every month for a year

(Prado et al., 2005; de Andrade et al., 2017).



2.2.2 Breeding activities of anurans

® Mate choice

The roles of male and female frogs in mating activities are usually focused on
male tactics strategies and female choice (Emlen and Oring, 1977; Sullivan et al., 1995;
Gerhardt and Huber, 2002; Wells, 2007). Pieces of research show that selected male
mate often relates the body size to the decision of male-male combat for territorial
defending in breeding sites (Arak, 1983; Woolbright, 1983; Wells, 2007). However, male
tactics such as acoustic call, color, or physical displays were still reported (Summers
et al,, 1999; Wells, 2007; Gomez et al,, 2011). Thus, mate choice behavior of frogs is
diverse but consistent within species or population (Emlen and Oring, 1977; Wells,

2007).

® Mating system

Mating systems are classified according to levels of polygamy in a population
(Emlen and Oring 1977; Wells 1977 Sullivan et al,, 1995). However, the polygamy do
not only exist in mating patterns of frogs, but also monogamy occur. The mating
patterns have been divided into monandry, polygeny, polyandry, and polygynandry
(Sullivan et al,, 1995, Wells, 2007; Ursprung et al, 2011; Tumulty et al., 2014).
The polyandry of mating pattern is most realized in Rhacophorids, which is a single
female mate with multiple males. However, a female mate with a male frog is called
a monandry is found (Jennions and Passmore, 1993; Kadadevaru and Kanamadi, 2000;
Roberts and Byrne, 2011; Zhao et al.,, 2016). However, it could modify by effect of
habitat environment on the intraspecific adaptation of anuran (Sullivan et al., 1995;

Wells, 2007; Ursprung et al,, 2011; Tumulty et al., 2014).

Following Wells (2007) Mating systems are categorized by courtship behaviors
and oviposition site selection. The three major mating systems of anurans are
consisting of scramble competition, resource defense, and the choruses and leks. First,
the scramble competition often happens in explosive breeders, the activity of males’

calling and spawning occurs in the same area. Second, the lek mating system which is



most founded in frog species, male guides the female to a nesting site where is not
same a suitable calling site (Sullivan et al., 1995; Wells, 2007). Third, the resource
defense mating system had been reported in few anuran species, the oviposition site
is the same as the calling site (Sullivan et al., 1995; Prohl and Berke, 2001; Wells, 2007).
Although, mating systems of most Rhacophorid” members are mentioned to being lek
mating system and the oviposition was selected by female (Lank, 2002; Wells 2007;
Liao and Lu, 2010; Khongwir, 2016; Niyomwan et al., 2019), some species are still
obscures to determine (Sullivan et al., 1995; Halloy and Fiafio, 2000; Wells, 2007).

® Reproductive mode

The reproductive mode is a combination of oviposition site, ovum and clutch
characteristics, rate and duration of development, stage and size of hatchling, and type
of parental care (if there are any) (Duellman and Trueb, 1994). Frogs have most diverse
reproductive modes among vertebrate taxa (Haddad and Pombal, 1998; Haddad and
Prado, 2005). In 2005, Haddad and Prado identified the reproductive modes of anurans
from 405 species, 56 genera, and 8 families in the Atlantic Forest of Brazil.
They reported 39 reproductive modes, which are accountable for more than 34% of
reproductive  modes known for frogs worldwide (Haddad and Prado, 2005).
The reproductive modes of frogs were discovered with the extension to many other
groups from various locations (Iskandar et al., 2014; Santoro et al., 2014; Crump, 2015),
the frogs can utilize various types of habitats such as tropical rainforests, grasslands,
high-altitude heaths, and hot deserts (Wells, 2007). Furthermore, intraspecific
differences in anuran reproductive mode could be exhibited as a result of ecological
adaptations (Haddad and Pombal, 1998; Haddad and Prado, 2005; Toledo et al., 2012;
Crump, 2015). For example, Toledo et al. (2012) reported that eggs of Hypsiboas
faber were found in several modes and mentioned that environment around the

breeding habitat could influent reproductive strategies or reproductive mode.
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2.2.3 Oviposition selection

The characteristics of the breeding habitat affected to oviposition decision of
the frog’s parents (Anderson et al., 1999; Rodrigues et al., 2005; Wells, 2007; Li et al,,
2018), these are differently required in each species for example types of nest
substrate or plants, percent cover of canopy, and/or quality and quantity of water
source, etc. (Anderson et al,, 1999; Skelly, 2001; Sridhar and Bickford, 2015; Luna-
Gomez et al, 2017). Current evidence suggests that the spawning habitat and
substrates are various and indefinite, some species of frogs have required specific
habitat characteristics (Wells, 2007; Brown et al., 2011; Barrett et al., 2016; Luna-Gomez
et al.,, 2017).

The oviposition sites selection directly impacts the survival, growth, and
development of offspring (Wilbur and Collins, 1973; Laurila, 1998; Newman 1992; Luna-
Gomez et al., 2017), especially the lack of parental care and limited mobility of larva
(Crump 1974, Skelly, 2001; Binckley and Resetarits, 2003). The environment of the
closed space is unstable with a high risk of water evaporation, food limitation, and
predation (Laurila, 1998; Adams, 2000; Binckley and Resetarits, 2003; Rodrigues et al.,
2010). Therefore, the quality and quantity of temporary pools such as water depth,
temperature, pH, and dissolved oxygen (DO) are limited conditions for oviposition
selection and larva survival as well (Laurila, 1998; Skelly, 2001; Mitchell, 2002; Reading,
2003; Sridhar and Bickford, 2015).

Even the behavioral studies explored that some anuran species return to the
breed in the site that they were hatching (natal philopatry) more than finding a new
site (natal disperse) because this site was confirmed to be a good pond for egg-laying
and decrease energy loss (Sinsch, 1992; Sjogren-Gulve, 1998a, 1998b; Wells, 2007).
However, if the water source is not suitable or the pond is dried, so parent frogs will
move to choose another pond around there (Sinsch, 1992; Halloy and Fiafio, 2000).
The movement of frogs to breed in a new site could affect the distribution and
abundance of the populations (Anderson et al., 1999; Skelly et al., 1999; Van Buskirk,
2005; Pitt et al,, 2017). Hence, the influence of breeding habitat characteristics in
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anurans was continuously investigated. Not only give a benefit for studying and
explaining the interaction between breeding behaviors with physiology, ecology, and
/or evolution (Toledo et al, 2012; Indermaur et al., 2010; Crump, 2015; de Andrade, et
al,, 2017; Pitt et al, 2017) but also benefits to wildlife management and species
conservation (Timm and Meretsky, 2004; Navas and Otani, 2007; Gaston et al., 2010;
Landeiro et al., 2014).

2.3 Biology of Rhacophorid frog

Family Rhacophoridae contains 426 species of arboreal frogs from 19 genera
(Frost, 2018) and is dominantly distributed in Tropical Africa, China, Southeast Asia,
Japan, Taiwan, Philippines, Greater Sunda Islands. (Wells, 2007). Most members of the
Rhacophorid frog exist in the tropical area where temperature and precipitation
determine the frog's breeding activity (Wells, 2007; Sinsch and Dehling, 2017).
The tropical anurans usually mature within their first or second year of life, earlier than
temperate species, also the maximum lifespan of tropical anurans is about 2-3 years
which is lower than temperate anurans (Sinsch and Dehling, 2017). Normally, the body
size of a female is bigger than male, they have enlarged toe discs at the ends of the
fingers (Pough et al., 2004; Wells, 2007). Some frogs have a supracloacal dermal ridge
which is a key-character of the species (Chou et al., 2007). These features facilitate the
frog on climbing or gliding, they can glide by extensive webbing between their digits

(Wells, 2007; Frost, 2016).

After metamorphosis, the adult gliding frog lives on a high canopy for insect
foraging as well as predation avoidance. They move down to the ground level only for
spawning in the breeding season (Duellman and Trueb, 1994; Pough et al., 2004; Wells,
2007; Khongwir et al,, 2016). The most of Rhacophoridae were found in the
polyandrous mating pattern which is a female mates with two males or many males,
so they can fertilize with the same clutch (Liao and Lu, 2010). Most rhacophorid frogs
build foam nests on the water surface or objects over the water (Duellman and Trueb,
1994). The foam nests can protect their eggs and larvae from predators and desiccation

(Pough et al., 2004; Khongwir et al., 2016). They have specific habitats by laying eggs in
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temporary water sources (Kadadevaru and Kanamadi, 2000; Liao and Lu, 2010).
However, knowledge about the reproductive behavior of rhacophorid frogs is still
limited due to their mysterious lifestyles and the difficulty of individual identification
(Bourne, 1992; Lank et al., 2002; Wells, 2007; Liao and Lu; 2010; Khongwir et al., 2016;
Abraham et al., 2018).

2.4 Study Species

The Malayan flying frog (Zhangixalus prominanus) is a gliding frog, and a native
of Thai-Malay Peninsula, Sumatra Island, and Indonesia (Harvey et al., 2002; Sukumaran
et al., 2004). All records of this species are from the closed-canopy rainforest at low
to medium altitudes about 250 - 1,100 meters above sea level (Sukumaran et al., 2004;
Marcus, 2017). This species was notified in both forest and artificial sites (Lim and
Norsham, 2003; Kurniati, 2008). Like other members of the family, it builds foam nests
was extended to any object above a shallow pool after sundown (Berry, 1972; Harvey
et al., 2002; lbrahim et al., 2011) and breeds in a tank or small forest rain pools and
puddles, including the beds of intermittent streams (Berry, 1972; Sukumaran et al,,

2004; Thong-aree et al., 2011; Niyomwan et al., 2019).

In Sumatra, Indonesia, the Z. prominanus was collected in vegetation above a
shallow pool near a river at nighttime, some individuals were found along a stream in

the forest and on the road (Harvey et al., 2002).

In Malaysia, the Z. prominanus were reported from an amplexus pair that their
eggs were laid on thick vegetation and the eggs hatched in 3 days, one day later the
most tadpoles occurred with external gills. Moreover, they described the
morphological characteristics of tadpoles in various development stages until

metamorphosed young (Berry, 1972).

In Thailand, there are two main populations of Z. prominanus reported,;
the first one is found near the Thai-Malay border (Yala, Narathiwat, and Pattani
provinces) and the second one is at Khao Sok National Park, Surat Thani province

(Sukumaran et al,, 2004; Niyomwan et al., 2019) (Figure 1). In Hala-Bala Wildlife
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Sanctuary, Narathiwat, the frogs were reported on many rock ponds surrounded by
swamp forests and rain forests, on the other side that consist of canopy vegetation
over a temporary pool such as a rock pool or animal wallows with water-filled or mud
(Thong-aree et al,, 2011; Niyomwan et al., 2019). Therefore, the population of
Z. prominanus at Sirindhorn Waterfall, Hala-Bala Wildlife Sanctuary, Narathiwat

province is large and healthy (Niyomwan et al., 2019), was chosen in this study.

Figure 1. Rang distribution of Zhangixalus prominanus on worldwide, In Thailand have
been reported in the Khao Sok National Park, Phanom, Surat Thani (A), Betong, Yala
(B), and Hala-Bala Wildlife Sanctuary (C); data from Thai National Parks, 2022.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Preliminary study and research planning

Previous research reported that the Malayan flying frog, Zhangixalus
prominanus are found in Hala-Bala Wildlife Sanctuary, Narathiwat province, and Khao
Sok National Park, Surat Thani Province. This species was reported that they are found
in rock pools and animal wallows with water, moreover, those places are usually

nearby or covered by canopy vegetation.

We did preliminary study in nature trails at Hala-Bala Wildlife Sanctuary.
Our pilot study was started in July 2017; the Z prominanus are found around
50 individuals at the Sirindhorn Waterfall, while 2 individuals were found in the wallow
pool beside the Bala road. We intensively started conducting the research in January
2018; the presented individual frogs were indicated by photo identification technique.
Each frog was photographed on head dorsal surface followed Pldiasu et al., 2005 and
Lettink, 2012, the pictures were analyzed by using NaturePatternMatch version 1.00 to
specify the individuals (Stoddard et al., 2014), and total number of frog individuals will
be counted later. Furthermore, we continuously monitored those frogs in both sites
from February to March 2018. During field survey in the Sirindhorn Waterfall the
number of founded frog were increased, but in the wallow pool neither the individual
nor nest were found. Eventually, we decided to focus and study only the reproductive
behavior and ecology of Z. prominanus population at Sirindhorn Waterfall from 2018

to 2019.

During the frog survey at Sirindhorn Waterfall, in the 2019, we did the survey at
Khao Sok, Surat Thani province as the Z. prominanus at was reported by Niyomwan et
al,, 2019, they mentioned that the population of Z. prominanus in the Khao Sok were
found at a breeding site in @ muddy temporary pool, covered by bush and climber

tree. It is possible that they are an explosive breeder which has a short breeding period
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in May. Therefore, we observed the Z. prominanus population at Khao Sok from August
to October 2019. However, the individual frogs and nests of this population were not

found. Then, we decided to exclude this population from a study.
3.2 Study site

This research focused on Zhangixalus prominanus population at the Sirindhorn
Waterfall (5.80°N 101.83°E: Google Earth Pro, 2014) locates at Hala-Bala Wildlife
Sanctuary, Narathiwat province close to Thai-Malay border. The Bala forest is a lowland
tropical rain forest, an elevation was reported from 50 to 960 meters above mean sea
level (MSL) (Noon-Anant et al., 2005), with an average temperature of 28.0 °C, 2,098
mm of annual precipitation, and 60% of relative humidity (Niyomtham, 2000; Gale and
Thongaree, 2006; Karapan, 2017). This area is classified as a monsoon zone of abundant
rain throughout the year. The rain is influenced by afternoon thunderstorms (February-
July), South-west monsoon (August-October), and South-east monsoon (November-

January) (Niyomtham, 2000).

The population of Z. prominanus was found in the study site, there are many
temporary rock pools surrounded by swamp forest and rainforest. This area next to
the waterfall, on another side, is partly covered by canopy vegetation (Niyomtham,
2000; Thong-aree et al., 2011). The study area is about 12x40 m? (width x length) with
1-3 meters (m) deep slope rocks covered by leave, branches and root of plants such
as Zingiberaceae, Fabaceae, Annonaceae, Lamiaceae, etc. The higher level of
vegetation consisted of height trees, such as Hellenia speciosa, Cananga sp., Premna
sp., etc. which were the 2-6 m in height. The trees that were higher than 10 m were
also found at the study site such as Premna sp. On the west side of the study site is
the running water from the waterfall, the stream is approximately 7 m in width (Figure

2A).

Beside the stream consisted of many temporary rock-pools. The pools
contained plant components, algae, aquatic living such as insects, tadpoles, and fish

in some pools (Figure 2B). There were ninety temporary rock-pools with various sizes:



16

range of diameter were 20 - 340 centimeters (cm), and range of maximum depth were
0.1- 35.0 cm. However, we were considered only the rock-pools that contained more
than 5 cm water depth. Therefore, the 30 rock-pools were used to study according to
the previous report mentioned that the water depth can influence breeding sites
selection in anurans. The frog in family Rhacophoridae build the nest in the water that

average depth was higher than 5 cm (Seale, 1982; Caldwell, 1986; Skelly, 2001;

Van Buskirk, 2005; Sridhar and Bickford, 2015, Kato et al., 2010; Rowley et al., 2012).

Figure 2. The study site is at the creek of Sirindhorn Waterfall, Hala-Bala Wildlife
Sanctuary, Narathiwat province. The temporary rock pool is indicated by arrow (A),

and an example of water-pool components (B).
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3.3 Overview of field work and data recording

We collected data in the study from January 2018 to June 2019 at Sirindhorn
Waterfall, focusing on the flattening rock, with deep slope rocks covered by leaves,
branches, and roots (Study area size: 12 x 40 m?). The survey was conducted for one
week per month. The rainfall periods in each sampling month were considered to be
the data collecting periods (following the weather forecast website: AccuWeather,
2018) because the rainfall is the main factor in the reproductive induction of anuran
(Duellman and Trueb, 1994; Saenz et al., 2006; Wells, 2007). The data were collected
in the field at night from 18hr00 to 24hr00, which is reported as the most active time
of anurans species (Wells, 2007). The dim and red light was used for reducing the
disturbance of the frogs during the observations (Kadadevaru and Kanamadi, 2000; Liao

and Lu, 2010; Khongwir et al., 2016).

We observed the frogs from the ground to the canopy at approximately 0 - 4
m height. Then, we rechecked the frogs every 10-15 minutes. The observers counted
and recorded the frog number and clutch (Appendix 1A). The early clutches in each
night were determined and recorded (the next morning, we rechecked and recorded
whether a new clutch occurred after the previous observation). All the presented frogs
were identified for sex by using the size of head and body, that males are smaller than
females). Moreover, a female can identify by accumulated eggs while we can identify
a male by advertisement calls. We also estimated presented individual positions,
including height from the ground, distance from rock pools, and type of substrate.
We recorded the activities present such as calling, fighting, gsrabbing position, spawning
activity, mating system, etc. After the observation from 21hr00 to 24hr00, All the frogs
were taken an individual photograph, and abiotic factors including the climatic factors
of the breeding site, and physical and chemical factors of temporary rock pools were
measured by research assistants (Appendix 1B), while some frogs were captured for
marking by using the Photo-ID technique and measuring the body size. However, rock

pools profile and some abiotic factors were also measured during the daytime.



18

3.4 Data collection and data analysis

3.4.1 Breeding habitat use (Temporal patterns)

The number of males, females, and clutches (New clutch) were counted.
Also air temperature and relative humidity were measured in every 10-15 minuets;
approximately 10 times per night. The air temperature and the relative humidity were
measured by using a digital thermometer, while rainfall data was taken from the

recording rainfall at Hala Bala Wildlife Sanctuary.

The maximum number of males, females, and clutches occurring in each night
used for data analysis. The Kruskal-Wallis test was used to investigate the difference
between the average counted number of males, females, and clutches per night
among the observed months. Moreover, the tested factors consisting of the seasons,
the rainfall, the air temperature, the relative humidity, and the number of males and
females had analyzed for the effect of tested factors on the number of males, females,
and clutches occurrence by using Generalized Linear Models (SPSS 27.0 for Windows,

2020).

3.4.2 Oviposition selection

The new clutches were recorded and noted for the presented position on
every observed night at the study site. The temporal and climatic factors at the study
site were recorded from January 2018 to June 2019. The air temperature and relative
humidity were measured every 10-15 mins; approximately 10 times per night. The air
temperature and relative humidity were measured by using a digital thermometer,
while rainfall data was taken from recording precipitation dada at the Hala-Bala Wildlife
Sanctuary. Moreover, to indicate the illuminance in the site on the observed nights,
the ability of the observer's visual in the darkness (Moonlight Visual Distance: MVD) was
used considering the distance between an observer and a white paper (15x10.5 cm) at

the same point and position at night around 21hr00 to 24hr00.
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The influence of habitat variables on oviposition site selection was tested by
the rock-pool characteristics. The sixteen pools were chosen for this study. They could
have contained water and the frog tadpole. The observed pools had various sizes,
the eight pools were covered by hanging vegetation and the remaining were in open
areas. The pool positions were mapped and drawn. Map ratio was correlated with the
real measuring ratio measuring using. The pool shape was measured for 3 - dimensions,
the pool depth was measured at the endpoint of the pool, length and width of the
pool s were measured every 20 cm. All the data were used to make pool profile.

Then the pool sizes were ranked by the maximum water volume.

Moreover, abiotic factors of the observed pools were measured and monitored
along with the study. During the daytime, the distance between the center of the pool
and hanging vegetation (DPH) was measured by a tapeline and a pole. Vegetation
hanging over the pools (VH) was checked if it presented, so the percentage cover of
shading over the water surface (%SH) was estimated by eyes and photos. At night,
the water level in the pools was measured by a tapeline and a ruler, the water
temperature was measured by using a Mercury-Filled Glass Thermometer, and pH was
measured by using pH-indicator strips (MColorpHastTM: range pH 0 - 14) that were put
in the middle of the pools and Dissolved Oxygen (DO) was tested by using Dissolved
Oxygen Test kit (Vunique version v-color9780, Thailand: range 0.5-15.0 mg/l O,) that

were calculated by drop count titration.

In statistical analyzes, independent variables were tested for correlation with
other factors for checking and cutting the multicollinearity which could affect the
equation of the logistic regression (correlation value < 0.7; Schroeder, 1990). After that,
the binary logistic regression was used to analyze the independent variables that
effected the clutching appearance in the breeding site. The tested factors including
the breeding period (seasons, and monthly), climatic factors (precipitation,
air temperature, and relative humidity), and moonlight (moonlight visual distance) were
tested whether they had influenced clutching appearances. Meanwhile,

the characteristics of observed rock pools including the physical factors (DPH, %SH,
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Water Temperature, Water Depth, and Water Surface), the chemical factors (pH and
DO of water), also the sixteen temporary rock pools were examined the influence of

abiotic factors to oviposition site selection.

The Pearson correlation testing represented that most parameters were not
high relation to each other (correlation value < 0.7), they were not multicollinearity.
However, data were transformed by cutting off some parameters which were high
relation. Therefore, both the presentation of vegetation hanging (VH) and water volume
were cut off in statistical analysis, because VH was highly correlated with the distance
between the center of the pool and hanging vegetation and the percentage of the
percent cover of shading over water surface (%SH), as same as the water volume was

highly related to water depth (SPSS 27.0 for Windows, 2020) (Appendix 2).

3.4.3 Reproductive activities and breeding behaviors

Every night, reproductive activities and breeding behaviors of Z. prominanus
have focused in the study site where full of the flattening rock, covering by leaves,
branches, and roots of plants. Those many rock pools contained water and varied in
sizes, some of them were covered by canopy vegetations. In the fieldwork,
the behaviors of frogs were monitored every 10-15 minutes. We recorded the position
of the frogs” individuals and nests including the height and the distance of water source
(temporary rock-pools), and the behavioral displays. The frogs on the ground level
(approximately 0-4 m) were specially considered for their movement. During the
survey, the monitored frogs were photographed and recognized using dorsal surface
of the head. All the individuals were identified by the Photo-ID technique (Plaiasu et
al., 2005; Lettink, 2012). The courtship activity displays were detected on male’s calling
and physical fighting. The mating activities starting the females or amplexus pairs
(@ male grabbed on a female’s back) were detected by active observing, then
amplexus pairs were monitored until completing egg-laying and nested frogs left from
the nest. Moreover, the tadpole stage was documented following Gosner, 1960, when
the egg hatched. Then the data were indicated and classified the reproductive activity

pattern, mate choice, mating system, and reproductive mode final.
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® Reproductive activity pattern
The frog individuals were continuously monitored for 6 days per month
throughout the year. the occurrence and the breeding activities (including male calling,
female occurring, and nesting) occurred in the study site were observed and recorded.
The breeding period was used to indicate the reproductive activity patterns of this

population (Wells, 1977; Duellman and Trueb, 1994; Rodrigues and Bertoluci, 2002).

® Mate choice, and Mating system
The male tactics and female choices of this population were considered for
their movement when courtship occurred until the male frog was chosen for mating.
We hypothesized that the nearest males to the water source (breeding pools) had a
high opportunity to be chosen by the females (Vilaca et al., 2011; de Oliveira, 2017).
Therefore, mate choice was investigated. Moreover, the type of mating system in this
species was analyzed considering the location of the male calling site and nesting site

(Wells, 2007).

® Reproductive mode
In this study, the courtship, mating, and spawning activities as well as
oviposition site selection were described in order of the events. The frequency of the
frog activities appearing was also noted. Moreover, the reproductive modes were
determined by using data from breeding activities followed Haddad and Prado, 2005

reporting.

3.5 Photographic identification (Photo-ID)

There are several methods used to determine a frog individual. However, it is
difficult to monitor frogs’ behavior in natural habitats. Capturing or handling frogs
possibly harm them and change their behavior (Reaser 1995; Bradfield, 2004; Haigh et
al.,, 2007). Many previous studies applied the mark-recapture method for individual
identification, but some methods could injure or cause of dead (Plaiasu et al., 2005;
Hoffmann et al., 2008; Lettink, 2012). Recently, the photo identification method was
introduced to use as it can decrease disturbance and injury which could interfere

thefrogs’ behavior (Lettink, 2012; Long and Azmi, 2017).
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In this study, the individual frogs were identified by using the photographs ID
technique and using NaturePatternMatch (NPM) program. The NPM currently consists
of two program files including nom_process, which performs all image pre-processing
including image enhancement, region-of-interest selection, and feature extraction,
the second file called nom match, this file was used to match an image or set of
images against an existing dataset of images (Stoddard et al., 2014). In the first step,
the frogs were taken one by one photo on the dorsal side with a clear focus.
Then, the dorsal marks, lines, or spots of the frog were transformed into matrix data
with the NaturePatternMatch program, version 1.00. For the frog photos identification,
the program calculated a score ranking of photo-matching by the similarity of the
pattern of analyzed marks, lines, and spots (Long and Azmi, 2017; Jaroensap et al,,

2019) (Figure 3).

Finding image : 180627 U

### Ranking List ###
Cconfidence: 0.965988
1) {180625_u2} [0.681642]
2) {180626_u2} [0.0231838]
3) {180626_um} [0.0157692]

4) {180626_ul} [0]
5) {180626_UF} [0]
B, CLLASEE 6) {180625_ul} [0]
180625
Rl Rank : 7
] | |
npm_process npm_match

Figure 3. A sample of photo identification by NaturePatternMatch, version 1.00
program on the dorsal surface of Zhangixalus prominanus’ head. The upper picture is
the frog’s individual on June 27, 2018, and the lower picture is the frog on June 25,
2018. The pictures were pre-processed by npm_process then each image was matched

by nom_match, which provided a similarity score ranking and confidence score.
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CHAPTER 4

RESULTS and DISCUSSION

4.1 Breeding habitat use (Temporal part) and Influence of abiotic factors
Results

The adult male, gravid female, and clutching of Z. prominanus at the study site
(12 x 40 m? were detected along with the observation. The average number of
counted males was high in June-2018, August-2018, and September-2018 (Mean + SE:
24.25 + 3.67, 17.50 + 3.81, and 17.96 + 6.72, respectively), which fewer in November-
2018, February-2018, and June-2019 (Mean + SE: 10 + 1.10, 8.5 + 6.22 and 8 + 1.53
respectively). The average number of counted females were high in May-2018,
September-2018, and February-2019 (Mean + SE: 1.5 + 0.62, 2.39 + 0.98, and 1.5 + 1.5,
respectively), and the lower in June-2018, August-2018, and November-2018, which
have the same values (Mean + SE: 0.50 + 0.25, 0.50 + 0.34 and 0.5 + 0.14, respectively).
The average number of counted clutches were most high in September-2018,
Mar-2018, and February-2019 (Mean + SE: 2.04 + 1.00, 1.5 1.5, and 1.03 + 0.68,
respectively) and the lower in February-2018, August-2018, and June-2019 (Mean + SE:
0.17 + 0.18, 0.33 + 0.21, and 0.33 + 0.21, respectively) (Figure 4 and Appendix 3).
However, there are no data recorded on 2018, April, July, October, December and
2019, January, March, April, and May, by force majeure (There is an insurgency in the

research area and the researcher was in an accident).
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Figure 4. Average number of Zhangixalus prominanus divided in males, females, and
clutches per night at Sirindhorn Waterfall during January 2018 and June 2019 for

10 sampled months.

The total of survey nights was 53, and the average number of counted males,
females, and clutches in the breeding site during the survey month (n = 53) detail were
14.17 + 10.58 (SD), while females and clutches were similarly lesser were 1.11 + 1.73
(SD) and 0.79 + 1.61 (SD), respectively. Result of Kruskal- Wallis nonparametric test
show that the differentiation between survey month and number of male individuals
(Kgs3 = 15.468, P = 0.079), female individuals (Kgs; = 10.655, P = 0.300), and clutches
(Kgss = 10.413, P = 0.318) did not differ significantly (Kruskal-Wallis, P > 0.05, Table 1).
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Table 1. Descriptive Statistics and result of Kruskal- Wallis nonparametric test, mean
counted individuals of male, female, and clutch (n = 53) at breeding site in the ten
months during the 2018-2019. P-values were derived from Kruskal-Wallis tests and

significant values (P < 0.05) were shown on table.

N Mean Std. Minimum  Maximum  Kruskal-  df P-
Deviation Wallis Values
H
Male 53  14.1698 10.58798 0.00 39.00 15468 9  0.079
Female 53  1.1132 1.72828 0.00 9.00 10.655 9  0.300
Nest 53 0.7925  1.60957 0.00 9.00 10413 9  0.318

From the climatic factors analyzing shows an effect on the appearance of
males, females, and clutching. Besides, the male occurrence is influence to female
and also the nesting exist. The seasons, average of air temperature, and average of
relative humidity had an effect on number of males occurring (P < 0.05). Meanwhile,
the rainfall and male appearance have effect on number of females occurring (P <
0.05), seasons, average of air temperature, and average of relative humidity had not an
effect (P > 0.05). The female occurring only influenced number of clutches appearing

(P < 0.05) (Table 2).
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Table 2. Statistical value of general linear model of climatic factors influenced to the
appearance (n = 52) of mature male, gravid female and clutching in temporary rock

pools (breeding site) at Sirindhorn Waterfall, Hala-Bala wildlife sanctuary, Narathiwat.

Male Female Clutch
Tested

Wald Chi- i Wald Chi- i Wald Chi- i
variables df  Sig. df  Sig. df  Sie.

Square Square Square

(Intercept) 0930 1 0.335 0.678 1 0410 0.122 1 0.727
Seasons 30.416 2 0.000*  1.509 2 0470 0.410 2 0815
Rainfall 0632 1 0427 11797 1 0.001* 0.101 1 0.751

Air-temp. 5236 1 0.022* 0.249 1 0617 0.043 1 0.836
Humidity 15684 1 0.000* 0.299 1 0.584 0.032 1 0.859

Male 23548 1 0.000*

Female 22.586 5 0.000*

Significant p values of tested variables are marked with asterisk (¥)

Discussion

The tropical anurans usually mature within their first or second year of life, and
the maximum lifespan is about 2-3 years (Sinsch and Dehling, 2017), which means the
frog has a short time for producing the offspring in their population (Wells, 2007).
This is the cause of most tropical anurans species being prolonged breeder and
continuously breeding thought a year, which was influenced by temperature and
precipitation (Wells, 2007; Sinsch and Dehling, 2017). Our results show that Zhangixalus
prominanus at Sirindhorn Waterfall existed each month throughout the studying,

which might be due to the regular rainfall at Bala wildlife sanctuary. It is the least rain
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during the hot season (February—July), the heavy rain is usually found as afternoon
thunderstorms during the south-west monsoon (August-October), and the height of
rainfall is recorded during the north-east monsoon (November—January) (Niyomtham,
2000; Kemp et al. 2011). These monsoons not only influence rainfall but also humidity
and air temperature, it affects the humidity is consistently high, and varied inversely
with temperature (Kemp et al., 2009), whence, it is an appropriate environment for the

frogs doing any activities throughout the year.

The breeding area of this population had a mean annual relative humidity
is 82 %, and a temperature is 27 °C in the Sukhirin district (The Bala Road) (see Kemp
et al, 2009, 2011), where are high temperature and rainfall that suitable for the
reproductive activity of frog during the breeding season. From the previous report,
the spermatogenesis of male frogs could induce by high temperatures, then along
the breeding period, the male frogs possibly have completely developed sperm in
their testis (see Paniagua et al., 1990; Rastogi and lela, 1992; Rastogi et al., 2005).
In this study, the frog population also shows the gravid female occurrence was
influenced by calling male and rainfall, which have an effect on the egg-laying behavior
of females (Sullivan et al., 1995; Grafe, 2005; Wells, 2007; Rastogi et al., 2011; Byrne
and Roberts, 2012). Generally, the rainfall has been identified as the stimulus for adult
males and gravid females to generate their mating season and move to the breeding
site (Oseen and Wassersug, 2002; Saenz et al., 2006; Wells, 2007; Schalk and Saenz,
2016). Thus, the environmental change in this area could be a negative effect on the
reproductive behaviors of the anurans (Donnelly and Crump, 1998; Blaustein et al,,

2001; Wells, 2007; Crump, 2015; Navas et al., 2017).



28
4.2 Oviposition site selection and Influence of abiotic factors
Results

Figure 5 shows the studying pools that exist on a 12x25 m? rock slope.
It is between the creek of Sirindhorn Waterfall on the west side and the rocky slope
with the vegetation on the east side. All pools have a water depth of 4 — 5 cm or
more, the most aquatic living in pools is anuran tadpoles. The eight pools (number 5,
7,8,9,10, 11, 13, and 14) were in the upper zone, which is 1-3 m in height from creek
level. The eight pools (number 1, 2, 3, 4, 6, 12, 15, and 16) were in the lower zone at
creek level. The shadow covering of each pool was ranked; six pools were more than
50% of shading, five pools were 1-50% of shading, and five pools were none-shading

from any objects.

The cross-section of 16 rock pools was drawn at the deepest and widest (Figure
6). The slope profile pictures were organized into 2 groups of non-covered and
vegetation covered. The depth of water in the open area pool is a range of 5 to 20 cm

and in the vegetation-covered pool it varies since 4 cm to 40 cm.

The water capacity of pools was calculated from the average of maximum
water depth and water surface area. The sizes of pools were ranked from lowest to
highest volume into 3 groups. First is the water volume less than 1,000 cm? as a small
pool (pool number 1, 2, 3, 4, 5,6, 7,8, 9, 10 and 11), and second group is the pool
have water over than 1,000 cm?as a big pool (pool number 12, 13, 14, 15 and 16)
(Figure 7).

We found that the five pools; number 8, 12, 14, 15, and 16, were selected for
mating and nesting along the study. Meanwhile, the selected pools: number 12, 14, 15
and 16, are covered and categorized in the big size of the pool (>1,000 cm?), except
pool number 8 which is small size (approximately 300 cm?) and far from vegetation

covering, but it has an overhanging rock nearby (Figure 5, 6, and 7).
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Figure 5. The map of study site shows top view of position, shape, size, and shading
presence: white is 0% shaded, line is 1-50% shaded and gray is more than 50% shaded,
of the pools number 1-16 during collecting years (2018-2019). The height level
zonation was separated by dash line. The number in dark circle is the monitoring pools

along the study.
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Figure 6. The slope profile of six exposed rock pool and ten covered rock pools were
drawing at maximum depth and width. The pictures in row were sequenced by the
average depth of water in pool (dash line) from lowest to deepest. The number in

circles are pools number, and dark circle are the monitoring pools along the study.
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Figure 7. The graph shows a water volume of study rock — pools. The pools were
arranged by water containing from smallest to largest sizes. The thick circles are

monitoring pool along the study.

Logistic regression models revealed that the temporal climatic and factors
including months, seasons, rainfall, average of air temperature, average of air humidity,
and average of moonlight visual distance (n = 57) were not statistically significant
(P-value > 0.05) (Table 3). Meanwhile, the habitat characteristics including the water
depth, pH, dissolved oxygen (DO) of the study site are significantly influenced the
probability of clutching appearance (independent binary variable: clutch present vs.
clutch absent; logistic response function (logit): g(x) = - 21.272 + 0.287 (average water
depth) + 1.462 (water pH) + 0.435 (DO); P < 0.05, percentage of corrected cases = 93.6
(see Appendix 4)). The other variables had no influence on the models (all variables

had P > 0.05) (Table 4).
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Table 3. Variables in the equation of binary logistic regression on the effects of the
temporal and climatic factors on nested occurring (n® = 57) by Zhangixalus prominanus
at Sirindhorn Waterfall in Hala-Bala Wildlife Sanctuary, sampled during January 2018
and June 2019 (Indicate statistical significance in P < 0.05).

Variables ° B S.E. Wald df Sig. Exp(B)
Months © 6.99 9 0.64
Jan-18 -2.38 2.76 0.74 1 0.39 0.09
Feb-18 0.15 2.41 0 1 0.95 1.16
Mar-18 0.44 2.41 0.03 1 0.86 1.55
May-1 -0.81 2.21 0.14 1 0.71 0.44
Jul-18 -2.53 2.56 0.98 1 0.32 0.08
Aug-18 0.94 2.3 0.17 1 0.68 2.55
Nov-18 0.46 1.53 0.09 1 0.77 1.58
Feb-19 -2.41 2.51 0.92 1 0.34 0.09
Jun-19 -0.8 2.43 0.11 1 0.74 0.45
Seasons ¢ 0.51 2 0.77
ATS 1.35 2.07 0.43 1 0.51 3.86
SWM 0.1 2.05 0 1 0.96 1.11
Rainfall -0.01 0.02 0.38 1 0.54 0.99
AT -0.32 0.41 0.61 1 0.43 0.73
RH -0.04 0.05 0.5 1 0.48 0.96
MVD 0.06 0.08 0.6 1 0.44 1.07

Constant 11.2 13.3 0.71 1 0.4 70405.94
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n is the total number of clutch recording (both present and absent) of Z. prominanus

during 6 days per months in each abiotic variable.

b Variable(s) entered on step 1: Months, Seasons, ATs = Afternoon thunderstorms, SWM
= South-west monsoon, Rainfall (mm.), AT = average of Air Temperature (°C), RH =

average of Relative Humidity (%), MVD = average of Moonlight Visual Distance (m)

¢ June 2018 was used to being the reference group in Logistic regression with dummy

variables

4 South-east monsoon (SEM) was used to being the reference group in Logistic

regression with dummy variables

Table 4. Variables in the equation of binary logistic regression on the effects of the
habitat characteristics on nested occurring (n® = 487) by Zhangixalus prominanus at
Sirindhorn Waterfall in Hala-Bala Wildlife Sanctuary, sampled during January 2018 and

June (Indicate statistical significance in P < 0.05). The statically significant variables (*)

Variables ° B S.E. Wald  df Sig. Exp(B)
Pools ¢ 11.844 15 0.691
Pool No. 1 -11.008 23564.239 0.000 1 1.000 0.000
Pool No. 2 -11.889 16151.669 0.000 1 0.999 0.000
Pool No. 3 -10.019  5838.585 0.000 1 0.999 0.000
Pool No. 4 -4.382 271984.173 0.000 1 1.000 0.013
Pool No. 5 -9.200 8762.104 0.000 1 0.999 0.000
Pool No. 6 -1.285 249331.945 0.000 1 1.000 0.277
Pool No. 7 -12.172 6066.514 0.000 1 0.998 0.000
Pool No. 8 10.570 113278.805 0.000 1 1.000 38955.313
Pool No. 9 -8.213 136078.282 0.000 1 1.000 0.000
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Pool No. 10 5326 226720.543  0.000 1.000  0.005

Pool No. 11 -11.226  5646.594 0.000 0.998  0.000

Pool No. 12 6.966 3.176 4.809 0.028  1059.461
Pool No. 13 -9.299 158826.780  0.000 1.000  0.000

Pool No. 14 13.648  5.413 6.357 0.012  845480.714
Pool No. 15 12.681  6.330 4.014 0.045  321472.052
DPH -1.599  45311.522 0.000 1.000  0.202

%SH -0.043  0.048 0.791 0.374  0.958

WT 0.114 0.250 0.209 0.648  1.121

WD 0.287 0.141 4.143 0.042"° 1.333

WS 0.000 0.000 1.967 0.161 1.000

pH 1.462 0.544 7.224 0.007"  4.315

DO 0.435 0.130 11.245 0.001"°  1.545
Constant 21.272 9512 5.002 0.025"°  0.000

nis the total number of clutch recording (both present and absent) of Z. prominanus

during 6 days per months in each abiotic variables from tested pools.

® Variable(s) entered on step 1: Pools, DPH = Distance of Pool’ s Center to hanging

vegetation (m), %SH = Shading cover on water surface (%), WT = Water Temperature

(°C), WD = average of Water Depth (m), WS = Water Surface (m?), pH = pH of water,

DO = Dissolved Oxygen of Water (mg/l O,)

“Pool no. 16 was used to being the reference group in Logistic regression with dummy

variables
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Discussion

The previous research mentions that oviposition site selection of anuran is
stimulated or exhibited by abiotic factors surrounding the breeding habitat (Spieler and
Linsenmair, 1997; Anderson et al., 1999; Matsushima and Kawata, 2005; Wells, 2007;
Wang et al., 2008). However, the data analysis of this study shows the breeding period
(seasons, and monthly), climatic factors (precipitation, temperature, and humidity),
and lighting in the breeding area (moonlight visible) did not influence to clutching
appearance of Zhangixalus prominanus at Sirindhorn waterfall. These might cause the
population is exist in a tropical rainforest, the environmental conditions such as rainfall
humidity, and temperature are not greatly different in this area (Niyomtham, 2000; Gale
and Thong-aree, 2006; Kemp et al., 2009, 2011), which is suitable condition throughout
a year, that could stimuli a reproductive behavior of anuran (Rastogi et al., 2005; Wells,
2007; Rastogi et al., 2011, Luna-Goémez et al., 2017). Therefore, a slight fluctuation of
abiotic factors surrounding the breeding area is not sufficiently impacting to male,

female, and clutching (Halloy and Fiano, 2000; McDonald et al., 2018).

The equation in this study showed the likelihood of oviposition was predicted
by habitat characters, and the breeding habitat variables were significantly influenced
and positively correlated with the appearance of egg-laying, which consisted of
physical and chemical factors, including average depth, pH, and dissolved oxygen (DO)
of water in a temporary rock pool. According to the previous studies reported that the
conditions found in nesting pools could affect the tadpole survival (Moore and
Townsend, 1998; Werner and Glennemeier, 1999; Adams and Saenz, 2012; Saenz and
Adams, 2020), likewise, the water depth could influence oviposition selection,
especially the temporary aquatic breeders’ frog (Crump, 1991; Rodel et al., 2004;
Rudolf and Rodel, 2005). Besides, the mature frogs are waiting until water is contained
in pools with proper high to keep away from the desiccation of laying eggs (Spieler and
Linsenmair, 1997; Laan and Verboom, 1990; Laurila, 1998; Skelly, 2001). Moreover,

it has been reported that the frogs avoided eggs depositing in very high or very low pH
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values, and they usually choose the water pool with dissolved oxygen (DO) that was

higher than 1 mg/l O, in water (Adams and Saenz, 2012).

Moreover, the shape of the water pool in terms of volume and water surface
area is irrelevant to the water depth, pH, and DO as same as the temperature, leaf
litter, also aquatic living in the water (Seymour and Loveridge, 1994; Werner and
Glennemeier, 1999; Adams and Saenz, 2012; Saenz and Adams, 2020). The leaf little
or secondary compounds in the water pond could regulate the water to high tannin
concentrations and have the potential to create environments that are directly toxic
to anuran tadpole performance, growth, and development (Maerz et al,, 2005).
The tannin could change in quality and quantity of tadpole food and direct toxicity by
reducing the oxygen in the water (Brown et al., 2006; Earl and Semlitsch, 2015).
Moreover, the optimistic correlation of water depth, pH, and DO values with the
probability of clutching appearance in this study is possibly related to the heavy rain
in the monsoon season, which attracts females to the breeding site. Then the rain

filled the water in the pool, the pH changed from 5 to 6 or 7, and the DO is rising.

The oviposition site characteristics of this population were a water pool which
consists of shading over the water surface covered by vegetation hanging, nearest to
the resting habitat of the frog that they can hide from the predators. Moreover,
the selected pools were high water depth and volume (over 1,000 cm3), which might
affect the number of tadpoles living in the nursery pools. In this study, a clutch of
Zhangixalus prominanus represented the number of eggs approximately 200 to 300
(n =5, minimum and maximum = 166 and 331), and larva hatchling approximately 200
(n =3, minimum and maximum = 100 and 251), they spend time around 72 hours after
nesting until egg hatchling. Furthermore, all selected pools that were chosen for
clutching were not ever dry out during the study period, from the monitoring of quality
and quantity of water temperature between nighttime and daytime showed a more
stable level of selected pool compared with non-selected pool (Appendix 5).
It may be the big size of pools and shaded pools involved with the water temperature

and the dissolved oxygen controlling (Anderson et al., 1999; Werner and Glennemeier,
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1999), which directly affect the offspring's survival and the length of development time
until completed metamorphosis (Newman, 1992; Laurila, 1998; Moore and Townsend,

1998; Skelly, 2001; Saenz and Adams, 2020).

In addition, the oviposition selection of Zhangixalus prominanus at Sirindhorn
waterfall might be related to non-measured variables as well as other abiotic factors,
or biotic factors such as competition and predation (Berven and Grudzien, 1990; Laurila
and Aho, 1997; Halloy and Fiafio, 2000; Refsnider and Janzen, 2010; Buxton et al,,
2017). Furthermore, the behavior studies found the reoccurrence of some anuran
species to the natal philopatry; breeding site they were hatching, more than the natal
disperse; a new breeding site, because the initial site confirmed to be a good pool for
egg-laying and decrease energy loss. If the water source is not suitable, the parent frogs
will move to the new pool around there (Sinsch, 1992; Sjogren-Gulve, 1998a; Wells,
2007; Halloy and Fiano, 2000). However, there is still unclear evidence about
oviposition behaviors of natal returning from the temporary pools of the Z

prominanus species.

4.3 Reproductive activities and breeding behaviors
4.3.1 Reproductive activities pattern and reproductive activities monitoring
Results

The 186 frog individuals were marked by Photo-ID technique, all of them were
adult males and gravid females. Some of the marked frogs were measured the size of
snout-vent length (SVL) and head width (HW) to indicate frog' sex and confirm the
individuals. Although the SVL of males (x + SD = 52.87 + 2.62 cm, n = 100) and female
(x + SD = 58.40 + 3.50 cm, n = 13) was not significantly different (t-test; P > 0.05),

+

HW of males (x + SD = 16.53 + 0.55 cm, n = 100) show significantly (t-test; P < 0.05)

smaller than females (x + SD = 19.89 + 1.08 cm, n = 13). We found that the calling
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male, gravid female, and clutching of Zhangixalus prominanus at the study site
(12 x 40 m?) were detected along with the observation (January 2018 to June 2019)
and occurred continuously for more than three months (Figure 4 and Appendix 6).
Thus, the reproductive activities pattern of this population at Sirindhorn Waterfall was

classified to prolong breeding.

The number of males occurring in the breeding site was higher than female
occurring (number of individuals: Male = 153, Female = 33), and after a night of nesting
all nested female and nested male were not found again on the next night (number
of events: Male = 17, Female = 15) (Appendix 6). Total of males and females which
were found more than one time as 40 individuals, the males 36 individuals and female
4 individuals. The forty individuals were considered the frequency of repeating
occurring in the breeding site during the study period. The frequency of males occurring
in the breeding site was greater than females in terms of months and days. The male
repeated occurring in the site was the highest to 6 months, 4 days in a week.
Meanwhile, the highest of females occurring as 2 months, or a day before egg-laying.
Moreover, we found that the shortest period of males and females appearing in the

site after clutching was approximately one month (Appendix 7 and 8).
Discussion

The reproductive activity pattern of Zhangixalus prominanus at Sirindhorn
Waterfall was prolonged breeding. We regularly observe the amount of calling male,
gravid female, and foam nests throughout the study. It is consistent with previous
reports from various locations on Thai-Malay Peninsula and Sumatra Island with
extended reproduction cycles throughout a year (followed Sukumaran, 2004;
Niyomwan et al.,, 2019). Because of constant warm temperatures with high humidity
and precipitation, it is easy to induce the mature frog to develop their gamete (Harvey

et al., 2002; Sukumaran et al., 2004; Ibrahim et al., 2011; Marcus, 2017).

In the monitoring of adult male and female occurrence in the study site,

we could mention that the foraging site and breeding site of this population were
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different, and they use this study site for breeding activities only (Semlitsch, 2000;
Wells, 2007; Khongwir et al,, 2016; Abraham et al,, 2018). Besides the gravid female
was found only at this site, then after the date of clutch depositing the mated males
and female were disappear until the next month. It might be this species is an arboreal
living and insect-foraging, they are resting on high canopy vegetation to avoid the
ground level predator (Duellman and Trueb, 1994; Pough et al., 2004; Wells, 2007
Khongwir et al.,, 2016). However, the frequency of adult males’ reoccurrence in the site
per night and month was higher than females because they arrive for ground defending
(Mitchell, 2002; Vilaga et al.,, 2011; de Oliveira, 2017). Meanwhile, the frequency of
reoccurrence in gravid females was lower, they appear a day before nesting and
disappear afterward. For decreasing the risk of predation and energy, might be the
female moving down for one purpose is egg-laying (Pough et al., 2004; Byrne and
Roberts, 2012). Moreover, the research on germ cell histology shows a shorter period
of sperm production in males than the follicle recovery in females, so the female

spends more time for re-mating (Wells, 2007; Byrne and Roberts, 2012).

4.3.2 Breeding behaviors and Reproductive mode

Breeding behaviors of Z. prominanus was observed on courtship and mating
(@amplexus pair) until nesting activities are complete, thus the 99% similarity on
activities were calculated from the couples. The breeding activity can be divided into
six sequences, see Figure 8 beginning with [1] a male moving down from canopy
vegetation and occurring in the breeding areas, then the courtship behavior over water
pools or canopy level were shown (frequency of performance (F)/total observation (T);
F/T = 50/54) and most calling with some fighting by a kick or jump up and sit on
another male (Figure 8A). [2] The gravid females reach the breeding area (F/T = 24/54)
(Figure 8B), [3] a male or many males would grab the female’s back and clasping with
the hand into the armpit called axially amplexus (number of couple’s performance
(n); n = 28) (Figure 8C). [4] After that amplexus pair moved (n = 17) to the breeding
pool and [5] made foamy - nest over a water together (n = 50), preferably on rock

substrates or hanging vegetations (Figure 8D - E). [6] Then the male moves out while
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the female shapes the foam nest into oval or eggs were completely covered by foam
(Figure 8F). Finally, the female released the nest (n = 26) and moved to the canopy
level. However, during the mating and foam nesting behavioral process, the selected
males still called and aggressed all the time to prevent their spouse from other males

and another organism confliction.

Figure 8. Breeding activity sequences of Zhangixalus prominanus at breeding area,
Sirindhorn Waterfall; many male calling and fighting by a kick or jump up on another
frog (A), gravid female appearing in the breeding site (B), axillary amplexus by a male
grabbing on a female armpit at the white arrow (C), the amplexus pair moving over or
near water pool (D), foam-nesting by both male and female (E), and foam shaping by

the female (F), meanwhile male separating off.

The 28 amplexus pairs of Z prominanus in observation showed two mating
patterns. The monandry (n = 20), a female mate with one male (Figure 9A), was most
observed. A few polyandric (n = 8) situations occurred when heavy rainfall, it is a group
mate of one female with many males, the biggest group found 6 males in a mating
(Figure 9B). The reproductive mode of this species was identified as mode 33 following

Haddad and Prado (2005); the arboreal foam nest with eggs hence hatching tadpoles
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drop into pools. The corroboration was shown by the over temporary rock pools
nested of mate monitored (n = 50). The clutches were white-foamy nest with oval or
free shape, the green yellowish eggs were occupied inside. The distance between
foam-nests and water surface was approximately 1 cm or less than 100 cm, but a
situation of observer’s interruption made the frog pair moved to nesting around 7 m
from water surface. However, the nested position had without anything to obstruct the
larva dropping into the water. The proportion of 50 foam nests substrate were 82% of
rocks surface hanging (n = 41), 12% of one leaf hanging (n = 6), and 6% of many leaves
hanging (n = 3) (Figure 9C-E). Therefore, the embryos developed within egg until a tail,
external gills, and spiracle occurring (stage 25 followed Gosner, 1960). Then, the
dropped hatchlings transitioned to exotrophic phase and metamorphosis in the

pool (Figure 9F). The parental care behavior was not indicated in this population.

Figure 9. The mating patterns and the reproductive mode of Zhangixalus prominanus
at Sirindhorn Waterfall. The detected two mating systems a monandry (A), and
polyandry (B). The reproductive mode shows a foamy nest on the rocky surface (C),
one leaf (D), and many leaves (E). The fully developed larva hatching (white arrow)

and dropping into water pool (F).
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Discussion

The series of Zhangixalus prominanus breeding activities at Sirindhorn
Waterfall usually begins with male calling and combat, as the primary behavior of
territory defense. Then the resulting behavioral pattern as axillary amplexus of the
couple occurs and they will move to the intended places for nesting afterward
(Johnson, 1968; Duellman and Trueb, 1994; Liao and Lu, 2010; Khongwir et al., 2016).
The evolutionary studies on the reproduction of the family Rhacophoridae claim for
the multipurpose of terrestrial foam nest, e.g., frog resource partitioning, predator
avoidance, temperature buffer, and preventive desiccation. Additionally, the foam nest
development could be evidence of historical climate oscillation as members of
Rhacophoridae reportedly entered drier areas (Pough et al, 2004; Wells, 2007,
Meegaskumbura et al., 2015; Khongwir et al., 2016; Pereira, et. al., 2017).

Due to the exploration at Sirindhorn Waterfall, the reproductive mode is
classified as number 33 following Haddad and Prado (2005); directly pool dropped
hatchling from foam nest. We also noted the different foam nest hanging substrates,
which are preferably located on the rock. It might be the distance and slope of the
rock are assisted to directly dropping into the water. It is supported by the previous
report on many arboreal nests of anurans species, that live on an extended range of
heights, but their oviposition site was significantly close to the water surface (Valencia-
Aguilar et al., 2012; Garcia et al., 2013). Due to those places, the foam nests are more
concerned with temperature control, oxygen supply, solar radiation protection,
predator avoidance and the most important is the accurate direction of larva slipping

(Delia et al., 2010; Gould, 2021).

Generally, the mating patterns of animals were modified by environmental
changing and the quality of a population (Wittenberger, 1979; Alcock, 2005; Adrian and
Sachser, 2011). The monandry and polyandry of Z. prominanus found in observation
are common mating systems in anurans, especially the family Rhacophoridae (Liao and
Lu, 2010; Prado et al., 2005; Roberts and Byrne, 2011). However, the reasons for these

mating patterns in Z. prominanus are ambiguous, where it might be related to
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environmental factors, meanwhile, the influence of the operational sex ratio of
anurans population was also mentioned (Sullivan et al., 1995; Lodé et al., 2004,
Sztatecsny et al., 2006; Kokko and Jennions, 2008; Matsuba et al., 2008). The sex ratio
between male and female sexes of this population is not equal, seem the number of
males is higher than female. Also, highly sufficient resources in the male population
would possibly dominate a single female or many females. The limited resources
could cause the population to the polyandrous mating pattern (Emlen and Oring, 1977;
Brown et al., 2011; Ficetola et al. 2010; Ursprung et al., 2011; Byrne and Roberts, 2012;
Hudson and Fu, 2013). In birds and mammals, females gain benefit when polyandry
increases their access to resources or paternal care is provided by males (Lank et al,,
2002; Reding, 2015; Auclair et al., 2014), but this is not explicit in the anuran. Moreover,
the polyandrous system of anuran is increasing the reproductive success of males

while harassment of females (Zhao et al., 2016).

4.3.3 Mate choice, mating patterns, and mating system

Results

From January 2018 to June 2019, the mating activities of this frog have been
monitored completely for 12 events (n = 12). Each event was considered the breeding
activities start with the male occurring until mating or complete nesting. The male frogs
attempted to monopolize the breeding pool. Therefore, the territory was defended by
physical fighting as kicking and jump over were shown, from the rock pools to the tree
branches above (Figure 10A). We found that the greater occupier male and as close to
the water surface would be more successful in mating (frequency of performance
(F)/total observation(T); F/T = 11/12), while the non-selected male sneaked around
and would shove in between selected male and female by chance (F/T = 4/12).
Meanwhile, most females rarely indicated their position and activities, but when they
reached the breeding pool, the selected male would approach anyway (Figure 10B).
Nevertheless, the Zhangixalus prominanus amplexus pairs move to the male
defending spot (F/T = 12/12), which is clearly that they mainly used a resource defense

mating system. Then, the breeding process was initiated (Figure 10C). Normally, the
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level of foam nesting was chosen nearby the water surface first, the second level and

the next would decide after the previous crowded (F/T = 4/12) (Figure 10D).

A B

Tree branches

Rock pond

e Male O Female @ Amplexuspair ® Nest

Figure 10. Diagram represented male and female activities of Zhangixalus prominanus
around breeding rock pool and the bush above. The solid point substitute for male
(@) and the selected male (@ ). Male territory defending on a lek pool (A). The
selected male was come and axillary amplexus with a female (O ) (B), The amplexus
pair (®) moved to the occupied area of selected male (C). The nest (&) usually

foaming close to water surface, another spouse might be nest higher later (D).
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Discussion

The male tactics to a mating success of Zhangixalus prominanus at Sirindhorn
waterfall were territorial defending site, the near to water source and large covering
area have higher successful rely on the female choice. The male frogs attempted to
monopolize the breeding pool. It is essential to increase the reproductive success of
females and reduce the injured of either males or females during group activities
(Sztatecsny et al., 2006; Wells, 2007; Zhao et al,, 2016). The territory defending by
physical fighting which their aggressive behavior might exhibit multiple amplexing
(polyandry), or scramble-competition (Roberts and Byrne, 2011; Dias et al., 2017).

The male Rhacophoridae’s suitable calling sites are separated from oviposition
sites. Thus, the role of females in the amplexus stage is not only in choosing the mated
male but also conduct the males to oviposition places (Fukuyama, 1991; Gerhardt and
Huber, 2002; Poelman and Dicke, 2008). However, we suggested that in this population
the male defending site and oviposition site is the same place that both male and
female choice for the advantage of the tadpole survival. These could be possible by
following the mention of Llusia et al., 2013, they summarized environmental factors
are critical to determining the mating system of intraspecific variation. Moreover, the
selected oviposition place is directly affected the offspring's survival by increasing the
efficiency of tadpoles dropping and fewer aquatic predators (Prohl and Berke, 2001,
Wells, 2007; Delia et al., 2010; Gould, 2021).
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CHAPTER 5

CONCLUSIONS and RECOMMENDATIONS

Conclusions

The Malayan flying frog (Zhangixalus prominanus) population at Sirindhorn
Waterfall, Hala-Bala Wildlife Sanctuary represent the unique breeding behaviors also
specific habitats requiring. The data was observed and monitored during January 2018
to June 2019 for 10 months in study area with approximately size of 12 x 40 m? beside
stream of Waterfall, Narathiwat. We investigated the temporal of breeding habitat use,
oviposition selection, evaluated the influence of an abiotic factors to breeding
activities, also describe breeding behavior including reproductive activity pattern,
mating patterns, reproductive mode, mate choice, and mating system of

this population at Sirindhorn Waterfall.

We found the Z. prominanus at Sirindhorn Waterfall appeared in the breeding
site during the survey months. The number of males is always greater than females.
In this population, the climatic factors are affecting the appearance of males, females,
and clutching, also influencing the breeding habitat use of males and females.
The number of males occurring is influenced by seasons, average air temperature, and
average relative humidity (P < 0.05). Meanwhile, the rainfall and male occurrence affect
the number of females occurring (P < 0.05). On the other hand, the female occurrence
only influences the number of clutches appearing (P < 0.05). Then we could mention
that the appearance of the member in the Z prominanus population at Sirindhorn
Waterfall is directly influenced by climate and environment, however, the tropical
rainforest has suitable conditions throughout the year, so their alteration is not clearly

monitored.

Consult of clutching monitoring during the study period the five pools were
selected by frogs including pools number 8, 12, 14, 15, and 16. All of them were

covered by shading over the water surface and most were covered by hanging
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vegetation. The pools were categorized as the big in size of the pool (over 1,000 cm?),
except pool number 8 which was small in size (an approximately 300 cm?).
The probability of nesting occurrence relied on the climatic and temporal factors
including months, seasons, rainfall, average air temperature, average air humidity, and
average moonlight visual distance was not statistically significant (P > 0.05). Meanwhile,
the breeding pool characteristics including the water depth, pH, and dissolved oxygen
(DO) affected the probability of oviposition selection. These data approve of the
previous reports that the Zhangixalus prominanus species requires the specific
habitats because they have a high impact on environment changing, then they need

more concerned with protected area management.

The breeding strategies of this species could be transformable to fit with the
environment for higher reproductive success. The reproductive activity pattern of Z.
prominanus at Sirindhorn Waterfall was indicated as prolonged breeding, the adult
male, gravid female, and foam nests were found throughout the study, and they use
the repetitive site for breeding activities. The male was highly frequently reoccurring in
the breeding site than the female. Anyway, both males and females could re-mating
in @ month after nest. The reproductive mode of Z. prominanus was identified as the
arboreal foam nest with eggs, the complete stage development of hatching tadpoles
will directly drop into ponds. The frogs laid their eggs on different kinds of substrates
such as a leaf or many leaves, but the rock is favorite. The mate choice of Z
prominanus represented that the male frogs attempted to monopolize the breeding
pond. Therefore, the territory defending by physical fighting as kicking and jumping
over were shown, the greater occupier male and as close to the water surface would
be more successful in mating. The mating system of Z prominanus exhibit the
resource defense, according to the defending site and oviposition site were the same
place. From the study, Z. prominanus showed two mating patterns observed in
28 amplexus pairs are monandry (n = 20) and polyandry (n = 8), we suggest that it is

for increasing the mating success opportunity.
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Recommendations

These studies provide the understanding of the frog reproductive behavioral
ecology is helpful to planning species conservation and an opportunity for research
combining several fields such as behavioral ecology and evolutionary biology.
Moreover, the photographic individual identification will be more used in the future
for monitor and identify the frog without touching. However, any factors should be
added to cover the potential and continued monitoring for making the data better
complete. Moreover, we should increase the sample from many locations because

a single population may not be sufficient.



49

REFERENCES

Abraham, R. K., Mathew, J. K., Raju, D. V., Rao, R., & Zachariah, A. (2018). Reproduction
and metamorphosis in  the Myristica Swamp tree frog, Mercurana

myristicapalustris (Anura: Rhacophoridae). PeerJ, 6, 1-19.

AccuWeather, Inc. (2018). Weather forecasts: Waeng, Thailand. Retrieved from https:
//www.accuweather.com/en/th/waeng/319771/weather-forecast/319771.

Adams, C. K., & Saenz, D. (2012). Leaf litter of invasive Chinese tallow (Triadlica sebifera)
negatively affects hatching success of an aquatic breeding anuran, the

southern leopard frog (Lithobates sphenocephalus). Canadian journal of

zoology, 90(8), 991-998.

Adams, M. J. (2000). Pond permanence and the effects of exotic vertebrates on

anurans. Ecological Applications, 10(2), 559-568.

Adrian, O., & Sachser, N. (2011). Diversity of social and mating systems in cavies:

a review. Journal of Mammalogy, 92(1), 39-53.

Alcock, J. (2005). Animal behavior: an evolutionary approach. Sinaeur Associates. Inc.,

Sunderland, Massachusetts.

Anderson, A. M., Haukos, D. A., and Anderson, J. T. (1999). Habitat use by anurans
emerging and breeding in playa wetlands. Wildlife Society Bulletin, 759-769.

Arak, A. (1983). Male-male competition and mate choice in anuran amphibians.
In: Mate Choice (P. Bateson, Ed.) (Edition). Cambridge: Cambridge University

Press.

Arzabe, C. (1999). Reproductive activity patterns of anurans in two different altitudinal
sites within the Brazilian Caatinga. Revista brasileira de Zoologia, 16(3),

851-864.



50

Auclair, Y., Kénig, B., & Lindholm, A. K. (2014). Socially mediated polyandry: a new
benefit of communal nesting in  mammals. Behavioral ecology, 25(6),

1467-1473.

Barrett, K., Guyer, C., Samoray, S. T., & Kanno, Y. (2016). Stream and riparian habitat use
by anurans along a forested gradient in western Georgia, USA.

Copeia, 104(2), 570-576.

Bastos, R. P., & Haddad, C. F. (2002). Acoustic and aggressive interactions in Scinax
rizibilis (Anura: Hylidae) during the reproductive activity in southeastern

Brazil. Amphibia-Reptilia, 23(1), 97-104.

Beebee, T. J. C. (1996) Ecology and Conservation of Amphibians. Chapman & Hall,
London, UK.

Beebee, T. J., & Griffiths, R. A. (2005). The amphibian decline crisis: a watershed for

conservation biology?. Biological conservation, 125(3), 271-285.

Berry, P. Y. (1972). Undescribed and little known tadpoles from West Malaysia.
Herpetologica, 338-346.

Berven, K. A, & Grudzien, T. A. (1990). Dispersal in the wood frog (Rana sylvatica):
implications for genetic population structure. Evolution, 44(8), 2047-2056.

Binckley, C. A, & Resetarits Jr, W. J. (2003). Functional equivalence of non-lethal
effects: generalized fish avoidance determines distribution of gray treefrog,

Hyla chrysoscelis, \arvae. Oikos, 102(3), 623-629.

Blaustein, A. R., Belden, L. K., Olson, D. H., Green, D. M., Root, T. L., & Kiesecker, J. M.
(2001). Amphibian breeding and climate change. Conservation Biology,
15(6), 1804-1809.



51

Bourne, G. R. (1992). Lekking behavior in the neotropical frog Ololygon rubra.
Behavioral Ecology and Sociobiology, 31(3), 173-180.

Bradfield, K. S. (2004). Photographic identification of individual Archey’s frogs,
Leiopelma archeyi, from natural markings. DOC Science Internal Series, 191,

1-36.

Brown, C. J., Blossey, B., Maerz, J. C, & Joule, S. J. (2006). Invasive plant and
experimental venue affect tadpole performance. Biological Invasions, 8(2),

327-338.

Brown, G. P., Kelehear, C., & Shine, R. (2011). Effects of seasonal aridity on the ecology
and behaviour of invasive cane toads in the Australian wet—dry tropics.

Functional Ecology, 25(6), 1339-1347.

Buxton, V. L., Ward, M. P., & Sperry, J. H. (2017). Frog breeding pond selection in
response to predators and conspecific cues. Ethology, 123(5), 397-404.

Byrne, P. G., & Roberts, J. D. (2012). Evolutionary causes and consequences of

sequential polyandry in anuran amphibians. Biological Reviews, 87(1), 209-228.

Caldwell, J. P. (1986). Selection of egg deposition sites: a seasonal shift in the southern

leopard frog, Rana sphenocephala. Copeia, 1986(1), 249-253.

Chou, W. H., Lau, M. W. N., & Chan, B. P. (2007). A new treefrog of the genus
Rhacophorus (Anura: Rhacophoridae) from Hainan Island, China. The Raffles
Bulletin of Zoology, 55(1), 157-165.

Collins, J. P., & Storfer, A. (2003). Global amphibian declines: sorting the
hypotheses. Diversity and distributions, 9(2), 89-98.

Crump, M. L. (1974). Reproductive Strategies in a Tropical Anuran Cominunity. Misc.
Publ. Mus.



52

Crump, M. L. (1991). Choice of oviposition site and egg load assessment by a treefrog.

Herpetologica, 308-315.

Crump, M. L. (2015). Anuran reproductive modes: evolving perspectives. Journal of

Herpetology, 49(1), 1-16.

de Andrade, D. V., Bevier, C. R, & De Carvalho, J. E. (Eds.). (2017). Amphibian and reptile
adaptations to the environment: Interplay between physiology and

behavior. Taylor & Francis Group, New York: CRC Press.

de Oliveira, F. F. R. (2017). Mating behaviour, territoriality and natural history notes of
Phyllomedusa ayeaye Lutz, 1966 (Hylidae: Phyllomedusinae) in south-
eastern Brazil. Journal of Natural History, 51(11-12), 657-675.

Delia, J., Cisneros-Heredia, D. F., Whitney, J., & Murrieta-Galindo, R. (2010). Observations
on the reproductive behavior of a Neotropical glassfrog, Hyalinobatrachium

fleischmanni (Anura: Centrolenidae). South American Journal of Herpetology,

5(1), 1-12.

Dias, T. M., Santos, T. G., Maragno, F. P., Oliveira, V. F., Lima, C., & Cechin, S. Z. (2017).
Breeding biology, territoriality, and reproductive site use by Phyllomedusa
iheringii (Anura: Phyllomedusidae) from the South American Pampa in Brazil.

Salamandra, 53(2), 257-266.

Donnelly, M. A,, & Crump, M. L. (1998). Potential effects of climate change on two
neotropical amphibian assemblages. Climatic change, 39(2), 541-561.

Duellman, W. E., Trueb, L. (1994). Biology of Amphibians (Johns Hopkins Paperback,
ed.) (Edition). New York: McGraw-Hill.

Earl, J. E., & Semlitsch, R. D. (2015). Effects of tannin source and concentration from

tree leaves on two species of tadpoles. Environmental Toxicology and

Chemistry, 34(1), 120-126.



53

Emlen, S. T., & Oring, L. W. (1977). Ecology, sexual selection, and the evolution of
mating systems. Science, 197(4300), 215-223.

Erdtmann, L. K, & Lima, A. P. (2013). Environmental effects on anuran call design: what
we know and what we need to know. Ethology ecology & evolution,

25(1), 1-11.

Ficetola, G. F., Padoa-Schioppa, E., Wang, J., & Garner, T. W. (2010). Polygyny, census
and effective population size in the threatened frog, Rana latastel.

Animal Conservation, 13, 82-89.

Frost, D. R. (2016). Amphibian Species of the World: An Online Reference, version 6.0.
American Museum of Natural History. Retrieved from http://research.amnh.

org/herpetology/amphibia/index.html.

Frost, D. R. (2018). Amphibian Species of the World: An Online Reference, version 6.0.
American Museum of Natural History. Retrieved from http://research.amnh.

org/herpetology/amphibia/index.html.

Fukuyama, K. (1991). Spawning behaviour and male mating tactics of a foam-nesting

treefrog, Rhacophorus schlegelii. Animal Behaviour, 42(2), 193-199.

Gale, G. A, & Thongaree, S. (2006). Density estimates of nine hornbill species in a
lowland forest site in southern Thailand. Bird Conservation International,

16(1), 57-69.

Garcia, C. G., Lescano, J. N., & Leynaud, G. C. (2013). Oviposition-site selection by
Phyllomedusa sauvagii (Anura: Hylidae): An arboreal nester inhabiting arid

environments. Acta oecologica, 51, 62-65.

Gaston, M. A, Fuji, A., Weckerly, F. W., & Forstner, M. R. (2010). Potential component
allee effects and their impact on wetland management in the conservation

of endangered anurans. PLoS One, 5(4), e10102.



54

Gerhardt, H. C. and Huber, F. (2002). Acoustic communication in insects and anurans:
common problems and diverse solutions. University of Chicago Press,

Chicago and London.

Gomez, D., Théry, M., Gauthier, A. L., & Lengagne, T. (2011). Costly help of audiovisual
bimodality for female mate choice in a nocturnal anuran

(Hyla arborea). Behavioral Ecology, 22(4), 889-898.

Gonzalez-Bernal, E., Brown, G. P., Crowther, M. S., & Shine, R. (2015). Sex and age
differences in habitat use by invasive cane toads (Rhinella marina) and a
native anuran (Cyclorana australis) in the Australian wet-dry tropics.

Austral Ecology, 40(8), 953-961.

Google Earth Pro 7.3. (2018). Sirindhorn waterfall 5°48'06.48"N, 101°49'40.91"E, elevation
114M. 3D  map, Buildings data layer. 2014. Retrieved from
http://www.google.com/earth/index.html.

Gosner, K. L. (1960). A simplified table for staging anuran embryos and larvae with notes

on identification. Herpetologica, 16(3), 183-190.

Gould, J. (2021). Safety bubbles: a review of the proposed functions of froth nesting

among anuran amphibians. Ecologies, 2(1), 112-137.

Grafe, T. U. (2005). Anuran choruses as communication (P. McGregor, ed.)

(Edition) Cambridge University Press, Cambridge.

Grant, R. A,, Chadwick, E. A., & Halliday, T. (2009). The lunar cycle: a cue for amphibian
reproductive phenology?. Animal Behaviour, 78(2), 349-357.

Haddad, C. F., & Pombal Jr, J. P. (1998). Redescription of Physalaemus spiniger (Anura:
Leptodactylidae) and description of two new reproductive modes.

Journal of Herpetology, 557-565.



55

Haddad, C. F., & Prado, C. P. (2005). Reproductive modes in frogs and their unexpected
diversity in the Atlantic Forest of Brazil. BioScience, 55(3), 207-217.

Haigh, A., Pledger, S., & Holzapfel, A. S. (2007). Population monitoring programme for
Archey's frog (Leiopelma archeyi): pilot studies, monitoring design and data

analysis. Science & Technical Pub., Department of Conservation.

Halloy, M., & Fiano, J. M. (2000). Oviposition site selection in Pleurodema borellii
(Anura:  Leptodactylidae) may be influenced by tadpole presence.
Copeia, 2000(2), 606-609.

Hamer, A. J., & McDonnell, M. J. (2008). Amphibian ecology and conservation in the

urbanising world: a review. Biological conservation, 141(10), 2432-2449.

Harvey, M. B., Pemberton, A. J., & Smith, E. N. (2002). New and poorly known
parachuting frogs (Rhacophoridae: Rhacophorus) from Sumatra and Java.

Herpetological Monographs, 16(1), 46-92.

Hoffmann, K., Johnson, S., & McGarrity, M. (2008). Technology meets tradition:
a combined VIE-C technique for individually marking anurans. Applied

Herpetology, 5(3), 265-280.

Hudson, C. M., & Fu, J. (2013). Male-biased sexual size dimorphism, resource defense
polygyny, and multiple paternity in the Emei moustache toad
(Leptobrachium boringii). PloS One, 8(6), e67502.

Ibrahim, J., Wong, J., FAZLIN, M. M., Fatan, H. Y., HADIJAH, Y. S., & Norhaslinda, S. (2011).
Amphibian asemblage of Bubu Permanent Forest Reserve, Perak, Peninsular

Malaysia. Malaysian Applied Biology, 40(1), 1-6.

Indermaur, L., Schmidt, B. R., Tockner, K., & Schaub, M. (2010). Spatial variation in abiotic
and biotic factors in a floodplain determine anuran body size and growth

rate at metamorphosis. Oecologia, 163(3), 637-649.



56

Iskandar, D. T., Evans, B. J., & McGuire, J. A. (2014). A novel reproductive mode in frogs:
a new species of fanged frog with internal fertilization and birth of

tadpoles. PLoS One, 9(12), e115884.

IUCN. (2018). The IUCN Red List of Threatened Species. Retrieved from
http://www.iucnredlist.org/.

Jaroensap, H., Karapan, S. and Wangkulangkul, S. (2019, December 13). Reproductive
Activity Pattern of Malayan Flying Frog (Zhangixalus prominanus Smith, 1924)
at Sirindhorn Waterfall, Hala-Bala Wildlife Sanctuary, Narathiwat [Conference
presentation abstract]. The 40th Thailand Wildlife Seminar 2019, Bangkok,
Thailand.

Jennions, M. D., & Passmore, N. I. (1993). Sperm competition in frogs: testis size and a
‘sterile male’experiment on Chiromantis xerampelina (Rhacophoridae).

Biological Journal of the Linnean Society, 50(3), 211-220.

Johnson, C. R. (1968). Observations on the breeding behavior of Rhacophorus
leucomystax (Kuhl) from the Republic of Viet Nam. Herpetologica, 24(4),
336-338.

Kadadevaru, G. G., & Kanamadi, R. D. (2000). Courtship and nesting behaviour of the
Malabar gliding frog, Rhacophorus malabaricus (Jerdon, 1870). Current Science,

377-380.

Karapan, S. (2017). amphibians of Hala-Bala Wildlife: National Park, Wildlife and Plant
Conservation Department. Retrieved from http://www.dnp.go.th/Wildlife/
Wildstation/007%20Phaphu%20PhaHala.html.

Kato, N., Yoshio, M., Kobayashi, R., & Miyashita, T. (2010). Differential responses of two
anuran species breeding in rice fields to landscape composition and spatial

scale. Wetlands, 30(6), 1171-1179.



57

Kemp, A., Kemp, M., & Thong-Aree, S. (2009). Surveys of nocturnal birds at Bala
rainforest, southern Thailand. Forktail, 25, 117-124.

Kemp, A., Kemp, M., & Thong-Aree, S. (2011). Use of lookout watches over forest to
estimate detection, dispersion and density of hornbills, Great Argus and
diurnal raptors at Bala forest, Thailand, compared with results from in-forest
line transects and spot maps. Bird Conservation International, 21(4),

394-410.

Khongwir, S., Hooroo, R. N. K, & Dutta, S. K. (2016). Breeding and nesting behaviour of
Rhacophorus maximus (Anura: Rhacophoridae) in Meghalaya, North East

India. Current Science, 110(6), 1102-1105.

Kokko, H., & Jennions, M. D. (2008). Parental investment, sexual selection and sex

ratios. Journal of evolutionary biology, 21(4), 919-948.

Kraaijeveld, K., Gregurke, J., Hall, C., Komdeur, J., & Mulder, R. A. (2004). Mutual
ornamentation, sexual selection, and social dominance in the black swan.

Behavioral Ecology, 15(3), 380-389.

Kurniati, H. E. L. L. E. N. (2008). Biodiversity and natural history of amphibians and

reptiles in Kerinci Seblat National Park, Sumatra, Indonesia. Final Report, 100.

Laan, R., & Verboom, B. (1990). Effects of pool size and isolation on amphibian

communities. Biological Conservation, 54(3), 251-262.

Landeiro, V. L., Waldez, F., & Menin, M. (2014). Spatial and environmental patterns of
Amazonian anurans: Differences between assemblages with aquatic and
terrestrial reproduction, and implications for conservation management.

Natureza & Conservacéo, 12(1), 42-46.



58

Lank, D. B., Smith, C. M., Hanotte, O., Ohtonen, A., Bailey, S., & Burke, T. (2002). High
frequency of polyandry in a lek mating system. Behavioral Ecology, 13(2),
209-215.

Laurila, A. (1998). Breeding habitat selection and larval performance of two anurans in

freshwater rock-pools. Ecography, 21(5), 484-494.

Laurila, A., & Aho, T. (1997). Do female common frogs choose their breeding habitat to
avoid predation on tadpoles?. Oikos, 585-591.

Lettink, M. (2012). Herpetofauna: Photo-ldentification. Inventory and Monitoring

Toolbox: Herpetofauna. Department of Conservation, Wellington.

Li, B., Zhang, W., Shu, X., Pei, E., Yuan, X., Wang, T., & Wang, Z. (2018). Influence of
breeding habitat characteristics and landscape heterogeneity on anuran
species richness and abundance in urban parks of Shanghai, China.

Urban Forestry & Urban Greening, 32, 56-63.

Liao, W. B., & Lu, X. (2010). Breeding behaviour of the Omei tree frog Rhacophorus
omeimontis (Anura: Rachophoridae) in a subtropical montane region.

Journal of Natural History, 44(47-48), 2929-2940.

Lim, B. L. and Norsham, Y. (2003). Herpetofauna diversity survey in Pasoh Forest
Reserve, Negeri Sembilan, Peninsular Malaysia (Okuda, T., Manokaran, N.,
Matsumoto, Y., Niiyama, K., Thomas, S.C. and Ashton, P.S., eds.) (Edition). In
Pasoh: Ecology of a Lowland Rain Forest in Southeast Asia, Tokyo: Springer.

Llusia, D., Marquez, R., Beltran, J. F., Moreira, C., & Do Amaral, J. P. (2013). Environmental
and social determinants of anuran lekking behavior: intraspecific variation in

populations at thermal extremes. Behavioral Ecology and Sociobiology,

67(3), 493-511.



59

Lodé, T., Holveck, M.J., Lesbarreres, D. and Pagano, A. (2004). Sex—biased predation by
polecats influences the mating system of frogs. Proceedings of the Royal
Society of London. Series B: Biological Sciences, vol. 271(Supplement 6),

December 2004, pp. S399-5401.

Long, S. L., & Azmi, N. A. (2017). Using photographic identification to monitor sea turtle
populations at Perhentian Islands Marine Park in Malaysia. Herpetological

Conservation and Biology, 12(2), 350-366.

Luna-Gomez, M. I, Garcia, A., & Santos-Barrera, G. (2017). Spatial and temporal
distribution and microhabitat use of aquatic breeding amphibians (Anura) in
a seasonally dry tropical forest in Chamela, Mexico. Revista de Biologia

Tropical, 65(3), 1082-1094.

Maerz, J. C., Brown, C. J., Chapin, C. T., & Blossey, B. (2005). Can secondary compounds
of an invasive plant affect larval amphibians?. Funct Ecol, 19(6), 970-975.

Marcus, L. E. E. (2017). Rapid colour change in the Malayan flying frog Rhacophorus
prominanus at Fraser's Hill, Peninsular Malaysia. Southeast Asia Vertebrate

Records, 2017, 12-13.

Matsuba, C., Miura, I., & Merila, J. (2008). Disentangling genetic vs. environmental causes
of sex determination in the common frog, Rana temporaria. BMC genetics,

9(1), 1-9.

Matsushima, N., & Kawata, M. (2005). The choice of oviposition site and the effects of
density and oviposition timing on survivorship in  Rana japonica.

Ecological Research, 20(1), 81-86.

McDonald, L. A, Grayson, K. L., Lin, H. A., & Vonesh, J. R. (2018). Stage-specific effects
of fire: Effects of prescribed burning on adult abundance, oviposition habitat
selection, and larval performance of Cope’s Gray Treefrog (Hyla

chrysoscelis). Forest Ecology and Management, 430, 394-402.



60

Meegaskumbura, M., Senevirathne, G., Biju, S. D., Garg, S., Meegaskumbura, S.,
Pethiyagoda, Hanken, J., & Schneider, C. J. (2015). Patterns of reproductive-
mode evolution in Old World tree frogs (Anura, Rhacophoridae). Zoologica

Scripta, 44(5), 509-522.

Mitchell, N. J. (2002). Nest-site selection in a terrestrially breeding frog with protracted
development. Australian journal of zoology, 50(3), 225-235.

Moore, M. K., & Townsend Jr, V. R. (1998). The interaction of temperature, dissolved
oxyeen and predation pressure in an aquatic predator-prey system.

Oikos, 329-336.

Navas, C. A. and Otani, L. (2007). Physiology, environmental change, and anuran

conservation. Phyllomedusa: Journal of Herpetology 6: 83-103.

Navas, C. A, Gomes, F. R.,, & De Domenico, E. A. (2017). Physiological ecology and
conservation of anuran amphibians. Amphibian and Reptile Adaptations to

the Environment, 155-188.

Newman, R. A. (1992). Adaptive plasticity in amphibian metamorphosis. BioScience,

4209), 671-678.

Niyomtham, C. (2000). Flora of Hala-Bala forest. Special Project Division, Royal Forest
Department. Amarin Printing and Publishing, Bangkok.

Niyomwan, P., Srisom, P. and Pawangkhanant, P. (2019). Amphibians of Thailand.
Parbpim, Bangkok. [Thail.

Noon-Anant, N., Watanasit, S., & Wiwatwitaya, D. (2005). Species diversity and
abundance of ants in lowland tropical rain forest of Bala Forest, Narathiwat
Province, Southern Peninsular Thailand. Natural History Bulletin of the Siam

Society, 53(2), 203-213.



61

Oseen, K. L., & Wassersug, R. J. (2002). Environmental factors influencing calling in

sympatric anurans. Oecologia, 133(4), 616-625.

Osikowski, A. (2001). Multiple insemination increases reproductive success of female
Montandon’s newt (Triturus montandoni, Caudata, Salamandridae).

Behavioral Ecology and Sociobiology, 49(2), 145-149.

Paniagua R., Fraile B., & Saez F. J. (1990). Effects of photoperiod and temperature on
testicular function in amphibians. Histology and Histopathology, 5, 365-378.

Pereira, E. B., Pinto-ledezma, J. N., De Freitas, C. G,, Villalobos, F., Collevatti, R. G., &
Maciel, N. M. (2017). Evolution of the anuran foam nest: trait conservatism

and lineage diversification. Biological Journal of the Linnean Society, 122,

814-823.

Pitt, A. L., Tavano, J. J., Baldwin, R. F., & Stegenga, B. S. (2017). Movement ecology and
habitat use of three sympatric anuran species. Herpetological Conservation

and Biology, 12(1), 212-224.

Plaiasu, R., Hartel, T., Bancila, R. I. and Cogalniceanu, D. (2005). The use of digital images
for the individual identification of amphibians. Studii si Cercetdiri, 10,

137-140.

Poelman, E.H. and Dicke, M. (2008). Space use of Amazonian poison frogs: testing the
reproductive resource defense hypothesis. Journal of Herpetology, 42(2),

270-278.

Pough, F. H., Andrews, R. M., Cadle, J. E., Crump, M. L., Savitsky, A. H., & Kentwood,
D. W. (2004). Herpetology as a field of study. Herpetology, 3rd Edition.
Prentice Hall, New York, U.S.A.



62

Prado, C., Uetanabaro, M., & Haddad, C. (2005). Breeding activity patterns, reproductive
modes, and habitat use by anurans (Amphibia) in a seasonal environment

in the Pantanal, Brazil. Amphibia-reptilia, 26(2), 211-221.

Price, S. J., Marks, D. R., Howe, R. W., Hanowski, J. M., & Niemi, G. J. (2005). The
importance of spatial scale for conservation and assessment of anuran
populations in  coastal wetlands of the western Great Lakes,

USA. Landscape Ecology, 20(4), 441-454.

Prohl, H. & Berke, O. (2001). Spatial distributions of male and female strawberry
poison frogs and their relation to female reproductive resources.

Oecologia, 129(4), 534-542.

Rastogi, R. K. & lela, L. (1992). Spermatogenesis in amphibia: dynamics and regulation
(R., Dallai, ed.) (Edition). In Sex origin and evolution, Bologna, Italy: Mucchi

Ediotore.

Rastogi, R. K,, lela, L., Di Meglio, M., Di Fiore, M. M., D’Aniello, B., Pinelli, C., & Fiorentino
M. (2005). Hormonal regulation of reproductive cycles in amphibians (H.,
Heatwole, ed.) (Edition). In Amphibian Biology-Volume 6. Surrey Beatty & Sons.
Chipping Norton, NSW.

Rastogi, R. K., Pinelli, C., Polese, G., D'Aniello, B., & Chieffi-Baccari, G. (2011). Hormones
and reproductive cycles in Anuran Amphibians (D. O. Norris, K. H. Lopez,
eds.) (Edition). In Hormones and Reproduction of Vertebrates. Elsevier,

London.

Reading, C. J. (2003). The effects of variation in climatic temperature. 1980-2001.
On breeding activity and tadpole stage duration in the commom toad,

Bufo bufo. Sci. Total Environ. 310(1-3), 231-236.

Reaser, J. (1995). Marking amphibians by toe-clipping; a response to Halliday. FROGLOG,
March, 12, 1-2.



63

Reding, L. (2015). Increased hatching success as a direct benefit of polyandry in birds.
Evolution, 69(1), 264-270.

Refsnider, J. M., & Janzen, F. J. (2010). Putting eggs in one basket: ecological and
evolutionary hypotheses for variation in oviposition-site choice. Annual Review

of Ecology, Evolution, and Systematics, 41, 39-57.

Roberts, J. D. & Byrne, P. G. (2011). Polyandry, sperm competition, and the evolution
of anuran amphibians. Advances in the Study of Behavior, 43, 1-53.

Rodel, M. O., Rudolf, V. H., Frohschammer, S., & Linsenmair, K. E. (2004). Life history of
a west African tree-hole breeding frog, Phrynobatrachus guineensis,
Guibe & Lamotte, 1961 (Amphibia: Anura: Petropedetidae). In Ecology and
Evolution of Phytotelm Breeding Anurans. Miscellaneous Publications,

Museum of Zoology, University of Michigan, 193, 31-44.

Rodrigues, D. J., Lima, A. P., Magnusson, W. E., & Costa, F. R. (2010). Temporary pond
availability and tadpole species composition in Central Amazonia.

Herpetologica, 66(2), 124-130.

Rodrigues, D. J., Uetanabaro, M., & Lopes, F. S. (2005). Reproductive patterns of
Trachycephalus venulosus (Laurenti, 1768) and Scinax fuscovarius (Lutz, 1925)

from the cerrado, central Brazil. Journal of Natural History, 39(35), 3217-3226.

Rodrigues, M. T. and Bertoluci, J. (2002). Seasonal patterns of breeding activity of
Atlantic Rainforest anurans at Boracéia, Southeastern Brazil. Amphibia-Reptilia,

23(2), 161-167.

Rowley, J. J,, Tran, D. T. A, Le, D. T. T, Hoang, H. D., & Altig, R. (2012). The strangest
tadpole: the oophagous, tree-hole dwelling tadpole of Rhacophorus
vampyrus (Anura: Rhacophoridae) from Vietnam. Journal of Natural History,

46(47-48), 2969-2978.



64

Rudolf, V. H., & Rodel, M. O. (2005). Oviposition site selection in a complex and variable
environment: the role of habitat quality and conspecific cues. Oecologia,

142(2), 316-325.

Ryan M. J. (1986). Factors influencing the evolution of acoustic communication:

biological constraints. Brain Behav Evol. 28,70-82.

Saenz, D., & Adams, C. K. (2020). Invasive plant leaf litter affects anuran embryo survival
rates, timing of hatching, and hatchling size. Herpetological Review, 51(4),

695-699.

Saenz, D., Fitzgerald, L. A, Baum, K. A, & Conner, R. N. (2006). Abiotic correlates of
anuran calling phenology: the importance of rain, temperature, and season.

Herpetological Monographs, 20(1), 64-82.

Santoro, G. R. C. C. & Brandao, R. A. (2014). Reproductive modes, habitat use,
and richness of anurans from Chapada dos Veadeiros, central Brazil.

North-Western Journal of Zoology, 10, 365-373.

Schalk, C. M., & Saenz, D. (2016). Environmental drivers of anuran calling phenology in

a seasonal Neotropical ecosystem. Austral Ecology, 41(1), 16-27.

Schroeder, M. A., Lander, J., & Levine-Silverman, S. (1990). Diagnosing and dealing with

multicollinearity. Western journal of nursing research, 12(2), 175-187.

Seale, D. B. (1982). Physical factors influencing oviposition by the wood frog,

Rana sylvatica, in Pennsylvania. Copeia, 627-635.

Semlitsch, R. D. (2000). Principles for management of aquatic-breeding amphibians.

The journal of wildlife management, 615-631.

Seymour, R. S., & Loveridge, J. P. (1994). Embryonic and larval respiration in the arboreal
foam nests of the African frog Chiromantis xerampelina. The Journal of

experimental biology, 197(1), 31-46.



65

Sinsch, U. (1992). Sex-biassed site fidelity and orientation behaviour in reproductive

natterjack toads (Bufo calamita). Ethology Ecology & Evolution, 4(1), 15-32.

Sinsch, U., & Dehling, J. M. (2017). Tropical anurans mature early and die young:
Evidence from eight Afromontane Hyperolius species and a meta-

analysis. PLoS One, 12(2), e0171666.

Sjogren-Gulve, P. (1998a). Spatial movement patterns in frogs: target-oriented

dispersal in the pool frog, Rana lessonae. Ecoscience, 5(1), 31-38.

Sjogren-Gulve, P. (1998b). Spatial movement patterns in frogs: Differences between

three Rana species. Ecoscience, 5(2), 148-155.

Skelly, D. K. (2001). Distributions of pond-breeding anurans: an overview of

mechanisms. /srael Journal of Zoology, 47(4), 313-332.

Skelly, D. K., Werner, E. E., & Cortwright, S. A. (1999). Long-term distributional dynamics
of a Michigan amphibian assemblage. Ecology, 80(7), 2326-2337.

Spieler, M., & Linsenmair, K. E. (1997). Choice of optimal oviposition sites by
Hoplobatrachus occipitalis (Anura: Ranidae) in an unpredictable and patchy

environment. Oecologia, 109(2), 184-199.

Sridhar, V. V., & Bickford, D. (2015). Oviposition site selection in the Malayan Giant Frog
(Limnonectes  blythii) in  Singapore: conservation implications. Asian

Herpetological Research, 6, 184-188.

Steen, D. A.,, McClure, C. J., & Graham, S. P. (2013). Relative influence of weather and
season on anuran calling activity. Can J Zool, 91(7), 462-467.

Stoddard, M. C., Kilner, R. M. and Town, C. (2014). Pattern recognition algorithm reveals
how birds evolve individual egg pattern signatures. Nature communications,

5(1), 1-10.



66

Stuart, S. N., Chanson, J. S., Cox, N. A, Young, B. E., Rodrigues, A. S., Fischman, D. L., &
Waller, R. W. (2004). Status and trends of amphibian declines and extinctions
worldwide. Science, 306(5702), 1783-1786.

Sukumaran, J., Van dijk, P.P., Chuaynkern, Y., Iskandar, D., Yaakob, N. & Tzi ming, L.
(2004). Rhacophorus  prominanus. The IUCN Red List of Threatened
Species 2004: e.T59015A11868932. Retrieved from https://dx.doi.org/10.230
5/IUCN.UK.2004.RLTS.T59015A11868932.en.

Sullivan, B.K,, Ryan, M.J. & Verrell, P.A. (1995). Female choice and mating system
structure. Amphibian biology, 2, 469-517.

Summers, K., Weigt, L. A, Boag, P., & Bermingham, E. (1999). The evolution of female
parental care in poison frogs of the genus Dendrobates: evidence from

mitochondrial DNA sequences. Herpetologica, 254-270.

Sztatecsny, M., Jehle, R, Burke, T. & Hodl, W. (2006). Female polyandry under male
harassment: the case of the common toad (Bufo bufo). Journal of Zoology,

270(3), 517-522.

Ten Eyck, G. R. (2005). Arginine vasotocin activates advertisement calling and
movement in the territorial Puerto Rican frog, Eleutherodactylus coqui.

Hormones and behavior, 47(2), 223-229.

Thai National Parks. (2022). Johor flying frog Zhangixalus prominanus, Malcolm Arthur
Smith, 1924. Retrieved from https://www.thainationalparks.com/species/

zhangixalus-prominanus.

Thong-aree, S., Chan-ard, T., Cota, M., & Makchai, S. (2011). The amphibian fauna of
Bala forest reported from southernmost Thailand in 2011. The Thailand
Natural History Museum Journal, 5, 99-106.



67

Timm, A., & Meretsky, V. (2004, January). Anuran habitat use on abandoned and
reclaimed mining areas of southwestern Indiana. In Proceedings of the

Indiana Academy of Science, 113(2), 140-146.

Toledo, L. F., Garey, M. V., Costa, T. R., Lourenco-de-Moraes, R., Hartmann, M. T., &
Haddad, C. F. (2012). Alternative reproductive modes of Atlantic forest
frogs. Journal of ethology, 30(2), 331-336.

Torres-Orozco, R. E., Jimenez-Sierra, C. L., Vogt, R. C, & Benitez, J. L. V. (2002).
Neotropical tadpoles: spatial and temporal distribution and habitat use in a

seasonal lake in Veracruz, Mexico. Phyllomedusa: Journal of Herpetology,

1(2), 81-91.

Tumulty, J., Morales, V., & Summers, K. (2014). The biparental care hypothesis for the
evolution of monogamy: experimental evidence in an amphibian. Behavioral

Ecology, 25(2), 262-270.

Ursprung, E., Ringler, M., Jehle, R., & Hoedl, W. (2011). Strong male/male competition
allows for nonchoosy females: high levels of polygynandry in a territorial

frog with paternal care. Molecular Ecology, 20(8), 1759-1771.

Valencia-Aguilar, A., Castro-Herrera, F., & Ramirez-Pinilla, M. P. (2012). Microhabitats for
ovipositon and male clutch attendance in  Hyalinobatrachium

aureoguttatum (Anura: Centrolenidae). Copeia, 2012(4), 722-731.

Van Buskirk, J. (2005). Local and landscape influence on amphibian occurrence and

abundance. Ecology, 86(7), 1936-1947.

Vilaca, T. R. A, Silva, J. R. D. S., & Solé, M. (2011). Vocalization and territorial behaviour
of Phyllomedusa nordestina Caramaschi, 2006 (Anura: Hylidae) from southern

Bahia, Brazil. Journal of Natural History, 45(29-30), 1823-1834.



68

Walther, G. R,, Post, E., Convey, P., Menzel, A., Parmesan, C., Beebee, T. J., & Bairlein,
F. (2002). Ecological responses to recent climate change. Nature, 416(6879),
389-395.

Wang, VY., Wu, Z., Lu, P., Zhang, F., & Li, Y. (2008). Breeding ecology and oviposition site
selection of black-spotted pond frogs (Rana nigromaculata) in Ningbo,

China. Frontiers of Biology in China, 3(4), 530-535.

Wells, K. D. (1977). The social behaviour of anuran amphibians. Animal Behaviour,

25, 666-693.
Wells, K. D. (2007). The ecology and behavior of amphibians. Univ. Chicago Press.

Werner, E. E., & Glennemeier, K. S. (1999). Influence of forest canopy cover on the

breeding pond distributions of several amphibian species. Copeia, 1-12.

Wilbur, H. M., & Collins, J. P. (1973). Ecological Aspects of Amphibian Metamorphosis:
Nonnormal distributions of competitive ability reflect selection for

facultative metamorphosis. Science, 182(4119), 1305-1314.

Wittenberger, J. F. (1979). The evolution of mating systems in birds and mammals.
(P. Marler, J. Vanden- bergh, eds.) (Edition), In Handbook of Behavioral

Neurobiology: Social Behavior and Communication. Plenum, NY.

Woolbright, L. L. (1983). Sexual selection and size dimorphism in anuran amphibia.

The American Naturalist, 121(1), 110-119.

Yetman, C. A., & Ferguson, J. W. H. (2011). Conservation implications of spatial habitat
use by adult giant bullfrogs (Pyxicephalus adspersus). Journal —of
Herpetology, 45(1), 56-62.

Zhao, M., LI, C.,, Zhang, W., Wang, H., Luo, Z., Gu, Q., Gu, Z., Liao, C. & Wu, H. (2016).
Male pursuit of higher reproductive success drives female polyandry in the

Omei treefrog. Animal Behaviour, 111, 101-110.



69

APPENDICES

b

Appendix 1. The number of frog individuals and clutches were counted (A), and the

abiotic factors in a tested rock pool including water temperature, water depth, pH of
water, and dissolved oxygen of water were measured (B) at the flattening rock beside

the creek of the Sirindhorn Waterfall (study site).



Appendix 2. Correlations of independent variables that effect the clutching occurrence. The asterisk (*) tell the high correlation between

tested variables (correlation value > 0.7; Schroeder, 1990)

Clutch VH DPH %SH RF AT RH MVD WT WD WS WV pH DO
Clutch 1.000 0.182 -0.153 0.194 0.178 -0.027 0.116 0.036 0.030 0.133 0.216 0.170 0.085 0.053
VH 0.182 1.000 -0.820" 0.777 -0.011 0.105 0.044 0.091 0.141 0.335 0.361 0.400 0.283 0.018
DPH -0.153 -0.820" 1.000 -0.663 0.019 -0.109 -0.059 -0.050 -0.085 -0.260 -0.272 -0.321 -0.250 0.057
%SH 0.194 0.777 -0.663 1.000 0.019 0.027 0.073 0.062 0.135 0.300 0.228 0.249 0.218 -0.021
RF 0.178 -0.011 0.019 0.019 1.000 -0.303 0.394 -0.037 0.026 0.062 0.043 0.044 -0.087 0.368
AT -0.027 0.105 -0.109 0.027 -0.303 1.000 -0.399 0.188 0.112 0.006 0.036 0.030 0.192 -0.196
Pearson RH 0.116 0.044 -0.059 0.073 0.394 -0.399 1.000 0.031 0.013 0.096 0.032 0.071 0.023 0.154
Correlation MVD 0.036 0.091 -0.050 0.062 -0.037 0.188 0.031 1.000 -0.094 0.047 0.037 0.033 0.097 -0.106
WT 0.030 0.141 -0.085 0.135 0.026 0.112 0.013 -0.094 1.000 0.150 0.112 0.103 0.755 0.171
WD 0.133 0.335 -0.260 0.300 0.062 0.006 0.096 0.047 0.150 1.000 0.231 0.820" 0.090 0.228
WS 0.216 0.361 -0.272 0.228 0.043 0.036 0.032 0.037 0.112 0.231 1.000 0.686 0.091 0.141
WV 0.170 0.400 -0.321 0.249 0.044 0.030 0.071 0.033 0.103 0.820° 0.686 1.000 0.059 0.203
pH 0.085 0.283 -0.250 0.218 -0.087 0.192 0.023 0.097 0.755 0.090 0.091 0.059 1.000 -0.120
DO 0.053 0.018 0.057 -0.021 0.368 -0.196 0.154 -0.106 0.171 0.228 0.141 0.203 -0.120 1.000
Clutch 0.000 0.000 0.000 0.000 0.274 0.005 0.212 0.255 0.002 0.000 0.000 0.031 0.121
VH 0.000 0.000 0.000 0.403 0.010 0.169 0.022 0.001 0.000 0.000 0.000 0.000 0.349
Sig. DPH 0.000 0.000 0.000 0.337 0.008 0.098 0.134 0.030 0.000 0.000 0.000 0.000 0.107
(1-tailed) %SH 0.000 0.000 0.000 0.338 0.275 0.054 0.086 0.001 0.000 0.000 0.000 0.000 0.326
RF 0.000 0.403 0.337 0.338 0.000 0.000 0.206 0.281 0.085 0.171 0.168 0.028 0.000
AT 0.274 0.010 0.008 0.275 0.000 0.000 0.000 0.007 0.446 0.213 0.256 0.000 0.000

0.



Clutch VH DPH %SH RF AT RH MVD WT WD WS WV pH DO
RH 0.005 0.169 0.098 0.054 0.000 0.000 0.247 0.387 0.017 0.238 0.059 0.306 0.000
MVD 0.212 0.022 0.134 0.086 0.206 0.000 0.247 0.020 0.153 0.206 0.233 0.016 0.010
WT 0.255 0.001 0.030 0.001 0.281 0.007 0.387 0.020 0.000 0.007 0.012 0.000 0.000
WD 0.002 0.000 0.000 0.000 0.085 0.446 0.017 0.153 0.000 0.000 0.000 0.023 0.000
WS 0.000 0.000 0.000 0.000 0.171 0.213 0.238 0.206 0.007 0.000 0.000 0.022 0.001
WV 0.000 0.000 0.000 0.000 0.168 0.256 0.059 0.233 0.012 0.000 0.000 0.096 0.000
pH 0.031 0.000 0.000 0.000 0.028 0.000 0.306 0.016 0.000 0.023 0.022 0.096 0.004
DO 0.121 0.349 0.107 0.326 0.000 0.000 0.000 0.010 0.000 0.000 0.001 0.000 0.004

Remark: VH = Vegetation Hanging, DPH = Distance of Pool’s Center to Hanging vegetation (m), SH = Shading (%), RF = Rainfall (mm.), AT = average of Air

Temperature (°C), RH = average of Air Humidity (%), MVD = average of Moonlight Visual Distance (m), WT = Water Temperature (°C), WD = average of Water

Depth (m), WS = Water Surface (m?), WV = Volume of water pool (m?), pH = pH of water, DO = Dissolved Oxygen of Water (mg/l O,)

Appendix 3. Average counted individuals at breeding site (SE) in each month during the 2018-2019.

18-Jan 18-Feb 18-Mar 18-May 18-Jun 18-Aug 18-Sep 18-Nov  19-Feb 19-Jun
Male 12.00(3.26) 15.83(1.56) 15.59(4.80) 11.67(2.17) 24.25(3.67) 17.50(3.81) 17.96(6.72) 10(1.10) 8.5(6.22) 8(1.53)
Female  0.75(0.24) 0.83(0.59) 1.27(0.62) 1.5(0.62)  0.50(0.25) 0.50(0.34)  2.39(0.98) 0.5(0.14) 1.5(1.5)  0.83(0.40)
Clutch 0.5(0.14)  0.17(0.18)  1.03(0.68)  0.83(0.40) 0.25(0.13)  0.33(0.21)  2.04(1.00) 0.5(0.14) 1.5(1.5)  0.33(0.21)

1.



72

Appendix 4. The consult of statistical analysis the oviposition site selection model

Table (1). Omnibus Tests of Model Coefficients

Chi-square | df | Sig.

Step 1 | Step 103.807 22 | 0.000

Block | 103.807 22 | 0.000

Model | 103.807 22 | 0.000

The three Chi-Square test statistic values are Step, Block and Model, respectively with
the test hypothesis as

HO: Bl =PB2=B3 =....... = 0, the probability of clutching appearance is independent

of all parameter variables.

H1: B # 0, the probability of clutching appearance depends on at least one
parameter variable, which is less than 0.05, HO rejection accepts H1, which means
there is a probability of clutching appearance depending on at least the independent

variable at the 0.05 level of significance.

Table (2). Hosmer and Lemeshow Test

Step | Chi-square | df | Sie.

1 1.631 8 |0.990

Homer and Lemeshow Test conducted a suitability test of the equation with test the
hypothesis as

HO: Model is suitable

H1: Model is not suitable.

From the Chi-Square test, the value was 1.631 and the significant = 0.99, which
is greater than 0.05, HO is accepted, which means the model is fit at the 0.05 level of

significance.
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Table (3). Classification Table

Observed Predicted
Clutch occurring | Percentage Correct
.00 1.00
Step 1 | occur Clutch | .00 | 447 5 98.9
1.00 | 26 9 25.7
Overall Percentage 93.6

a. The cut value is .500

The predictive probability of the model (Predictive Efficiency) was calculated
by the ratio between the predicted value and the observed value as a percentage
corrected prediction. If it is high, the model has good accuracy. The results of the
overall percentage calculation showed that the actual clutching appearing and non-

clutching appearing data was 93.6% of clutching prediction.

Chi-Square test shown a probability of nesting that depended on at least one
statistically significant independent variable (Table (1)). Furthermore, the model was
fit (Table (2)) also the percentage of correct prediction could indicate that the data of
nesting occurrence and non-nesting occurrence had a 93.6% accuracy (Table (3)).

The probability of clutching appearance was calculated by

Prob (Clutching) = 1/ (1 + €”) The coefficient (B) can be written as the equation

for the probability of clutch appearance (Z-value) which is from all variables as:

Z =-21.272%+ 0.287 (Water Depth Average)* + 1.462 (Water pH)* + 0.435 (DO)* + 0.114
(Water Temperature) - 1.599 (Distance) - 0.043 (% Shading) + 6.966 (Pool No. 12)* +
13.648 (Pool No. 14)* + 12.681 (Pool No. 15)* + 10.570 (Pool No.8) - 11.008 (Pool No.
1) -11.889 (Pool No. 2) - 10.019 (Pool No. 3) - 4.382 (Pool No. 4) - 9.200 (Pool No. 5) -
1.285 (Pool No. 6) - 12.172 (Pool No. 7) — 8.213 (Pool No.9) -5.326 (Pool No. 10) -11.226
(Pool No. 11)
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Appendix 5. The Average water temperature (°C) differentiation at daytime and
nighttime in each pool. The black square is a pool that was more than 50 % of shading,
the grey square is pools were more than 0 but less than 50 % of shading, and the

white square was none-shading from any objects.



Appendix 6. Marked individuals occurring and their nesting activity in study area during January 2018 to June 2019: M = male, F = female, x = frog present,

[] = nesting, Mo = Monandrous mating patterns, Pol = Polyandrous mating patterns, Unk = Unknow the mating patterns

2018/Jan 2018/Feb 2018/Mar 2018/May 2018/Jun 2018/Aug 2018/5ep 2018/MNov 2019/Feb 2019/Jun
ZP_No. ZP_Code Sex
2627 28 29030 31 27 28 1 2 3 4 2324 25262728 4 5 6 7 8 9 222524252 27 4 5 6 7 8B 9 2425262728290 2 3 4 5 6 7 131415 16 17 18 25 26 27 28 29 30 1

001 180126 BOT M «x X x x X X H x

002 180325 Bo4 M x X X X Mo X x
003 180302 T12 M X % X x

004 180227 T08 M x

005 180808 BO1 M X x X

006 180929 T10 M X

007 180928 T4 M x

008 180228 BO6 M X

009 180807 B10 M X X

010 180804 TO5 M X

011 180804 BO3 M X X %
012 180624 TO8 M x %
013 180301 T13 M x x x

014 180302 B10 M x

015 180127_UM M X x

016 180302 T3T M X X x

017 180303 TIT M X X

018 180301 B0O2 M X X X X X x

019 180227 T08 M x x x x

020 180808 BO2 M x X

021 180806 BO1 M x

022 180806_T03 M b3

023 180807_TO1 M X

024 180324 BO1 M X

025 180303 BO5 M X

026 180807 BOE M x

G/



Appendix 6. Marked individuals occurring and their nesting activity in study area during January 2018 to June 2019: M = male, F = female, x = frog present,

[] = nesting, Mo = Monandrous mating patterns, Pol = Polyandrous mating patterns, Unk = Unknow the mating patterns (continued)

2018/Jan 2018/Feb 2018Mar 2018May 2018/Jun 2018/Aug 2018/5ep 2018/Mov 2019/Feb 2019/Jun
ZP_Mo. 2P_Code Sex
26 27 28 29 30 31 27 28 1 2 3 4 23 24 25 26 27T 28 4 5 6 T 8 9 2223 24 25 26 27T 4 5 6 T 8 9 24 2526 27T 2829 2 3 4 5 6 7 13 14 15 16 17 18 25 26 27 28 29 30 1

027 180807 BOZ M x
028 180807 T4 M X
029 180809 _BO1 M x x

030 180508 BMO2 M

031 180029 BOS M x x X
032 180924 TM™ M Mo

033 180929 B3 M x

032 180926 TOZ M X

035 180028 B4 M ®

036 180624 BOE M x ®

037 180504 BO3 M X

038 180624 TO6 M x x
039 180928 TM2 M

040 180126 U0Z M x x

041 180627 _TOL M x

042 180806 BO3 M x X
043 180326_TM M Mo

022 180326 _BO1 M X

045 180228 Tunk M X

045 180626 T4 M x

047 180624 _BO1 M x

048 180624 B3 M ®

043 180127_UF Mo

050 180928 BO1 M x
051 180228 TO9 M X

052 180131 T04 M

053 180506 BOS M x x X X x

9.



Appendix 6. Marked individuals occurring and their nesting activity in study area during January 2018 to June 2019: M = male, F = female, x = frog present,

[] = nesting, Mo = Monandrous mating patterns, Pol = Polyandrous mating patterns, Unk = Unknow the mating patterns (continued)

2018/Jan 2018/Feb 2018/Mar 2018/May 2018/un 2018/Aug 2018/Sep 2018/Nov 2019/Feb 201%/Jun
ZP_No. ZP_Code Sex
26 27 28 29 30 31 271 28 1 2 3 4 2324 2526 27 28 4 5 6 T 8 9 2223 24 252627 4 5 6 T 8 9 24252627 2829 2 3 4 5 6 7 1314 15 16 17 18 25 26 27 28 29 30 1

054 180302 TIT M x

055 181103 TO1 M X x
056 180325 _T03 M X

057 180323 BO2 M x

058 180323 BO3 M x

059 180323 TO1 M XX

060 180323 TO02 M x

061 180326 _TO3 M x

062 180324 _TO1 M X

063 180326_TF

064 180324 _TO6 M X

065 180327 T1177 M %

066 180301_TO7 M X Mo X

067 180508 BMOL M H X
068 180506_T02 M X

069 180508_BFBfi

070 180505_B05 M X

071 180128 U0z M x X

072 190701_U M X
073 180506_BO2 M X

ora 180506 BMO2Z M X

075 180509_BM M Mo

076 180624 _B02 M X

o077 180327 _B02 X

078 180624 _BO6 M X

079 180624 BO9  Unk X

080 180624 B10 M X

L



Appendix 6. Marked individuals occurring and their nesting activity in study area during January 2018 to June 2019: M = male, F = female, x = frog present,

[] = nesting, Mo = Monandrous mating patterns, Pol = Polyandrous mating patterns, Unk = Unknow the mating patterns (continued)

2018/Jan 2018/Feb 2018/Mar 2018/May 2018/Jun 2018/Aug 2018/Sep 2018/Nov 2019/Feb 2019/Jun
ZP_No. ZP_Code Sex
26 27 28 29 30 31 27 28 1 2 3 4 23 24 2526 271 28 4 5 6 7 8 9 2272324252627 4 5 6 7 8 9 24252627 2829 2 3 4 5 6 7 1314 15 16 17 18 25 26 27 28 29 30 1

081 180624 _TO2 M x

082 180626_BOZ M X

083 180131_B04 M X x

084 180624 T11 M X

085 180505_B06 M X

086 180626 BO4 M X

087 180626 _T01 M X

088 180626_T02 M X

089 180626_T03 M X

090 180507 _T(FIM Mo X

091 180627_BO3 M %

092 180627_FT

093 180804 _BO1 M X

094 180804 _TO3 M X

095 180624 _T05 M X

096 180131 BOZ M x X X X X
097 180804_TO1 M X X

098 180808 _BO4 M X Mo X
099 180806_B02 M X

100 180807 _BO5 M %

101 180807_B06 M X

102 180808 _TO1 M X

103 180808 _TM M Mo

104 180809 _B03 M x
105 180809 _BO5 M b
106 180924 _BO1 M X

107 180925 T01 M X

8.



Appendix 6. Marked individuals occurring and their nesting activity in study area during January 2018 to June 2019: M = male, F = female, x = frog present,

[] = nesting, Mo = Monandrous mating patterns, Pol = Polyandrous mating patterns, Unk = Unknow the mating patterns (continued)

2018/Jan 2018/Feb 2018/Mar 2018/May 2018/Jun 2018/Aug 2018/Sep 2018/Nov 2019/Feb 2018/Jun
ZP_Ne. ZP_Code Sex
26 27 28 29 30 31 27 28 1 2 3 4 23 24 2526 27 28 4 5 6 T 8 9 222324252627 4 5 6 7 8 9 242526272829 2 3 4 5 6 7 13 14 15 16 17 18 25 26 27 28 29 30 1

108 180928 TMé M

109 180928 TF ﬂ M

110 180929 BO8 M x

111 180929 TO5 M Pol

112 180929 T09 M x

113 181103_B01 M X

114 181106 B02 M X

115 180126 U1 M x

116 180928 TF5 -

17 180128 V01 M X

118 180128 VD3 M X

119 180131_To03 M X

120 180131_BO3 M %

121 180131_TO05

122 180131_To06 X

123 180217 Unk M *
124 180218 Unk M %
125 180323 BO1 M X

126 180926_TO1 M X

127 180228 T11 M x

128 180928 TM1 M

129 180301_B04 M x

130 180323 UM3 M X

131 180928_B05 M X

132 180928 BOs M X

133 181106_T02 M X
134 180303_T10 M X

6.



Appendix 6. Marked individuals occurring and their nesting activity in study area during January 2018 to June 2019: M = male, F = female, x = frog present,

[] = nesting, Mo = Monandrous mating patterns, Pol = Polyandrous mating patterns, Unk = Unknow the mating patterns (continued)

2018/Jan 2018/Feb 2018/Mar 2018/May 2018/Jun 2018/Aug 2018/Sep 2018/Nov 2019/Feb 2018/Jun
ZP_No. ZP_Code Sex
26 27 28 29 30 31 27 28 1 2 3 4 23 24 25 26 27 286 4 5 6 7 & 9 2223 24252627 4 5 6 7 8 9 242526272829 2 3 4 5 6 7 13 14 15 16 17 18 25 26 27 28 29 30 1

135 180929 _BO7 M X
136 180926_BO1 X

137 180622_TO1 M x

138 180928_T02 M %

139 180928_TO1 X
140 180929 TO7 M X
141 180929_T08 M X
142 181104_BO1 M X
143 180508_TO1 M X

144 180509 _BF

145 180301_T02 M x

146 180301_Tid M x

147 180227_B06 M X

148 180303_Ti1 M X

149 180807_BO1 M b3

150 180807_B03 M x

151 180925_B01 M X

152 180928_B02 M X

153 180929 _BO1 M X
154 180507 _BF X

155 180507 _THM) M Mo

156 180323_UM M

157 180626_B03 M X

158 180929 UF1
159 180929 F2 X
160 180929 _F
161 181106_BF Mo

08



Appendix 6. Marked individuals occurring and their nesting activity in study area during January 2018 to June 2019: M = male, F = female, x = frog present,

[] = nesting, Mo = Monandrous mating patterns, Pol = Polyandrous mating patterns, Unk = Unknow the mating patterns (continued)
2018/Jan 2018/Feb 2018/Mar 2018/May 2018/Jun 2018/Aug 2018/5ep 2018/Nov 2019/Feb 2019/Jun

ZP_No. ZP_Code Sex
26 27 282930 31 27 28 1 2 3 4 23 2425262728 4 5 6 7 8 9 2223242520271 4 5 6 7 8 9 202526272829 2 3 4 5 6 7 131415 16 17 18 25 26 27 28 29 30 1

162 180808 _TF
163 180323_UF2

164 180323_UF

[
=

165 180924_UF
166 180228 B10 M X

167 190628 UF2 X

168 190626 _UF

169 190625_U2 M X X X X

170 190625_U1 M X

<
=

171 190626 _U2+U2i M

172 190626_UM M

173 190629_U1 M X

174 190629_UM M

175 190629 U5 M x
176 190629 U2 M X
1 190629 _UF X
178 190213 190443

179 180228 MoF

180 180506 _BF X

181 180809 _TF2 X

182 80928 _TF4
183 181102_UM M

124 181102 TIAM s

185 180324 _BF1 F X

186 190628 UF1 F X

18



Appendix 7. Frequency of Marked individuals occurring in the study area from January 2018 to June 2019. This diagram shows the forty frogs from 36 males

and 4 females that were repeating detected in each night and each month along with observation: M = male, F = female, x = frog present, Mo = Monandrous

mating patterns, Pol = Polyandrous mating patterns, Unk = Unknow the mating patterns.

No.

ZP No. Sex

009 M
01z M
013 M

016 M

020 M

2018/Jan

2018/Feb

2018/Mar

2018/Aug

2018/5ep

2018/Nov 2019/Feb 2019/Jun

26 27 28 29 30 31 27 28 01 02 03 04 23 24 25 26 27 28 04 05 06 07 08 09 22 23 24 25 26 27 04 05 06 O7 08 09 24 25 26 27 28 29 02 03 04 05 06 O7 13 14 15 16 17 18 25 26 27 28 29 30 01

bt X x X X X Pol X ‘
X X X X X X
X X X X Mo X Pol X l
X X X
% X X
X X X ‘
Mo X
X x \x
X Pol
X b
X ‘ Mo
X X X X
‘ X Mo! X Mo ‘
X X X X
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Appendix 7. Frequency of Marked individuals occurring in the study area from January 2018 to June 2019. This diagram shows the forty frogs from 36 males

and 4 females that were repeating detected in each night and each month along with observation: M = male, F = female, x = frog present, Mo = Monandrous

mating patterns, Pol = Polyandrous mating patterns, Unk = Unknow the mating patterns. (continued)

No.

21

2

235

24

25

26

27

28

29
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31

32

33

34

35

36

37

38
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a0

ZP_No. Sex

025

029

030

036

052

067

071

083

085

040

042

2018/Jan

2018/Feb

2018/Mar

2018/May

2018/Jun

2018/Aug 2018/5ep 2018/MNov 2019/Feb 2019/Jun

26 27 28 29 30 31 27 26 01 02 03 04 23 24 25 26 27 28 04 05 06 07 08 09 22 23 24 25 26 27 04 05 06 07 08 09 24 25 26 27 28 29 02 03 04 05 06 O7 13 14 15 16 17 18 25 26 27 28 29 30 01
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X
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Appendix 8. The photos of surface forty frog individuals were marked and detected repeating occurrences in the breeding site.

: a = number of marked frog individuals along the study, b = code number of captured frogs in each night (Date_code number)

r -
ZP 001° l - s
L » |
B -
P e |
L "“'L“i

180126 BO7° 180203 B02 180324 TO5 180804 T0O4 180806 BO4 180807 T02 180929 T03 181104 TO1

ZP 002 78\ W

180323 UM2 180325 BO4 180806 T02 180807 TO3 180809 TM 180926 T03 180928 TM5 181106 T04

ZP 018

180301 BO2 180325 BO1 180504 BO2 180804 BOZ2 180807 B09 180928 BO3

b8



Appendix 8. The photos of surface forty frog individuals were marked and detected repeating occurrences in the breeding site. (continued)

. . -

ZP 053 R
c-.‘-:
S IR
180506 BO5 180626 BO1 180807 B0O4 180808 BO5 180929 B04 180504 BO1 180807 B10
o . . -
180131 _B02 180301 BO3 180302 T2T 180303 T3 180929 T06 180624 T0O8 181106 T03
7P 019 7P 011

180227 T08

180301 T21

180324 102

180504 BO4

180804 BO3 180929 TO1

181106 _BO1

a8



Appendix 8. The photos of surface forty frog individuals were marked and detected repeating occurrences in the breeding site. (continued)

ZP 098 ZP 005

10808_BO4 18092_ 181104 T02 81106_BM 180325 TO1 180808 BO1 18092T4
ZP 003 ZP 015

180301_T08 180326 B4 180127 UM 180302 B11 10624_811
ZP 171 ZP 031

190625 U2 190626 Ul 190627 U 190630 U 180804 BO4 180929 BO5 190214 Unk
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Appendix 8. The photos of surface forty frog individuals were marked and detected repeating occurrences in the breeding site. (continued)

ZP 038 ZP 066

180624 T0O6 180804 T02 180928 T03 180301 TO7 180509 TM 180627 BO1
ZP 013 ZP 016

180301 T13 180303 TO7 180323 T03 180302 T3T 180303 T08 180505 BO4
ZP 017 ZP 020 ZP 025

180303 T1T

180505_T03

180808 B02 180929 BO6

180303 B0O5 180928 TM5

L8



Appendix 8. The photos of surface forty frog individuals were marked and detected repeating occurrences in the breeding site. (continued)

- l .

ZP 029 ZP 036

180809 BO1 180929 T02 180508 BM2 180809 B02 180624 B0O8 180929 B02
ZP 052 ZP 067 ZP 071

180131_T04 1802;;;%;;- 180508 BM1 i808oé;Bo3 180128ﬁU02 180325 T02
ZP 083 ZP 040

180131 BO4

180624 TO9

- . .

180505 BO6 180627 MT

180126 U02

180131 T02

88



Appendix 8. The photos of surface forty frog individuals were marked and detected repeating occurrences in the breeding site. (continued)

ZP 055 ZP 059
ZP 042 N N
180806 B03 180807 BO7 181103 T01 181106 TO1 180323 T01 180324 TO7
- . . - I -
. o
o g
180804 T01 180806 _TO1 190626 U2i 190629 U5 180127 _UF 180509 TF
ZP 090
N ZP 141 ZP 169

180507 T(F)

180627 B2F

180928 T1F 180929 PlyF

* ‘-E“.ﬁ

190628 UF2

190629 UF1
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