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Behaviour to avoid saltwater sites during spawning in Buergeria
japonica (Hallowell, 1861)

Takashi Haramura'

Abstract. The use of spawning sites by female amphibians can strongly influence the rate of egg survival. Coastal areas are
risky environments for amphibian breeding because the rate of egg survival falls drastically with increased water salinity.
Buergeria japonica is an anuran species that breeds in coastal environments but avoids spawning in sites with increased salinity.
The aim of this study is to understand the behavioural sequence of how this frog avoids saltwater sites. To address this question,
I recorded spawning behaviour in a laboratory experiment. Although amplectant pairs randomly visited and entered fresh and
saltwater sites, they rapidly left saltwater sites after entering the water. The amount of time spent in saltwater sites prior to
exiting the water declined with increasing water salinity. The selection of a spawning site was determined by gravid females
only because each male was clasping onto the back of the female and did not contribute to the locomotion of amplectant pairs.
This result suggests that female B. japonica are able to quickly determine the salinity level of potential breeding sites. Together,
all adaptive responses allow this species to persist in a coastal environment, in which salinity of breeding sites varies greatly.

Keywords. amphibian, amplectant pair, anuran, coastal area, salinity

Introduction Chemical cues are one of factors used by amphibians
L . . to find suitable oviposition sites. Predator avoidance
Oviposition sites directly reflect resource quantity and . L .
. . .. . via oviposition site use has been reported for several
quality, level of predation, competition and the abiotic o . . .
amphibian species (Resetarits and Wilbur, 1989; Kats
and Sih, 1992; Hopey and Petranka, 1994; Spieler and
Linsenmair, 1997; Binckley and Resetarits, 2002),

and chemical cues of predators as well as intra- or

environment experienced by offspring (Resetarits
and Wilbur, 1989; Smith et al., 2000; Murphy, 2003).
Therefore, oviposition site use by females strongly
affects egg survival rate, hatching success and offspring . . R .
performance (Resetarits and Wilbur, 1989; Spieler interspecific chemical cues affect oviposition site use
and Linsenmair, 1997; Rieger et al., 2004). Female
frogs use abiotic and biotic factors as cues for egg-
laying (Seale, 1982; Huk and Kiihne, 1999; Wood and

Bjorndal, 2000). Especially, when factors that directly

(Orizaola and Brana, 2003). Similarly, sites with higher
salinity should also be avoided because amphibian
egg survivorship decreases dramatically with slight
increases in salinity (Gordon and Tucker, 1965, 1968;
Beebee, 1985; Uchiyama et al.,, 1990). Buergeria

infl ffspri rtali ist in thei
influence egg or ofispring mortality exist in their Japonica (Hallowell, 1861) is a ground-dwelling

habitat, ovipositing females use breeding sites based
on these factors (Resetarits and Wilbur, 1989; Kats and
Sih, 1992; Laurila and Aho, 1997; Rieger et al., 2004).
To improve the chance of reproductive success, females

rhacophorid frog that occurs in Taiwan and on most
islands of the Ryukyu Archipelago of Japan. This frog
is known to inhabit coastal areas (Maeda and Matsui,
o . S 1989). The sites chosen for oviposition are likely critical
may evaluate the suitability of potential oviposition sites ] . . .
. . . L for offspring survival in such environments where
prior to laying through a process of adaptive oviposition

: . . lex i .
site use (Bernardo, 1996; Buxton and Sperry, 2016). organisms are subject to complex interactions between

marine and terrestrial influences. In brackish or salt
water, dehydration occurs through salt gain, and most

organisms must regulate the osmolality of body fluids to
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sites when laying eggs and avoid high salinity sites that
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2008). However, Haramura (2008) only focused on
spawning data and did not clarify the sequence of
spawning behaviour whereby female B. japonica
avoid high salinity sites. Here, I present the sequence
of spawning behaviour of B. japonica recorded by
video camera during experiment of Haramura (2008).
This data allows us to interpret how female B. japonica
distinguish salinity differences and use appropriate
(freshwater) spawning sites.

Materials and Methods

Buergeria japonica is a small frog (2.5-3.7 cm
in snout-vent length [SVL]), that occurs in various
habitats, from coastal lowlands to forests in mountain
areas. Breeding occurs from April to September in
slow flowing streams and small pools, such as ditches
and puddles (Maeda and Matsui, 1989). I conducted
a laboratory experiment at the Yona Research Station,
University of the Ryukyus, Okinawa Island, Japan
(26.8199°N, 128.3141°E) from May to September 2003
and May to July 2004. I captured 11 amplectant pairs
in the field and brought them to the laboratory, each
pair being kept separately in a plastic cup. A plastic box
(90 cm x 60 cm x 40 cm) was used as the experimental
container, in which two dishes (14 cm diameter, 3 cm
height) were placed in each side (four dishes were
present, in total). Two dishes were filled with aged tap
water (freshwater sites), and another two dishes were
filled with tap water containing a fixed amount of NaCl
(saltwater sites). In each trial, the same salinity level
was prepared for the two saltwater dishes. Dishes of
fresh and salt water were placed so as to position the
same salinity on the diagonal opposite each other. In
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control trials (salinity level of four dishes was 0%o)
eggs laid in the diagonally opposite dishes were used
for the freshwater site or superficial saltwater site. The
five salinity levels ranging from 0%o to 30%o were tested
using 11 amplectant pairs (0%o [12 = 4], 3%o [1n = 1], 4%o
[n =11, 10%o [n = 2], 30%o [n = 3]). For each trial, an
amplectic pair was placed in the experimental container.
During trials, frogs were exposed to natural light and
temperature, and spawning behaviour was recorded
by video camera (Sony, video Hi8 XR) from above. I
started each experiment between 00:30 h and 02:30 h
and ran it until female frogs laid eggs or amplectic pairs
naturally ceased to be amplectant. Further information
of the experiment is given in Haramura (2008). I
viewed the video recordings and counted the number
of visitations to each dish (fresh or saltwater sites) for
each pair and calculated the time each pair spent in
fresh and salt water. I compared the number of visiting
amplectant pairs between fresh and saltwater sites using
Pearson’s chi-square test and then compared the time
spent in water between fresh and saltwater sites using
Mann-Whitney U-test. I also used regression analysis
to compare the time spent in water (fresh or salt water).
I performed statistical analyses using JMP 12.2.0 (SAS
Institute Inc., 2015) with all significance level tested at
p = 0.05 (two-tailed).

Results

In seven of the 11 trials with amplectic pairs, females
successfully laid eggs in water. For the remaining four
trials, females did not deposit any eggs or laid eggs
outside of the water dishes (Table 1). In the present
study, I analysed the seven successful outlets.

Table 1. Spawning behaviour of amplectant pairs (ID) of Buergeria japonica as recorded by video camera data. The number of

pairs visiting fresh or saltwater sites, total time spent in fresh or saltwater sites and total time spent in both fresh and saltwater

sites (s: seconds). Total record time is the time from start to finish by video camera recording, or to the time the amplectant pair

naturally separated.

Pair ID  Salinity Body mass (g) Number of Number of ~ Total timein  Total time Total time Total record

(%0) freshwater saltwater sites freshwater  in saltwater staying in time (s)

sites visited visited (s) (s) water (s)
Male Female

1 0 1.9 5.6 11 15 977 2055 3032 14754
2 0 2.0 4.1 4 10 771 793 1564 9758
3 3 1.8 59 13 20 1095 422 1517 12145
4 4 1.7 39 4 5 1594 208 1802 7960
5 10 1.9 5.5 7 4 5189 91 5277 22627
6 30 2.1 42 10 4 1364 20 1384 10040
7 30 2,0 5.1 3 2 927 15 942 10551
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The number of amplectant pairs visiting fresh or
salt water did not differ significantly (Pearson’s chi-
square test, x> = 7.84, p > 0.05). Therefore, amplectant
pairs were randomly visiting fresh and saltwater sites
for spawning. However, for the ratio of time staying
in water, total time in salt water decreased as salinity
level increased (fitting a polynomial, R?> = 0.71, F =
12.12, p < 0.05, Fig. 1). The time spent in water for
each visiting event was different between fresh and salt
water, with time in water being lower in saltwater sites
(Mann-Whitney U-test, Z = 3.80, p < 0.0001, Fig. 2).
Additionally, in salt water, although the time spent in
water for each visiting event decreased as salinity level
increased (fitting a polynomial, R? =0 .22, F = 16.81,
p <0.0001, Fig. 3A), the time spent in fresh water for
each visiting event was not different in each salinity
level (fitting a polynomial, R*=0.02, F=0.97, p=0.33,
Fig. 3B).

Discussion

In the present experiment amplectant pairs of B.
Jjaponica randomly visited fresh and saltwater sites,
but spent less time in salt water than fresh water. Also,
as salinity level increased, the time spent in salt water
for each visiting event decreased. This means that B.
Jjaponica can rapidly distinguish the salinity level of
water in a potential breeding site and quicky avoid
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Figure 1. The ratio of time spent in salt water for seven
amplectant pairs of B. japonica. The percentage of salt water
is the time spent in saltwater sites divided by the total time in
water (both fresh and saltwater sites). The X axis is salinity
levels, and the Y axis is percentage of time spent in fresh and
saltwater sites. White colour is time spent in fresh water and
grey colour is time spent in salt water.
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Figure 2. Mean values (= SE) of the time spent in fresh
and saltwater sites for each salinity level. Time is shown as
seconds.
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Figure 3. The time spent in water for each visiting event to
A) freshwater, and B) saltwater for each salinity level. Time
is shown as seconds.
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saltwater sites. This avoidance was due to the female
assessing the potential of spawning sites regarding
salinity, because the male was clasping the back of the
female and did not provide any input into movement.

Anurans have the ability to use oviposition sites based
on various chemical cues, such as water pH and presence
of predators (Spieler and Linsenmair, 1997; Fegraus and
March, 2000; Oliveira and Navas, 2004). Several frog
species avoid pools with conspecific tadpoles (Crump,
1991; Halloy and Fiafio, 2000; Resetarits and Wilbur,
1991; Spieler and Linsenmair, 1997), and this is likely
to be under strong selection pressure (Rudolf and Rédel,
2005). When conspecific predaceous tadpoles are
present in a waterbody, adults can assess the presence
of such tadpoles using chemical cues released by the
tadpoles themselves or injured conspecifics (Spieler and
Linsenmair, 1997). Similarly, female newts (7riturus
marmoratus) also use chemical cues of predators to
avoid oviposition in potentially risky situation (Orizaola
and Brafia, 2003). Jointly, these results suggest that
breeding amphibian females have evolved the ability to
detection and avoid chemical cues associated with high-
mortality risk for eggs and/or larvae. High salinity is one
of these mortality factors (Duellman and Trueb, 1986)
so that breeding females are predicted to use oviposition
sites based on the assessment of salinity (Viertel, 1999;
Haramura, 2008).

The mechanisms by which breeding amphibians
assess salinity vary among species. Lorrain-Soligon et
al. (2022) showed that Pelophyax spp. assess salinity
without direct contact with the water. Amphibians have
been shown to detect polarised light (Taylor and Auburn,
1978; Phillips et al., 2001) and use light polarisation
patterns for orientation (Taylor and Auburn, 1978).
However, while some species possess the ability for
such visual assessment of salinity, most species require
contact between water and chemosensory organs to
determine the salinity of waterbodies (Sugarman et al.,
1983; Martin et al., 2021). Here, B. japonica showed
an inability to visually assess water salinity because
females randomly approached and entered fresh and
saltwater sites. I therefore suggest that, as shown in
many other amphibian species, this species recognises
salinity level through the permeable skin, most likely
the ventral skin.

The permeable skin of amphibians makes them
particularly susceptible to salinity (Hillyard, 1999;
Wake and Koo, 2018). For example, Wood Frogs
(Lithobates sylvaticus) can distinguish between soils
that differ in salinity and avoid salts in terrestrial soils
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(Vegso et al., 2022). The epithelial Na* transport acts
in a chemosensory function (Hoff and Hillyard, 1993;
Nagai et al., 1999). In the present study, chemosensory
functions would likely be a predominant cue for
distinguishing the salinity of experimental breeding
sites.  Hydroregulatory =~ mechanisms would be
particularly important in coastal environments where
organisms are subject to a mosaic of marine and
terrestrial influences. In salt water, dehydration occurs
through salt gain and water loss, and most organisms
have to regulate the osmolality of their body fluids in
order to survive (Bradley, 2009). To date, various pieces
of evidence suggest that amphibians are able to avoid
saltwater sites for spawning. Further research is required
to understand whether breeding female B. japonica from
inland (mountain) populations have the ability to assess
and avoid saltwater sites. Namely, Buergeria japonica
from the coastal population have higher Na*/K*-ATPase
activity than in the inland population (Haramura et al.,
2021). Also, the larvae of other amphibian species in
coastal environments have an increased abundance of
aquaporins and ion pumps (e.g., Na”/K'-ATPase) in
the gills (Bernobo et al., 2013; Wu et al., 2014). Na*/
K*-ATPase is an important protein for osmoregulation
in high salinity, and increased expression of Na'/K'-
ATPase under both hypo- and hyper-osmotic stresses
is regarded as an indicator of osmoregulation (Hwang
and Lee, 2007; Hwang et al., 2011). Further research on
the evolution of spawning site use based on assessment
of water salinity, both within and among species,
would improve our understanding of the ecology and
geographic distribution of amphibians.
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