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Impacts of High Density of Sika Deer (Cervus nippon yesoensis) on Dung Beetle Community. Syunsuke AKABA,
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Abstract: We assessed the impact of sika deer (Cervus nippon yesoensis) density on the abundance, diversity and
species composition of forest dung beetle communities. We used baited-traps to collect dung beetles in habitats with two
different sika deer densities near Lake Toya, Hokkaido, Japan; Nakajima Island (high-density) and the nearby lakeshore
forest (low-density) . Overall, our results showed that dung beetle abundance was associated with higher deer density.
Although differences in dung beetle species richness, diversity index and beta diversity were not statistically significant
among deer densities. NMDS analysis showed that dung beetle community composition did vary with deer density. Our
results indicate that, where deer density is high, the dung beetle community characterized by grassland species, including
Caccobius jessoensis, Aphodius pusillus and A. rectus. Conversely, where deer density is low, the dung beetle commu-
nity comprises forest species such as Phelotrupes laevistriatus. Our study suggests that deer density strongly influences
dung beetle species abundance via the volume of deer dung. Additionally, we show that forest dwelling dung beetle spe-
cies give way to grassland dwelling species at higher deer densities.

Key words: Dung beetle; deer density; species diversity; species composition
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BN LY (LU, ) O LR
FMD oWk 2 & O BERBE O ZAICBURIZISE T 5 7=
W, FREIABIOIEEEME L THWSE NS (Davis et al.,
2001; Halffter and Arellano, 2002; McGeoch et al., 2002). {4
AL, BRI A OYRIRIE, Tl OfE kR & b
X ¥ (Estrada and Coates-Estrada, 2002; Shahabuddin et al.,
20055 Andresen, 2008), % £ bkt D 3D (Scheffler,
2005; Shahabuddin et al., 2005; Navarrete and Halffter, 2008)
RS WG ShTna. /2, FiiA &1 & 2L
DWW, EEOWHEN LT, EROMKREHEE %
WD X BHERERDOZA L E £ 725§ (Andresen and Laurance,
2007; Culot et al., 2013). — KT, A E?“ﬁ’ﬁﬁi@ﬂﬁii&i%k z
& 2 R OB OSZE P HEERRFRIZ KT T3
WT ORI % <, f— e fbam i %%h?u&u.ﬁ
AL, A F ) ZDOFERATIZ 50T, Stewart (2001) 1%
A FHORNNZ P S FRE ORI EAREEE D DR 2 50
ZLfEML T3, LA L, Kanda et al. (2005) i 1980 4
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RUABEIZ =K ¥ ¥ & Cervus nippon Temminck (LT, ¥ 77)
MBI, WAENOREPHZFISRD 5N RREKRE »
BROEHARZ M I KOV XV I Y Sasa nipponica Makino et
Shibata. HHBIZ 35\ C, ¥ 7 ORINNCPE S H R ORIINIE
WHED BRI E D 5 <, VI X DA WE T
TEO LRI 2K S E 72 LB/ L T 5.

AL E R PRI » B W mEih s (BUF, )
1950 A2 6 60 FACEFITEA SN2, v HO—il
FiTH5, T h C n yesoensis Heude DAEHAE A HGAI
U, 1983 fF12iE ¥ # AHRET X WP DO FEA DL T B
T4 T IA VR E NI (B8, 1993). ARERIEH S
KL, /N TV I Senecio cannabifolius Less. X°7
¥ Y U Pachysandra terminalis Sieb et Zucc. HED ¥ 1 H 4T &
WNKEYI AR D, RS A3 Mwaé(ﬁlwm
Bh%P - EOR, 2007). 2O &S1Z, @E BE5v7
Ei@$%Wd@$&§ﬁ%b<,éévk$®ﬁ#k%
ENTB 720, FRFHEOMEERL ML &I EE
A ThawREME s . F 72, PIRIE 1980 0 5 1FIF
A, BN LRI KD BAOZ Y Y OERRE Y v
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FLTHD, YHOEREEEIEMICETETHWS. H
PRI RIFEIC G 2 2 B ERRAEGIC B VT, A
PR D L0 75 AR & A IS K 5 i O ZE OO L ENT 03
»BMEREHNID AL, Tho DERORFE AR L E
HHEOHEREHOMY 21T T b, 200, hEiE
BEEDY H T DY &> THRE SN2 FEREE
HOMEARE, MMM, FHRKEEDO XS I8 EE50
NEMIHT 2 DIE L T 5.

HESOFBTEL O A OBEENPRIZE R Rnbi
B SEA, bW OFABEE A LB L 224 -
(2013) 1%, WEOIBETEEL MO HIK & Z O A R
BoTWbIZEEBRMLTOSES, ZOEWIKMEERR
HEEWERIC K 2L D, EEED Y H PFERHE
RIETHEER S 22T 5121h B L A Ui - i
FeoWFaaime sk (LU, WivE) O HGHE & i3
LD B,

KR TIE, VAN EEECERTAhELREETH
LHED RN THEBEREL, P OEBEENLE -5
THEHATEOMARL, LR, MR OZIZDONT,
Z ORI & RN & AR ICEFH LT, BEEL 72,

AWFREZITTBI24720, £ DOF AT -,
ZZIIHEROBERT S, UW 2 ) =Y L A4 ZlFgRHOE
HURGARAZ IZ BIM A 12 Tk 4 A H %2 X > CTIEW /2,
OV A OMREU: 812§ 2 18I HR R TR A 8)
YIREE PR B O —BIZ» R L TTHW =, &
7z, WIREDREAE 7 — 2 B K MU BR B R 4 e
BOBEAMELETZ, STEHN . BAHEE L SI12I3iE S
KEEWP A B IR GEAT BT R O R IS T TH W
7o Ak, ARWIZEIEBREIE BB AR A HEXEE (D1103 -
XHHRE AR E EF L E LR RED DO =k
v A IEDOBATE) O E L THEMEL /-

ks KOk

HOE

LB R P IC AL E S 5 X OnRENL AR S 5,
T O YIS SR 3 Hi & 2 OMiRED 5 3 Hilio
G 6 S CHIA A NG L Az, AR 1 AR AW L T
WENTIREE A AREMETIZHD, £TEREA A
F 2 10°C LAFIZA 5 Z &, TR o 4K
H1Z 912.1mm T (2008~2012 4F- & TOFH 5 KRIT Web
http://www.data.jma.go.jp/obd/stats/etrn/index.php 2013 4F- 6 H
12 HfERR), E2 5 T RENIZ L WL G0 3D
B, SN OREA S EER GBI 91.8% 210, ZD
EIZSHEERB A TS 63%, HHbA 1.6% % (58 (Miyaki
and Kaji, 2004), FREREAEIZ S J 2% L > B ASRERF A
MThaNyavyoR7TyFVonBELELT0S. 5
1243 1957 4E0 5 1965 SRS F T3 HHD ¥ A AEA X h

Z DRAEEE AR E 2 Em L (B2, 1986), ¥ 7 ORE
FBERPHIZ & 2 FHARMWHK T HT 4 7 74 Y BRE
7= (B, 1993). 2012 12 F2fE & h7={ikE L ¥ & 2 T,
K533 BE/km’ D ¥ A BER T TV S BRE, £FER).
ZD &S %5y OB, FIRIZK ZBIREED
KT RMIRD Y S DIKF| & Sh, fdEAKE <K
HEINTW5, &b, PEISEY AL OR - KAIFUHE
AR L T,

WIRE 3 M Ad (B1-B3) OREEIZOWT, mAMIEY F
J % Tilia japonica (Miq.) Simonk. X4 4 ¥ 51 T 7 Acer
pictum Thunb. subsp. mono (Maxim.) H. Ohashi, X X+ 7
Quercus crispula Blume 23 (59 2 VA SEILEERBIA T, FIRIZ
Bl : & ¥ & Dryopteris crassirhizoma Nakai 321 VY
Cardamine leucantha (Tausch) O. E. Schulz, B2 : /X 4 X H
Y Cephalotaxus harringtonia (Knight ex J. Forbes) K. Koch
var. nana (Nakai) Rehder & 27 ¥ 4 ¥ ¥ S. senanensis Rehder,
B3: /A FINZTRETNEL LTS, £/, WIRHANC
133 AL E F 4 F Y 3 Vulpus vulpus schrencki Kishida
R L A X F Nyctereutes procyonides albus Hornaday, 7 7
4 "< Procyon lotor Linnaeus E23E - L T\ 5.

RBEFE

FENORERN A Td 5 T REREAAZIFIHR L 7R
HIZHEWBE B KONy TV YR 7 v F Yy T FENE
bR =BE» 5 3 Mk (A1-A3) %#%5E L, 20mX20m D
X &2 K5 1 AR 72, F 72, WIRHC B W THE
& RIBE DR D - AR PRI &+ 3 Mt (B1-B3) 12Xt
WX & 3% E L 7= (Fig. 1).

F7z, WIRED > H DA QEE AR T 5 72012, HidH
& LTl 3 ihd THORIE 2 F2hE LT/ S (1983) 12
PENVERBE &S L 72, 2 OME, Bl 1 0.0 W/km® (V7
AR TE A, 572), B2:3.1X10 7 #km’, B3 : 69X
10" Pkm® EHfEE &R & 615, SRS 200
H®% (SPUE; Sighting per unit effort) &, J#FRWINEE &
L HIRFEIHIK TIZ 0120 BVAH TH b, JLipEN Ty
Jr OB 2 & T2 g o 6.0 S/ AHLLE (5
BF - LH, 2012) LHANTE. Zhoh s, HRETIE
HREHNTEL U HEEMENEFHTE S,

FHFAAIL 2012 4F 6 H20 5 10 HIcHhE L 7z, lo$F
B2, FEENRA PELEFNAFL L Z 9 TEMHL
7z (FI5, 1976). ¥ HEELFETIZIRPEHHERIZ
MEED B 2238, 22x 2 WYFEO RT3 2 RO LT %
#F4X72 Dormont et al. (2007) Ti&, F-#E > HHEIZBHL T,
BROBIHEISENZR b har o7z, 2078, HOH
BEEBDORMERMA D Z ENEG B TEENA, PELTE
RLU7-.

b7y TR 22em, RE 9om D HFIL % ] &7 IS
5B &5 IkxETHY, REMAOEM L 8 /7HETAR
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(a)

Fig. 1.
geodesic distance among study sites in Nakajima Island are
Al1-A2: 555m, A1-A3: 780m, A2-A3: 257m. (b) The loca-
tion of study sites in Hokkaido, Japan.

(a) Study sites at Lake Toya (140°50’ N, 42°36' E). The

7o BICHEAE Nz, XA b A B4EDOEIT300g & L
7z. ZOL 7y TEHEEXORY L IGAOHE, &S5 T
W2, BRSBTS RTEOMAAEL Gl S,
1984), HMFEH 12 HRICEBORKP Y -2 2 WA B
DT (BN - M, 1983), t 7y TOREH,SEINE T
4 WEMNCREE L7z, IR U 729 Y T idy =T 4 VoL
T, MFEE &R O AT - 720 IS (2008) @ [H
KEEDA 3 LY ERIXGE 1 & BEE] OMREEFIH
L, BEHRORE R K OME FE - b Eic L 7.

T — SR

HhE LA, FEE, ZRRE AT 5720, @
BHIMPOFEX Z & OBEBEAKREOGFHE, B
FUORM U722 HEREDOME%E & & 12, Mann—Whitney O
UREET->7. PEEHOIERICEL TS, 2h?
NRBRDRE 1T > 72, LR R Simpson D £ BkEE
8% (D A (1)) & Shannon—Wiener O ZARIEfHE (A A
() ZHWT, ThZhR7. 72, hELHEDORL
HRIE % L3 % 729, Bray-Curtis D IEFAPRUE 5 (X (3))
% 3R, Mann—Whitney O U BE %17 -5 7=.

N
D=1-)"" p} (0<D<D) (1)
H,=_Z;.i1pilog2pi (2)
N
s :Z”:inAi_nBi (3)
e NA+NB

S A

pi - Tl i OREBDTESEROMEERIC 5D 5 HE

nai g 2 Y 70 A(B) O i B H OFEO KL

Na, Ng @ ¥V 7L A (B) DA

FOE- & H (2013) A, ZuvwiLxTyvIH i
Onthophagus ater Waterhouse (LI, 7 a~)L) % &Giefifd
FER R E TS 2 &5, KEIZIEC L2 DIFR
MERBIEINC D BB > TV A ATHENE S & 5 L 4RR L To
578, KR THEI NP2 SBENAET 5H% k
W T RRRD RN %47 - 7=

50T, MFAHIC B 5B RO % LIRS
37289, AT & OFABEFEO IR 2 FREEHE
& LT, JEEHEZXICEDE (NMDS) % FV T L
7z. ZWICREHRIEVMET — 2 DIk \WT, JF
B O & 5 A REEEE IS 22T — 4 &< IS,
o7 — & % ATEE T 2 XITHE/NED 1 D TH
D (LE - R, 2011), Z< OFERBFFEDOIFIZH T
FIFl & T3 (Escobar et al., 2005; Carpio et al., 20093
Masis and Marquis, 2009; Filgueiras et al., 2011; Lopes et al.,
2011). FAEXF+EOISHEPLE X Bray-Curtis D JEFELLE 15
BaEZzoOREE L, AREMEORKGEET 1,000 B OO 2
TBIZX DT 572, TRTOMEHH#NT 1 R (version 2.14.0, R
Development Core Team, 2012) % F 7z,

A EN

HS & IREG T 3 BT IR 9 fd 2,351 RO HE Ra3ER
N7z (Table 1). RIS h7-FRoOMEEE, HER
W RIS 2 2 5 72 (U=23X10°, p<0.001).
ST 7RE (Al 6F, A2 : 6 Ff, A3 : 6ff), WINETIES
ff (B1:57d, B2: 4%, B3 :4FH) HEXh, gLk
THEBBBENI &, 572 (U=111.0, p=0.82). ZHIEIE
BB LT AR AL L, 57 (H: U=3.73, p=0.96;
D : U=120, p=0.99) SFEX B OB, HEIZAL-
A2 :77.0%, A1-A3 1 47.3%, A2-A3 : 643% & 720D, ML
13 B1-B2:90.2%, B1-B3 : 72.5%, B2-B3:71.5% & 7% >
7z, WS & HRED K EHEX O p LIS IZERISEL D -
72 (U=45, p=0.004). JEEMOEDMEA RIS L 2254 T
& R DFER MG 5 Nz (ARE: U=16452.0, p<0.001 ;
¥ U=285, p=0.78 ; ZREHEK : (7] U=022, p=
0.86 5 [D] U=0.06,p=0.96; LA U=45, p=0.004).

NMDS % FI v 7 g & I 0D 3 HORE 82 o0 T A fii 7 D
FER, thiE & WO AR ORI IR 5 7
(p<0.01; Fig. 2). HEOFEHFF I~ H Fax w2
77 % Caccobius jessoensis Harold (AT, v # F), I~
") 3 H 2 Aphodius pusillus (Herbst) (LI'F, I~ 2v),
~ ") 3 9 % Aphodius rectus (Motschulsky) (LL'F, ~ 2
V) ICK 0RO T 6 h, WIREOERIEZ L v F a2
Phelotrupes laevistriatus (Motschulsky) (BLF, € F) &
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Table 1. The abundance (mean®SE, N=3) and main habitat of dung beetle species collected at Nakajima Island (High deer density area)
and Lakeshore forest of Lake Toya (Low deer density area) from June to October, 2012. Mann—Whitney’s U test was used to compare the
differences between common species abundance of two study sites.

Japanese common name

. Habitat" Nakajima Island Lakeshore p value
Specific name
S
IT AT AL ANA F 03403 — —
Trox nohirai
tyFaix N 4 <
Phelotrupes laevistriatus F 33.7%116 61.3%7.1 0.001
HA UK %
Conri G 2.0+0.8 — —
opris ochus
v aHx
Li . GandF — 33%+1.5 —
latongus minutus
= e e g I S
Lo . Gand F 431.3%130.1 93%£22 <0.001
Caccobius jessoensis
ravIILLTYaH I
Gand F 212.0£36.3 22.7£4.8 <0.001
Onthophagus ater
a2 Ak g 4
Aphodius pusillus G 40£05 o o
< aH I N
Aphodius rectus G 3.3103 o o
IHXT AR AT
. G — 0.31+0.3 —
Aphodius elegans elegans
it 686.6+58.0 96.9110.0

*Based on Kawai et al. (2008) [F : Forest, G : Glassland ].

J 3 H X Liatongus minutus (Motschulsky) (BLF, > /) i

2 KOOI b hk,
Ae s, WIREE BISIBIL 72 B3 R, T, v
N, 2avwLThh, Zhb 3FMTRRERKED 98.6%
o | iz, B3 FEICOWT, S & EIiET 2 g ik
° BT EH B - 72 (p<0.001; Table 1). T~
2 A RS Z S RES R, SHEXOREM AL D 45%
2 DLESR~IH FThotz. FRHMETEEY FARES
3 - o.a P.I A <, BHBEXDOEREKRD 45% L) Ez 7.
hE TR A Ird > F e RO &4 327 35 %
Lm Copris ochus (Motschulsky), <2, <2 OfEKEA
gfn RO 64% & i 7. —/T, WETIEvT s PR
F & T &K~ ) 3 X Aphodius elegans elegans Allibert
. I . l Lo 2SO IR OEAFREIL 10% ICH £ > 72,
-0.5 0.0 0.5 1.0
NMDS1 = 52
Fig. 2. Non-metric multidimensional scaling ordination of dung T . SER . .
beetle community structure based on the abundance data in TR htﬁﬁ@1ﬁgﬁciﬁﬂm#&kh/\fﬁ/m&'?
the forests of Nakajima Island (A1-A3, high deer density mofz. kI, FROMEKE L EOUHGE T H 2L
area)and lakeshore (B1-B3, low deer density area). 95% OFEBRM AU 23 0 (Estrada et al., 1998; Estrada
confidence interval ellipses for study sites (Nakajima Island, . NS .
Lakeshore forest) are based on the standard error of point and Coates-Estrada, 20025 Harvey et al, 2006), BIZIE, /3
scores. T'n: Trox nohirai, Pl: Phelotrupes laevistriatus, C.o: F = DFFMIZ T TP OO s Tl s ik iz e
Copris ochus, L.m: Liatongus minutus, C.j: Caccobius jes- - ATHIOIEILEA 2 728, BHROMREA LT L A2

soensis, O.a: Onthophagus ater, A.p: A. pusillus, A.r: Aphodius
rectus, A.e: A. elegans elegans. #i5 T % (Andresen and Laurance, 2007). AHFFED
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ARG, A2 EEEIERT 2 TIZEROM
REBGI L R AENFEICLEIIMB I TS 720,
BRI L NEHEHIT X S,

WS L WIRE T B E RIS L MR R 03 R e 1, RIS OO
HBiE~vIHhFeavry, w27k EMST R, M
BEDMBB LI v F LY 2 I K DBEO T 6 2T
IRICBWT, FMtEoERL A -7 7 v FICELH
PH %A 549 (Nummelin and Hanski, 1989; Estrada et al.,
1998), ZF7BIAROWBPICI D HEH®EDOHELA TV 5 v
F &G fEIZE - T 575 (Halffter and Arellano, 2002)
ZENERENTHDE. TETHEREDE»>/ev T |
g, HMAIC AR T2 aE DX -T2V 5V RIS
EETS (IS, 2008). %72, awrvEe~vrViRE
IS CERE SRS (IS, 2008). L7225 TC, v
B FEY AT KD Tk h A A 2R U 72 v 15 O BREGIZ IS T
&, TOWEATHMOTZEEZONSE. —HT, ¥VF
BN OEE TESIREX N B 20 (IFF5, 2008), th
&0 EME - IR D E o InE DI R A RO
EEIZENG. D%, VHOEBEEIC & BERE
ASEE - IPEMEDOREICIZ IEDRE A, HMEOREIZIZA
OB 52, FBRERIZENE 2632 LRKBShE

AW TIIEROME L ZRERBIZOWT, Y Ah5
BB T 25 L IKEEOMRECIIAR AR EN L h >
7z. Kanda et al. (2005) IZRREEKE 7 FIZT, SEED
SHDOERIZED P e MAWHA L2 I Yy E, o
71 DR NSO JRAESR, I v a9 EH & MO O
BATH RO EREA L, FAEMKEID S IYay
R AT TSRS E o 2 e WE L T DL —
FC, RETOY HIC K 54D IHRARMEE D/ N 4 A
VARTEM OB I E 0, Fbhr o Fb L5 72
Wi WA Z > T B b Tid k. Z0D7-% Kanda et
al. (2005) THbNI T34 BHIEZIZHARTHE L L &<,
TRMMEDO FE R 2 R #GIE X & 5128 O K= S EEN K
Motztz®, HELHIMEOEROMERIEICERAEO A
HhihroeELoN5.

KIS BT, REIZBET 5 OEERIES 3
SN & PR K AR R, R O SRR R R
BOENE S 726 LHBHELZZLEETW5 T LR
Ihz. ZhoOHE, FRHEEY PoEFERIICE
SRR DI L L THATH 5T L AmET 5.

FETIEH0RF L) REEAREMERSHEEE
(D1103 : XFHFRENL AR AT & L2AEREREED
72D =k v A O O T, ERERRED
722y A OMEEAEHIRL T3, ERFEAIGEE L
T A OMEREHEIEO L ER R END YR E ML 5 72
B, SHIEY A OEBEZRDNHSOEBEIZE 2256
FTEEW S ML T ZENEETH 3.

i £

YA (BT, ¥ h) BNEEEICERT SRS
&R RS MO TR R O FRbR N T, LD
g, Fiky, LMREHEE, MR EIRL T OE%
JEAL A FERHEIZ G 2 D BICDOWTERL -

FHHROMRBITHREIR L D R TE 272 —F
R & ek ek oD B R AE O R L, Simpson FEEL(D) &
Shannon 88 () IIZE R A B 5 72h, pERREIZIE
AR TENH 572, £ 72, NMDS FEFHE LR IC R
3) AW THE L IO RRHE O & i L 7z &
Z A, MG THRBICHRR S R 5 7. RSO
B3 ~vz Vo v~varr o a~vs Y a3l 1,
V7 AH PR G S, WIREOIHG LY
35 FEFMEO LY FaH KRS T s

INEDRER»E, ¥ DOEEEIZLROEDOMFIC
K D FROMAE AR X 2, ARSI & 0 bk
P & B OTEA B 59 2 HFEA R A Z b X2 5
ARV EE 2 S hz 72, EREHENAEEO L
B BEEIMCAE S H RS OIRIEEME LTHHTE S
ZEDWRBE N,
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