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Some arboreal frogs provide unfertilized eggs to grow-
ing tadpoles as food, e.g., Kurixalus eiffingeri (UEDA 1986)
and Oophaga pumilio (BRUST 1993). Conspecific oophagy
is known in several Anura taxa, e.g., Frankixalus (Byu et
al. 2016), Gracixalus (WASSERSUG et al. 1981), Kurixalus
(UeDA 1986), and Oophaga (BRUST 1993), whereas in Cau-
data, conspecific oophagy is known only from three vivi-
parous salamanders in the Salamandridae: Salamandra
salamandra (WOURMS 1981, JoLY 1986, DorAzO & AL-
BERCH 1994, GREVEN 1998, BUCKLEY et al. 2007), Sala-
mandra atra (WAKE 1993, GUEX & GREVEN 1994, GREVEN
1998, 2003), and Lyciasalamandra luschani (as Mertensiel-
la luschani antalyana; OzETI 1979). These larvae feed on
intra-uterine eggs and one or two fully metamorphosed
young are born (GREVEN 2003, OZETI 1979). Conspecific
oophagy by larvae before hatching from the egg-sac has
not been reported in oviparous salamanders.

The Tsushima Salamander, Hynobius tsuensis ABE, 1922,
is endemic to Tsushima Island, Japan, where it breeds in
mountain streams in spring (SATO 1943). A female produc-
es a pair of egg-sacs containing 27 to 75 eggs (SATO 1943)
in late March to mid-April (N1wa et al. 2021). This sala-
mander has a low fertilization rate in nature (OvaMA 1930,
KuraMOTO 1972) (see Fig. 1). KURAMOTO (1972) reported
that more than 60% of eggs were unfertilized in five of eight
populations examined (i.e., the fertilization rate was below
40% in these five populations), fertilization rates in aquaria
were as low as in the field, and that fertilized eggs packed in
an egg-sac with unfertilized eggs developed normally. He
inferred that low fertility was inherent in H. tsuensis and
not due to external influences, such as water temperature
(KuraMoOTO 1972). However, the reason for the low fertili-
zation rate in the species is unclear. Based on my field ob-
servations, there were no unfertilized eggs within the egg-
sacs when the larvae were just about to emerge from them,
and the larvae had bulging bellies (Fig. 2). In this study, I

report that a hatched larva of H. tsuensis, inside the egg-
sac, fed on an unfertilized egg.

On 2 April 2021, S. OcHi collected 12 H. tsuensis egg-sacs
from a stream in Tsutsu, Tsushima Island, Nagasaki Prefec-
ture, Japan (34°07" N, 129°12’ E). Only H. tsuensis occurs
in this area, whereas Hynobius nebulosus is absent from it
(N1waA et al. 2022). Air and water temperatures in the field
were not recorded. The 12 egg-sacs were each kept in sep-
arate cylindrical plastic cups (120 mm diameter, 44 mm

Figure 1. An egg-sac of H. tsuensis (KUHE 59002), containing
seven larvae and 16 unfertilized eggs. Scale bar = 10 mm. This
egg-sac was not used in the present study.
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height) in a refrigerator (air temperature ca. 6°C, water
temperature 8.1°C). On 24 April, 2021, I examined one of
the egg-sacs; it contained 11 larvae (limb bud stage; Stages
40—44 as per IWNASAWA & YAMASHITA [1991]) and 25 unde-
veloped eggs (no cleavage furrows) (Fig. 3). I treated these
undeveloped eggs as “unfertilized eggs” following Kura-
MOTO (1972). The egg-sac formed a C-shape with a distinct
whiptail structure at the free end (Fig. 3A). The maximum

Figure 2. Egg-sac of Hynobius tsuensis, containing several larvae
that are about to emerge from it. It did not appear to contain
unfertilized eggs at the time . This egg-sac was not used in the
present study.

and minimum egg-sac lengths (excluding the whiptail
structure), egg-sac width and height at the middle portion,
and length of the whiptail structure at the free end were 141,
58, 15, 13, and 13 mm, respectively. One larva was observed
feeding on an unfertilized egg within the egg-sac (Fig. 4),
Sometimes shaking its head and swimming about with the
unfertilized egg in its mouth (Supplementary Videos S1 and
S2). During the observation, the larva held the egg in its
mouth for at least 1 minute. The air and water temperatures
at the time were 20.6 and 13.0°C, respectively.The egg-sac
was subsequently fixed in 5% formalin on 29 April 2021, and
deposited at the Graduate School of Human and Environ-
mental Studies, Kyoto University, Kyoto, Japan (catalogue
No. KUHE 64924). The 11 larvae and 24 unfertilized eggs
(one of the 25 unfertilized eggs was broken) it contained
were measured using dial callipers. The mean + SD snout-
vent, total, and head lengths, and the head widths of 10 lar-
vae, stages 43-44 of IWASAWA & YAMASHITA (1991) were
13.1 £ 0.5 (range 12.3-13.8), 23.2 + 0.6 (22.3-24.2), 5.3 * 0.2
(5.0-5.8), and 4.4 + 0.2 (4.0-4.6), respectively. Those of the
remaining larva (stage 40) were 9.0, 14.7, 2.9, and 2.5 mm,
respectively. All of the 11 larvae had grown a pair of fore-
limb buds, balancers, and external gills, but were still with
no or only rudimentary hindlimb buds (Figs 3B, C). Of
these, seven larvae had bulging bellies (Fig. 3C). The unfer-
tilized eggs ranged from 3.4-3.8 mm (3.6 £ 0.1; n = 24) in
diameter. Interestingly, all 24 unfertilized eggs were hemi-
to three-quarters spherical in shape, not perfectly spherical.

This observation suggested conspecific oophagy by un-
hatched larvae within egg-sacs in H. tsuensis, although the
observation was made in an aquarium, and is the first such
report on oviparous salamanders. The natural fertilization

Figure 3. An egg-sac (KUHE 64924) in which a larva fed an unfertilized egg (A). Lateral (B) and ventral (C) views of a larva (limb
bud stage; Stage 43), and an unfertilized egg (D) within the egg-sac. Scale bars = 10 mm.
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Figure 4. An egg-sac of H. tsuensis (KUHE 64924) within which
a larva feeds on an unfertilized egg (white arrow).

rate of H. tsuensis is much lower than that of other Hynobius
species, including its relatives H. nebulosus from Iki Island
(96.7%) and Hynobius dunni from Oita (97.9%) (Kuramo-
TO 1972), and seems to have been low since at least 1930
(Ovama 1930, KuRAMOTO 1972). Considering these facts,
unfertilized eggs of H. tsuensis may not occur accidentally,
and might be a reproductive strategy that enables the larva
to feed on unhatched/ unfertilized larvae, even though the
mechanisms are as yet unknown. The observation in the
present study possibly constitutes a case of maternal care
or a new reproductive strategy in oviparous salamanders.
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Supplementary data

The following data are available online:

Supplementary Video S1. A larva feeding on an unfertilized egg
within an egg-sac, sometimes shaking its head.

Supplementary Video S2. A larva feeding on an unfertilized egg
and swimming about with the egg in its mouth within the egg-sac.



