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Abstract

Oviposition site choice affects survival and growth of offspring, particularly in frogs in which the offspring cannot move from the 
oviposition site. We intended to find the features of tree holes used for oviposition by Kurixalus eiffingeri on Iriomote Island. We 
measured eight tree hole variables to determine which should be included in the best model to explain breeding use by K. eiffingeri. 
Out of 32 tree holes examined, we found five that were used for oviposition. The best model included the height above the ground 
and angle of opening. Higher located tree holes and a larger opening angle were associated with more frequent oviposition by 
K. eiffingeri. This trend may be due to the higher predation risk in lower tree holes with a steeper opening. The importance of the 
height of the breeding site above ground was also noted in a previous study on bamboo stumps in Taiwan, but the opening angle was 
only salient in this study. Our study suggested that the same species in different ecosystems may use different criteria when choosing 
oviposition sites.
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Introduction

Oviposition site choice affects survival and growth of 
offspring (Resetarits et al. 2018). Animals need to deter-
mine an optimal oviposition site by correctly judging the 
site’s suitability for their offspring. The offspring of frogs 
cannot move from the oviposition site until they obtain 
mobility through metamorphosis and, thus, the parental 
site choice strongly affects larval success (Rudolf and 
Rödel 2005; Pintar and Resetarits 2017). Several studies 
have shown that female frogs choose water bodies, based 
on multiple variables, including desiccation risk and ease 
of access by predators (Rudolf and Rödel 2005; Garcia 
et al. 2013; Resetarits et al. 2018). Most studies on this 
subject have shown oviposition site choice in one typical 
environment for a species. However, if a species inhabits 
different areas using different environments for breeding, 
it may use different criteria for each environment.

Kurixalus eiffingeri is a small arboreal frog (Rhacoph-
oridae) with a snout-vent length of 30–40 mm, which in-
habits Ishigaki Island, Iriomote Island and Taiwan (Maeda 
and Matsui 1999). These frogs use small water bodies in a 
cup-shaped cavity, such as tree holes or bamboo stumps. 
For oviposition, they lay eggs above the water line on the 
inner walls of the cavity. The vertical distribution of the 
eggs on walls is important, as the eggs far from water may 
suffer the risk of desiccation and those close to water may 
suffer hypoxia or predation (Kam et al. 1998). Hatchling 
tadpoles drop into the water and grow until metamor-
phosis, while females lay unfertilised eggs directly into 
the water to provide tadpoles with a food source (Ueda 
1986; Chen et al. 2000). Maternal care is essential for the 
growth and survival of tadpoles, which incurs great cost 
to females (Kam et al. 1997; Chen et al. 2000). This spe-
cies is an excellent model for examining the criteria by 
which females select oviposition sites. Every site chosen 
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for an oviposition event is an independent water body, 
allowing an individual assessment of the correspondence 
between site preference and site characteristics.

Studies on K. eiffingeri have been conducted mainly in 
the bamboo forests of Taiwan (Kam et al. 1996; Lin and 
Kam 2008; Tung et al. 2015). Lin and Kam (2008) showed 
that K. eiffingeri prefers to use higher bamboo stumps 
with deeper cups and with deeper water for oviposition, 
possibly to reduce desiccation risk. These choice criteria, 
however, might differ from those applied by K. eiffin-
geri in a non-bamboo forest, where they use tree holes 
instead of bamboo stumps as oviposition sites. Tree holes 
and bamboo stumps have different features. For example, 
tree holes are not uniform or simple in shape; they can be 
partially covered by bark and may have small openings. 
The water of tree holes may originate from stem-flow, 
whereas that of bamboo stumps originates from rainfall 
(Lin and Kam 2008). As these differences may affect the 
chances of larval success, the criteria applied to bamboo 
stumps will not necessarily be relevant to tree holes.

In this study, we intended to find the important vari-
ables in using tree holes for oviposition by K. eiffingeri 
in non-bamboo forests on Iriomote Island, Japan. We 
conducted field surveys and analysed which tree-hole 
characteristics should be included in the model that best 
explains site choice by K. eiffingeri. We discuss how and 
why these variables differ from those utilised by the same 
species inhabiting the bamboo forests of Taiwan.

Materials and methods
We conducted surveys in three swamps in and around Iri-
omote Station of the Tropical Biosphere Research Center 

(24°40'23"N, 123°80'40"E, Fig. 1). The sites are located in 
a tropical climate with an annual mean temperature of 23.7 
°C, a humidity of 79% and annual precipitation of 2300 
mm (Japan Meteorological Agency, https://www.jma.go.
jp/jma/menu/menureport.html, 11 March 2020). The veg-
etation at all sites is dominated by Barringtonia racemosa. 
The swamps become completely submerged after rain, but 
typically do not support water flow; instead, water bodies 
tend to form in discrete patches and produce dense mud.

To examine the characteristics of the tree holes selected 
for oviposition by K. eiffingeri, we conducted field sur-
veys in the breeding season. Kurixalus eiffingeri breeds 
throughout the year and its mating calls at the survey site 
were counted more often from November to March (Sato 
and Iwai, unpublished data); thus, we conducted a survey 
in February 2018. We searched for tree holes by walking 
the sites and checking every tree we encountered. For any 
tree hole that we found, we measured the tree diameter at 
breast height (DBH), water depth, water surface area and 
the height and perimeter of the hole (Table 1). These were 
measured using a steel tape to 0.1 cm. The presence of K. 
eiffingeri eggs or tadpoles was noted as an indication of 
oviposition use. In the following August, we re-visited the 
site and measured three additional variables: cup depth, 
opening angle (0 when the opening is horizontal and 90 
when it is vertical, Fig. 2) and entrance area of the tree 
hole. Cup depth and major and minor axes of the hole were 
measured using a plastic measure to 0.1 cm and opening 
angle was measured using a protractor to 1 degree. We 
chose the variables expecting to relate to the choice criteri-
on: water depth, water surface area, opening angle and en-
trance area are variables related to desiccation and flood-
ing (suggested to be important features from Kam et al. 
2008; Lin and Kam 2008). Cup height, cup depth, opening 

Figure 1. Map of study sites. White circles on Iriomote Island show the location of the sites.
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angle and entrance area are variables related to predation 
(suggested to be important features from Chuang et al. 
2017). Tree diameter at breast height and cup height are 
variables related to the ease of finding by parental frogs 
(suggested to be important features from Chen et al. 2000). 
We did not find any oviposition use in the August survey.

We determined the factors constituting the selection 
criteria of K. eiffingeri by model selection. In the model 
selection, we used explanatory variables data from mea-
surements made both in February and August, because the 
tree-hole characteristics measured in August (cup depth, 
opening angle and entrance area of the tree hole) were 
expected to be the same in February. We first considered 
correlations amongst the values of the eight tree-hole 
characteristics we assessed. The high correlations were: 
perimeter of tree hole and DBH (R = 0.77), water surface 
area and entrance area of tree hole (R = 0.75) and cup 
depth and water depth (R = 0.91). The variables DBH, 
entrance area of tree hole and cup depth were eliminated 
from the full model to be considered in discussion when 
the counterpart variable was included in the model. The 
remaining characteristics were included as explanatory 
variables regarding oviposition use (1/0) by K. eiffingeri 
and the distribution was binomial. The model with the 
lowest AICc value was deemed the best fit. Statistical 
analysis was carried out using the software R (R Core 
Team 2018) with the MuMIn package (Bartoń 2020).

Results
We found 33 tree holes, five of which contained K. eiffin-
geri eggs or tadpoles (measurements shown in Table 1). 
We were unable to check for oviposition in one of the 
tree holes, could not measure the angle of the opening of 
another one and could not find three tree holes in August 
for additional measurements; these tree holes were, there-
fore, excluded from the analysis.

The best model included height and opening angle 
(breeding use probability = 1 / [1 + exp{-0.047×height 
- 0.044×opening angle + 7.15}]). Higher tree holes and 
larger opening angles were associated with higher ovipo-
sition use probability by K. eiffingeri (Fig. 3).

Discussion
We found tadpoles and eggs of K. eiffingeri more often in 
holes that were located higher on the trees on Iriomote Is-
land. Although we might have overlooked the holes high-
er up in the trees, our results confirmed that K. eiffingeri 
were found less in holes close to the ground. The prefer-
ence for a higher location was also observed in previous 
studies in Taiwan, where this species uses bamboo stumps 
for breeding (Lin and Kam 2008). Researchers posited 
that K. eiffingeri choose taller stumps because they are 
less covered by herbaceous plants on the forest floor than 
shorter stumps and can, therefore, receive more rainwater, 
which reduces the desiccation risk (Lin and Kam 2008). 
The tree holes in our study sites were at a height of 23.2–
184.0 cm (mean ± SD; 79.2 ± 38.4), which is higher than 
the bamboo stumps (36.6 ± 14.5 cm, n = 107; Lin and 
Kam 2008). In another study of K. eiffingeri on Iriomote 
Island, Ueda (1986) showed that the tree holes used for 
breeding by K. eiffingeri were at a height of 50–150 cm, 
which coincides with our results. Thus, tree holes on Irio-
mote Island are located higher than the forest floor plants, 
eliminating possible adverse effects by forest floor plants. 
We found that K. eiffingeri tadpoles were preyed upon by 
Dinodon rufozonatum walli snakes at a tree hole height 
of 39 cm (Iwai and Sato 2018), which was the lowest of 
the five holes used for oviposition. The more frequent use 

Table 1. Parameter descriptions and measurements of tree holes used or unused by K. eiffingeri for oviposition. Values are from 
the survey in February (no asterisk) or in August (*). We were unable to check for breeding use in one of the tree holes, could not 
measure the angle of the opening in another one and could not find three tree holes in August; these were excluded from the analysis.

Variable Description Unused Used
Mean ± SD Range n Mean ± SD Range n

Diameter at breast height (cm) Tree diameter at breast height, calculated from the perimeter length. 11.2 ± 10.5 2.3–44.4 27 10.5 ± 4.3 4.1–16.7 5
Water depth (cm) The length from the bottom to the surface of the pooled water in a tree hole. 2.1 ± 2.4 0.2–12.3 27 1.6 ± 0.8 0.6–2.4 5
Water surface area (cm²) Surface area of the pooled water in a tree hole, estimated from major 

and minor axes as an ellipse.
45.4 ± 48.6 3.6–226.8 27 26.4 ± 13.3 11.0–44.8 5

Cup height (cm) The distance from the ground to the opening of a tree hole. 68.9 ± 29.5 23.2–131.0 27 106.0 ± 34.9 47.1–148.2 5
Perimeter of hole (cm) Total length around the opening of a tree hole. 76.6 ± 31.6 33.6–171.6 27 58.6 ± 20.9 30.5–93.4 5
Cup depth (cm)* See Fig. 2. 3.6 ± 2.8 1.0–14.0 24 2.8 ± 1.4 1.4–5.2 5
Opening angle (°)* See Fig. 2. 26.7 ± 24.3 0.0–88.0 23 44.0 ± 21.5 10.0–75.0 5
Area of entrance (cm²)* The area of the opening section of a tree hole, estimated from major and 

minor axes as an ellipse.
58.7 ± 62.8 11.3–301.2 24 27.4 ± 13.6 12.9–46.6 5

Figure 2. Cup depth (arrow) and opening angle (arc) of a tree 
hole.
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of higher tree holes and bamboo stumps may be because 
it helps reduce the risk of predation by ground predators.

Tree holes with openings at a large angle were more 
used by K. eiffingeri on Iriomote Island. This frequent 
use may be because such openings often provide more 
coverage over the water. This cover may come with more 
stems over the hole and, thus, direct stem-flow or may de-
crease the evaporation, which decreases the desiccation 
risk. Additionally, such a protective cover may reduce the 
visibility of the water surface, thereby decreasing the pre-
dation risk from above, such as from birds. This type of 
cover may also provide more area for oviposition because 
K. eiffingeri uses the interior wall of the tree trunk above 
the waterline. No studies have yet examined any of these 
hypotheses and further research is needed.

Variables associated with desiccation risk, such as a 
cup depth or water depth, were not included in the best 
model, although these variables are important for K. 
eiffingeri in Taiwan using bamboo stumps (Lin and Kam 
2008). In our study, the mean cup depth and water depths 
of used tree holes were 2.8 cm and 1.6 cm, respective-
ly, whereas those of bamboo stumps in the study by Lin 
and Kam (2008) were 12.5 cm and 6.2 cm, respective-
ly. Choice based on cup depth or water depth may not 
be applicable to K. eiffingeri on Iriomote Island because 
the holes we found there were generally shallow. In ad-
dition, depth may be a more relevant factor when applied 
to the selection of bamboo stumps, because these tend to 
have no cover. Greater cup depth or water depth would 
reduce sunlight penetration in bamboo stumps (Lin and 
Kam 2008), which is not a consideration for tree holes be-
cause they are often covered by the trunks. Therefore, the 
opening angle, which corresponds to the degree of cover 
over the hole, may be an important factor in determining 
the amount of sunlight penetration in tree holes. Thus, for 
the frogs using tree holes, incorporating the opening an-
gle into site selection criteria might increase fitness more 

than the inclusion of water capacity, given the limited 
range of the latter variable in our survey.

Our results showed that the number of tree holes used 
by K. eiffingeri was small. Indeed, out of 32 tree holes ex-
amined at three sites, we only found five tree holes used 
by K. eiffingeri even if the survey was conducted when 
their breeding activity was expected to be high (with fre-
quent mating calls). Similarly, Ueda (1986) found only 
seven tree holes used by K. eiffingeri in two surveys. This 
pattern suggests that tree holes, suitable for K. eiffingeri 
oviposition, may be rare on Iriomote Island, leading to 
multiple uses of tree holes by different individuals. This 
assumption is substantiated by the finding that, even in 
abundant bamboo stumps, reuse of the same stumps by 
multiple K. eiffingeri individuals occurs (Kam et al. 1996; 
Lin et al. 2008; Tung et al. 2015). We observed tadpoles 
at different stages of development and newly-oviposited 
eggs (not a food source for tadpoles, because they were 
fertilised and developing) simultaneously occupying the 
same hole. This behaviour indicates that K. eiffingeri of 
Iriomote Island may use stringent selection criteria, lead-
ing them to use particular tree holes multiple times. This 
tendency could have potentially negative consequenc-
es, such as severe intraspecific competition (Chen et al. 
2001; Kam et al. 2001); alternatively, there may be bene-
fits to this behaviour, such as a reduction in the burden of 
parental care. An interesting potential future study could 
investigate the interacting effects of oviposition site scar-
city and breeding strategy in this species.
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Figure 3. The relationship between the height (left) or opening angle (right) of tree holes and use for oviposition by K. eiffingeri. 
Lines show the partial effects of each variable with the value of the other variable held constant at its mean with dotted lines as upper 
and lower 95% confidence interval.
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