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Fig. 1. Physical environments at 39 sites where field surveys
were conducted (All) and eight sites where salamanders were
observed (Salamander): (a) elevation, (b) stream water tem-
perature, and (c) stream discharge. The vertical line and the box
represent the ranges of the data and between the first and third
quartiles, respectively. The horizontal line within the box and
closed circle indicate the median and mean, respectively.

128



NNy (W

(Flg 36) o

AT ay oL RS

EHEOMP T o BHRETY V¥ a g A H)
MR SNz S Mt &3, A RIEHAME S W -5
T IR NS5 AT 2 N 2. 72 4263 % b &
(2 AR BE IR 2 1T R o 720 T ORER. AUC
12078 CTdH o 720 BAEE HHHERE T T IV~ DFAZE $L
DFG-HF & Table WIRT . HAMEELEROFS
< (391%). HAAMEEILEROEIG L &
HIZH > Y 3y FHOA BHEIFIRED = o Tz
(Fig. 4a)o R\WT. Witk D% 5 %255 (231%).
M OE A & & HIEREIEREIIEL 2o 72

B SR,

RO D

(Fig. 4b) .
K@ilj/\ L
40) o

3HH ISR O T H-HRDE

< (126%)

& DA B IEFE TS oo 72 (Fig

A //%%//aﬁﬁiﬁ)Si&ﬁUJ:%E Sy
51200 m & BV IEEE E700-1600 mO#iPH T

EES

129

‘1@
s 7 Eiﬂ E%H

‘1]

1"

0.51

COD (mglL)

Salamander

All
127

(c)

11 1

DO (mg/L)

Salamander

All

Salamander

Table 1. Percent contribution of each environmental vari-
able to predict the potential habitats for the salamander
Hynobius hirosei, using Maxent. N: natural forest, S: sec-
ondary forest.

Variable Percent contribution (%)
Deciduous broadleaf tree forest (N) 39.1
Artificial plantation 23.1
Valley area 12.6
Deciduous broadleaf tree forest (S) 8.7
Coniferous forest (N) 6.7
Coniferous forest (S) 4.8
Other vegetation 15
Artificial use place 0.8
Evergreen broadleaf forest (N) 0.7
Evergreen broadleaf forest (S) 0.7
Open waters 0.7
Slope 0.3
Azimuth of slope 0.2
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Fig. 2. Water quality at 39 sites where field surveys were conducted (All) and eight sites
where salamanders were observed (Salamander): (a) pH, (b) chemical oxygen demand
(COD), (c) dissolved oxygen (DO), (d) nitrate nitrogen (NO;—N), (e) phosphate phos-
phorus (PO,—P). See Fig. 1 for the explanation of box plots.



PEERLEE - OB - HeFRIEA - Nk TTHE

Ho7z (Fig 5)o LEIEROD 563150 H B, HIR WHIY L7 (Fig 6)o TOWHRIE, B8 km® (1l
ARIZE TN TV DI354M 5 (86%). FIIRIEEX 5 UL S A TR ARG 4130 km®D28% ). #8197 km® (5661
FOHLET (0%). ESBRPREIXIZ50HE (79%) TdH o7z km*?1.7%) . =HIE128 km® (7089 km®?D18%) T -
(Table 2)o HARAED L < 1 BEEEX OV ) Too WAEAERGEMLO D B, HARARNCE TN LI
WEEFNTW-0I158H 5 (92%) Tdh -7z (Table 151 km® (44%). FAAGEXIZE TR T0 20138 km’
2)o TETEAR KR HRAT DRSS, AR Rl o A1 (2%). BEMEEXICE TN TW20I15] km® (44%)
3425 km® (13704791X) CTARHM#EIFH16880 km®?20% 2o lee WEAERGEMAS, HARAR, HAREX. b

= o &g 3496
>~ 100 1 = 2000 -
< (a) = (d) |
i
() c C
2 o < 1500 {
o o wn
c 5 2
S 50 A B‘S 1000 1
il - —
s n o |
' c £ 500
& ag
> 0 T ] £ 0 L . ,
All Salamander All Salamander
= 1001 T —= 100 1
S ™(b) ﬁ €™
[} ()
o o2 é
5 g 9
- O
© : — S 2 50 L
@ 50 . 8 =
© = >
© { o
: Lk :
0 LI 1 O T 1
All Salamander All Salamander
S 100 4 5 -
2 (c) L x (f)
[<}] ()]
g -
prs =
g 50 A A "? 3
= $
£ g
: - —
8 a
0 — T d 1 r g
All Salamander All Salamander

Fig. 3. Biological environments at 39 sites where field surveys were conducted (All) and eight
sites where salamanders were observed (Salamander): (a) vegetation cover, (b) proportion of
broadleaf trees to the vegetation, (c) proportion of coniferous trees to the vegetation, (d) density of
benthic invertebrates, (e) percentage of the individual number of prey insects (i.e., mayflies, stone-
flies and caddisflies) to the total individual number of benthic invertebrates, (f) Shannon-Wiener's
index of diversity (H') for benthic invertebrates. See Fig. 1 for the explanation of box plots.

Table 2. The numbers of the sites where the salamander Hynobius hirosei was observed in natural parks, nature reserve
areas, and wildlife sanctuaries on Shikoku Island (excluding Kagawa Prefecture) in the present and previous studies and the
areas of potential habitats analyzed using Maxent. The salamanders were observed at 63 sites in total. The total area pre-
dicted as the potential habitat using Maxent was 343 km?. The proportions of the site number and area in each category to
the total site number (63) and total area (343 km?) are given in parentheses. Note that a site can be included in more than one
category. The column “All” shows the site number and area covering three categories.

Natural park Nature reserve area Wildlife sanctuary All
Number of sites 54 (86%) 0 (0%) 50 (79%) 58 (92%)
Potential habitat 151 km? (44%) 8 km? (2%) 151 km? (44%) 206 km? (60%)

130



AT ay oL RS

1

0.75

05

0.25F

0 1 1 1 (a)

. 0 25 50 75 100
§ Proportion of deciduous broadleaf trees (%)
©
£
o
< 1
n
)
£ 0.75 \
Y
o
X 05
)
°
i 0.25F
E 0 | | | (b)
o)
S 0 25 50 75 100
z Proportion of artificial plantation (%)
©
%
T 1

0.75

05

0.25F

0 1 1 1 (C)

0 25 50 75 100
Proportion of valley area (%)
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Fig. 5. The numbers of the salamander Hynobius hirosei at
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studies.

Fig. 6. Potential habitats (white spots) in Tokushima, Ehime
and Kochi Prefectures, Shikoku Island (excluding Kagawa
Prefecture), analyzed by Maxent.

Table 3. Distribution of the distance from one quadrat of potential habitat to the closest quadrat of the potential habitat. The
proportion of the quadrat number in each distance category to the total number (1370 quadrats) is given in parentheses.

<1000 m
1184 (86.42%)

1000-2500 m
140 (10.22%)

Distance

# of quadrats

2500-5000 m
40 (2.92%)

5000-7500 m
5 (0.36%)

7500-10000 m
1(0.07%)

LLIZBBEEX OWFNIA»ICE T 51 RHE206
km® (60%) TdH -7z (Table2), A& Sh
72137075 T2 X > [ 0 f 55 #F e D $H B 43-A% % Table 312
R AR L SN RO b, BEELT
W2 DI86%TH - 720

EER

BULIAECH > & 3 % % AR S 7B 1
059-1154 m. /&AW SN B BHERO
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BHPE 534 13700-1600 mTEARDI2% % 15D TV 7z
FDA VI FH YT a I FOGAOTEIIBNT
D EEET50-1800 mICA L L TW 2Rl L v 2 &
5 (JRHE 1971, Rl 1995a. HAS 2012). AHE D546
WZOWTEEEATKRE R ER E 2o TWnb, BRI
BTG AEDHERE S 75 oK EIZLA 28R/
fii (46C). 7 HIZIRAKME (17C) Tho7225 [E
DFFFTATNGH V¥ ar o F T BERDK
EPH (02-21C) & Ehn s (RJE 1998), &Kkt
YR TH LA T FIEOF v aua~ (Salvelinus
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malma krascheninnikova) &£ 7 X < A (8. leucomaenis
leucomaenis) DAL, IEAKMIC X - THIBRE
TWABZ ERHMSNTWS (Fausch etal. 1994), &
HIZy ALPERIC B 2 0O RS Tl K
2 T I A BN A BT RE e B T RRASEAET 5
(Fausch etal. 1994), AFfIL, KIZH LA SN TW
TSNS, IKDNET B LB & M L 7-Rekhsdh 5 2 &
5 (HAF 2012), KiEA~NOTEIZEWEZEZ SN D,
AFED X ) TR > ¥ 3 o A B kTS
HZEs (B - 1R 1989). FKIRAE =545 D
HIBR & 22 > TV AW HEMED D 5 6
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XNz, ETIE, ¥4 Rh VITRES NS FRE
R 7 CBRI AT AEA: O FENE 5345 13800-1100 mAS EFRT
HY. THIRES NS ERELRE 75 ik &
1000-1200 mPA FOREEIZ AT 5 2 E A ST W
% (1l1H 1961) 0 AFIIEEF700-1600 mT% < Bigg =
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DD LTz AFE v/ FistEscb
0 SER IR LD Himar FERAEF I L
TWHZE25 (AT 2009). PUETIEAZER1200 mft
EEFTAFRL ) FORMKP T RbIL TS, +
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DB EELERIZ % 5> TWD IR DH 5,

W RFEGCIRNFEE T B T BEA TR ORETE I ZIRIERR S
MHENTWD (HFF - /hith 2005) o REBEAR D> ST~
DEBLIERHE T RIUTNNARERIZZ L ORIV F—
A L (Nakano eral. 1999), EBEARIC X 25213k
OLHZR <L & DTN AL EOBICE
NRERMET S (B4 20000, AfZEL T ay
o7 AR RECES H L L 55 HRRICA BT 5
LONL N LS (HA 2012). $RCESOEWH
72 L%l 23S AR T IS A B LT
WBDODH LN\, FEREBIIKD LI THEL
He L, WELZEET S (B - /hth 2005), AFf
WHEDL IR HIETER L, kL <l LA
%95 (HA 2012)0 BEETIE, AFEDRARAHIRE I

A% 5 LT E 20 /IR IR X 3 A EOBEA
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WBEKETH D EDE (U - 1R 1989), A
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KAERM 2 EO/NREAEBY O EELRPEIR L 2o
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% (Takahara et al. 2011) )11 B FHAT CAFEA R
ENHMETIE, ShS 3HOKERBAED 5 EE
DVEWEDIDSA SN2 NS, Naxrary
F ERBRIC NS OKRARRIIAM O & L THEET
HoHEFHESIND, FELEML B ETIIRELL
LCTH Y a oy A HOBRICEE L AIEL 2> TH
D GRHE 197D, FINTIE%E DR E L CHEEHICE
PR E 2RI L Tnb,

FEMIb OB 5 & & 124 HoE AR
T L7720, — AR 2 5 & SR TER OE]
BWAHZ LS (Fith 2000). AFEBADREIRIC
%D BHEL ORI ENLDTHH ) o EREILLE
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BHROEIRIAT b 2 AT, 34ERICIZY
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X, b LLIZEBREEXOWTRPICE TS L
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J52003). AHEILFR & BRI B 59037 L 71
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L. ST AR 2 ORI R 7 T
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Abstract

The Japanese lotic salamander Hynobius hirosei
inhabits mountain streams on Shikoku Island. We con-
ducted field surveys on stream conditions, water chem-
istry and benthic invertebrate communities to elucidate
factors affecting the distribution of the salamander. Field
surveys revealed that the salamander was restricted to
streams covered by broadleaf trees at high altitude and
having low water temperature. The relative abundance
of aquatic insects (i.e., mayflies, stoneflies and caddis-
flies) to the benthic animals was also considered as an
important factor for the salamander habitats. The Maxent
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analysis for potential habitats based on the present and
past information on the habitats of H. hirosei on Shikoku
Island and the data of the geographic information system
(GIS) revealed that the coverage of natural deciduous
broadleaf tree forests is the factor most contributing the
salamander distribution. GIS analyses showed that 60%
of the potential habitats were within natural parks, nature
reserve areas, and wildlife sanctuaries. Potential habitats
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were mostly in the Ishizuchi and Tsurugi mountain areas
and connected with each other, whereas some potential
habitats in the other areas were sporadically distributed
and isolated from each other.

Key words: Hynobius hirosei, endangered species, GIS,
potential habitat, elevation.



