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- We found that a variety of factors, such as sex, period, and habitat type, contribute to the body size of Korean Hynobius

salamanders.

- Therefore, our results suggest that errors may occur when identifying species using body size as a defining trait.
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Abstract: Amphibians are the world's most threatened group of animals, with
approximately 41% facing extinction. Contrary to this global trend, the number of
amphibian species in Korea has increased by approximately 53.3% over the past 20
years. In particular, salamanders within the genus Hynobius showed even greater
diversity, with the number increasing three-fold from two species to seven. However,
morphological and ecological traits required for the clear differentiation of these
animals are yet to be determined, leading to much confusion. In this study, we
investigated the validity of using size traits for species identification, as this method
is currently considered a rule of thumb when differentiating Geoje salamanders
(Hynobius geojeensis), cryptic Uiryeong salamanders (H. perplicatus), and Korean
small salamanders (H. unisacculus). Our study revealed that sex, study period, and
habitat were all factors associated with significant differences in snout-vent length, head
width, and body weight. Differences in these size traits were evident both between and
within species. Our results show that body size traits applied in the recent classification
of the three new salamander species could not be seen as a suitable criterion. Such
identification methods based solely on body size not only cause great confusion in the
field but will also limit future research on Korean Hynobius salamanders.

Keywords: Amphibian, Caudata, Hynobiidae, species identification, South Korea

http://www.koseb.org 557



| I
Korean J. Environ. Biol. 41(4) : 557-569 (2023)

19349 Georgy Gause= YA 2|97} f-AFRE 5= A3
2 3ES & 9gS FHsIA.eH, o] Avk= ZFAH et

rﬂz m{n

2] (Competitive Exclusion Principle, CEP) &2 7}-¢-2
°] M2 (Gause’s law) 22 AHE AT Gause 1932, 1934).
e o] mhad, BE Aese 2eld A A
91 (ecological niche)oll wHe} 1158+ e 2] EAS zh=t}
(Schluter and Grant 1984; Grant and Grant 2007). A&2]
27) =3 e A 2] 91of whet 2= Fa% I 5 5
Uz A2 24 (Mammola ef al. 2019), AAZ] 7§7‘§
(Smith and Brown 1986), 2] (Brooks and Dodson 1965),
Yol 7184 (Altmann et al. 1993), 7] S} ( Martin et al.
2018) Foll &= ettt s S0l 299 HaEare
A& (Swedish moose, Alces alces)< &= 56°~68°°] 4

A B¥ste 392z 195 2do2 A42 37|71 A
A= @Fo] T2 Fch(Sand et al. 1995). A A12] g4 o] w}
£ 7] Aols FARAME E5HA vEhue, 2%, 1
T, 9x 5o] & IS ujAtH(Morrison and Hero 2003;
Whitton et al. 2012).

International Union for Conservation of Nature and
Natural Resources (TUCN)O|l T2 H %FA]F (amphibian)
+ AlACIA 71 w2 A4Sk Sl ERatolH, of
41%7F BE171] Asf A= A= Bl ek (www.
iucnredlist.org). §TH, 20009t o] =19 A F+=
155014 2350 = 53.3%7F 5715t A2 =85 (Hyno-
bius yangi, Kim et al. 2003), ©17]|%-8-5 (Karsenia koreana,
Min et al. 2005), O =S5 (H. unisacculus, Min et al.
2016), l==FHR8 702 (Dryophytes flaviventris, Borzée
et al. 2020), T =T
2021), AA=F
H2O|P g5 (H. perplicatus, Borzée and Min 2021), &
AtHrE] i]E]Eih(Onychodactylus sillanus, Borzée et al.
2022). 53, Hynobius% T85> 2| 209 Ate] 259
A 7E 0= oF 38f o] F o & IA F7IsERT 20108 7
A= A=A o2 Bixoh= T8 (H. leechii), AFE 4
At Aol Barsh= AT =T 5 (H. quelpaertensis, Mori
1928), F4F 717 Aol Exsh= AP eFg il At
< Yur: GAHo RSt AAtEF50] illiOﬂ
ZIAEgoH, Q@A zto|, 27, WA HHE g8
el AZ7F £ E59 77T HATH(Kim et al. 2003;

*=(H. notialis, Borzée and Min

"8 (H. geojeensis, Borzée and Min 2021),
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Min et al. 2016). 71 ©]F 2021 d°ll= 5314 A2|et 27]
9] 2ol & Fa3 AR Hynobius T55 35 (AAES
5 AYETE, a2dd=E%)0l AF2E 71 AT
(Borzée and Min 2021).

ShA|gh, 2|2 k=4t Hynobiuss 852 & 21910
+ of2] =gho] WSk Qi AEA R =55 3T
T 7E T e s RiEe dERE SEEH, AR &
%@, HA 54, A4 A7) 5 A 291 S8 Aol 7p
A=) 24U TH(Borzée and Min 2021). E3H AE7HE o
o= 8]t Hynobius =85 A7oIM= T2 el
Al FE25HA] Z3 (Koo et al. 2023). ATt} Hynobius &=
8 T 7IAel ARERE 27] @Eo] 1) A =7]01F A
(sexual size dimorphism), 2) A& ZJH=, 3) A5 A7, 4)
A7 Zaof whet gEh 4= 9l3-o] EIE It (Koo ef al.
2021, 2022).

olo] whet & Aol A= 20218 ©]
Hynobius =852 27] ttAd & =7]

o] BgAd= T skaLAt skt 20218 A1F 2 }“(741115

T8, a8 e) T 71Eo] HEY 1¥ (At eSE

2 o2 A1E APt o ARFor I 04
1) gde] T =271 #pol, 2) AF A7]of whg 27] Ate]

uh g =] A

RELEN B4 Ry

i
fl

:Lau 3) A7 @7gell g 27] Aol 5 B4 st glrh
2. ME 3 EY

21 AT WEF U%

oVdEe] gl 7N gl gol, The T ¥

A o7 55 WA Aol Y EE e A, FH
T, AT, a9 sy 181 I
nte5-g B5ob 3457 mie] offl Atolx= A9
5} tt (Borzée and Min 2021). AlFEE5S Y74 A
o] AlFIolm, HA7] gelS 97t 5= Te] HAZo] ARt
&7] wzoll Aol A AlLlstlrt. e eE e EES
7oA = 1129 AR S FoH, /Al H o] Agte
= 7 o 2ol gt A 47 4

7%1113 50> E‘x.JEﬂEi‘m j—a—l— 7D]'E 5 0 E
/ﬂ@ O]'S’a‘:]'(Borzee and Min 2021). $H=4F E552 &
oA F o] ofHAT FA A HE T2 FAO| ot
of 24 9»1"4% 740 Q7] wiZell ZF Fof A71A A=
A0 2 JNAE S HESIEEH(Min ef al. 2016; Borzée and

N
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Size diversity of three Korean Hynobius salamanders

Table 1. Location, habitat type, and elevation of the three newly described Hynobius salamanders in South Korea

Species Site Location Habitat Elevation (m)

) ) . Geoje_1 Mountain 1, Gucheon-ri, Dongbu-myeon, Geoje-si Standing water 54
Hynobius geojeensis . . . .

Geoje_2 113-4 Imok-ri, Yeoncho-myeon, Geoje-si Stream in Forest 140

) ) Uiryeong_1 587 Jukjeon-ri, Yongdeok-myeon, Uiryeong-gun Standing water 68
Hynobius perplicatus . . ) i

Uiryeong_2 779-1, Gaeul-ri, Garye-myeon, Uiryeong-gun Stream in Forest 170

Hvnobius unisacouls Goheung_1 1009 Yenaeri, Bongrae-myeon, Goheung-gun Standing water 45
ius uni ulu. . . .

V Goheung_2 Mountain 227 Oecho-ri, Bongrae-myeon, Goheung-gun Stream in Forest 39

;

I AR

°l
)=
A

r'o

Min 2021) (Table 1). A4 2] 82 =4t =5
Hhz] 0l M A]1S 98] &-goh= A (=) 2t 4
Balon FHR 77 17l fgo] xdd 23

T}H(Borzée and Min 2021).

o
il

2

o

2.2 74K SHE ot WF =X

= Al7]oll whet Edshs
of & z}o]7} Itk (Morton and Gallup 1975; Winne et
al. 2005). =F5°] ¢, & FAE0] A2 A L 4A

B} W] A7) E¥@ste ko] th(Hasumi and
Kanda 2007; Semlitsch et al. 2014). 7§A] &H= 20214
H 20239714 R CH, Hx WAo] AlREE A
5t 710l ZHAIE s ffsf wid 28 =4 F5H 3
A EA| F7HA] viF @2 Wheste] HAe] {75 24
Sk TS, ZF A= WA o] Az A8 dFd 5
ot Aol Edsh= NAITHS AR sto] Aol E-85k3l
c.

-

HE PARE a4 A

o

23,901 8 % 24

A MAE2 @A =520l (snout vent length,
SVL), M2]Z (head width, HW), A% (body weight, BW)
= SAstleh Ad Aol ARRE e we] e 24
©](tail length, TL)®] 7%, &0l del whg ¥147]¢}
HH A 7] o] Zpo)7} F=51617] wjzof] AFollx= A elska
T} (Hasumi and Iwasawa 1990). & 2] ¢ H|HA] 7]
£ Sero g o] o] gx|uh MA)7] 5ok 710 e
9 A7) (cloaca)d] T 18|11 A W&o & fR2
A FEo] 7Hs5IeH(Romano ef al. 2009; Rucker ef al.
2021). 7IAl S74oll+= digital calipers (1135-451- INSIZE,
China)®} digital scale (EK-i; AND, Korea)= Z-853.2

o, S o] ¢= AES 2 A A o] BT AR
At EEE 359 37]% Hlwskz] 9ls =24 1) 44
g, 2) AR A71, 3) AAA] o= FEste] 4TS
™, 247y F 2k vl 1 F W Bl g egskelet 1t
H| W= one-way ANOVA S Z-85}31 01, o]F A}
T 24 "5 (Post hoc, Tukey HSD)= ©J-8-5lf e 7te]
2ol 5 Zelsteint. &yl A A42] fadof o
7] Zfo] o= =9 HF H A7 (independent sample
t-test)= E-8-of H]w Yt ARHE C 2 Hynobius T35
A A7]o1g o] T EAo] Sl Ao=m dA 3l
Th(Lee et al. 2010; Chen et al. 2022). WHA, 1 A]7]9}
AAZ] 7 B0l S o] gk wiet 3
= e W2 o] 245K 5419 ol
0.055 A 146}%12% 412 SPSS 26.0 (IBM, USA) &=

of] 9FA] o]stofzfieta FA g2 93]
2RE AU ToUTHEQIFS: EWHA IACUC 23-
009-t). T3h AAA| R HE A thdo] Hi= 7 kF5o
23 7+ STt (AAE S5 AA 2023-01; At
TEs 1182023-1, a2 EE 5 9% 2023-1).

3.2 o

3.1. 3 2 3 W ‘$'8oll E 37| xto]

=44 Hynobius 8- 3 72| SVL, HW, BWe| 3
7] Ztoli= f-2J1] 3.9 ™ (one-way ANOVA, p<0.001, in
all cases), AFT 24 LE 7] FHL F 7T 2fo]7}t
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Comparison between total population
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Fig. 1. Body size diversity of three Korean Hynobius species (H. geojeensis, H. perplicatus and H. unisacculus). The difference among spe-
cies was compared by one-way ANOVA. Tukey's test was used to compare differences between species. Significance is indicated as
*p<0.05 and **p<0.001. SVL: snout-vent length, HW: head width, BW: body weight.

3t (Fig. 1). 48& ol B4 A9, & 1 oA
L350 A7 FYRRAL, AR AR F 1 3
gt Zfo] 7} ERIE] Itk (p < 0.001, in all cases). A 2] 3
£ T 1Al A e (p<0.001, in all cases), AFF =
1 A AA S5 7 AteEE 1He] SVLY
T35k Aol 7 gllth(p=0.344).

W dEe] o 37]= SVL ¥ BWOlA = oA,
HWE 3o & AL = YERTH(p<0.05, in all cases)

560 (©2023. Korean Society of Environmental Biology.

(Supplementary Table Al). ©|2gt 2fo|= AA| =552
Y ETEY A, FFloH, HutEEEoA
HWE A€ol fofu|gt 2po 7t 1= Ak (Fig. 1) (p<
0.05 in all cases).

3.2 "% AM7I'E 37| vl

At B 3% A4 A APE 271 Be 9

Ao A =51t 2o 7F AATH(p < 0.05 in all case) (Fig. 2).
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Hynobius geojeensis Hynobius perplicatus Hynobius unisacculus
80.0, "~ 80.0, . 70.0, .
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c @ 80 C
= 6.0 z B 4.0
2 2 6.0 @
3.0
4.0
2.0 2.0 18
0 0.0 0.0
00 Female Male : Female Male . Female Male

Fig. 2. Body size diversity of three Korean Hynobius species according to sex. The size difference between sexes was compared by the
independent sample t-test. Significance is indicated as *p<0.05 and **p<0.001. SVL: snout-vent length, HW: head width, BW: body

weight.

ERL AH A7TE 271 EH 29 A Ao E
O3t zfo] 7} SR1E] 9t} (Supplementary Table A2).

3.3. MAIX| fgofl WE 37| Xto]

AT Hynobius T8%2] A7 54 B0l A45)
el 2717F A4 7ol Ik & 4] Ak
o], AA Eg5 2] SVL 12| 1 Wnte g0 HWE Al

R= A7) AN AR FEol whet FEIRE 2ol 7t
Atk (Fig. 3). ZF2F A A7) fadoll whE F31gt 2fol= ¢f

°
1o

;9 ol e

Z 1ea 4
Table A3).

7 7 Ao A = ER1E] ATt (Supplementary

A=0] 2718 AAste 2271019
ual selection)®] ¥z W2 Ao =+ 2
k491 dArelth(Lovich and Gibbons 1992; Monnet and
Cherry 2002). FAF2] 90% 4 gH 2] 27|71 =4

A2 A AH (sex-

L,

1
ANe A=
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Hynobius geojeensis Hynobius perplicatus Hynobius unisacculus
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65.0 T T 70.0) 60.0 —‘7
Z60.0 E E
g £ 65.0) E 55.0 &‘
=55.0 = =
- - -
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7% 50.0 l l % % J l
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12.0| T 14.0| 12.0)
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E z =
9.0 T 110 l l T 90
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7.0 9.0 7.0|
T 2022 2023 8.0 6.0
2021 2022 2023 2021 2022 2023
I * %k 1 I * % ! I * % L
12.0, 14.0, 8.0, —
n.s - n.s - n.s. "
7.0)
10.0 12.0]
—‘7 T —‘7 6.0 T —‘7
8.0 10.0] —‘7
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= 6.0 = 8.0 = 4.0
2 T 2 —— T 2 l T
3.0)
4.0 L 6.0 l i
2.0)
2.0 4.0 i
1.0|
0.0 2.0 0.0
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Fig. 3. Body size diversity of three Korean Hynobius species according to the collection period (2021-2023). The difference among species
was compared by one-way ANOVA. Tukey's test was used to compare differences between species. Significance is indicated as *p<0.05
and **p<0.001. SVL: snout-vent length, HW: head width, BW: body weight.

o vls] o 2, o] F&2 HA] FH}
1979; Lee et al. 2010). =252 Zg3t

al. 2014).

7938 29,

a}ok WAl

S B |

TEs

=

S710] vlge] %

27 gres 2 Qo]

T —
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Eo shusop BT 4 Uk OFE HAST 5 9

o
&L A7)+ AAR] 7300 webAE 24 et
7= North Carolina®ll A45h= &7 %85 (Desmog-
nathus monticola)®] 7= X3 (Wolf creekd)? F
S1EH(Coweta) A HoflA] & 2ol & H Y 0H, o]= 4417
7] &o0] HAIT-S] vro] E &gl FFS Xl Aot
(Bruce and Hairston 1990). @& = o] AAlot= /%
¢l T3 %55 (Hynobius tokyoensis)< 7] 3}o] &

]
st
filo

PV

)
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Hynobius geojeensis Hynobius perplicatus Hynobius unisacculus
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2104
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£ 3.0 =] L -}
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10 9. r0
0 - 0.0
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Fig. 4. Body size diversity of three Korean Hynobius species according to habitat type (standing water or stream). The size difference be-
tween habitat types was compared by the independent sample t-test. Significance is indicated as *p<0.05 and **p<0.001. SVL: snout-
vent length, HW: head width, BW: body weight.

AT Pt 25 F7HE Qe AFEC] F7l6k, A 40 & 372 Aot ol 92 nHE AR wdHn &
| FRt A Z717F Ao whet theFelA| Haket A o= 255 AFET A9 o 7] 97 S & 2]
e TH (Okamiya et al. 2021). JIH| =, Peterman et al. of JFS ulF gAof oigt pgo] st Aot

(2016)-> Enrjof] AA k= tefRt mlFEE 5= 2717t 54 A71, B4 Aol A T ekt meee T A
AZ= @de] 1E Ao g A5 FAA= A T, = TEoks ARE &85t Hl Algte] & Aotk
ShRISget. o3t /42 19 A of Al sl G537t £ a4t Hynobius =58 714 =wollA= 2717F 83t
0] 35520 Hol &F 7t AxItjAte] mhE o o7 & shHAAEE 24 9 Aol ke vl 4 Sl
A ol FFE Fol & 2712 4ske ol 7143 A olg] |-50] 1= 2= Z3Th(Borzée and Min 2021).
o5 AT A W §5 Aol B 2 2719 & HA7)E A &]std ool A EF-ga 'IHsty] of9H,
TEEo] THE A2 H A W a2 2 57 Y gk A7 A E et A, oA &2 FAIR ohF
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o A% /%PEH?—J T 2 ‘ﬂr 3], ‘?_1/5]7] 7F 2|y Aol
A7) d o] 755t
,7MA 2718 o83l &
= A4 ool wtet m-%- A
skl 4= 9t} o|#et BA= dA oA 55l A3}
2L /\] QSRS A & T2 o5t O]‘jr. =l FA
E7FEE =AY Hynobius =552 =04 %3
o:q ool HHH AE F 549 Vo= &8s
31 Q= AA otk (Koo et al. 2023). QAZHA] FAA =)o)
=2 Eof LR "o 71AF Adlel v o 2 ez 9JA|qt
S 2of M27h St AH] 1P al 7242 f19t olttol
st wwel] @A Egoll= 2 Aol ek
A=, @A F T4 =A7F A=A u}L
At Hynobius T35 7] gt 24
7Fs/de] S,
o] Ao X= A Hynobius 88 35°] A,
A17], 1R]of] whet 2719 2tol7t Qg2 SISk =,
&350 A7) QA oldA AP =l whet 2A &
2 = Q7] wizoll T2 ol AHgshe Aoll= Aets
2] eohal mebE ot wheba, =22 A Hynobius =5
3% HE o Z8HUYE 27]eke FHol T4 A9
ofst= ZARA E}%‘;’E\—‘E;‘] g dert ek
ot tEo] @A 782 & =7 Hynobius =5-59]
TE fslide FA4d X]'O] Qlof| ke FFofl A 2134
B 28T 4 e 2718 HaEe] 2o Alojth

T} (Hasumi and Iwasawa 1990)
Z]-oﬂ/\—] =5 E?ﬂo L 7] 0 ubA d—}\]

l
_m
oo
o @
—{Oll
Eﬁ)‘l;‘

H, oh‘
—(m

AL

lo ra r

¥ @

FAF= AAR o= 7 W= 7 1-5}_*8]—37_ A= A=

O A oF 41%7F BF9710] Ash 2. o2t Al
AA el FA|b= gy oh29] A FE= 2t 20t oF
53.3%7F 57312 ™, Hynobius% W =852 7%, 230l
A 7502 39 ol Z713ck. SHAIek, @AV Hynobius
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SUPPLEMENTARY MATERIALS

Size diversity of three Korean Hynobius salamanders

Supplementary Table A1. Body size of three Hynobius salamanders according to sex.

Species Sex n SVL (mm) HW (mm) BW (g)
Total 124 54.9+0.6 10.7+0.1 5.1+0.2
Hynobius geojeensis Female 30 59.4+15 10.4+0.2 64105
Male 94 53.56+0.6 10.9£0.1 48+0.2
t=3.626** t=-2.166* t=3.526**
Total 118 61.5+0.5 11.7+0.1 73%£0.2
. ) Female 30 64.9+1.0 11.4+£0.2 8.2+0.3
Hynobius perplicatus
Male 88 60.3+0.5 11.8+0.1 6.9+0.2
t=4.473** t=-2.013* t=3.055**
Total 200 53.4+0.3 9.9+0.1 43+0.1
Hynobius unisacculls Female 53 55.6+0.6 9.940.1 48+0.2
Male 147 52.6+0.3 9.9+0.1 4.1+0.1
t=4.691** t=0.037 t1=4.231**

Differences in body size between sexes were compared using the independent sample t-test. All measurements are shown as the mean +standard error.
Results with statistical significance are in bold; *p<0.05, **p<0.001. SVL: snout-vent length, HW: head width, BW: body weight.
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Supplementary Table A2. Body size of three Hynobius salamanders according to the collection period.

Species Period n SVL (mm) HW (mm) BW (g)
Total
2021 30 58.0+1.2 9.9%0.1 56x0.2
2022 33 573+13 11.0+0.1 6.8+0.4
2023 61 52.1+0.7 11.0£0.1 42+0.1
F=11.884** F=16.096** F=36.920**
Female
2021 12 60.8+1.6 9.9+0.2 55+0.3
Hynobius geojeensis 2022 M 62.4+3.0 11.1+£0.2 9.0+04
2023 7 525+15 10.0£0.4 4.0x0.7
F=3.838* F=7408** F=32.248**
Male
2021 18 56.2+15 9.9+0.2 5703
2022 22 54.8+1.0 10.9+0.2 57+0.4
2023 54 52.65+0.6 11.2+0.1 4.1%0.1
F=4.621* F=12.522** F=18.746**
Total
2021 37 63.6+£0.8 11.0£0.1 8.1x0.3
2022 38 60.9+£0.8 12.0£0.1 8.1x0.3
2023 43 60.1+£0.9 12.1+0.2 59+54
F=5.057** F=17.306%* F=24.753**
Female
2021 12 670+16 10.9+0.2 8.2+0.4
Hynobius perplicatus 2022 14 64.6x1.1 11.0£0.2 8.7x0.5
2023 4 59.7+2.2 12.2+0.6 6.2+4.1
F=3.5622* F=4.217* F=3.314
Male
2021 25 62.0+0.7 11.0£0.1 8.1x0.3
2022 24 58.7+0.8 12.3+0.2 76+0.3
2023 39 60.3+0.5 12.1+0.1 59+0.2
F=3.036 F=14.063** F=18.290**
Total
2021 37 53.2+0.6 9.0£0.1 45+0.2
2022 88 54204 10.2£0.1 47+0.1
2023 75 52.6+0.5 9.5+0.1 3.7x£0.1
F=3.202* F=32.560%** F=23.086**
Female
2021 7 55.7+12 9.2%0.1 56+0.3
Hynobius unisacculus 2022 29 56.2+0.6 10.0+0.1 49+0.2
2023 17 54.4+0.6 10.0£0.2 41403
F=1171 F=2.524 F=5.470*
Male
2021 30 52.6+0.7 8.95+0.1 42+0.1
2022 59 53.2+0.5 10.3%0.1 45+0.1
2023 58 52.6+0.5 9.910.1 3.5%0.1
F=1221 F=33.861** F=20.752**

Differences in body size among periods were compared using one-way ANOVA. Results with statistical significance are in bold; *p<0.05, **p<0.001. SVL:
snout-vent length, HW: head width, BW: body weight.
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Size diversity of three Korean Hynobius salamanders

Supplementary Table A3. Body size of three Hynobius salamanders according to habitat type.

Species Site n SVL (mm) HW (mm) BW (g)
Total
Standing water 27 50.2+1.2 10.1£0.2 3.8x£0.3
Stream 24 53.3+1.0 1.7+0.1 46+0.2
t=-1.946 t=-4.587** t=-2.460*%
Female
. . . Standing water 6 53.4+3.0 10.3+£0.4 43+0.8
Hynobius geojeensis
Stream 0 - - -
Male
Standing water 21 49.3+12 10.7+£0.2 3.6+0.2
Stream 24 53.3+1.0 11.7£0.1 46+0.2
t=-2.510*% t=-3.802* t=-2.995*%
Total
Standing water 18 56.0£1.0 11.2+£0.2 48+0.2
Stream 25 62.6+10 12.7+0.2 6.7+0.3
t=-4.054%* t=-5.108** t=-5.743**
Female
. . Standing water 0
Hynobius perplicatus
Stream 4 59.7+2.2 12.2+0.6 6.2+0.7
Male
Standing water 18 56.6+1.0 11.2+0.2 48+0.2
Stream 21 63.2+1.1 12.8+0.2 6.8+0.3
t=-4.289** t=-5.418** t=-5599**
Total
Standing water 41 51.6+0.6 9.9+0.1 3.56+0.1
Stream 10 54.7+1.6 10.2+0.1 4302
t=-2.167* t=-0.858 t=-3.103*
Female
. . Standing water 6 53.2+3.0 10.0£0.6 4.0+0.6
Hynobius unisacculus
Stream 1 50.5 10.0 4.8
Male
Standing water 35 51.3+£0.5 9.9+0.1 3.4+£0.1
Stream 9 56.2+17 10.2+0.2 4302
t=-3.006* t=-1.079 t=-3.704*

Differences in body size between sexes were compared using the independent sample t-test. All measurements are shown as the mean + standard error.
Results with statistical significance are in bold; *p<0.05, **p<0.001. SVL: snout-vent length, HW: head width, BW: body weight.
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