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Thirty-three species of salamanders of the genus Hynobius, 
family Hynobiidae, are known to be distributed in East 
Asia (Sparreboom 2014). Life histories of Hynobius spe-
cies are categorized into stream-type or pond-type, accord-
ing to their preferred type of spawning site and larval habi-
tat. The duration of the larval period varies greatly from 
several months to several years between and within the in-
dividual Hynobius species, regardless of their life-history 
types, and overwintered larvae of most Hynobius species 
are frequently observed in aquatic habitats. The larvae of 
many pond-type species facultatively overwinter, depend-
ing on environmental conditions (Kusano 1981, Goris & 
Maeda 2004, Michimae 2011). Because pond-type spe-
cies are found either in boreal regions or at high altitudes 
in temperate regions, overwintering larvae must be able to 
withstand extremely low water temperatures in ponds cov-
ered with ice. The question arises, are those larvae active-
ly carnivorous in winter pond ecosystems? Although the 
answer to this question is important to our understand-
ing of the ecology of Hynobius salamanders, to our knowl-
edge, the possible foraging activity of Hynobius larvae dur-
ing very cold periods has never been documented. In this 
study, we experimentally tested the foraging activity of 
H. retardatus larvae at very low temperatures correspond-
ing to winter pond conditions.

Hynobius retardatus Dunn, 1923 (Hokkaido salaman-
der) is a typical pond-type species that is endemic to 
Hokkaido Island, Japan. The foraging ecology of H. re-
tardatus larvae has been extensively investigated because 
they can have a strong predatory impact on their prey com-
munities (Ohdachi 1994, Kohmatsu 2001, Kishida et al. 
2014, Takatsu & Kishida 2015). During warm periods of 
the year (spring to fall), H. retardatus larvae generally feed 
on amphibian larvae, including conspecifics, as well as on 

aquatic invertebrates such as mayfly and chironomid lar-
vae (Kohmatsu 2001, Kishida et al. 2009, Kishida et al. 
2014). However, we have no knowledge of their foraging 
ecology in winter, even though H. retardatus larvae con-
ditionally overwinter in their spawning ponds. Some lar-
vae will have metamorphosed by the fall of their first year 
(Fig.  1), while others pass their first winter in the pond 
and metamorphose only in the following year, depending 
on biotic and abiotic conditions encountered in the pond 
(Iwasaki & Wakahara 1999, Michimae 2011). Hokkaido 
Island is located in a boreal climate region, and the aver-
age temperature in most areas of the island during January 
and February will lie below 0°C (but > -30°C). As a conse-
quence, the natural ponds inhabited by the larvae are cov-
ered with ice during winter. Under the ice, water tempera-
tures remain very low (near 0°C), And such low values will 
typically cause an poikilothermic species to be less active. 
In this study, we conducted an experiment in which we ex-
amined whether H. retardatus larvae would feed on offered 
prey when maintained at low temperatures (i.e., 2 or 4°C).

We used mayfly larvae (Cloeon ryogokuense) as a pro-
spective wintertime prey species, because mayfly larvae are 
a common prey item of H. retardatus larvae from spring 
to fall (O. Kishida unpubl. data), and they are widely ob-
served in both early spring and late fall, suggesting that 
they are present in the ponds during the winter. We se-
lected temperatures of 2 and 4°C, respectively, for our ex-
periments for the following reasons: Because water density 
is highest at a temperature of approximately 4°C, water of 
that temperature will descend to the bottom of the water 
column, whereas water of less than 4°C rises and freezes 
at the surface (Moore et al. 2009). Because H. retardatus 
larvae typically rest on the bottom of the pond (O. Kishida 
pers. obs.), it is likely that overwintering larvae will typical-
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ly stay in that temperature zone in mid-winter. On the oth-
er hand, although overwintering H. retardatus larvae are 
not likely to spend very much time in the middle or upper 
water layers with temperatures below 4°C, we alternatively 
applied a water temperature of 2°C in order to examine the 
foraging capability of overwintering H. retardatus larvae at 
such an extremely low temperature. 

We collected a sufficient number of mayfly larvae and 
33 overwintering H. retardatus larvae from several ponds 
in the Teshio Experimental Forest of Hokkaido University, 
Hokkaido, Japan, on 14 and 15 November 2013. We took 
photographs of 46 randomly selected mayfly larvae and 
measured their lengths on the digitised images by using 
ImageJ 1.45s software (Schneider et al. 2012). The mean 
± SD snout–vent length of these mayfly larvae was 4.9 ± 
1.0 mm (N = 46). Similarly, we scanned all H. retardatus 
larvae in ventral aspect (Canon, CanoScan 9000F Mark II) 
and measured in the same manner their lengths on the 
digitised images. The mean ± SD snout–vent length of the 
H. retardatus larvae was 24.9 ± 2.7 mm (N = 33). Before 
the experiment, we kept the mayfly larvae and H. retarda-
tus larvae in separate 4-l storage containers filled with 2 l 
of matured tap water and stored in a refrigerator at 4°C 
(i.e., five salamander larvae or about 100–200 mayfly lar-
vae were kept in each storage container). The water in all 
containers was replaced on 4 December. On 18 December 
2013, we placed the H. retardatus larvae individually into 
small plastic containers (length × width × height: 84 × 57 
× 44 mm) filled with 100 ml of matured tap water, which 
were kept in the refrigerator at 4°C. After 4 days, we added 

two mayfly larvae to each container as potential prey items 
for the resident H. retardatus larvae. We kept the larvae in 
these containers until 18 January 2014, when they were as-
signed to experimental units.

Each experimental unit was a 4.5-l (285 × 165 × 95 mm) 
aquaria filled with 2 l of matured tap water that was ex-
posed to a natural photoperiod of 10:14 hours. We per-
formed 15 replicates of each of four trials, by ticking off the 
presence or absence of a H. retardatus larva at a tempera-
ture of 2 or 4°C as follows: (1) no salamander at 2°C (2°C-
NS), (2) one salamander at 2°C (2°C-S), (3) no salamander 
at 4°C (4°C-NS), and (4) one salamander at 4°C (4°C-S). 
Each H. retardatus larva was randomly assigned to either 
the 2 or 4°C temperature exposure. Following a 5-day accli-
mation period, we added two mayfly larvae that were ran-
domly selected from the storage containers to all experi-
mental tanks on 18 January (the starting day of the experi-
ment). The realized density (0.28/m³) of mayfly larvae was 
within the range of their observed density in natural ponds 
(K. Takatsu pers. comm.). The effective average tempera-
tures of the 2 and 4°C experiments were 2.3 ± 0.4°C (N = 
5) and 3.8 ± 0.3°C (N = 5), respectively. We counted the 
number of surviving mayfly larvae after 2, 5, 8, and 11 days 
(i.e., we checked how many mayfly larvae had disappeared 
by each census day). At these census times, we removed all 
surviving mayfly larvae from the experimental tanks and 
released two fresh mayfly larvae randomly selected from 
the storage containers into each tank. To assess whether 
the H. retardatus larvae predated on the mayfly larvae, we 
used a chi square test in which the null hypothesis was that 
the disappearance of mayfly larvae occurred independent-
ly of whether a H. retardatus larva was present during the 
11-day experimental period. As a result, the null hypothesis 
was clearly rejected (χ² = 83.17, df = 1, p < 0.0001). Indeed, 
in the absence of H. retardatus larva (i.e., in the 2°C-NS 
and 4°C-NS control group setups), all mayfly larvae sur-
vived, whereas in the presence of a predator, 1.22 ± 0.30 
and 1.15 ± 0.41 (mean ± SD) individual mayfly larvae disap-
peared between census days in the 2 °C-S and 4°C-S setups, 
respectively. Analysis of variance revealed that the feeding 
activity of H. retardatus larvae did not differ between the 
two temperature regimes (F1,28 = 0.261, p = 0.61). These re-
sults indicate that overwintering H. retardatus larvae are 
capable of consuming small aquatic invertebrates at very 
low temperatures.

Although several studies have suggested that overwin-
tering salamander larvae of the genus Hynobius (Kusa-
no et al. 1985, Kishida & Tezuka 2013) and Ambystoma 
(Stenhouse 1985, Urban 2007, Anderson et al. 2013) play 
important predatory roles in aquatic ecosystems, these 
studies investigated the predatory impacts of the overwin-
tering larvae only during the warmer seasons from spring 
to fall. For example, in spring, cannibalism by overwinter-
ing H. tokyoensis larvae can greatly reduce the abundance 
of conspecific hatchlings (Kusano et al. 1985), and preda-
tion by overwintering Ambystoma opacum larvae can be 
the most important factor in reducing the abundance of 
the hatchling cohort of A. maculatum (Stenhouse 1985, 

Figure 1. Overwintering larva of Hynobius retardatus (right) and 
a hatchling from the current year (left) on 4 June 2007.
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Urban 2007). Our results suggest that overwintering H. re-
tardatus larvae may actively forage under the ice of a nat-
ural pond during winter. Thus, H. retardatus larvae may 
have a significant predatory impact on the prey commu-
nity in a pond not only during the warm seasons of the 
year but also during winter. To better understand the role 
of salamander larvae in pond ecosystems all year round, 
future studies should examine whether predation by over-
wintering salamander larvae reduces the abundance of 
prey species in natural ponds during winter. In addition, an 
examination of the possible contribution of prey consump-
tion in winter on the growth of overwintering larvae would 
be informative, because both prey-capturing ability and 
food intake may influence the growth of salamander larvae 
(Nosaka et al. 2015, Takatsu & Kishida 2015). Moreover, 
if overwintering salamander larvae grow substantially dur-
ing winter, their predatory effects in the subsequent season 
would likely be intensified. Therefore, the next step should 
be to explore the trait- and community-level consequences 
of winter-foraging by overwintering larvae of H. retardatus 
and other salamander species.

Acknowledgements

We are very grateful to Michael F. Barej and three anonymous 
reviewers for their comments on the early version of this manu-
script. Our work conforms to the guidelines for the proper con-
duct of animal experiments in Japan. This work was supported by 
Grants-in-Aid for a Research Fellowship of the Japanese Society 
for the Promotion of Science to O. Kishida (no. 23247004). 

References

Anderson, T. L., C. L. Mott, T. D. Levine & H. H. Whiteman 
(2013): Life cycle complexity influences intraguild preda-
tion and cannibalism in pond communities. – Copeia, 2013: 
284−291.

Goris, R. C. & N. Maeda (2004): Hynobiidae – The Hynobiids. – 
pp. 7−39 in: Goris, R. C. & N. Maeda (eds): Guide to the am-
phibians and reptiles of Japan. – Krieger Publishing Company, 
Malabar, Florida.

Iwasaki, F. & M. Wakahara (1999): Adaptable larval life histo-
ries in different populations of the salamander, Hynobius re-
tardatus, living in various habitats. – Zoological Science, 16: 
667−674.

Kishida, O. & A. Tezuka (2013): Overwintered Hynobius re-
tardatus salamander larvae can induce defensive bulgy morph 
in Rana pirica tadpoles. – Herpetology Notes, 6: 183−185.

Kishida, O., G. C. Trussell & K. Nishimura (2009): Top-down 
effects on antagonistic inducible defense and offense. – Ecolo
gy, 90: 1217−1226.

Kishida, O., Z. Costa, A. Tezuka & H. Michimae (2014): In-
ducible offenses affect predator-prey interactions and life his-
tory plasticity in both predators and prey. – Journal of Animal 
Ecology, 83: 899−906.

Kohmatsu, Y. (2001): Effects of head shape variation on diet 
selection in larvae of the salamander Hynobius retardatus. – 
Current Herpetology, 20: 63−67.

Kusano, T. (1981): Growth and survival rate of the larvae of 
Hynobius nebulosus tokyoensis Tago (Amphibia, Hynobiidae). 
– Researches on Population Ecology, 23: 360−378.

Kusano, T., H. Kusano & K. Miyashita (1985): Size-related can-
nibalism among larval Hynobius nebulosus. – Copeia, 1985: 
472−476. 

Michimae, H. (2011): Plasticity in the timing of a major life-his-
tory transition and resulting changes in the age structure of 
populations of the salamander Hynobius retardatus. – Biologi-
cal Journal of the Linnean Society, 102: 100−114.

Moore, J., C. Stanitski & P. Jurs (2009): Water: an important 
liquid with unusual properties. – pp. 393−395 in: Moore, J., 
C. Stanitski & P. Jurs (eds): Principles of chemistry: the mo-
lecular science. – Cengage Learning, Independence, Kentucky.

Nosaka M., N. Katayama & O. Kishida (2015): Feedback be-
tween size balance and consumption strongly affects the con-
sequences of hatching phenology in size-dependent predator–
prey interactions. – Oikos, 124: 225−234.

Ohdachi, S. (1994): Growth, metamorphosis, and gape-limited 
cannibalism and predation on tadpoles in larvae of salaman-
ders Hynobius retardatus. – Zoological Science, 11: 127−131.

Schneider, C. A., W. S. Rasband, & K. W. Eliceiri (2012): NIH 
Image to ImageJ: 25 years of image analysis. – Nature Meth-
ods, 9: 671−675.

Sparreboom, M. (2014): Salamanders of the Old World. – KNNV 
Publishers, Zeist, 51 pp.

Stenhouse, S. L. (1985): Interdemic variation in predation on 
salamander larvae. – Ecology, 66: 1706−1717.

Takatsu K. & O. Kishida (2015): Predator cannibalism can in-
tensify negative impacts on heterospecific prey. – Ecology, 
http://dx.doi.org/10.1890/14-1616.1.

Urban, M. (2007): Predator size and phonology shape prey sur-
vival in temporary ponds. – Oecologia, 154: 571−580.


