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Stag beetles in Bukit Soeharto and Bukit Bangkirai Forests, Fast Kalimantan, Indonesia
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i@ X (Original article)

BRARYYTLYH# - AARXLY EHRE#%
#EIRE LCAVWEHMIRREEFE ¢
REICEITFBIRNM 24T, bS5 TEATELXUC Sy THDOHR

FHBRY

w5

BRBEEDOS T LR IR LY ERAERFOMKES SRR, SMREBETROBE»HLIC K-
TS B 22T %5, TT T, INLZERE LR E R ORHER - &8N FIERFED
b, XA MO, FIVTRATBERIC Ty THOZYEZME Lic, A+ 7 I LARD K
TR, ADNAFT7IX D2 OMZHEIIT2EEX DN, BHEBYANL FETE, AR, K
W, TR, BRETFROENT, ARDYTLIRRIAN KLY FROREDHEADRD <. &
> LU HEEN Lo e, MRIBDIAALEHD TTRXASmE) DT TRA THOIE T,
BOIARADFE, R L LI < RS NIz WRLIERAR, SRR T, BN IS
Dby TR MANTRETIE, F—#EmNOR Ty TOREMED P E CHEEL T
e, FIvTHEOVFIRE D 2 S N EEMORBMEREN 1 F Ty TTE
FRIM Lz, COZENS, RENEREMEOELS LT FH 1 HAkIDZIHEEINDI LS %
FHEOHETHNIE, 1HEMICIZVL 2O NIy TRETRADTHD ., MOFHRHEM L OFRF
EHEDOHKICIA S 2 EE X BN,

F—U—F BB RRMERH, 7 L R A 2T T a LYy BERL

VT LVE

1. XU

Pl RE R M E I B W T, B0 =%
VY THRBEEEINTWS (FEE - /NI 2011 72 E),
EWzgtoc_ 2y 7o a2 LT, BEO
R, 2 W EFEOMIE, =2 VU
FROfEM ERHNMTON D (HE - /NI 2011, FH
EICBWT, BREEZIEME U RREREIEEGIC X
FavBHEATLVRFEBMLLHWONTE R (A
71996, RIS 2004 7% £), T3 THIC K B FHMIC I,
FICHRAN— P ZRE L. EHMICHERL O8RS - B
REITO VT MEMPHENTWS, TDHE
. PHEHE OHEREOREADRERENICK > T
WRNEZZ VS BENSD 2 (W - /NI 2011,
Fie, HAEHMEILKROzS, FUHEHTHUBIRO b
TR NERET DHDIEREET, HhOE—HEEN
FIREIC 2 S L ECRAET S L TERVLEWVL S [
HEEZONG, i, FavHBHEBEOENZ L,
MENMHYHEOWEEREIZFE T b, JLHH
O R Tl —ICEREEFII S 2 C L AREEE E R S
ns,

A Y Ll (Carabidae) HHUIC K 2 FEAMIC &, fli
AespiRICHD, HELARELTHWSAEY M7 %
=Ty TIEXBDHEIHNENTVS, TDHE

JERISZA PR 26 453 26 H - JEUASZEE @ ik 26 4 10 A 30 H
1) BRAFR ET TSI TN S

. ERNTHSD, AR —EHETHML TS L
BRSS9 B ROBITOZ NI EGEND D,
N Z oy TERIE ST O3 E RIS K > THIM BN AR
ZRENDH . ThzHET 5ICIEIRE NI —E -
BRCZHDONZ Y T2RET 2HENET S (R
2005)

—J. ¥ 7 LR (Silphidae) HHOFED % < &
AR T, SMBRUEZ ST HRKRELOEED
ERERBEAICBURICKIET 22 N5 NTWVS
(Katakura and Ueno 1985, Katakura et al. 1986, i 1994,
Ohkawara et al. 1998, Trumbo and Bloch 2000, Gibbs and
Stanton 2001, #3 /K 2001, Nagano and Suzuki 2003, Wolf
and Gibbs 2004, Sugiura et al. 2013), X7z, I H * L
v Rl & # At (Coprophagous group of Scarabaeoidea:
KHAETIE, 37 ZAYaH%F Troidae, ¥ > <)V
3 77 % &} Ceratocanthidae, L7 At v F a5 xF
Bolboceratidae, 2 > F 3 4 * £ Geotrupidae, 77/ )\
3 7 % F} Hybosoridae, 7 A~ X T+ > F a4 3 F
Ochodaeidae D 4ffi & 4 3 LT F Scarabaeidae D —
H (2 <A > 3 xdfif} Scarabaeinae, <7 YV I 5
ik} Aphodiinae, =< 7Y a4 X Hifl Aegialiinae))
KET 202, BEFLEIBABBIUTZOM
JTC. AMB KU Z 5 AR JE L O BRI OB e i

* MR EIIZEATIUNSZAT T 860-0862 HEARIRAEATIH X EEZ 4 TH 11 F 16 5



2 UEDA, A.

H¥FILXZBEZLDTINTEBEREE RS &
MWHISN TV (Davis et al. 2001, McGeoch et al. 2002,
Aguilar-Amuchastegui and Henebry 2007, Nichols and
Gardner 2011), T bbb, ¥FLVEEaHRLY Lk
RMEBHHEOLENTHANBEOED (LITHEZHDLYE

THEABERREFER) &, WAUESYEAZERZT S
FILRIZEL., Lt KB K UOEZ 3T HMKE
ADOBREDOERREZLICHENKIET %, TDI
B, XLV ERBHEAHIREREO R TN
HIELHEENAATH AT ENHSENTWVT (Spector
2006). FiKTiThNiz 14 O EREDO RN T, b
S EEFAETRX MK, REES Y Y T
BAHENFEICRNT 2 HFHICE M 20 S s
A& % (Gardner et al. 2008, Nichols and Gardner 2011),
BABMEDY T LV BROEDN T KB TRIED
KA LrnEBEETEHE, 5% MRETFTEIHE
BGRBRET LA XA Y MNETREZMiT 2 Y —L &
LTBHNEERUNEREHINTSSLEABND
(% 1994, B5K 2005),

HMERERREM 720 T <, R G2 0N & D
ERERIBEREIC DWW T ORI 217 5 &, - 3 U HHIT M
HICBUENRZZ D, FHIAEME 5D, A
LR LEHEENZ < KAE TGO RENZ
EAEMRAT N TV ARV, TSR L, BAEMEH
Hoz ik, BiYERzZHPICRBAATEART S C
EWB, PiEE RS AER. Thb B Y EIERMEEZ
MEd % &S LRI REFI N A % TH % (Nichols
et al. 2008), F D Lic, MUFIV FICEZBEZERTH
ZBABREONTIHE VWS D, NTIHOR LR
MZ ZVEME & D (Springett 1968, Wilson 1983, Wilson
and Knollenberg 1987, Scott 1994, Satou et al. 2000,
Suzuki 2000, Nichols et al. 2008), T D X S, EHN R
M RZIBRE L U SRR R IE. ch5h e
DR - NIRERERTIE Y V95 (HL, &
TLYBEI 2y 7 LY (Silphin), 37 AT aH
B LR T AR yFaAlxR, THAIYESREYFa
AARDO XS, BRICFHET I ENTE TPk z
WKHBAE RN TR, MBEOE®, AKkDAE
HIEATREVWEEZLONTWVWE T IL—ThHH%C
LlIciFEE LA N 5% (Katakura and Fukuda
1975, B 5 1985, JI[JE S 2005, Tkeda et al. 2007))

ZT T, MAGHRMEE FTIERZA M (8 I
LEebIy T2HOTERAEER R ZHREL, R
ZRHMid 2 AN, KAETITbNhTER (P - &
K 198372 8) TNHOFMETHHEINIZNA M,
BAMNE > &2 (- 5K 1983, Katakura and
Ueno 1985, 5 1985, Katakura et al. 1986, M 5 1991,
#37K 2001, Nagano and Suzuki 2003, Sugiura et al. 2013) .
FBALUNTRBEASLHBRADHN SN T E 7 (Katakura
et al. 1986, Ohkawara et al. 1998), L/ L. EDHWIZE

FHLUZEAORBEORIIC OV TIEFE L TV,
WHTE, AV PRI TORT YV ETHA Gi
N T large fish meat EFR# SN TV 5) DNER., =
AW, BoRELD LERNEET R OMEENZ
L HBERBANE S TERHIELDEZVWI EMNEEN
TV % (Hanski and Krikken 1991), F 7z, FEiK~)L—
DHEMTIE, BHBOEA (P A7, B AL x X3,
AT, NE, ARV Y LOEED) k. BEHEBIYO
BN ONw &2, Hii, YAF, @Y, IF7Y
DEFD. F /O, FolRE, EETVEYAT X
DEBABEFROMEHNZ NE TN TS (Larsen
et al. 2006), FWAE T, FHHEEIY) & HEHHETH Y DR,
HHEWER T, XA b LTHWE ZDEARMNE
F L D FPE R RS Bz i U 72 Blid 7w,

KO ECREZEMT 2AEHHAL TS S
v A, HIRIEOAABXDE DL (FHEE - FHAK 1983,
Katakura and Ueno 1985, Katakura et al. 1986, Ohkawara et
al. 1998, K5H 1985, G S 1991, @& 1 m EICH D
FF3E0 (FHH FFR) EHAK 2001, 2005, Sugiura et
al. 2013) BXUTZ D5 (Nagano and Suzuki 2003, [
H 2014) A3 %, Nagano and Suzuki (2003) (&, ¥ 7 A
RO S B KO E VT LV E (Nicrophorus)
D3fEFEHO FFRIcEL Moarsay T LY
(Ptomascopus morio) EHHIAHNXIC LW T & 2R
L. MBI ERITTEEMENC EZR-% LTz, LH
(2014) (Z. 10 TR GiXNTIE 2R~ Z v 7K
CR#lENTVS) FEABERRR2KOHEKRNZ
WA R D KL JRBERIMR. A FRL MIEIR VO
M CHEMEICENE > 7eDIicx L, HdiAH
RIS Z S BERBGICENAONTZC LD, &K
MEREE D LLIRICIFHOIAB LN E L TW0d L Lic, H
L. EH (2014) TR 1RAEHIC T S5y TOMRETH
Stefedh. FIT v THMBNRDTHoTeh &5 hhiiE
THb,

Fll. AAFRLY EREREHOFEIR. I X MK
W Z & &l X7z (Gardner et al. 2008, Nichols and Gardner
2011) THUE. FWEDALDELTTHRL, XA Mk
STHEIT BTy THEDPELTESR T LiCk
[K9" %, Nichols and Gardner (2011) &, FgKD ik
CIREMRTHEENDO IR LY ERIBEERZ M RICTT
STIET, #HEHIC L FI Y TRET ST T, W
TNERSOBDFENRETEH T &R LTz, LML,
INXT. BABERRZHRIC ST v T OBEHER
WOBEWR, M Ty THERBOMERZHS ML,
FEEREZ RS 2 DICRETED b Zw THRBREMNTD
WTRRGET L7228 7R W0,

AT, Wl GZEMZREE=2Y VT FHED
RECHFET BT EZHMIC, BABETRZIEELE
UTeRMIER BRI FiE DM REZ1T 5. TOFHDIC,
MO SFREICEY) RN A b ORR 2T 72,

BMKR BB 5514 % 1 5, 2015]



Tools for evaluating forest habitat using carrion silphid (Silphidae) and scarabaeoid dung beetles (coprophagous group of Scarabaeoidea) as indicators: 3
Effects of bait type, trap type, and trap number on beetle captures

JERICIERER BB DR DL DONEZ NG, Z
DIREMK L LTIy HEBY & BHEE ) OE W 72
BEEMNCHETZHMNT, £F7 I LANBTERA
B R OMERBCCHEEZ R U, £, B
YO T Z TV, FHEICE Y 2 XA MO
WTHET Uiz, i, HBORAAXEHO FTFKDO S
w Tk, ENEFNEMRTI A Y LICEBE L, i
FECORHBERZB Lz, ThEedbbB T, ML KB
BTFCThrIy IE—EHMRcRELT. bTy SO
BHEME DRV E b Ty THBICHT 2 REHEE S
JRY T & T, oA & DI 2 5 % BHEME
OEL X CFEMOMBEICHELR b Ty TEHICOW
THETL 7z,

2. )5tk

2.1. XA hRID LB
a. AF7 I RN

A BEAT AT L D) 50 4 A O H k14 T RS R IR
(N32°49°34”, E130°43°59”, 131m asl.) TfT-o7z, 2011 4
7H 5 HIZ 10 miEL THDIABRAD NF 7% 2 (H5%
BL7z. bZw IO 95mm. & & 120mm D B HH
TS AFw Ay 7 (JEIEEK BIP-512D) & Wiz, HE
IKDT=DIZH1 Y T D E S 50mm O IC 2mm £FED IR
ANFT T, Sy I3 EMRIBB X OISR H
ic, —EEFZEEZ 0L 7)) a—)VFEK
R 100cc ANz, £, XA MOZIFMELT, A
w 7D NS smm OIS 1.5mm FE D77 3 4B
. BICHRE 3 AFBTEAGONET S ZF 7 h
w7 (8 42mm, 5 & 35mm) Z#HETH UL (Fig. Do

Fig. 1. b T v 7&K (LX) EHDARLNA S T T (HRD

NA MCEHEONHMEZER LT, M5 T2eMmiclig
ATZHEDEEAIE, Tixbb, HEHEEYICIZED
HIETHATEN DZLiatF7 2, BHEEIYIICIX
A== =7 FTHEATEIDOLMEAAN (JIN)
EBEAE, FTy TWKIEAFT 2 10g £izid Y]
DE 15 ZHWV. W CHBEUNE A TICE D, 3mm £
DINR7Z 10 AP IEH TS AF Y 7 &R Uiz, A
w S EZEORICIE Imm XY ¥ o Oz, NRIE
HORAZEBFNE, LT, TOXA MAD LY Tk
FowTAREICH UEA Y TIcEL AN (Fig. 1),
oy 7O LICIZEY & KT DI 300mm £EO
R— LRI 180mm RO HG TS AF v 7 L% &t
ETHEHELZEDZENMSE Tz (Fig. 1), &HlE. HE
190mm DEJER T 4 AR R fl] U CEE Uz,

2HEMBICHERZEIINL, XA hZEHLLEDL
WMOBAT BMICK B ZHi<izic, #EXT
PHNDONZy 7 —REHNTZ Ty TOHBIINLZH
KANFZz50—7—Y 3 VE{Tol, RA—0OEER
2BEMEIC1I0E Ga—F—3 ) fru, 11 H22
HICHEZH T Llce IBRBMERR 2K, T LU
R alx Ly FRBEFESARORE LMK B
KU 10 A EZHEZ THEINTZHOMERZ XA b
MTHE Uz, g, SEUH O & UfiE
D7 7% W 1z Wilcoxon 1 5 5 Z NEN AR E 2 17 o
7z (N=10), EFEITIE StatView (ver. 5.0) (SAS Institute
1998) Z H\W\Wizo IR BARMBEDEHICDONTE., VT
LRl B S (1985), T H XLy FRAEHERIZ)I
H5 (2005) IZHt> T2,

E1E Ceiling

A AYDHYT

X cup containing bait

An embedded trap before setup (left figure) and after being setup with bait (right figures)

|Bulletin of FFPRI, Vol.14, No.1, 2015



4 UEDA, A.

b. BHEENYIAN A T ] D LLHR

EEAHOAFT I LARNOLEIE L F T2 T 20
miE L TITo 7z, 2011 4E5 A24 HICAF 7 2 L AR
DEELFULFZ Y 7 7% 10 miEbE CTHRmE FmE
FHEOER FICHRE Lz, XA MY NG &,
WP, FREYID . IKREY O, FRIFoENE
NisgtBZEFLTgD6fIcMA, XA hELZUE
DHW, TV X LICHEB LTz, 2 @O BRI &
JBRTUSND kT T—X %O & DR L O E N
BHL, SE—&FLorIy TR E—F FBHL
Jeo WBEINR2HA6HET Qu—7v3Yy) 7o',
MEE DN PRI, FEUHIC BT 2 i
Bicxtd s Foy TBofERHE (%) OMiEX 12
Rz Vv, BRBEFRRESEK, YT LVR2kE a
Ax Ly EHEREEEE. BRUL2MET 6 R Lo
HRENSRREDH > IOV T, 2UEDTEIHZ1T -
Db, BEE (P<005) WAHALNTHE, Scheffé
DEELEZI{To7 (N=14), FHEICIX StatView (ver.
5.0) (SAS Institute 1998) Z U 7z,

22. BRILEBMATO NS v 7214 TOEBRE KT
WE Ty TR

AT BEART S HNL O J51k 2.0 & B2 3 HBEDHK) 50
R4 R SER R IRPR (N32°49°227, E130°43°54”, 74 m
asl.) Tir> 7z, 2011 45 H24 HIC 51621 &R U b
Z v 7108 7% ST 10 m kS CaRE Lz HL.
I 240mm BDOEDZH Wz, TNHHDIAH
FIw TS 2mBNOBATIC, O FFA NI v T
(887K 2005) IC/NE GfEZetz L DDz DERIE
L7z (Fig. 2)o 0 FFRD F T v TARKR BRI
HHAARXEBUEDOEHNED, @FEHNT, 7
FAFy ZRBEO FIC, 1E100mm & E 150mm IZ Y] >
BRIV T T 7 AIWICYDARZANT /B AEHE
T8 DRI, FDOTIC Ty TARIEEH L (Fig.
2), THIC, BHRICIHO I z#Eicodz@ml, =

Fig. 2. 50 FFEXRA M bT v T
A baited and suspended trap set at about 1.5 m high

R E LR EHAS AN S ERO &S E A 1.5 m
ICixsE2IcH Lz (Fig. 2)o XA MCElihZ w7
HATH NGO F 15g 2 AV 7z, 2 JAR I 1 R o [
[RENA MO EITY, RH66HIKK T LIz, o
w TR A TR, [F CHEATICERIE U7z A d
REMO PO K UHERDOZZ Wi
Wilcoxon f =55 Z AN RIME Z HWVWie (V=10), tH&
I3 StatView (ver. 5.0) (SAS Institute 1998) %z H 7z,

R Ty TEICOWTIE, My TRIOREER S
DEVETEFEZHETZ2DICLER N Y THED
CICHFE LTz, £9. STy T TREINLERNE
PEH M ORFEMIE DB W Z LIRS 572 Hic. RETDE
BRI THE XTEMOFE R & ¢ TRIENZ TR
7% (Non-metric multidimensional scaling: NMS) I X%
Mt 7217 > 720 AT D FNEIEX McCune and Grace (2002)
It > Tz fRHTICIZ. PC-ORD ver. 6.15 (MjM Software
Design 2014) Z MWz, i, b5 THITH U CHREHE
PIROFEEUZ HEEME I 2 Tid b ihi#R (rarefaction curve)
ZHW. My T E AREHEEREBOBKRE ZD 95%
EBERAZRKIE LU, £/, ZHEHEOMEICHER F
Ty TBERFTZHMNT. FTv T Hizb ORI
D EKEDZVREICDOWT, bTy TH e BEEE
DR E Z D 5% EEMRSFORILE1T > 72, FHE
I 1E EstimateS ver. 8.2 (Colwell 2006) Z F\ 7z,

23. HEMATIMB KUEMTORE 5 v THOEE

AT REA IR A5 1 T AR FE DIE A A (N33°02°07”, E130°56'01,
625 m asl. ~ N33°02°23”, E130°56°24”, 692 m asl.). ¥ &
O Bl ok o 75 355 1 D HE AR IR L SE I % 2 o 2 — R & pE
Z2FT (N32°59°49”, E131°00°41”, 926 m asl.) T1r - 7=,
A PRER A . m R E R IS B B BEM S (R
100 ~ 150 m, £ T 800 m) D 60 7L 70 HF 4
DFBERS N TR T, K5 D R G it D 34 i 46 s D (ZUF Hh
JE O () S 20 mMRNIC A - 728 i
MU, Mo Rz kY] % JL i < OB 1 20
mERET37TMOMDAHL Ty TZFRE LT, &
g 3 HICHBEE DMTO NS AXFDERDIFIE
SR BRI, N L /U Y FEARMAD S 20
m#n 7zt e Uz & OB 1S 20 m
[RTHSMOMBDAARX Ty TZHZBE LI, FTv T
$AH1%E21 EECARDEDTHZ M, EHA Y I
BRICORTEESH 155mm O EH D (JEILEK BIP-720D)
ZHWE, £/, XA MAD Ay TOHEICIE Imm £
DRz 25 AT, HEFEEHENTEHEEZ Lz, XA b
WY N0 & 15g Z v, migddih & £1C 2012 4 4
H 20 HICHIE U Te, 2 MBRICHERZEII L7205,
2EB ORIEMAM E AT 2B OMERfTS LR
KOHhHhzaL @GHMIC1EDREEEI., 10 H 18 H
SRR T Llzo BT THOMRGHTIE. D
HARLLER AR & 6] TR 21T o T2

BMKR BB 5514 % 1 5, 2015]



Tools for evaluating forest habitat using carrion silphid (Silphidae) and scarabacoid dung beetles (coprophagous group of Scarabaeoidea) as indicators: 5
Effects of bait type, trap type, and trap number on beetle captures

3. HER

3.1.RA SR
a. A F 7 I LA DLLER

AT R BN SN, AF7 I8, AN 12
T, RO EZD > T, FEIH O D =%
w7z Wilcoxon FF5 4 Z AT FIME TH EA I EH -
7z (Table Do i, fliERBIIAF77 X 1,006 filfk,
W 520 ke AFT7 ITEZh oD, BRER RN
7z (Table Do &7 L¥FHIAFT7 I T2 8 7 1k, f
AT 4 fii 56 1A & fa N CHIEL - iR EBICEZ T
M. HEZIZ D)% (Table Do IH X LY ERIAM
HTlE, MEUZAROANZ S, MICHBEREAF7
ITEh oM, BEAEREN ST (Table 1), FERIIC
RTHB L, ¥2F aH % (Phelotrupes laevistriatus).
a7 X)L aH % (Onthophagus atripennis) & 7
kA RI 2= 3 H  (Onthophagus fodiens) & & F 7
STHEKEZL, IVYRYEY YT LY (Nicrophorus
quadripunctatus) & Y ¥ L 2 X 3 H % (Onthophagus
nitidus) (AN THEICZ o7z (Table Do

b. HHEBYIN A O Lk

EIRT 1418 4,679 (A DI A B IMEFH RS Nz,
A MEOFEIZ, FAT 12 [, AN EEAT 1M,
KN T 10/, SFToM, ATFLT6M., X1
LT3fEE, FANE > EZh o (Fig. 3). LM
L. FATE2AETIHEOARORED 2 EREI N

TN Z x> RIF T, ETLEXRAS MNaLZE
R< &, BEICKERBWVWIT RN Tz BEMHNZN -
AR (FN. B TR KR, 2 2F) DT,
1R ED 2N T HIMORERZH 5 L.
ray T LAYDTER. KR, R F T 7axibny
ROAATFHDEN. BA, S UFTEREALHEING
Motz (1 ~4fifk) oKL, MRTE, b2
e Zznzh 19 ke s ki i (Fig 3),
DREBICH TR HER G ZAS L. RTOMEMIZ
RNA MR LEREEDND > (Fig. 4a), Tz, HEH
e b EhoARNEE, BTLEREEND -
7z (Fig. 42)o YT LURE, AROHEEHIGHE > &
EE. FRBRXUAETL, XA MR LEEEEDD
27 (Fig. 4b)o TDENY T LIRITIE, BRMNET
L. XA MR LEEREEDND >z (Fig. 4b) IH AL
VERBEBELARNOHER AN &l AT
LZBR< IR MR LEAEENH >z (Fig
dc)o FERNCHZ &, 2208l 6 AL, LI TE it
VF AN R, RARIV AH F (Panelus parvulus), Y
YILURAHXDIMET THoTee BFOAHXD
HEHSIANTELS. KW, SYF. ZATL. XA
FMrLlEbEHEICEN > (Fig. 4d), Y AX )<
AxE, EOXRAL FTEEL, XA MU TH M
o leled, BROEEEN G >z (Fig. 4e)s Y
Yrrvxahixes, EOXRAPTEEL, &oLEH
Mo FRIENA ML BEEADH >z (Fig. 46,

Table 1. A7 I LARNANA T 10 ik K D 2 il E N7 OHIER & FEh B L U2

(RONA [ FLEHRUERGR

Number of individuals of the species collected more than 10 individuals by krill and fish
baits, and results of comparison between krill and fish meat on each species and their total

numbers.

Wilcoxon signed

Krill ~ Fish meat rank test (N =10)
AX7I AN z P
Silphidae ¥ 7 LS/ %}
Nicrophorus concolor 7 1Y T N3/ 3 29 2.0 0.500
N. quadripunctatus Y R TV VT LY 4 25 15.0 0.047
No. species FHEX 2 4 -1.4 0.161
No. individuals fili £ 7 56 -1.7  0.083
Coprophagous group of Scarabaecoidea I /J 1 In ¥ Rl B #ERE
Phelotrupes laevistriatus 2 > F 377 % 211 80 -22.5 0.004
Panelus parvulus < A Z )V 1 3 55 67 7.5 0414
Onthophagus nitidus */ ¥ T2 717 3 30 133 22.5 0.004
O. atripennis A7 )JVLY I AN+ 651 155 -18.0 0.008
O. fodiens 7 S 1 R~ a7 * 49 20 -18.0 0.008
No. species FHEX 6 8 04 0.706
No. individuals fii#&£ 999 464 -8 0.075
Total it
No. species FHEX 8 12 1.1 0.287
No. individuals fili %k 1006 520 -14  0.069
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900
I ]2
800 - 10 [ ] Other 5 species
i Onthopha odiens
700 b H 7?‘7]?"'1}?/7%!7?%
3 Onthophagus ater
3 s00 | sy s
E Onthophagus atripennis
§ E :j"'v,llzpr/%j? p
E 500 | . ?zrih{j%h:ﬁz % nitidus
§ L N Panelus parvulus
8 400 7;45?'»7%]'?
(=] - -
| Phelotrupes laevistriatus
= 300 Q L iR
\ [l Trox spacotuberculatus
200 | & I:;_tlj}y:ljj?~
[ | Nicrophorus concolor
] CaE IR
100 i F7] Nicraphorus quadripunctatus
s z Rt kg
0
P
Bait

Fig. 3. SREEHEEN) 2 XA R LTHDIARI T T K B G B O fiifg £k
F: fAld, C: BIA. B: A, P: KA, M: K F, D: ZET L. EERXA F&EL,
IN— EOBUEISFEEL
The total number of carrion silphid and scarabaeoid beetles collected using embedded traps
baited with various vertebrate carrions
F: fish meat, C: chicken, B: beef, P: pork, M: minced pork and beef, D: dried fish, E: empty
(no bait). The number over each bar indicates species richness.

a Total Silphidae C Scarabaeoidea Coprophagous group
=2 254 a H 454 a b ‘“Jj_?i-\“)ﬂ- 25+ i =Y ﬂ-ﬁﬁ%?f
8 ] (F =768, P<0.0001) 40 (7 =777, P<0.0001) 4= a (F=628, P<0.0001)
g 20 b &b ab @b 20- a 2
= = - a
% o 154 151
w gj_] 7 b . ab
Z+ 104 107
= i _ b
e ¢ -
= 5 5
2 0- 0-
F C B P M D E F C B P M D E F C B P M D E
Fhelotrupes laevistriatus Panelus parvulus Onthophagus nitidus
2 - d £oFaf I G 7 it DR B e
B a (F=596, P<0.0001) (F=0093, P=0465) 2 ] a  (F=381, P=00021)
= a a a 30
2 a a 1 ab
S 25 1
5 204ab ab
Li 15 1 ab
E 10 7 b
0
F € B P M D E F € B P M D E F €C B P M D E

Fig. 4. BAEEHEBY 2N+ M LTHDIAABAX N T v S KB FRINEICET 2 SEARER R )V—7 - FO 25
Boatd 3 b Z o THOMEEHIGEAME (%)
MERIEXKI3 LM T, N—LEDT7IVT 7Ry FARFAICEDE S LIdHEARL GHIEXK 172 FefliZ U7z Scheffé
DZHLEE, P>0.05,N=14)c AN, WIEGL 172 Fefliz AV 7c 2RO O is R 2719
Field response (represented by the percentage, p of total captured beetles with in each replicate) of each beetle group or
species to embedded traps baited with various vertebrate carrions
Abbreviations are the same as in Fig. 4. Bars with the same letter are not significantly different (Sheffé’s multiple test on

arcsin p'?, P> 0.05, N = 14). The numbers in the parenthesis indicate the results of ANOVA on arcsin p'*.
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Tools for evaluating forest habitat using carrion silphid (Silphidae) and scarabacoid dung beetles (coprophagous group of Scarabaeoidea) as indicators: 7
Effects of bait type, trap type, and trap number on beetle captures

322. 5V T RATOUBRESLUOHKE T v THOER
WL EBMOMDIAAR RO FFX T v 7,
PEEB AN T B X OO HIARK Ty 7T bk
Ty Tz 1 AKX D2 S N RO
Bl BHERE B KU R RILEBMROISIAR KX L HD
TUFR D LS S % Table 2 1S3 LTz, kA BERSHAK
DOHBHIAFRRX T ERT 12 F 6,501 k. FH D IR
9 593 flE{k, EHIER AN TARTIE 14 75 8,187 fll{k,
JRCU o301 HADEABRMEFHEIPHE SN, H
ILEBMWTO NSy T2 THELESTZ &,
o B B ITHDAAXTEHERICEZ D > 7 (Table
2o WINDOD LTy TTEHIHEID 2 i
INHETIER, TV TLAVED 2 (Juy T Ly
(Nicrophorus concolory & AV KRBV VT LY) DN
D PR TEHEEICEZ D 57 (Table 2), Wilc, I H*
Ly FRBERHD 6 FMIZITRXTHDAAXNTHRICE
Mo 7z (Table 2),

ITNTNOREDRMEATHZ L, vTIvTEA
TG TR, HEHETE RESLHEZ > TV,
HWRAEMMRANDOHDIAZR KX TIX, a7~ r<a
HxhEo0s2L, ROTRYFIAH R, VYTV
RATZMNE -7 (Table 2), O FFKTX. 78
VFELYEIYRVEVYTLYNEEALEE 5D
(Table 2), EHIEM A THOMDIAAXTIELYFaH
T bMARIYRaAT TN EEELL, RWVWTH
VIRV EYYTLYNEN STz (Table 2), HithDIH D
AAATRYYIZ Al xr T MA R YR
MEZLholz (Table 2), F/z, HFEHEE SN TWVWS A
R~ )V 2 34 % (Onthophagus lenzii) (JIIF5 2005)

MEBOPFEMD G THE—ASN, LhE 3HFHIC
Zhofz (Table 2), FABHIANR T v T2 AT HD
MEDEEDEERDL DT> FHBNEZRoT R Y
EIC K B BHERGEMAT TlE. £ RocH AR
Nize KT ZKILT 1 BIFT > T fRATAS SR % Fig. 51K
Ulzo SiaH, &Ny 72 A THNC EEEE DRI
nhi, ThZNoWh5RKELEINSE Ty ik
h otz (Fig. 5. & o & & FEFERANTRE LT DI H kk
IRERMANDOR O FFRXNFy T T, o8 56D
WeDIFHEHDOHDABRK T v T TH-oiz (Fig. 5,
A bHRRIC X B b T v T e BEHEE OB %R
THhBE, WRILEMKOEDARXTIE 1 FTv
TOAFNRETE, FI Y THEZHEPLTEIEEA
ERBIHZ T, 5 by TTIRIEMANCE L (Fig.
6/), THICHL, RO FIFXTIWE. 1 vFv ST
3TFULANRETET, 10 bTy I TERANCELR
Moz (Fig. 6 £i)e FH 1 HKK D 2o Fflid, #
DIABRXERD FFRDODEELEMN, 1 FT v I TIE
FRAL, 3 Ty SRR BMmL % (Fig 6). #
RN THROBDABRX T, 1 T 7T 7.5, 2
Fow T8I, 3Ty S TIOSHPRETE, 7
NUERSy TEEHEDLTCLRELFENMEZ S C
3o h, ReREMcEESEMo Tz (Fig
Do FHIAKIOE o MEIZ, 1 FF Y T TIEIEF
fAfIL., 5 b v TR L (Fig. 7). Hih
DMHDARKX T, 1 v S T50F8, 2 85T
661, 3 by S TISHTHD, 5 +F v I TIM
Lihoi (Fig. 8)s LA L., FHIHEAIOZN
fefdiz, 1 Moy TR UL (Fig 8).

Table 2. T >t 7 b R T TRERE U AL ERRR, SHEER AN TR, HlcB T RSy 7THizd 11|
A& D &2 S NTZEOEERIEE £ SE B X OHERAEBR TOMDAAR LB D FFRORBD

Wilcoxon 354+ & N AR ERS F

Mean number =+ SE of beetles collected more than one individual per trap set on the transects in the evergreen
broadleaved forest, the conifer plantation, and grasland, and results of Wilcoxon signed rank test for the numbers of
beetels collected between embedded trap and suspended trap in the evergreen broadleaved forest

Conifer
Evergreen broadleaved forest plantation Grassland
Embedded (10) Suspended (10) Z P Embedded (37) Embedded (5)
Nicrophorus concolor 7 AT I\ 43+ 1.2 11.9 + 0.9 18 0.008 0.4 £ 0.1 0
N. quadripunctatus Y R EY T LY 132 +3.0 434+72 275 0.002 471 +52 04 +02
Phelotrupes laevistriatus 2 > F 277 % 109.5 = 11.5 02+02 -27.5 0.002 63.51+49 0.4 +0.2
Panelus parvulus X X Z )V I 2 61.0 £53 29+ 1.1 -27.5 0.002 3.5+06 0
Onthophagus lenzii 71 R )VL Y < I H * 0 0 - - 0 32112
O. nitidus Y Y TV I/ % 119.0 = 17.4 0.1+01  -27.5 0.002 214 +22 234170
0. atripennis A7 )VL VR A/ % 286.7 + 45.7 02101  -27.5 0.002 20+ 04 0.4+02
0. fodiens 7 A< VLY AH 3 203 £ 24 03102 -27.5 0.002 1.6 £ 1.0 0
O.ater 7 N RV < /% 33.8 £5.0 0 -27.5 0.002 70.9 £ 7.0 30.8 £ 10.0
Other species Z DAth 23405 03 +02 - - 0.8 +02 1.6 +0.5
Number of species F%X 9.4+ 0.5 37403 2.8 0.005 75102 50103
Total number of individuals 284K 650.1 439  593+63  -2.8 0.005 221.3 +11.0 59.2 £ 14.2

FEMNEAS 5 TR,

The number in the parentheses indicates the number of traps.
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Embedded trap in the evergreen broadleaved forest
5 ¢ R LI (1B A ATl
Suspended trap in the evergreen broadleaved forest
sl HER LR (R YT
o Embedded trap in the conifer plantation
t.. o A st A T GBS
® Lr
Embedded trap in the grassland
D i 32 enhdTh)
s 05 A
; A
& | A | | On
15 1 As N A ‘ﬂi' 1 Ogy 2
= el A CS)
A
A
a1 b
A.ﬂ‘ A 15 F
2L
Axis 1 (66.4%)

Fig. 5. WHRATERIMR, SHERIAN T, BHO NS o7 b RICREL N Ty T E
WEMER HEHEDFH RN Z JOTR L X 2 BT (Final stress = 10.57)
Results of non-metric multidimensional scaling (NMS) for assemblages of carrion silphid and
scrabaeoid beetles collected by traps set on the transects in an evergreen broadleaved forest, a
conifer plantation, and a grassland (Final stress = 10.57)

. Embedded trap Suspended trap

S 127 12 1

]

[=H

“10 10

-

2

Ec - . . _ . _ . . _ . . . . .

£ 8 8

% 6 6

E 4 —_— All spec.ies o 4

= — — - Predominant species (x > 1)

Z 28 2

; 0 L) T T T T T T T T T 1 0 ks T T T T T T T T T 1
z 0 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10

No. traps No. traps

Fig. 6. HHRATERIRICRRE LIcRANA R OHSIARA (EX) D FFX GXD) Ty TEISH T 2 ERETET
D BARHEE R
FHRI MO, W 1R K D 2 IS NIOHEE & Z N5 D 95 % SRR 219,
Cumulative estimated number of species of carrion silphid and scrabacoid beetles collected using ten embedded traps (left
figure) and ten suspended traps (right figure) baited with fish and set with 10 m intervals on the transect in a evergreen
broadleaved forest
Solid lines and dashed lines indicate the estimated numbers for all species and species collected more than one individuals
per trap, respectively, and their 95% confidence limits.
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Tools for evaluating forest habitat using carrion silphid (Silphidae) and scarabacoid dung beetles (coprophagous group of Scarabaeoidea) as indicators: 9
Effects of bait type, trap type, and trap number on beetle captures

— — - Predominant species (x > 1)

No. cumulative estimated species

8
6
4 — All species
2
0

0 5 10 15 20 25 30 35 40
No. traps

Fig. 7. $FHERS N TARICERIE U 72 SANA b DI DHIAH K -
Zy TRUSH T 2 JE A B HR oD SARAHEE FEEL
FRUT BHED, R 1AL D 2 SN
TeREDHEEM & TN 5 D 95 % EHRAZ /R T,
Cumulative estimated number of species of carrion
silphid and scrabaeoid beetles collected using 37
embedded traps baited with fish and set with 20 m
intervals on the transect in a conifer plantation
Solid lines and dashed lines indicate the estimated
numbers for all species and species collected more than
one individuals per trap, respectively, and their 95%
confidence limits.

4. B5t

4.1. XA MDD LB

BMEREZ EHOBEZHOWTHMT 2 5 2 T,
ZOHM (=D WCERTIRMEOMEARKZZDOE E
DOIRETHR LT A &EAHETH S, LHL,
BMRICER T 28Ok zitE T 5 LIFIEFEIC
Wi THZ720, EEOBELRZILTLE R LEN
b BT, BRA G EIC K O U BN
HMEREOFMICH VS NTE R (EE - /NI 2011,
NS w IS BHEEICBVTE, BTIANT N T B gL
PDEN, RAGE I SITRESIDE V., RAEWMEDE
WEICK > T, BROHEHENHESI NS D, FE
DO EZKML TS DT TIEEY, LirL, ALK
BEEHOTHELZRROBELLKT SRS
LT, HBEOMERZTRETERLTE, HBRMEEZE
flid 3 LIEATRETH 5 (F1r 1996, JBIE S 200475 &),
FTw T X BHEOL A, MELHELNZNIEE
HHNLLE0, FHiOFHEELHE2LEZABND,
JXMHZEETSE. MURHEMANO Ty THT
BEEMEOEWAVNE L, FHEEZERICHETEN
. DR Ty THTHEMANORFEN BB
BTEBLEADNS, ZT T, KFRICHIT S i
FE ORI L, R 2. KD
BTy TETHHEMEDINIETX 2 51k e L,

|Bulletin of FFPRI, Vol.14, No.1, 2015

) p—— | species

k=" Predominant species (x > 1)

No. cumulative estimated species
(=)}

No. traps

Fig. 8. HFIHINCEE L7 fUNNA R DIHDIAB K T v TH#
(X9 B AT Y HL oD BAREHE A R AL
FHTBRED, BRI TS 1 AR D 2 {HEES N
TRDOHEEM & TN D D 95 % EHIRAZRT,
Cumulative estimated number of species of carrion
silphid and scrabaeoid beetles collected using 5
embedded traps baited with fish and set with 20 m
intervals on the transect in a grassland
Solid lines and dashed lines indicate the estimated
numbers for all species and species collected more than
one individuals per trap, respectively, and their 95%
confidence limits.

FE7 I AR TRERIZAANT, BRI
AFT7 ITEZWVEBDNHRLNTZD, EEICAREEN T
Motz (Table Do TN, BRIV —DFHEMTD,
BADK S EBHMBIMOEAE. AF+F7 DK 5 %K
BHEFOIBEA LD EfESNZEHNAZ V0 E VS
Re—HUEN, BHEMOFDHERNZ T &
WO RER L IE B U7kh >z (Larsen et al. 2006), Fili
McHB L, FF7ITHRICZWVED 3, HicH
WTHRICZWHED 2H L IFIZFRETH - 7 (Table 1),
LML, AT REMEINENAFT7IT
38 TH -7z (Table Do T, ANTIE T MAD
NEETEHOWITNE D 20 KL EHE S NIz0IC
KU, AFT7ITRsSHETHY, ryFaixary
NIVI VR O IR IC gD E R LTz (Table
Do ThHDT EMDE, AREAF7 I XD &
RN DI - Te b, BENZ <, L MmiEic 2y
FPDIENVENDEDN STl T, AFT7 I K0 B HiE
BHEA BB THET S C LICHEL TS EEZ DN
%, FHT, VT LVRZFENRICAND L EIF. A
F7 I TEEE. WEEN DTl E, AR
ZHWAANENEEZSNS (Table 1D, S Al, T
BTOAFZEZ., MEMBME L TAHFT I, B
e UCRRZEATEDN, TNEMMCERRL TN
A FAEBEZEND, WEHEEY) & EHEBIY O BT,
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St HLABRA REHOEAENLRETH DN, &
HEBNW) DLW % BHEE IR E LTV A EY VT LY ER
PFERRICETHEG. BRI ZXA MTHWS 5D
KW THA9,

BB A MO T, AR, B, T A,
A, FEIVF, BROERTFLERWE, HEEC- H
BB X OB ERNMTRAEREVIE AL (Fig. 3
DF~M)., £AELWVTNEHWVTE BBl
WKEBWTHRICKEREVWIIELCEZWVWEEZ SN,
UL, Mz ERT 2L, AORBEEENY
FTLYBRTHFRAED, ¥V FalxTHRAELEIVF X
DEFRICEMS T END, TR, KA. S UF X
DELAUNEHVEFREVWEEZSNS (Fig. 4), %
o, BARAREAERERZZ B>, BABTEHR
Rk, YTFLVR, aARLY ERIEERE OS]
Hix. WIhb AN E > L E < (Fig. 4). BAT
B2 TH-oZ7ux)VT AT ARTIE 8
fEtAH¥E S Nz (Fig.3) TehbH, BAXD AN
AVa Rk neEZLNS, 42 RIx2 7 HAEXZ
Tz VEBILHTHERA, * AW, MR, KAKR Ol
e RKADY A X EFIEIAH) ZXAL M LTHWE
HMARR b 5w THETIE, TP 1 EAK DZH
I N/ ZENZEN T, 10, 9, 10 f, LU
57. 111, 119, 400 fEA{A T, KANNE > L EZHE
51 U7 (Hanski and Krikken 1991), T OfEHEIZ. AR
ZXFET BARMPEDORRE —T %,

TR VFIE, BAZHOERAEDEZ TERA
VFERHVWENTERLT LD (JHE - A 1983,
Katakura and Ueno 1985, & 1985, BH 5 1991), IV
FIROWELTMA T, TR, BKRE IV FOMICE
WiNlghh ol kb, XA DAY YA X EEE
THRHEEFRENEEZLNS (Fig. 3, 4. BT LI,
T AT AN ZE (Trox) ICEMOHEWIEIKICEE S E
DhH5 s (JIIFES 2005, HWIEARE L Th
Aleo GRIATAVaN KB THE-FREI Nz AT
7 XY a5 % (Trox opacotuberculatus) &, £ T8
~21 A I NIzl L, AT LT 2 kR
FTH-o7% (Fig. 3). e, BTFLTORREINE
Mldzaholzcehs, EREFFHLTATLZHL
DB HRNEEZONS, AT LULTERNEREED
eSS TetyFah xR, IAXIVRAH R, VY
YIrvxahdxd, EFREZTTEL, HWIEKICERE
JlEhseEZ5N1% (Fig.3, 4),

AkBE T, Ty I HT 2RO OBEERE
TR, BREGG Ny Iehkzo—T7—v 3
YLEILEMhDET, XA MR LTEIAXILRO
AV XY aAHTHVENETRES N (Fig.
3o ERICERLTOERWA, KRk, 5 20 m
NG, XA LU NTy TR TS H2 Hh
CNRRA6HETRELLECA, LVFOahR, ¥

AR AN K, VYL AHIDZENEN 3, 23,
5 &1 T ¥ (Appendix Table 1 DX+ ~ IE, URL
http://www.ffpri.affrc.go.jp/pubs/bulletin/434/index.html) . [H] FF H
DARABONA L bTy 7D 12, 53, 9 flfkD}:
BoE Llxote, TOTEDND, KilBORA ML
Fow T TOMED S B, KPS E kT h
5 3 O MATEEENE < 72> Tz Tz DI Bl
ENKEDOT, WO OKPEHEIR—T—> 3 Vo k
Fw T ORB GROE) X VFES IS N & HER
Ns,

42, b ST BATDHE

HHAHXE RO FFX % g U 7% Nagano and
Suzuki (2003) (X, ¥ T LY ED S B LA O E
YUTLYVEDIHEERD FFRIcEL Mooy
Oy FLAYVIEHEDAARRICEZNT EER LT, BAR
(2005) BEVVTLVEOENARED FFRICE L,
HdABRRICDIRNT ERR U, EH (2014) (X, &
WEEHBREEICDONT, HHAHXITHD FIFAX
DB Z VN, HEEN DTN LR LT, &
B OFRETE, MOAAXITHEE, fEHE &ICH
D FFRXEDOEEM o7 (Table2), LA L, EVY
T LB DOMEEIX. Nagano and Suzuki (2003), A
(2005), LM (2014) EHERICH O FIFXDAEBEZ >
7z (Table 2), FHI (2014) & AWFZED & A RN THE
BMWEh->720F., YTLYRXDEENNEWaH
FLY ERBEED. B0 FFXTRIEEAEHEE
Nah-oleT LICERT %, Thid. NIDBREMN
FA U TREN = FEE MR & L 72 Nagano and Suzuki (2003)
E—HT 5, LUILOKRZRET 5L, WRNEBIEFRR
ERZHWTHRMRREFTZ T % & 23 DARAE
HAWahHBEnwT b,

AR (2005) k. O FFRICKB BT LU
(Nicrophorini) DHii i THRMIRE Z i lid 5 C & & #EHE
LTW3, #iK (2005) Aaid LicdtigEiciz e v 7
LV JiED 8 FEAE ™ % AN A T I 7 F, Ju 6 i,
MABE IR DGR RS (LD 1985), MmO M=K
K2 EBOPFHETIE, ILEETEY YT LV M
(#57K 2001). BYBE T 4 # (Nagano and Suzuki 2003), /L
INTITo 7z EH (2014) T4, B CIUNTIT o 72 AR WF
BT3PPI THY, TV TLYBERTZHNSH
HIFFEEDD TV WS BEND D, T L Fak
ZHVWAHEZEZSE. FORLTWEWD, T4
V7 LYV (Silphin) D 1ETHZNyav kI &R
> 7 I (Calosilpha brunneicollis) Y, HBHIAHR KT
10 fllfk, O FFRT 2 kI Nz, £/, 5
BT LVFICR R LR WEREES DS e B
(Ikeda et al. 2007), ¥ T LI B2k% W REEHRA
2112 %G, HHAHXEM, HE0iEH0 FIFE
BRI 2DONENTHA I,
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Tools for evaluating forest habitat using carrion silphid (Silphidae) and scarabacoid dung beetles (coprophagous group of Scarabaeoidea) as indicators: 1"
Effects of bait type, trap type, and trap number on beetle captures

43. RE b Ty THOEE

AW TIE, FEE T2 AW TR LR,
ISR N TR L Bt 3 AR Tl ZITV. £ T h
TELENRZS C 2m LT (Table 2), T DFER
. BARBEER R GKE KO Z & O R E I
DRBOBENERBEZACICHRICKIGT 2 EZmL
T2 NETOWZEE —E L TV (Katakura and Ueno
1985, Katakura et al. 1986, /' % 1994, Ohkawara et al.
1998, Trumbo and Bloch 2000, Gibbs and Stanton 2001, &
K 2001, Nagano and Suzuki 2003, Wolf and Gibbs 2004,
Navarrete and Halffter 2008, Sugiura et al. 2013), T DT
e, SRIHWTZHARNANA FOMDIABRKL T v T
L TNX TOIMAEITIE L FERIC AR REAM < E LT
WaEEZEND, X, FHENZITREEICEKS
BEEMEIEMAT ClE. SRAHN OB EVICERE L.
KELRINE NTy T Aoz (Fig. 5) TeEhH,
SEOAEZHONE, DRV TN
T—2TH., A OREDOHIICINA 522 &M
RMEENT, bbb, OLDDOREMTIZWVL,
2hIwTNEDT—2TE, fOFEH L ORFER
EOHRICIHA 9 5. BB EDNEHFEDITEENTIRET
bBLEZENS,

HLHARIC X 2 b Ty TH L R OB %
ZHBH e, SERICEAL D 10 mBE#IC 10 O -
T T itiE U CHENMN R E 217 o 7o i ik LR
MOBDIARR T T (Fig. 6 /). 20 m ke < 37
DT T zadiE UCILE O E 21T - T2 BHEBA
THTIE. FIy TBNEhsTicthhbbd, 7=
BEAMCEES ol (Fig. Do iz, WAL
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Tools for evaluating forest habitat using carrion silphid (Silphidae) and
scarabaeoid dung beetles (coprophagous group of Scarabaeoidea) as
indicators: Effects of bait type, trap type, and trap number on beetle captures

Akira UEDA V"

Abstract

Carrion silphid and scarabaeoid dung beetles abundance and diversity are influenced sharply by forest quality and
degradation. To contribute to develop a standardized, quantitative method for evaluating forest habitat using beetles as
indicators, we examined different kinds of baits, different types of traps, and sampling adequacy for trap numbers. Results
of trap captures with krill bait versus fish meat bait suggested that fish meat attracted a greater number of species than krill.
In comparing different vertebrate meats (i.e., fish, pork, beef, chicken, and dried fish) as bait, it was found that fish attracted
the largest number of beetles without any particular bias towards silphid or scarabaeoid species. Comparisons of embedded
traps on the ground surface versus suspended traps at 1.5 m high indicated that the embedded traps were preferable as they
captured a larger number of species and individuals compared with the suspended traps. Results from traps set up along
transects through an evergreen broadleaved forest, a conifer plantation, and a grassland showed that the structures of the beetle
assemblages of all traps set in a site were resemble each other without outlier, and the estimated number of species cumulated
along with the number of traps was almost saturated at one trap for the predominant species that are captured more than one
individual per trap. These suggested that one or two traps per one site is sufficient to understand both the general structure
of the beetle assemblage and the predominant species that are captured more than one individual per trap, and the obtained
structure of the beetle assemblage was enable to compare with those of other sites.

Key words :  biodiversity assessment, burying beetles, dung beetles, rarefaction curve, sampling method, Scarabaeoidea,
Silphidae
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Appendix Table 1 AWZE CHEI N> T LUR « a3 LY ERIEHERE

Silphid and scarabaeoid dung beetels collected in this study

Emvironment Evergreen broadleaved forest Conifer plantation Grassland
Latitude N32°49°34” N32°49°22” N33°02°077-23” N32°59°49”
Longitude E130°43°59” E130°43°54” E130°56°017-24” E131°00°41”
Altitude (m) 131 74 625-692 926
Start of collection 5 Jul. 2011 24 May 2011 2 Aug. 2011 24 May 2011 20 Apr. 2012 20 Apr. 2012
End of collection 22 Nov. 2011° 6 Dec. 2011° 6 Dec. 2011° 6 Dec. 2011° 18 Oct. 2012° 18 Oct. 2012°
Bait" K F F C B P M D IE F F F F
Type of trap” E E E E E E E E E E E S E E
Number of traps set 1 1 1 1 1 1 1 1 1 1 10 10 37 5
Silphidae 7 LR}

Nicrophorus concolor 7 A>T I\ 4 25 56 112 50 89 76 132 434 16

N. maculifrons Y TE VT LY 6 2

N. quadripunctatus 3 R EV VT LY 3 29 19 26 1 1 4 43 119 1744 2

N. japonicus ¥ N EV VT LY 1

Ptomascopus morio 17 A T I\ 1 1 3 1 6

Oiceoptoma subrufum 7 AR TR T LY 8

Eusilpha japonica 7 A 5 2T LY 2 1 1 2 5

E. brunneicollis Ny A7 IR TILY 1 1 1 10 2
Coprophagous group of Scarabaeoidea I 7 % I\ FRIRHERE

Trox opacotuberculatus & A 17 A A/ % 6 9 18 18 21 18 2 5 6

Phelotrupes laevistriatus ¥z > F 27 % 211 80 180 62 86 65 82 60 12 3 1095 2 2348 2

Ochodaeus maculatus 7 7 X5+t > F A1 3 1

Panelus parvulus < A R )V A1 % 55 67 129 171 160 142 203 167 85 23 610 29 130

Onthophagus lenzii 71 RV A5 % 16

O. nitidus ¥ T2 I/ % 30 133 250 240 371 332 230 203 96 5 1190 1 793 117

O. tricornis 2V J LYY AN 2% 1 1 5

O. atripennis 17 VLY AH 1 651 155 8 2 8 2 3 2867 2 73 2

O.ater 7 )VLY R A3 3 2 47 19 21 47 25 1 203 3 431

O. fodiens 7 /1 RLV A4 % 49 20 191 103 108 70 148 21 338 2623 154

Mozartius jugosus X )V 7Y A1 %

1

KeAFT7 I F DHR CERAL BUER, PR, MRS YT DiEFL. EERA MELVIE RS ML (FIYTRF~EDEDICRI =T8T M b 20 miEN I mcEE L.

°E: HIHIABI, S: 0 R,
SR ORI & A b O 2 JEEFICIT o To

IR OEIR & A S Oz 2 AR ORI Z A T 2 BRI T,

*K: Krill, F : fish meat, C: chicken, B: beef, P: pork, M: minced pork and beef, D: dried fish, E: empty (no bait), IE: empty (the trap was isolated 20m from the transect set for baits F - E).

"E: embeded trap, S: suspended trap.
“Beetles were collected and the bait was replaced every two weeks.

“Beetles were collected and the bait was replaced every two weeks with an interval of two weeks between collections.
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Comparison of baits and types of pitfall traps for capturing
dung and carrion scarabaeoid beetles in East Kalimantan

Akira UEDA ", Dhian DWIBADRA *, Woro A. NOERDJITO”,
Masahiro KON * and Kenji FUKUYAMA >

Abstract

To contribute to develop a standardized, quantitative protocol for sampling coprophagous scarabacoid beetle
communities, we carried out a study in lowland of East Kalimantan, Indonesia to examine different bait and pitfall equipment.
First, we checked pitfall trap captures with cow dung, human feces, raw fish meat, and dried fishes as baits on the fourth and
eighth day after trap installation. Next, we set pitfall traps with different sizes of holes perforated through the container of
human feces and raw fish meat as baits, and we also set pitfall traps upon which the sheets were laid to intercept the flying
beetles. We checked trap captures every day up to the fifth day after trap installation. As the results, the numbers of species
and individuals captured were larger on human feces and raw fish meat, and those in the first four days on cow dung, human
feces, and raw fish meat were smaller than those in the successive four days. Hole size did not affect trap captures, but the flight
interceptive sheets increased the numbers of species captured. The numbers of species and individuals captured on human
feces were decreased on the third day after trap installation, but those on raw fish meat were abundant up to the fifth day except
for the first day. Our results recommended using the flight intercept pitfall trap baited with human feces and raw fish meat and

the trap periods of at least three and five days after trap installation for human feces and raw fish meat, respectively.

Key words : bait, Borneo, coprophagous, flight interceptive trap, pitfall trap

1. Introduction

Coprophagous scarabaeoid beetles are known to be
a superior indicator of habitat quality and environmental
change in forests and the surrounding environments of
tropical regions (Davis et al. 2001, McGeoch et al. 2002,
Aguilar-Amuchastegui and Henebry 2007, Nichols and
Gardner 2011). This beetle group is also known to be
relatively easier to sample and identify compared with
the vast majority of other insect groups (Spector 2006).
For example, in a study carried out in an area of primary
rainforest in Brazilian Amazonia, the sampling cost for
these beetles was cheapest compared to the costs for 14
other taxa sampled and was second in terms of indicator
performance only to birds (Gardner et al. 2008a, Nichols
and Gardner 2011). As a result, at least 19 studies
concerning the response of these beetles to tropical forest
modification and fragmentation have been performed
throughout the world (Nichols et al. 2007). These beetles
also serve important ecological functions, such as
promoting the rapid decomposition of dung and carcasses,
as well as influencing nutrient cycling, bioturbation, plant
growth enhancement, secondary seed dispersal, and parasite
control (Nichols et al. 2008).

Received 28 March 2014, Accepted 1 December 2014

To sample these beetles baited pitfall trap have been
largely used in the world. About kinds of baits used in
tropical region, cattle dung was used as bait in some studies
(Doube 1983, Horgan 2002, 2007, Horgan and Fuentes 2005,
Shahabuddin et al. 2005, Andresen 2005, 2008), but human
feces is more commonly used than cattle dung (Hanski
1983, Klein 1989, Nummelin and Hanski 1989, Hanski and
Krikken 1991, Holloway et al. 1992, Kikuta et al. 1997,
Davis 2000a, Davis et al. 2000, 2001, Halffter and Arellano
2002, Vulinec 2002, Feer and Hingrat 2005, Scheffler 2005,
Aguilar-Amuchastegui and Henebry 2007, Navarrete and
Halffter 2008, Gardner et al. 2008b, Vulinec et al. 2008,
Vieira et al. 2008, Edwards et al. 2011). Alternative baits to
cattle dung and human feces used in other studies include
the dung of monkey, pig, horse, dog, elephant, wallaby, and
coati (Estrada et al. 1993, 1998, Hill 1996, McGeoch et al.
2002, Estrada and Coetes-Estrada 2002, Andresen 2003,
Boonrotpong et al. 2004, Horgan 2005, Vieira et al. 2008).
Many coprophagous scarabaeoid beetles are also known
to be attracted by decaying organisms (carrion), and some
species specialize on decaying organisms. Therefore, many
studies have also used traps baited with decaying organisms

in addition to the traps baited with excrement. The most
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common carrion used as bait is fish meat (Hanski 1983,
Hanski and Krikken 1991, Holloway et al. 1992, Kikuta et
al. 1997, Davis and Sutton 1998, Navarrete and Halffter
2008), although some studies have also used decaying
squid, beef, deer meat, birds, rats, liver, fruits, fruiting
bodies of fungi, frogs, insects, and even millipedes (Hanski
1983, Klein 1989, Hill 1996, Halffter and Arellano 2002,
Andresen 2005, 2008, Larsen et al. 2006).

Human feces and fish meat are more popular now than
other baits as mentioned above but there are few studies that
compare the beetles lured and captured by different baits.
In the past study, traps baited with human feces captured 5
times more individuals and over two times more species of
dung beetles than traps with cow dung in tropical forests in
Peru (Larsen et al. 2006). Human feces also captured over
twice as many individuals per trap as cow dung in a tropical
forest in El Salvador, although cow dung captured nearly 4
times more beetles than human feces in pastures (Horgan
2007). Other than cattle dung, human feces captured more
individuals than both monkey and horse dung (Howden and
Nealis 1975, Vieira et al. 2008) and there was no difference
in numbers of species and individuals caught using pig
dung in neotropical forests (Horgan 2005). About decaying
organisms fish meat (in the literature wrote as “large
fish meat™) captured more individuals than bird meat, rat
meat, and rotting fruit in a forest of Sulawesi, Indonesia
(Hanski and Krikken 1991). Vertebrate carrion (total data
using lizards, chicken, fish, rodents, frogs, snakes, and
an opossum) captured more individuals than invertebrate
carrion (total data using grasshoppers, beetles, millipedes,
caterpillars, and cockroaches), fruiting bodies of fungus,
rotting fruits, and live millipede in various environments
including forests and grasslands in Peru (Larsen et al. 2006).

The size of the bait used in traps also affects the capture
of the beetles. Peck and Howden (1984) captured about 20
times more individuals by a trap using 200 ml of human
feces compared with a trap baited with only 2 ml of human
feces. This result suggests that the quantity of odor emitted
from bait may further affect the capture of the beetles.

To develop a standardized, quantitative protocol for
sampling coprophagous scarabaeoid beetle communities,
we studied different baits and pitfall trap setups in Borneo,
Indonesia. First, we compared the attractiveness of cow
dung and human feces for beetles using baited pitfall traps
in grasslands, plantations, and a natural forest. Additionally,
we evaluated the use of dried fish as bait, as it is easier
to store and treat than raw fish meat and compared its
efficiency with raw fish meat. In our study, we also
compared the beetle captures in traps that had different size

of holes perforated to evaporate odor through a container

of bait because the different size of holes might cause the
different quantity of odor from the traps, because hole size
perforated through a container of insect attractant affects
the volume of attractant evaporated (Zang and Schlyter
2003). Additionally, we used a baited flight-intercept pitfall
trap that we developed so that the trap could function as
both a baited pitfall trap and a flight intercept trap (FIT),
and determined if the captures were superior to that of the
ordinary baited pitfall traps, because FIT has been used
singly or additionally with baited pitfall traps to survey
coprophagous scarabaeoid beetle communities (Hanski and
Krikken 1991, Davis 2000a, 2000b, Davis et al. 2000, 2001).

2. Methods

2.1 Study sites

In 2005, we selected three Acacia mangium plantations
with different ages located 10 to 30 km north of Balikpapan
in the lowlands of East Kalimantan, Indonesia. 4. mangium
is one of the most common fast-growing tree species used
for plantations in the anthropogenic areas of tropical Asia.
Ages of the three plantations were 4-years old (“Plantation
4 yrs”: S1°03'34, E116°55'01, 60 m asl.), 7-years old
(“Plantation 7 yrs”: S1°04'46, E116°54'11, 48 m asl.), and
10-years old (“Plantation 10 yrs”: S1°10'10, E116°54'41, 26
m asl.). Four and 7-year old plantations were paired with
adjacent study sites in the Imperata cylindrical (local name
‘Alang-alang’) grasslands (“Grassland A” and “Grassland
B”) and each grassland site was at least 100 m away from
the edge of a plantation. Imperata cylindrical distributes
widely in post-deforested, burned areas of tropical Asia.
An intact natural forest site (“Intact forest”: S1°08'21,
E116°50'06, 40 m asl.) was also selected at the place 200 m
inside from the edge of the large forest of the Sungai Wain
Forest Reserve. This area had not been disturbed over the
past 50 years by selective logging, forest fires or other cases.

In 2006, surveys were again conducted at the 5-years
old plantation (“Plantation 5 yrs”) that grew a year older
from 2005, ‘Grassland A’, and “Intact forest”.

2.2 Comparison among baits in 2005

Baited pitfall traps were used to capture the beetles.
For pitfall traps, a plastic cup (8.4 cm in open diameter, 5.6
cm in minimum diameter, and 12.2-cm high) was driven
into the ground with its opening level with the ground
surface. A white plastic bowl (ceiling: 14 cm in diameter
and 4-cm high with 3 windows on the lateral side) was
placed upside down and laid over the cup, and a small stone
or a twig was laid on the bowl as a weight (Fig. 1). Each
trap contained a 50-ml glass bottle (4.3 cm in diameter and

8.0-cm high) with a perforated lid (having five holes, each
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3 mm in diameter) that was baited to attract beetles (Fig. 1).
As baits we used cow dung (30g) dropped in between the
past 12 and 30 hours, human feces (5 g) dropped in between
the past 24 and 30 hours, fresh raw jack fish meat (20 g),
and eight dried fish with about 5 cm in length (about 10 g).
A cut nylon net (with a 0.5-mm mesh) was placed between
the lid and bottle to prevent small beetles from entering.
The traps also contained 50 ml of a 0.1 % solution of both
sodium benzoate and neutral detergent to kill and preserve
the beetles collected.

At each site, we made 5 plots with 10 m square. The
plots were separated at least 70 m each other because
intervals of at least 50 m between plots were needed to
minimize interference between traps having same baits
(Larsen and Forsyth 2005). We set up a pit fall trap on
the corner of each study plot (4 traps with different baits
per plot). All traps were set up on 27 December 2005 and
beetles were collected on the fourth day (31 December 2005)
and the solution changed without replacing the baits. All
trappings were finished on the eighth day (4 January 2000).

2.3 Comparison among trap types in 2006

Three types of pitfall traps were used to capture the
beetles. Two types of baited pitfall traps used the same
cup, bottle, and bowl with 2005. One of the two types
had the same lid with 2005 (having five holes, each 3
mm in diameter): a baited pitfall trap with small holes
(PS). Another type had a lid with six holes, each 5 mm
in diameter: a baited pitfall trap with large holes (PL).
Additionally, flight-intercept pitfall (FP) traps were used
to collect the beetles. For FP traps, two B5-size transparent

plastic sheets that crossed each other were then laid over the

cup, upon which a plastic bowl (ceiling: 20 cm in diameter
and 5-cm high) was placed upside down (Fig. 2). The same
lid of the bottle with PL was used for FP. Fresh human
feces (10 g) dropped within 6 hours and fresh raw jack fish
meat (30 g) were used as bait. A cut nylon net (with a 0.5-
mm mesh) was placed between the lid and bottle to prevent
small beetles from entering. The traps did not contain any
solution so as to collect mites on the body surface of the
living beetles for another study before killing. For each trap
type at each site (PS, PL, and FP), 6 traps were baited with
human feces and 6 with fish meat. Overall, there were 36
traps (3 types of trap * 2 types of bait * 6 traps) set up with
10 m distance between traps randomly along the transect
through each site. Captured beetles were removed daily
without replacement of bait. Collection was done for 5 days
in 4 - 9 August 2006 in the intact natural forest and in 5 -
10 August 2006 in both the plantation and the grassland.

2.4 |dentification and storage of specimen

All beetles captured in the present study were dried on
absorbent cotton and identified with using a binocular (Nikon
Nature Scope). Some beetles were pined and sent to Dr.
Teruo Ochi of Toyono-cho, Toyono-gun, Osaka Prefecture,
Japan who helped identification. All beetles are stored in
the insect specimen room of Research Center for Biology,

Indonesian Institute of Science (LIPI), Cibinong, Indonesia.

2.5 Data analysis

For data in 2005 the numbers of both species and
individuals were compared among four kinds of baits.
Generalized linear mixed model (GLMM) analyses with a

negative binomial error structure incorporating differences

Fig. 1. A pitfall trap containing a baited glass bottle with a perforated lid having five holes, each 3 mm in diameter. The right
photograph shows the trap without its ceiling.
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Fig. 2. A flight intercept pitfall trap containing a baited glass
bottle with a perforated lid having six holes, each 5 mm
in diameter.

of site and plot as random effects were done to compare the
numbers of species and individuals. Tukey’s test was used
to examine the differences in the numbers of species and
individuals captured among baits.

For data in 2006 the numbers of both species and
individuals were compared between two kinds of baits and
among three types of pitfall traps. Generalized linear model
(GLM) analyses with a negative binomial error structure
incorporating difference of site as a random effect were done
to compare the numbers of species and individuals. Tukey’s
test was used to examine the differences in the numbers of
species and individuals captured among trap types.

For GLMM, GLM and Tukey’s test, the glmmadmb
function of glmmADMB package, the glm.nb function of
MASS package, and the glht function of multcomp package
were used, respectively, in R 3.1.1 (R Core Team 2014).

3. Results
3.1 Comparison among baits in 2005
Because a trap baited with raw fish meat in both the
‘Plantation 4 yrs’ and ‘Grassland A’ sites was disturbed
in a plot by an unidentified vertebrate, all data from this

plot were deleted from analyses. Since females of two

Catharsius species (C. dayacus and C. renaudpauliani)
were difficult to distinguish from each other, the data on
these two species were combined as Catharsius spp.

A total of 26 species and 1,297 individuals of dung
and carrion scarabaeoid beetles was captured (Table 1). The
numbers of both species and individuals captured by cow
dung were significantly smaller than those by the other three
baits (Fig. 3). The number of individuals captured by dried
fishes was also significantly smaller than that by raw fish
meat (Fig. 3). In the respective vegetation types, the numbers
of both species and individuals captured by cow dung and
dried fish were not smaller than those by human feces and
raw fish meat in the two grasslands (Figs. 4 and 5). However,
in three plantations and an intact forest the numbers of both
species and individuals captured by cow dung and dried fish
were relatively smaller than those by human feces and raw
fish meat except for the number of species captured by dried
fish in “Plantation 4 yrs” (Figs. 4 and 5).

The total number of species did not diminish largely
from the first 4 days to the next 4 days after trap installation
(reduction rates from the first 4 days: 18-36%), except in
treatments using cow dung (reduction rate: 63%) (Table 2).
On the contrary, the total number of individuals declined
largely from the first 4 day to the next 4 days after trap
installation (reduction rates: 59-82%) with the exception of
dried fish treatment (reduction rate: 32%) (Table 2).

3.2 Comparison among trap types in 2006

A total of 34 species and 2,338 individuals of dung
and carrion scarabaeoid beetles was captured (Table 3).
The numbers of both species and individuals were not
significantly different between baits (Fig. 6). The number
of species captured by FP traps was significantly larger than
those by PS and PL traps but the number of individuals was
not significantly different among trap types (Fig. 6).

In the respective sites, the number of species captured by
FP traps was relatively larger than those by PS and PL traps
in the plantation and the intact forest except for bait with raw
fish meat in the intact forest, but it did not differ among trap
types in the grassland (Fig. 7). The number of individuals
captured by FP traps was relatively larger than those by PS
and PL traps in the bait of human feces in the intact forest
(Fig. 7). This difference was occurred by the species that
were apparently abundant on FP traps such as Catharsius
spp., Onthophagus incisus, and O. waterstradti (Table 3).

The total numbers of species and individuals captured
with human feces declined on the third and fourth days
after trap installation (Fig. 8). The numbers of species and
individuals captured with raw fish meat were relatively

stable, except for on the first day after installation (Fig. 8).
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Table 1. Total number of scarabaeoid dung and carrion beetles Table 3. Total number of scarabaeoid dung and carrion beetles
captured by pitfall traps with different baits in 2005 captured by different types of pitfall traps baited with
Bait" human feces and raw fish meat in 2006

Species CD HF RF DF Human feces Raw fish meat
Phaeocroops sp. 0 0 2 0 Species name PS* PL° FP° PS PL FP
Ochicanton woroae 2 4 6 6 Phaeochrous emarginatus 0 0 o0 0 1 0
Panelus bakeri? 50 44 17 88 Phaeocroops sp. 0o 1 0 I 0 1
Catharsius sp. 0 0 1 0 Ochicanton woroae 1 0 o0 1 1 0
Onthophagus aurifex 0 2 24 3 Panelus bakeri? 16 19 10 1 3 6
Onthophagus batillifer 0 2 0 0 Paragymnopleurus maurus 26 23 12 0O 0 O
Onthophagus bonorae 2 51 188 9 Sisyphus thoracicus 0o 4 5 0o 0 o0
Onthophagus bornensis 0 3 0 1 Catharsius spp. 16 16 34 0 4 3
Onthophagus discedens 0 0 1 1 Onthophagus aphodioides 0 0 5 0 0 0
Onthophagus dux 0 10 37 7 Onthophagus aurifex 0 0 1 3 1 6
Onthophagus incisus 0 8 0 2 Onthophagus bonorae 2 1 2 13 10 8
Onthophagus lilliputanus 51 111 64 99 Onthophagus borneensis 9 2 6 o 0 0
Onthophagus limbatus 0 1 4 0 Onthophagus cervicapra 2 2 9 o 0 O
Onthophagus obscurior 0 0 1 0 Onthophagus dux 1 32 8 7 6
Onthophagus ochromerus 0 1 0 0 Onthophagus fujiii 0 0 1 1 0 5
Onthophagus pacificus 1 0 0 0 Onthophagus incisus 17 15 62 0o 0 17
Onthophagus pastillatus 1 1 0 2 Onthophagus johkii o 1 o0 0 0 0
Onthophagus rudis 0 0 5 0 Onthophagus lilliputanus 7 10 6 1 2 1
Onthophagus schwaneri 0 0 1 0 Onthophagus limbatus o 2 2 0 0 1
Onthophagus semiaureus 0 2 23 1 Onthophagus obscurior o 0 3 1 0o 2
Onthophagus semicupreus 2 48 187 10 Onthophagus pacificus 0 1 1 0 0 0
Onthophagus trituber 0 4 25 6 Onthophagus pastillatus 2 1 7 o 0 O
Onthophagus uedai 7 12 14 14 Onthophagus rudis o o0 3 6 2 14
Onthophagus vulpes 0 0 1 0 Onthophagus schwaneri 0o 7 31 0o 7 21
Onthophagus waterstradti 0 5 16 2 Onthophagus semiaureus 0o 2 5 11 9 5
Onthophagus sp. 1 0 8 13 6 Onthophagus semicupreus 42 63 71 570 371 381
‘CD: cow dung, HF: human feces, RF: raw fish meat, DF: Onthophagus trituber 4 12 8 0 1 1
dried fish Onthophagus uedai 3 5 2 0O 0 O
Onthophagus vulpes 4 6 8 o 0 0
Onthophagus waterstradti 42 21 90 2 1 2
Onthophagus sp. 1 o 0 O 0 1 0
Onthophagus sp. 2 2 1 4 1 0 0
Table 2. Total numbers of species and individuals captured Onthophagus sp. 3 1 0 0 0O 0 0
with each bait in 4 days and from 5 to 8 days after trap Onthophagus sp. 4 1 0 0 0O 0 0
installation in 2005 Aphodius sp. 1 0 0 0 0 0

Successive 4 Reduction rate
First 4 days days (%)
(a) (b) (a-b)/a

Number of species

"Pitfall trap containing a baited glass bottle with a perforated

lid having five holes, each 3 mm in diameter.

°Pitfall trap containing a baited glass bottle with a perforated
lid having six holes, each 5 mm in diameter.

Cow dung 8 3(0) 62.5 ‘Fright intercept pitfall trap containing a baited glass bottle
Human feces 16 11(2) 313 with a perforated lid having six holes, each 5 mm in diameter.
Raw fish meat 17 14 (3) 17.6

Dried fish 14 9(2) 35.7

Number of individuals

Cow dung 82 34 58.5
Human feces 240 77 67.9
Raw fish meat 533 97 81.8
Dried fish 153 104 32.0

Parenthesized number indicates the number of species absent
in the first 4 days.
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Fig. 3. The number of beetle species (left figure) and individuals (right figure) captured by pitfall traps with different baits surveyed
in 2005. CD: cow dung, HF: human feces, RF: raw fish meat, DF: dried fish. Boxes and thick horizontal lines illustrate
the interquartile range (lower limit: 25th percentile; upper limit: 75th percentile) and the median value (50th percentile),
respectively. Bottom and top whiskers depict the lowest and highest values. Circles in the figures indicate the value of an outlier
(lying over 2 times of the box length above the 75th percentile). Different letters indicate significant differences (P < 0.05).
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Grassland A (n = 6)

Fig. 7. The numbers of beetle species (left figures) and individuals (right figures) captured by different types of pitfall traps baited with
human feces and raw fish meat at each site surveyed in 2006. Abbreviations for different types of pitfall traps are the same with

Table 3. Boxes, thick horizontal lines, whiskers, and a circle are the same with Fig. 3.
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4. Discussion
4.1 Comparison among baits in 2005

In comparison between cow dung and human feces
in the present study, the numbers of both species and
individuals of beetles captured were significantly higher
for traps baited with human feces than with cow dung (Fig.
3); however those captured with cow dung did not differ
from those captured with human feces in the grasslands
(Figs. 4 and 5). This result is almost the same as has been
found in neotropical regions (Larsen et al. 2006, Horgan
2007). Fourteen species were captured more individuals
with human feces than with cow dung, whereas just two
species were captured more individuals with cow dung than
human feces (Table 1). These results suggest that it may be
beneficial to use human feces as bait to collect dung beetles
in the lowland of Borneo rather than cow dung. Although
pig dung also lured an abundance of beetles, as did human
feces in neotropical region (Horgan 2005), further study in
South-East Asia is needed to clarify the attractiveness of
pig dung relative to human feces.

In comparison between raw fish meat and dried fish,
the number of individuals captured was higher in traps
baited with raw fish meat compared with those with dried
fish (Fig. 3). In the three plantations and the intact forest,
the number of individuals captured by raw fish meat was
relatively higher than those by dried fish (Figs. 4 and 5).
Fifteen species were captured more individuals with raw
fish meat than with dried fish, whereas just 5 species were
captured more individuals with dried fish than with raw
fish meat (Table 1). These results supported the idea of
using raw fish meat as bait to collect carrion beetles in the
lowland of Borneo.

It has been shown that many coprophagous scarabaeoid
beetles are lured by both dung and carrion (Hanski 1983,
1989, Hanski and Krikken 1991, Hill 1996, Kikuta et al.
1997, Andresen 2005, 2008, Navarrete and Halffter 2008).
In the present study, we also found that there were many
species captured with both dung (cow dung and/or human
feces) and carrion (raw fish meat and/or dried fish) (Table 1).
This was also observed in 2006 (Table 3, Fig. 6). However,
there were some species that clearly preferred dung (ex.
Onthophagus incisus) as well as those preferred carrion
(ex. Onthophagus aurifex) (Table 1). These results indicate
that using both human feces and raw fish meat as bait for
sampling coprophagous scarabaeoid beetle communities

may be effective in the lowland of Borneo.

4.2 Comparison among trap types in 2006
It has been shown that the large bait in size captured

larger number of beetles than the small bait (Peck and

Howden 1984), which suggests that the quantity of odor
from bait affects the capture of beetles. In our study, we
compared the beetle captures in traps that had different size
of holes perforated through the lid to see if this influenced
the attractiveness of the traps because the different size of
holes might cause the different quantity of odor from the
traps. We found, however, that there were no differences
between PS and PL on the numbers of both species and
individuals (Fig 6), indicating that the size of hole did not
affect trap catches. This result suggests that there is no need
to be concerned about hole size perforated to evaporate
odor through a container of bait in traps.

In our newly developed FP traps we captured
significantly higher number of species than we did in
the PS and PL traps (Fig. 6). Similar trends were also
observed on the number of individuals in the traps baited
with human feces in the intact forest (Fig. 7). These were
occurred by some species apparently abundant on FP traps
(Table 3). From these results, we can conclude that the
baited flight intercept pitfall trap is a useful tool to survey
the coprophagous scarabaeoid beetle communities in the

lowland of Borneo.

4.3 Trapping period

In 2005, we used human feces dropped 24 to 30 hours
before, and the total number of individuals captured with
human feces declined largely from the first 4 day to the
next 4 days after trap installation (Table 2). In 2006, we
used fresh human feces within 6 hours after dropping, the
total numbers of both species and individuals captured with
human feces decreased on the third and fourth days after
installation (Fig. 8). These results indicate that human feces
must be used as bait as soon as possible after dropping and
the trapping should last at least 3 days after installation.
On the contrary, our results in 2006 showed that raw fish
meat decayed for one day was the best for bait and the
attractiveness continues at least up to the fifth day (Fig.
8). However, the attractiveness of decaying fish did not
continue for long. Our result in 2005 showed that number
of beetles captured by raw fish meat in the fast 4 days was
much higher than the number in the successive 4 days, with
captures that were similar in number to traps using human
feces (Table 2). This result suggests that the attractiveness
of decaying fish might decrease after the sixth day from
installation. Moreover, few species preferred the aged fish
meat because 11 of 14 species captured in the successive
4 days with raw fish meat were captured also in the first 4
days (Table 2). Therefore, we can use fresh raw fish meat as
bait without decaying if the trapping period is more than 5
days.
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Three Onthophagus species (O. trituber, O. uedai, and
O. waterstradti) were more abundant on raw fish meat than
on human feces in 2005 but they were abundant on human
feces and relatively rare on raw fish meat in 2006 (Table
1 and 3). Our results from 2007 to 2008 (unpubl. data)
showed the same trend as in 2006. In 2006, 81% of these
three species were captured in 2 days after trap installation.
These three species might have preferred the odor from
decaying fish meat to the odor of aged human feces in 2005,
although they generally preferred the odor of fresh human

feces to the odor of decaying fish meat.
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Cellulase production by Trichoderma reesei in fed-batch
cultivation on soda-anthraquinone pulp of the Japanese cedar

Hajime SHIBUYA"", Kengo MAGARA” and Masanobu NOJIRI"

Abstract

Cellulase production using the soda-anthraquinone (AQ) pulp of Japanese cedar as the carbon source was carried out by
Trichoderma reesei strain PC-3-7 (ATCC 66589). To avoid the difficulty of stirring the pulp, a fed-batch cultivation system
was adopted, characterized due to starting with a low pulp concentration and pulp feeding according to the base supply for
pH control. In a laboratory fermenter, the cellulase productivity by fed-batch cultivation on pulp was comparable to that of
the batch cultivation on commercial cellulose powder. The fed-batch cultivation system was applied to cellulase production in
a 500-L stirred fermenter for large-scale production. The protein concentration, cellulase activity and f-glucosidase activity
in the culture medium reached 14.5 mg/mL, 13.6 U/mL and 11.4 U/mL, respectively at 144 h. The hydrolysis experiments
performed with soda-AQ pulp as a substrate indicated that the enzyme induced by the pulp hydrolyzed the pulp more

efficiently than that induced by the cellulose powder.

Key words :cellulase production, on-site enzyme production, pulp, bioethanol, Tiichoderma reesei, biorefinery

1. Introduction

Applying lignocellulose hydrolysis to sugars is a
critical first step for many potential biomass applications,
including the production of bioethanol and other chemicals
(Sheehan and Himmel 1999). However, the high enzyme
cost limits the industrial use of enzymes for producing
soluble sugars, which makes economical enzyme
production key to developing enzyme-based biorefinery
from lignocellulosic biomass. Since the major cost factor
in cellulase production has been estimated as the carbon
source (Ryu and Mandels 1980), cellulase production using
the lignocellulosic biomass as the carbon source instead
of commercial cellulose offers significant scope to reduce
the enzyme cost. A series of further costs such as the
purchase of the carbon source, storage and transportation
can also be omitted using the lignocellulose pretreated on-
site. The Forestry and Forest Products Research Institute
(FFPRI) developed the bioethanol production process from
Japanese cedar (Cryptomeria japonica); comprising soda-
anthraquinone (AQ) pulping and enzymatic saccharification
(Nojiri et al. 2008). A pilot plant had been constructed
in Kitaakita city, Akita prefecture to verify this process
(Forestry Agency 2013). In this plant, enzyme was planted
for on-site production via the submerged cultivation of T.
reesei; using soda-AQ pulp as the carbon source to reduce

the enzyme cost.
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Many reports have appeared on cellulase production
by the submerged cultivation of T. reesei using pretreated
lignocellulosic biomass as the carbon source. The utilization
of these materials is often accompanied by mechanical
milling to avoid the difficulty of stirring the culture medium
(Gallo et al. 1978, Kawamori et al. 1986, Doppelbauer et
al. 1987, Shin et al. 2000, Liming and Xueliang 2004);
however, the necessary pulverization of the pretreated
material increases the production cost. To maintain
sufficient stirring of the culture medium without further
treatment, the initial concentration must be reduced and the
material fed gradually according to the consumption by the
microorganism. Accordingly, when lignocellulose is used as
the carbon source, the process of fed-batch cultivation must
be adopted for efficient cellulase production.

The fundamental problem of a fed-batch cultivation
process to produce cellulase is how to maintain conditions for
optimal enzyme productivity (Bailey and Tahtiharju 2003).
For example, overfeeding the pulp would result in stagnation
of microorganism growth and enzyme production due to
insufficient stirring of the culture medium. Conversely,
underfeeding would also decrease the enzyme productivity
due to exhaustion of the carbon source. Accordingly, it is
important to manage the pulp concentration in the culture
medium by appropriate feeding to ensure efficient enzyme

production by fed-batch cultivation.
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In the present work, the pulp feeding protocol based
on the pH control was verified using 3-1 fermenters to
establish the cellulose production process by fed-batch
cultivation using soda-AQ pulp as the carbon source. The
enzyme productivity was compared to the value obtained by
batch cultivation using commercial cellulose powder as the
carbon source, while the fed-batch cultivation was applied
in cellulose production in a 500-L fermenter for large-scale

production.

2. Methods

2.1 Fermentation substrate

Soda-AQ pulp and commercial cellulose powder
(Solka Floc 40, International Fiber Corporation, USA)
were used as fermentation substrates. The pulp was
made from Japanese cedar (Cryptomeria japonica) chips
obtained in Akita prefecture, Japan. The wood chips
were cooked under the following conditions in a pilot
plant designed by the FFPRI (Forestry agency 2013). The
pulping liquor was 3.5-4.1% (w/w) NaOH containing
1,4-dihydro-9,10-dihydroxyanthracene disodium salt,
which was equivalent to 0.1% (w/w) on wood, while
the liquor-to-wood ratio was 5:1 (w/w). The cooking
temperature was maintained at 168-170°C for 3 h.
After soda-AQ cooking, the solid pulp was collected
and bleached with sodium hypochlorite (about 3% (w/
w) on pulp) for 24 h, whereupon the bleaching pulp was
fed to a screen and washed. The contents of a-cellulose,
hemicellulose (holocellulose — a-cellulose) and lignin

were 77, 19 and 2.3% (w/w), respectively.

2.2 Microorganisms

The cellulose production strain, Trichoderma reesei
PC-3-7 (also designated ATCC66589), was obtained from
the American Type Culture Collection, and grown on potato
dextrose agar (Difco, Sparks, MD) plates at 28°C for 10

days. The spore plates were stored at 4°C until use.

2.3 Cellulase production in a laboratory jar fermenter
The procedures and media composition used to produce
cellulase were essentially from Schell et al. (1990), while
the seed culture was typically grown in two stages. In the
first-stage culture, a 5 X 5 mm size spore plate was used to
inoculate a baffled 300-mL Erlenmeyer flask containing a
100 mL working volume of a medium of Schell et al. (1990),
except for 4.2% (w/v) (NH,),SO, and 2% (w/v) glucose
as the sole carbon source. The flasks were incubated in
a temperature-controlled orbital shaker operating at an
agitation rate of 200 rpm at 28°C. After 48 h, the first-stage

culture was transferred at a 5% (v/v) inoculum level to the

baffled 500-mL shake flask containing a 200 mL working
volume of the nutrient medium containing 1% (w/v) soda-
AQ pulp or cellulose powder as the sole carbon source.
This second-stage flask was incubated for 36-48 h prior to
inoculating the production vessel at 5% (v/v).

Batch cultivation was carried out in a 3-L jar fermenter
(MDN-3L, B. E. MARUBISHI, Tokyo, Japan) with a
working volume of 1.5 L medium containing 106 g of
cellulose powder as the sole carbon source supplemented
with 0.6% (v/v) Adekanol LG-109 (ADEKA, Tokyo, Japan)
as antifoam. The pH was maintained between 4.6 and 4.8
using automatic base and acid additions of 5.0 N ammonia
solution and 4.0 M phosphoric acid solution, respectively.
The agitation speed and aeration rate were kept at 275 rpm
and 1.5 L/min, respectively. The culture was grown for 6
days at 28°C.

In the case of the fed-batch cultivation, 15 g of pulp
was used as the carbon source instead of cellulose powder.
During the cultivation, the count number corresponding
to the run-time of the base supply pump was monitored,
while the time course of the count number of the base
supply pump was used as an indicator for feeding new pulp.
When the base supply frequency declined, sterile pulp (7.5
g) was fed into the fermenter, while the agitation speed
and aeration rate were kept at 275 rpm and 1.5 L/min,

respectively. The culture was grown for 6 days at 28°C.

2.4 Cellulase production in a pilot plant scale tank

First-stage culture was followed by laboratory-scale
cellulase production. After 48 h, the first-stage culture was
transferred at a 5% (v/v) inoculum level to two baffled
3-L shake flasks containing a 1.5 L working volume of a
nutrient medium containing 15 g pulp as the sole carbon
source. The second-stage flasks were then incubated for 36-
48 h prior to inoculating the production tank at 1% (v/v).

A 500-L stirred-tank fermenter with a working
volume of 300 L medium containing 2.7 kg pulp as the
sole carbon source was used for cellulose production. The
pH was maintained between 4.7 and 4.8 using automatic
base and acid additions of 4.4 N ammonia solution and
8.0 M phosphoric acid solution, respectively. During the
cultivation, the data points for temperature, pH, tank level,
and the run-time of base supply pump were recorded every
5 min and the pump data was used as an indicator for
feeding new pulp. When the base supply pump did not work
for more than 15 min, sterile pulp (1.3-1.4 kg) was fed into
the fermenter. The agitation speed and aeration rate were
kept at 207 rpm and 300 L/min, respectively. The culture
was grown for 6 days at 28°C.
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2.5 Analytical methods

Samples were drawn daily from the fermenters, and
centrifuged, and the supernatant was analyzed for enzyme
activity and protein content. The cellulase activity was
measured using the procedure by Ghose (1987) and
expressed in terms of international cellulase activity units
as the amount of enzyme that forms 1 umol reducing
sugars as glucose per minute during the hydrolysis
reaction. f-Glucosidase was assayed by monitoring the
release of p-nitrophenol from 1 mM p-nitrophenyl-f-D-
glucoside in 1.0 mL of 50 mM sodium acetate buffer (pH
4.5) at 50°C. The test tubes containing 0.9 mL reaction
mixture were incubated with 0.1 mL of diluted enzyme
solution at 50°C for 10 min and 1.0 mL of 0.2 M of
sodium carbonate was added to stop the reaction. The post-
hydrolysis concentration of p-nitrophenol was determined
by the absorbance of 400 nm, while the unit of activity
was defined as the amount of enzyme liberating 1 umol of
p-nitrophenol per minute. The protein concentration in the
culture medium was assayed by the Bradford protein assay

using y-globulin as the standard (Bio-Rad, Hercules, CA).

2.6 Adjusting enzyme activity and protein content to
account for the change in culture volume

In cases involving significant changes in culture
volume, reported performance parameters (such as
volumetric productivity and yield) will be subject to
major errors if no corrections are made to account for the
changed working volume (Hayward et al. 2000). Therefore,
measured enzyme activities and protein contents were
corrected for volume change by multiplying by the culture
volume ratio at the time of the sample (V) to the initial

culture volume, according to

E.=(V,/Vy)E,

And where E, is the corrected enzyme activity or
protein content (U/mL or g/L); E, is the enzyme activity or
protein content at time ¢ (U/mL or g/L); V, is the volume
at time ¢ (mL or L); and ¥, is the initial volume (mL or L).
In cellulase production using a 500-L fermenter, the tank
level monitored during the cultivation was used to correct
the enzyme activity and protein content. In a laboratory
fermenter, 7, was calculated by adding the total volumes of
base and acid added for pH control and pulp feeding (density
assumed at 1.0 g/mL) and subtracting the total volumes
withdrawn during sampling and the evaporation of the
water (the rate of which was assumed to be constant during

the cultivation period) at time ¢.
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Fig. 1. Time course of base supply and pulp feeding during the
fed-batch cultivation in a 3-L laboratory fermenter. A
3-L fermenter (working volume: 1.5 L) was inoculated
with 75 mL of a 2-day flask culture of the fungus and
cultivated at 28°C. The pH was maintained between 4.6
and 4.8 during the whole culture. The agitation speed
and aeration rate were kept at 275 rpm and 1.5 L/min,
respectively. The culture was grown for 6 days at 28°C.
When the frequency of the base supply (—) declined,
sterile pulp was fed into the fermenter (®).

2.7 Estimation of enzymatic hydrolysis

The hydrolysis experiments were performed with 5%
(w/w) soda-AQ pulp as a substrate and different enzyme
dosage at 50°C, pH 4.8 for 72 h. Culture supernatant of 6
days cultivation medium using pulp or cellulose powder as
the carbon source was used as an enzyme. Reducing sugars
were determined by the dinitrosalicylic acid method (Ghose
1987) using D-glucose as the standard. The enzymatic
hydrolysis yield was calculated as: yield (%) = reducing
sugar (g) x 0.9 x 100/polysaccharides in substrate (g).

3. Results and Discussion

3.1 Fed-batch cultivation in a laboratory fermenter

During the cellulose production cultivation of 7. reesei,
the pH of the medium is maintained using automatic base
and acid additions to the optimal enzyme production pH.
In T. reesei, a strong tendency for the pH of their culture
medium to decrease during growth on carbohydrate
substrates is apparent. After exhaustion of the carbon
source, a marked increase in pH is observed. Therefore
the decrease in the base addition rate can be used as an
indicator of imminent exhaustion of the carbon source in
the medium, while pulp feeding based on the base addition
rate is expected to maintain the pulp concentration within a
constant range.

The pulp feeding protocol based on the pH control was
verified using 3-L fermenters. Fig. 1 shows the time course

of the base and pulp supplies relative to the cultivation. The
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Fig. 2. The time course of enzyme production of the fed-batch
cultivation using soda-AQ pulp as a carbon source in a
laboratory fermenter. The culture was done for 6 days
at 28°C using 7.5% pulp. Protein concentration (e®),
cellulase activity, (©) and B-glucosidase activity (®) on 6
days is shown, respectively.

cultivation was started with 1.0% (w/v) pulp concentration
to maintain sufficient agitation of the culture medium. The
supply of the base began at 14 h to maintain the pH of the
culture medium and the supply rate gradually decreased
at 30 h (Fig. 1 inside), suggesting that fungus had almost
consumed the pulp in the medium. At 32 h, the first pulp
was fed into the fermenter, which caused an increase in the
base supply (Fig. 1 inside). New pulp was then fed into the
fermenter whenever the supply rate of the base decreased.
The last pulp was fed at 80 h (Fig. 1) and the total pulp
reached 7.5% (w/v) of the initial culture medium.

The time course of enzyme production by the fed-
batch cultivation is shown in Fig. 2. The enzyme production
continued for 2 days corresponding to the feeding phase
(32-80 h), while the protein concentration, cellulase and
B-glucosidase activity in the culture medium reached 13.2
mg/mL, 13.2 U/mL and 8.4 U/mL, respectively at 96 h. The
calculated volumetric productivity of the cellulase activity
by the fed-batch cultivation on the pulp was compared to
that by the batch cultivation on cellulose powder (Table 1).
The volumetric productivity in the feeding phase (48-72
h) closely resembled the maximum value observed during
batch cultivation on cellulose powder (Table 1). It is also

interesting to note how regular the pulp feeding intervals
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Fig. 3. Time course of base supply and pulp feeding during
the fed-batch cultivation in a 500-L fermenter. A 500-
L stirred-tank fermenter (working volume: 300 L) was
inoculated with 3 L of a 2-day flask culture of the fungus
and cultivated at 28°C. The pH was maintained between
4.7 and 4.8 during the whole culture. The agitation
speed and aeration rate were kept at 207 rpm and 300 L/
min, respectively. The culture was grown for 6 days at
28°C.When the base supply (—) did not work for more
than 15 min, sterile pulp was fed into the fermenter (®).
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Fig. 4. Time course of the culture volume of fed-batch
cultivation using soda-AQ pulp in a 500-L fermenter.

were (Fig. 1), suggesting that the pulp consumption by
microorganism was stably maintained during the feeding
phase. These results suggested that the pulp feeding
protocol based on the pH control maintained an optimal
enzyme production condition by microorganism, resulting in

high cellulase productivity comparable to batch cultivation.

Table 1. Volumetric productivities of cellulase activity in batch and fed-batch cultivation using cellulose

powder and soda-AQ pulp.

substrate N volumetric productivity
carbon source conc. cull:mtclon (U/[L-h])
(g/L) 0-48h  48-72h 72-96h 0-96h
cellulose powder 70.8 batch 72 280 210 150
soda-AQ pulp 75.0 fed bacth 52 290 160 140
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Fig. 5. The time course of enzyme production of the fed-batch
cultivation using soda-AQ pulp as a carbon source in
a 500-L fermenter. The culture was done for 6 days
at 28°C using 10.1% pulp. Protein concentration (®),
cellulase activity, (©) and B-glucosidase activity (m) on 6
days is shown, respectively.

3.2 Cellulase production in a 500-L fermenter

A pulp feeding protocol based on pH control was
employed for the cellulose production in a 500-L pilot plant
scale fermenter. Fig. 3 shows the time course of the base
and pulp supplies relative to the cultivation. The cultivation
was started with 0.9% (w/v) pulp concentration and pulp
was fed into the fermenter whenever the supply rate of the
base decreased. At 101 h, the last pulp was fed and the total
pulp fed to the cultivation reached 10.1% (w/v) of the initial
culture medium. Fig. 4 shows the time course of the culture
volume of fed-batch cultivation. A significant change in
culture volume occurred during the aerobic cultivation run.
The reduction in volume was presumably attributable to the
water in the culture media evaporating, while the increase
in volume, which occurred from 36 to 102 h, resulted from
the base supplied for pH control and pulp feeding. The high
water content of the pulp (about 77% w/w) in particular
boosted the increase in culture volume. However the pulp
feeding intervals were pretty regular (Fig. 3), suggesting
that the pulp consumption by microorganism was stably
maintained; regardless of the change in culture volume. The
time course of enzyme production is shown in Fig. 5. The
enzyme production continued until the pulp feeding was
terminated, and the protein concentration, cellulase activity
and B-glucosidase activity in the culture medium reached
14.5 mg/mL, 13.6 U/mL and 11.4 U/mL, respectively at 144
h. These results were comparable to those achieved through
fed-batch cultivation in a laboratory fermenter and showed
the potential for 7. reesei to produce cellulase on a large
scale using soda-AQ pulp as the carbon source.

T. reesei PC-3-7 was examined for cellulase production
on cellulosic biomass and achieved 24 mg/ml of protein

production in a 5-L fermenter cultivation with 4% alkali-

|Bulletin of FFPRI, Vol.14, No.1, 2015

100

80

hydrolysis yield (%)

&
LI LR B L BRI B

0 1 1 1 L
5 10 15 20 25

enzyme dosage (mg/g-substrate)

Fig. 6. The results of soda-AQ pulp hydrolysis by different
enzyme dosages. Soda-AQ pulp (5% w/w) was
hydrolyzed at 50°C, pH 4.8 for 72 h by the culture
supernatant using pulp (®), or cellulose powder (©) as
the carbon source.
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treated bagasse as the carbon source for 7 days (Kawamori
et al. 1986). Although they kept the agitation speed at 450
rpm during the cultivation, we had to keep the agitation
speed at 207 rpm, the upper limit of the 500-L tank agitation
ability. In the study of fed-batch cultivation in a 3-L
fermenter with agitation speed at 275 rpm, we found that
dissolved oxygen density in culture medium dropped to 0%
just after feeding of the pulp (data not shown). Investigation
of cultivation condition is showing that increasing aeration
improves the cellulase production (Hayward et al. 2000).
Therefore if the agitation speed of the 500-L tank could be

higher, cellulase productivity would be improved.

3.3 Hydrolysis of soda-AQ pulp by on-site cellulase
The supernatant of the cultivation medium using soda-
AQ pulp or cellulose powder as the carbon source was
used to hydrolyze the soda-AQ pulp (Fig. 6). When the
enzyme dosages per gram substrate were changed from 5
to 20 mg, the enzymatic hydrolysis yields rose from 49.5
to 96.7% for the broth using pulp and 36.9 to 84.0% for
the broth using cellulose powder as the carbon source.
These results indicated that the enzyme induced by the pulp
hydrolyzed the pulp more efficiently than that induced by
the cellulose powder, as previously reported (Nojiri et al
2008). The reducing sugars converted from the pulp by on-
site cellulase could be used to produce bioethanol and other
valuable materials. This research may be meaningful for
economical enzyme production, which is key to developing
enzyme-based biorefinery from lignocellulosic biomass.
Furthermore, the method described in this work could be
applied to produce secondary metabolites by other fungi

(e.g. Aspergillus, Penicillium) with similar pH behavior.
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%8 #R (Short communication)
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HEAL AT & BLRTR O ER-E T & % (Vander Wall and Balda
1977), W&, WA T, AV RXIH, 2 X3
H., *aH0EETEDENTVS, IR AIHDH
BITENCDOWTOMEIEZ <. HKICERT 5 XAk
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Heaney 1984),
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Packed seeds of Quercus mongolica (A) and Tilia maximowicziana
(B) in a cavity of Sorbus alnifolia.
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Pteromys volans carrying the seeds of Quercus mongolica (A and B) and Tilia maximowicziana (C) in its mouth near the

cavity entrance of Sorbus alnifolia.
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Probable food hoarding observed in a camera-trapped
Siberian flying squirrel Pteromys volans

Shigeru MATSUOKA V*

Abstract

There are few reports of food-hoarding behavior in the Siberian flying squirrel Pteromys volans. A camera trap directed
to a tree cavity captured the images of a flying squirrel with seeds of oak and lime trees in its mouth in autumn. Later many
lime tree seeds were found in the cavity. The camera-trapped images and stored seeds showed that the Siberian flying squirrel
probably has a habit of hoarding food.
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Fig. 1. ROREBERETHNDT ZT7F 057 « A X T WK, a, 777 F 7 77 BiaR
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Cultivations of Auricularia polytricha (Mont.) and Grifola frondosa (Dicks.) in Bungo-ono City, Oita
Prefecture. a, Indoor facility (greenhouse) for cultivation of 4. polytricha. b, Larvae of Neoempheria
bifurcata Sueyoshi on sporophore of 4. polytricha. ¢, Outdoor facility for cultivation of G. frondosa.
d, plastic bag used for rearing an adult of N. bifurcata.
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Fig. 2. IEEIBNDEFEARY A 27 GRS a, FETHOANIRZYE, b, FHITO AR Z S, ¢, AH
MTONOIRZIGICERIE LTz LED v v F ¥ —, ¢, LED Fv v F vy —I i iz T 2< &
FHRRF NI (RED o

Indoor facilities for cultivation of Lentinula edodes (Beck.) with logs. a, Inside of cage in Saga
City. b, Inside of a green house in Arita Town. ¢, LED catcher installed in greenhouse. d, adult of
Neoempheria bifurcata Sueyoshi (red arrow) and other insects trapped on sticky sheet of catcher.

Fig. 3. REIR&THHEN DY 57 %5 57 FIRMISERR . a, RNOEIKE FRIK, b, 7 I 7 F 7 57 FIK LD
VavayFAx RE/ STy,

Indoor facility for cultivation of Auricularia polytricha (Mont.) in Asuka Village, Nara Prefecture. a, artificial mediums and
sporophores of A. polytricha in facility. b, Larva of Neoempheria carinata Sueyoshi on sporophore of 4. polytricha.
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Neoempheria bifurcata Sueyoshi, 2014 and N. carinata Sueyoshi, 2014
(Diptera, Mycetophilidae), feeding on cultivated shiitake mushroom,
maitake mushroom, and cloud ear fungus

Masahiro SUEYOSHI"", Yasuaki MURAKAMI”, Masashi KAWAGUCHI,
Yasushi OBATAKE” and Yumi MAEDA®

Abstract

An adult fly of fungus gnat species, Neoempheria bifurcata Sueyoshi, 2014, was reared from a sporophore of Grifola
frondosa (Dicks.) (maitake mushroom or hen of the woods) cultivated on the ground with logs in Oita Prefecture, Kyushu,
Japan. Larvae of N. bifurcata and N. carinata Sueyoshi, 2014, were found on sporophores of Auricularia polytricha (Mont.)
(cloud ear fungus or wood ear fungus) cultivated with saw-dust medium in an indoor facility of Nara Prefecture, Honshu Japan
as well as of Oita Prefecture. Adults of these species also were found in indoor facilities of Lentinula edodes (Beck.) (shiitake

mushroom) cultivation with logs. These fungus gnats are newly suggested as a potential pests of these edible fungi of these
cultivation methods.

Key words : new record, fungi, host, Japan, pest
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Stag beetles in Bukit Soeharto and Bukit Bangkirai Forests,
East Kalimantan, Indonesia

Hiroshi MAKIHARA"", Sugiarto” and Takeshi TOMA”

Abstract

The current report presents a list of stag beetles, with colored images collected from Bukit Soeharto and Bukit Bangkirai
forests in East Kalimantan, Indonesia. The list includes 36 species and it shows the high stag beetle diversity concentrated in a
small area of tropical rain forests in Indonesia. Because we hope to inform the Indonesian people about the high species diversity
in their country’s forests, we assigned a new Indonesian name along with both scientific and Japanese names to each species.

Key words : biodiversity, Bukit Bangkirai, Bukit Soeharto, East Kalimantan, stag beetles, typical forest insects

1. Introduction

Fujita (2010) described stag beetles worldwide, totaling
approximately 100 genera and more than 1,400 species,
with many distributed in the tropics. Therefore, one may
expect that the tropical rain forests in Indonesia host many
stag beetle species.

In Indonesia, stag beetles are generally referred to
as “Kumbang Rusa;” however, people do not distinguish
among species and there are no names for each species of
stag beetles in the Indonesian language. The situation is
similar for other insect groups such as butterflies (kupu-
kupu) and long-horned beetles (Kumbang moncong
panjang). Indonesian people believe that biodiversity is
important for the world and that the biodiversity of their
country is the highest in the world. However, most people
have no evidence of the high biodiversity because they do
not distinguish insect species.

The current report presents a list of stag beetles,
with colored images collected from Bukit Soeharto and
Bukit Bangkirai forests in East Kalimantan, Indonesia.
The list includes 36 species, of which nine have not
been identified at the species level because of their small
sizes and difficulty in identification. Some of them may
be new species. Considering the limited collection area
(approximately 1,300 ha) and duration (approximately 3
years) of the study, more species may have been present,

but were not found and recorded in the two forests.

Received 5 November 2014, Accepted 19 January 2015
1) Isumi, Chiba
2) Sekolah Tinggi Pertanian (STIPER) Kutai Timur

Compared with the total of 40 stag beetle species in Japan
(approximately 370,000 km’, with thousands of islands)
(Fujioka 2001), we can understand the high stag beetle
diversity concentrated in a small area of tropical rain forests
in Indonesia. Because we hope to inform the Indonesian
people about the high species diversity in their country’s
forests, we assigned a new Indonesian name along with both
scientific and Japanese names to each species. We hope that
this report contributes to future biodiversity studies.

The list is based on an interim report (Soeyamto et
al. 2000) of the follow-up program of the Tropical Rain
Forest Research Project by the government of Indonesia
and Japan International Cooperation Agency (JICA). Most
of the stag beetle samples collected in the present study
are preserved in the Tropical Rain Forest Research Center
(PUSREHUT) of Mulawarman University and in the
Samboja office of Inhutani 1 in East Kalimantan. The same
set is also maintained at Bidang Zoologi, Puslit Biologi-
LIPI, Cibinong, West Java.

2. Study site and Methods
We collected stag beetles in Bukit Socharto and Bukit
Bangkirai forests in East Kalimantan, Indonesia (Fig. 1),
which were originally covered with a lowland dipterocarp
forest. These forests are remnants of a single large forest
that covered the area until the late 20th century. However,

they are now largely separated from each other by

3) Department of Forest Vegetation, Forestry and Forest Products Research Institute (FFPRI)
* 2033-5 Hiari, Isumi, Chiba 298-0002, JAPAN; e-mail: hmakihara@outlook.com
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Fig. 1. Location of Bukit Soeharto and Bukit Bangkirai on the Kalimantan (Borneo) Island.

deforested areas and are also divided by roads connecting
cities and villages (Rustam et al. 2012). In a typical year,
the study area has no pronounced dry season. The mean
annual rainfall is approximately 2,000 mm, and the annual
mean daily maximum and minimum air temperatures are
29.9°C and 21.4°C, respectively (Toma et al. 2000).

Bukit Soeharto is located between Samarinda and
Balikpapan. Approximately 20,000 ha of the forest are
managed as Bukit Soeharto Education Forest (BSEF) of
Mulawarman University. Because the BSEF had been
selectively logged until 1979 and was affected by fires in
1982-83 and 1998, it is a mosaic of different vegetation
types including near-primary forests, secondary forests, and
grasslands. We surveyed the insect fauna in the core area
(approximately 1,000 ha) of the BSEF where near-primary
forests remained. The survey in the BSEF was conducted
for 3 years from December 1997 to April 2001.

The Bukit Bangkirai forest is located approximately
20 km southwest from Bukit Soeharto and 58 km northwest
of Balikpapan at an altitude of approximately 110 m. The
total area of the Bukit Bangkirai forest is approximately

1,500 ha. Although majority of the area was affected by

fires in 1982-83 and 1998, some areas (approximately 300
ha) escaped the fires and have been managed as a natural
reserve by Inhutani I. The surveyed area in Bukit Bangkirai
was in the natural forest that escaped the forest fires. The
survey in Bukit Bangkirai was conducted for 3 years from
March 1999 to February 2002.

Stag beetles were collected mainly by bait traps using
a banana placed in shopping baskets (Photo 1), light traps
(Photo 2), Malaise traps (Photo 3), and hanging traps
(Photo 4). In Bukit Soeharto, one light trap was placed on
the ground and two light traps were placed on a scaffolding
tower at 20 m and 45 m above the ground. Four bait traps
were hung from tree branches at 3 m above the ground.
Four Malaise traps were placed on the ground and two were
placed at 20 m and 45 m on the tower. Four black hanging
traps with an attractant (75% ethanol) were placed 1.5 m
above the ground.

In Bukit Bangkirai, one light trap was placed on the
ground and two were placed on a canopy bridge 30 m above
the ground. Four Malaise traps were placed on the ground.
Four bait traps and four hanging traps were placed 1.5 m

above the ground.
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2

Photo 1. Bait trap. A shopping basket with banana hung from
tree branches at 3 m above ground.

Photo 3. A Malaise trap. Photo 4. A hanging trap with black color.
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3. Abbreviations
The following abbreviations are used to indicate the
surveying area, traps, collecting methods, and stag beetle

collectors in this investigation.

BS: Bukit Soeharto Education Forest
BB: Bukit Bangkirai Forest

LT: Light trap

BT: Bait (banana) trap

MT: Malaise trap

HT: Hanging trap

Bu: Budi

HM: Hiroshi Makihara

HK: Haruo Kinuura

Su: Sugiarto

4. A list of stag beetles from
Bukit Soeharto and Bukit Bangkirai Forests

Family Lucanidae 7 7 /j % L\ 3/}
(Suku Kumbang Rusa)

Subfamily Odontolabinae Y ¥ /\% 7 7 7§ Z fif}
Tribe Odontolabini Y Y /NX 7 7 7 & Jifi
Genus Odontolabis Hope, 1842 Y Y INZ 7 7 % )@
(Keluarga Kumbang Rusa Sayap Berkilau)

1. Odontolabis striatus Deyrolle, 1864 (Pl.1, figs. 1-a, b)
ARV T =YY TR
(Kumbang Rusa Sayap Bergaris)
BS: 14, Mar. 2000, HM & Su (LT).
BB: 1J, Jan. 2000, HM & Su (LT); 783299, Apr.
2000, HM & Su (LT).
Distribution: Borneo, Sumatra, Java, Kalimantan Is.,
Belitung Is. and Southern part of Malay Peninsula.
Not so common species in Borneo (Fujita 2010)

2. Odontolabis cephalotes Leuthner, 1885 (PI. 1, fig. 2)
TITT7HRTAIY T TH A%
(Kumbang Rusa Kecil Sayap Bergaris)
BB: 14, Apr. 2000, HM & Su (LT).
Distribution: Borneo, Sumatra.
Not so common species in Borneo (Fujita 2010).

3. Odontolabis gazella gazella (Fabricius, 1787) (Pl. 1, figs.
3-a, b)
AT T T 4%
(Kumbang Rusa Sayap Coklat)
BS: 19, Oct. 1996, HM & HK (MT); 1J, Nov. 1999,
HM & Su (BT).
Distribution Borneo, Sumatra, Malay Peninsula,

Kalimantan Is., Natuna Is., Southern part of Thailand

and Philippines (Balabac Is.).
Common species in Borneo (Fujita 2010).

4. Odontolabis brookeana (Snellen van Vollenhoven, 1861)
(PL. 1, figs. 4-a, b)
TWN—0IXY 7T iR
(Kumbang Rusa Prothorax Hitam)
BS: 14, Nov. 1998, HM & Su (LT); 14, Apr. 2000, HM
& Su (LT).
BB: 14, Oct. 1999, HM & Su (BT); 13, Nov. 1999, HM
& Su (LT); 14, Dec. 1999, HM & Su (LT); 283, Apr.
2000, HM & Su (LT).
Distribution: Borneo, Sumatra, Tanahmasa Is. and Java.
Common species (Fujita 2010).

5. Odontolabis dalmani dalmani (Hope et Westwood, 1845)
(PL. 1, figs. 5-a, b)
=Y I THZ
(Kumbang Rusa Sayap Abu-abu)
BS: 243, Feb. 2000, HM & Su (LT).
BB: 14, Nov. 1999, HM & Su (LT); 13, Dec. 1999, HM
& Su (LT); 14, Mar. 2000, HM & Su (LT); 24&, Apr.
2000, HM & Su (LT).
Distribution: Borneo, Sumatra, Malay Peninsula, Natuna
Is., Laut Is., Tarempa Is., Kalimantan Is., Singkep Is.,
SE. Myanmar and SW. Thailand.
Common species in Borneo (Fujita 2010).

6. Odontolabis latipennis (Hope et Westwood, 1845) (PL. 1,
figs. 6-a, b)
SFARYZAVINY T T H &R
(Kumbang Rusa Sayap Lebar)
BS: 19, Oct. 1998, HM & Su (LT); 14, Apr. 2000, HM
& Su (LT).
BB: 1, Jan. 2000, Su & Bu (LT); 19, Mar. 2000, HM
& Su (LT); 19, Apr. 2000, HM & Su (LT).
Distribution: Borneo, Sumatra, Malay Peninsula,
Simeulue Is., Mentawai Isles. (Sibent Is., Pagai Is.),
Nias Is., Bangka Is., Singkep Is., Kalimantan Is. and
Philippines (Palawan Is., Mindanao Is., Dinagat Is.,
Samar Is., Leyte Is., Sibuyan Is. and Luzon Is.).

Not so common species in Borneo (Fujita 2010).

FE LTI 2R
FE 7T R
Genus Figulus MacLeay, 1819 F Y 7 U /f X &
(Keluarga Kumbang Rusa Bertubuh Kecil)

Subfamily Figulinae
Tribe Figulini

7. Figulus sp. 1 (Pl. 2, fig. 7)
FEIIHED 1 FE
(Kumbang Rusa Prothorax Cekung sp.1)
BS: 1 ex., Feb. 1999, HM & Su (LT); 1 ex., Mar.1999,
HM & Su (LT); 1 ex., Oct. 1999, HM & Su (LT); 1 ex.,
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Nov. 1999, HM & Su (LT); 2 exs., Jan. 2000, Su & Bu
(MT); 1 ex., Mar. 2000, HM & Su (LT).
BB: 1 ex., Feb. 2000, Su & Bu (LT).
8. Figulus sp. 2 (PL. 2, fig. 8)
FEITHZD 1
(Kumbang Rusa Prothorax Cekung sp. 2)
BS: 1 ex., Apr. 1998, HM (HT).
9. Figulus sp. 3 (PL. 2, fig. 9).
FEITHZD 1
(Kumbang Rusa Bertubuh Kecil sp. 3)
BS: 1 ex., Nov. 1999, HM & Su (LT); 1 ex., Jan 2000, Su
& Bu (MT); 1 ex., Feb., 2000, Su & Bu (LT).
10. Figulus sp. 4 (P1. 2, fig. 10)
RAYIHZD 1 FE
(Kumbang Rusa Bertubuh Kecil sp.4)
BS: 8 exs., Mar. 2000, HM & Su (from under bark of
dead tree, Shorea smithiana); 1 ex., Apr. 2000, HM & Su
(from under bark of dead tree, Shorea smithiana).
11. Figulus sp. 5 (P1. 2, fig. 11)
AT THZD 1
(Kumbang Rusa Bertubuh Kecil sp. 5)
BS: 1 ex., Oct. 1999, HM & Su (LT); 1 ex., Mar.
2000, HM & Su (from under bark of dead tree, Shorea
smithiana).
12. Figulus sp. 6 (P1. 2, fig. 12)
NATTHZD 1
(Kumbang Rusa Bertubuh Kecil sp. 6)
BS: 1 ex., Oct. 1999, HM & Su (LT).
BB: 1 ex., Mar. 2000, HM & Su (LT).
13. Figulus sp. 7 (P1. 2, fig. 12)
SRAZTHZD 1 ff
(Kumbang Rusa Bertubuh Kecil sp. 7)
BS: 1 ex., Jan. 1998, HM (MT); 1 ex., Oct. 1998, HM &
Su (HT).

Genus Cardanus Westwood, 1834 Y ANXF-C 7T I R g
(Keluarga Kumbang Rusa Bertubuh Ramping)

14. Cardanus sulcithorax (Perty, 1831) (PI. 2, fig. 14)
P ANZFECTTHE
(Kumbang Rusa Prothorax Lubang Besar)
BS: 1 ex., Oct. 1996, HM & HK (from under bark of
dead tree, Macaranga gigantea).
Distribution: Borneo, Sumatra, Java, Malay Peninsula,
Thailand, Philippines (Leyte Is.).
Not so common species in Borneo (Fujita 2010).
Above 8 species are difficult to difference of sex,
therefore without distinction of sex.

Tribe Nigidini Y /b 37 %> 77 7 X
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Genus Novonigidius Dudich, 1923 =Y /e a2 7J 1 2 )&
(Keluarga Kumbang Rusa Bertubuh Silindris)

15. Novonigidius ornatifrons Dudich, 1929 (PL 2, figs. 15-a, b)
=Y/ bav kI TNE
(Kumbang Rusa Bertubuh Silindris)
BS: 1d, Oct. 1999, HM & Su (LT).
Distribution: Borneo.

Rare species in Borneo (Fujita 2010).

AN NS T
JaAFV v IRk

Subfamily Dorcinae
Tribe Cladognathini

16. Prosopocoilus mohnikei mohnikei Perry, 1873 (Pl. 3,

figs. 16-a, b, ¢)

E—=wr /JaFV I INR

(Kumbang Rusa Rahang Gergaji Mohnike)

BS: 24, Oct. 1996, HM & HK (LT); 13, Oct. 1996,
HM & HK (HT).

Distribution: Borneo, Sumatra, Java, Bali Is., Malay
Peninsula.

Not so common species in Borneo (Fujita 2010).

17. Prosopocoilus occipitalis astericus (J. Thomson, 1862)
(PL. 3, fig. 17-a, b, ¢, d, e)
FFIERVR//aAFVITHLR
(Kumbang Rusa Rahang Gergaji Prothorax Bintik Hitam)
BS: 19, Feb. 1998, HM (MT); 1, Jul. 1998, HM & Su
(LT); 18, Dec. 1998, HM & Su (LT); 14, Mar. 1999,
HM & Su (LT); 1J, Apr. 1999, HM & Su (LT); 1319,
Jul. 1999, HM & Su (LT); 13, Sep. 1999, HM & Su
(LT); 14, Nov. 1999, HM & Su (LT); 14, Dec. 1999,
HM & Su (LT); 28319, Jan. 2000, Su & Bu (LT); 19,
Jan. 2000, Su & Bu (BT); 1&, Feb. 2000, Su & Bu (LT);
43319, Mar. 2000, HM & Bu (LT); 54, Apr. 2000,
HM & Su (LT)

BB: 24, Apr. 1999, HM & Su (LT); 3319, Jun. 1999,
HM & Su (LT); 13, Jul. 1999, HM & Su (LT); 24J,
Nov. 1999, HM & Su (LT); 13, Dec. 1999, HM & Su
(LT); 14, Jan. 2000, Su & Bu (LT); 333229, Feb.
2000, Su & Bu (LT); 14, Mar. 2000, HM & Su (LT);
1133992, Apr. 2000, HM & Su (LT).

Distribution: Borneo, Sumatra, Java, Malay Peninsula,
Andaman Isles. ?, Nias Is., Pagai Is. and Siberut Is.
Very common species in Borneo (Fujita 2010).

18. Prosopocoilus attenuatus (Parry, 1886) (Pl. 3, figs. 18-

a, b, c)

TTRAT7 IR/ AFY I THR

(Kumbang Rusa Rahang Gergaji Berbulu Halus)

BS: 14, Jan. 1998, HM (LT); 1J, Feb. 1998, HM (LT);
14, Aug. 1998, HM & Su (LT); 14, Nov. 1998, HM &
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Su (LT); 1&, Jun. 1999, HM & Su (LT).

BB: 14, Dec. 1999, HM & S (LT); 24, Feb. 2000, Su
& Bu (LT); 14, Apr. 2000, HM & Su (LT).

Distribution: Borneo, Sumatra.

Rare species in Borneo (Fujita 2010).

19. Prosopocoilus buddha annae Bomans, 1992 (P1. 4, figs.

19-a, b, ¢)

TR AFV T H AR

(Kumbang Rusa Rahang Gergaji Prothorax Persegi)

BS: 19, Oct. 1996, HM & HK (LT); 533, Jan. 1998,
HM (BT); Dec. 1998, HM & Su (BT); 19, Mar. 1999,
HM & Su (LT); 138, Nov. 1999, HM & Su (LT); 1J, Dec.
1999, HM & Su (LT); 1J, Feb. 2000, Su & Bu (LT);
43319, Apr. 2000, HM & Su (LT).

BB: 14, Dec. 1999, HM & Su (LT); 13, Apr. 2000, HM
& Su (LT).

Distribution: Borneo.

Not so common species (Fujita 2010).

20. Prosopocoilus rubens Didier, 1927 (PI. 4, fig. 20)

IWARVA S AF) I H R

(Kumbang Rusa Bertubuh Coklat Tua)

BS: 1d, Feb. 2000, Su & Bu (LT).

Distribution: Borneo, Sumatra and Malay Peninsula.

Not so common species in Borneo (Fujita 2010).

21. Prosopocoilus forceps nakamotoi Mizunuma, 1994 (PI.

4, figs. 21-a, b)

THAIWT TR AFY T T AR

(Kumbang Rusa Bertubuh Maron)

BS: 1419, Jan. 1998, HM (BT); 1J, Nov. 1998< HM &
Su (LT); 14, Jun. 1999, HM & Su (LT); 19, Apr. 1999,
HM & Su (LT); 19, Oct. 1999, HM & Su (LT); 19, Dec.
1999, HM & Su (LT); 1J, Mar. 2000, HM & Su (LT).
Distribution: Borneo, Laut Is. and Sebuku Is.

Not so common species in Borneo (Fujita 2010).

22. Prosopocoilus passaloides (Hope et Westwood, 1845)

(P1. 4, figs. 22-a, b, ¢)

NudaAFR/aAF) 7T~z

(Kumbang Rusa Rahang Gergaji Ramping)

BS: 1, Sep. 1998, HM & Su (LT); 1J, Oct. 1998, HM
& Su (LT); 19, Mar. 1999, HM & Su (LT); 19, Jun.
1999, HM & Su (LT); 19, Aug. 1999, HM & S (LT); 14,
Nov. 1999, HM & Su (LT); 1J, Nov. 1999, HM & Su
(MT); 19, Jan. 2000, HM & Su (MT); 13, Jan. 2000, Su
& Bu (LT); 283299, Mar. 2000, HM & Su (LT); 299,
Apr. 2000, HM & Su (LT).

BB: 1Q, Jun. 1999, HM & Su (LT); 1J, Aug. 1999,
HM & Su (LT); 19, Sep. 1999, HM & Su (LT); 399,
Nov. 1999, HM & Su (LT); 13299, Dec. 1999, HM &
Su (LT); 28312Q, Jan. 2000, Su & Bu (LT); 429, Feb.
2000, Su & Bu (LT); 13399, Mar. 2000, HM & Su

(LT); 1312, Apr. 2000, HM & Su (LT).
Distribution: Borneo, Sumatra, Java, Malay Peninsula
and Andaman Isles.

Common species in Borneo (Fujita 2010).

Tribe Cyclommatini 5K 77 41 7 7 7 & i
Genus Cyclommatus Parry, 1863 3R 7 /17T /i R @
(Keluarga Kumbang Rusa Bertubuh Rampinng)

23. Cyclommatus canaliculatus ramlii T. Wakatake et K.

Sakamaki, 2002 (PL. 4, figs. 23-a, b)
AFVIITETRARIT T THZ

(Kumbang Rusa Kemerahan Rahang Bengkok)

BS: 299, Feb. 1998, HM (BT); 12, Nov. 1998, HM &
Su (LT); 18399, Jun. 1999, HM & Su (LT); 13299,
Aug. 1999, HM & Su (LT); 243, Sep. 1999, HM &
Su (LT); 19, Oct. 1999, HM & Su (LT); 28319, Nov.
1999, HM & Su (LT);13 19, Dec. 1999, HM & Su (LT);
1&, Jan. 2000, Su & Bu (LT); 19, Feb. 2000, Su & Bu
(LT); 299, Mar. 2000, HM & Su (LT); 5833929, Apr.
2000, HM & Su (LT).

BB: 129, Dec. 1999, HM & Su; 1J, Feb. 2000, Su & Bu
(LT).

Distribution: Southern part of Borneo.

Common species in Borneo (Fujita 2010).

24. Cyclommatus dehaani (Westwood, 1842) (Pl. 4, figs.

24-a, b)

TIN=VRIT T THE

(Kumbang Rusa Rahan Bengkok Pendek)

BS: 1J, Mar. 2000, HM & Su (LT).

BB: 14, Apr. 2000, HM & Su (LT).

Distribution: Borneo, Sumatra, Malay Peninsula,
Mentawai Isles. (North Pagai Is.) and Siberut Is.

Not so common species in Borneo (Fujita 2010).

25. Cyclommatus martinii yamamotoi T. Wakatake, 2002

(PL. 5, figs. 25-a, b, ¢)

SRWVTAZRYT AT THE

(Kumbang Rusa Coklat Kemerahan Martini)

BS: 13, Feb. 1998< HM (LT); 12, Dec. 1998, HM & Su
(LT); 14129, May 1999, HM & Su (LT); 38319, Aug.
1999, HM & Su (LT); 283392, Mar. 2000, HM & Su
(LT); 283299, Apr. 2000, HM & Su (LT).

BB: 19, Oct. 1999, HM & Su (LT); 283, Nov. 1999,
HM & Su (LT); 19, Jan. 2000, Su & Bu (LT); 28319,
Feb., 2000, Su & Bu (LT); 14, Mar. 2000, HM & Su
(LT); 1319, Apr. 2000, HM & Su (LT).

Distribution: Southern part of Borneo.

Not so common species in Borneo (Fujita 2010).

Tribe Dorcini 7 7 1j &% I\ i
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Genus Dorcus MacLeay, 1819 44 7 7 /&% &
(Keluarga Kumbang Rusa Bertubuh Besar)

26. Dorcus sp. (PL. 5, fig. 26)

(A SN SORN |
(Kumbang Rusa Bertubuh Besar Berbulu)
BS: 19, Aug. 1999, HM & Su (LT).

27. Dorcus titanus titanus (Boisduval, 1835) (Pl. 5, figs.

27-a, b)

RL—bI2IINE

(Kumbang Rusa Bertubuh Besar)

BS: 12, Nov. 1998, HM & Su (LT); 14, Mar. 2000, HM
& Su (LT).

Distribution: Borneo, Malay Peninsula and Nias Is.

Common species in Borneo (Fujita 2010).

28. Dorcus mirabilis (Parry et Westwood, 1864) (Pl. 5,

figs. 28-a, b, ¢)

RICYRLTRITINE

(Kumbang Rusa Bertubuh Besar Prothorax Berkilau)

BS: 5 exs., Oct. 1998, HM & Su (LT); 1 ex., Nov. 1998,
HM & Su (LT); 2 exs., Dec. 1998, HM & Su (LT); 3
exs., Feb. 1999, HM & Su (LT); 2 exs., Mar. 1999, HM
& Su (LT); 2 exs., Apr. 1999, HM & Su (LT); 1 ex., Jun.
1999, HM & Su (LT); 2 exs., Aug. 1999, HM & Su (LT);
2 exs., Sep. 1999, HM & Su (LT); 5 exs., Nov. 1999,
HM & Su (LT); 3 exs., Dec. 1999, HM & Su (LT); 7
exs., Jan. 2000, Su & Bu (LT); 6 exs., Feb. 2000, Su &
Bu (LT); 15 exs., Mar. 2000 HM & Su (LT); 3 exs., Apr.
2000, HM & Su (LT).

BB: 6 exs., Apr. 1999, HM & Su (LT); 2 exs., Apr. 1999,
HM & Su (BT); 15 exs., May 1999, HM & Su (LT); 17
exs., Jun. 1999, HM & Su (LT); 20 exs., Jul. 1999, HM
& Su (LT); 28 exs., Aug. 1999, HM & Su (LT); 23 exs.,
Sep. 1999, HM & Su (LT); 20 exs., Oct. 1999, HM & Su
(LT); 50 exs., Nov. 1999, HM & Su; 22 exs., Dec. 1999,
HM & Su (LT); 45 exs. Jan. 2000, Su & Bu (LT); 43
exs., Feb. 2000, Su & Bu (LT); 20 exs., Mar. 2000, HM
& Su (LT); 20 exs., Apr. 2000, HM & Su (LT).
Distribution: Borneo, Sumatra and Malay Peninsula.

Not so common species in Borneo (Fujita 2010).

Very common species especially in Bukit Bangkirai.
Numbers of specimens are so many, therefore without

distinction of sex.

Genus Gnaphaloryx Burmeister, 1847 V)7 P 77T 1 R g

(Keluarga Kumbang Rusa Bertubuh Berbulu Karat)

29. Gnaphaloryx opacus Burmeister, 1847 (P1. 5, figs. 29-a, b)

VYT YT THER
(Kumbang Rusa Berbulu Karat Hitam)
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BS: 14, Oct. 1996, HM & HK (from under bark of dead
tree, Macaranga gigantea).

BB: 14, 1 ex., April 2000, HM & Su (from dead tree,
Shorea sp.).

Distribution: Borneo, Sumatra, Java, Malay Peninsula,
Sulawesi, Philippines, Northern part of Myanmar,
Vietnam, Andaman Isles., Nicobar Isles., Sangir Isles.
(Tahua Is.), PNG, Mandioli Is., Tidore Is., Ceram Is.,
New Britain Is., Bachan Is., Simelue Is., Kangean Is.,
Bali Is., Peleng Is., Yamdena Is., Kasiruta Is., Ceram Is.,
Yapen Is., Manipa Is. and Taiwan?.

Not so common species in Borneo (Fujita 2010).

30. Gnaphaloryx capreolus Boileau, 1903 (P1. 5, fig. 30)

ANTLXIWVAI VT VT T H R

(Kumbang Rusa Berbulu Karat Coklat)

BB: 19, Aug. 1999, HM & Su (LT).

Distribution: Borneo, Sumatra, Malay Peninsula and
Philippines (Palawan Is.).

Not so common species in Borneo (Fujita 2010).

Tribe Pseudodorcini % 7" k 7 7 7 & fifE
Genus Aegus MacLeay, 1819 %7 ~ 7 7} % )&
(Keluarga Kumbang Rusa Sayap Bergaris)

31. Aegus acuminatus acuminatus (Fabricius, 1801) (Pl. 6,

figs. 30-a, b, ¢)

TOIF—bTART NI THE

(Kumbang Rusa Sayap Prothorax Lebar Berkilau)

BS: 24 d, Jan. 1998, HM (from cutting palm tree
trunk); 333399, Feb. 1998, HM (from cutting Palm
tree trunk); 14, Apr. 1998, HM (from cutting palm tree
trunk); 13, Apr. 1999, HM & Su (LT); 1312, Apr. 2000,
HM & Su (LT).

BB: 14, May 1999, HM & Su (BT); 3433292,
May 1999, HM & Su (from cutting palm tree trunk);
333499, Jun. 1999, HM & Su (BT); 14, Jun. 1999,
HM & Su (from cutting palm tree trunk); 19, Aug. 1999,
HM & Su (BT); 1419, Aug. 1999, HM & Su (from
cutting palm tree trunk); 19, Sep. 1999, HM & Su (BT);
11831299, Oct. 1999, HM & Su (BT).

Distribution: Borneo, Sumatra, Malay Peninsula,
Singkep Is. and Kalimantan Is.

Very common species in Borneo (Fujita 2010).

32. Aegus parallelus (Hope et Westwood, 1845) (Pl. 6, figs.

32-a,b,c,d)

NG VIVART ST H 4%

(Kumbang Rusa Sayap Bergaris Sejajar)

BS: 333292, May 1998, HM & Su (from under bark of
burned tree, Shorea smithiana).

BB: 1J4, Apr. 1999, HM & Su (BT).
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Distribution: Borneo, Sumatra, Java, Malay Peninsula,
Nias Is., Billiton Is., Singkep Is. and Myanmar.
Not so common species in Borneo (Fujita 2010).

33. Aegus impressicollis lateliffei Nagai, 1994 (Pl. 6, figs.
33-a, b, ¢)
ATy YaAYAXRT M IR
(Kumbang Rusa Prothorax Berlubang Kecil)
BS: 14, Jan. 1998, HM (BT); 14, Jul. 1999, HM & Su
(LT).
BB: 1&, Oct. 1999, HM & Su (from cutting palm tree
trunk); 1819, Dec. 1999, HM & Su BT); 19, Feb. 2000
(BT).
Distribution: Borneo.
Not so common species in Borneo (Fujita 2010).

34. Aegus sp. (PL. 6, fig. 34)
IT T THZD 1
(Kumbang Rusa Prothorax Berbintok)
BB: 1d, Oct. 1999, HM & Su (BT).

35. Aegus punctatipennis Parry, 1864 (P1. 7, figs. 35-a, b, ¢)
T TARVZAXRT NI THAR
(Kumbang Rusa Sayap Bergelombang)
BS: 1419, Feb. 1998, HM (BT); 1&, Apr. 1998, HM
(BT).
BB: 1d, Jun. 1999, HM & Su (BT); 14, Jun. 1999, HM
& Su (from cutting palm tree trunk); 1319, Oct. 1999,
HM & Su (BT); 19, Jan. 2000, Su & Bu (BT); 19, Feb.
2000, Su & Bu (HT).
Distribution: Borneo.
Not so common species in Borneo (Fujita 2010).

36. Aegus cherifer nitidus Boileau, 1899 (P1. 7, figs. 36-a, b. ¢)
FxUTVRT M THER
(Kumbang Rusa Prothorax Berkilau)
BS: 14, Apr. 1999, HM & Su (LT); 13, Nov. 1999, HM
& Su (LT).
BB: 19, Jan. 2000, Su & Bu (HT); 1J, Feb. 2000, Su &
Bu (HT).

Distribution: Borneo, Sumatra, Malay Peninsula,
Singapore Is., Sentosa Is., Natuna Is., Bawean Is.,
Mendanau Is. and Kalimantan Is.

Common species in Borneo (Fujita 2010).
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5-a 5-b 6-a 6-b

Pl 1

1. Odontolabis striatus A ™) 77— 2% 27 7] 72 (Kumbang Rusa Sayap Bergaris): a. &, 45 mm; b. @, 25 mm. 2. Odontolabis
cephalotus 7 7 7 T AV 27J J 2 (Kumbang Rusa Kecil Sayap Bergaris): &, 27 mm. 3. Odontolabis gazella gazella 77
YIYV¥Y -T2 (Kumbang Rusa Sayap Coklat): a. &, 50 mm; b. @, 35 mm. 4. Odontolabis brookeana 7 )V—27"7 %
v & (Kumbang Rusa Prothorax Hitam): a. &, 40 mm; b. &, 35 mm. 5. Odontolabis dalmanni dalmanni X —)V >/ ¥ 7
v 77 Z (Kumbang Rusa Sayap Abu-abu): a. &, 60 mm; b. &, 52 mm. 6. Odontolabis latipennis = T A NV Z AV Y 7T 5 R
(Kumbang Rusa Sayap Lebar): a. &, 42 mm; b. @, 42 mm.
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14 15-a 15-b

PL.2

7. Figulus sp. 1 ¥ 277 }J 2 ® 1 #f (Kumbang Rusa Prothorax Cekung sp. 1); 11 mm. 8. Figulus sp. 2 FE 7 I XD 1 i
(Kumbang Rusa Prothorax Cekung sp. 2); 10 mm. 9. Figulus sp. 3 7Y 2 7 77 2 0 1 ff (Kumbang Rusa Prothorax Cekung sp.
3); 11 mm. 10. Figulus sp. 4 < X 7 7 7] 2@ 1 f& (Kumbang Rusa Bertubuh Kecil sp. 4); 11 mm. 11. Figulus sp. 5 7Y 7 7 H
2@ 1 fii (Kumbang Rusa Bertubuh Kecil sp. 5); 9 mm. 12. Figulus sp. 6 < A 277 }J 2 D 1 f# (Kumbang Rusa Bertubuh Kecil
sp. 6); 10 mm. 13. Figulus sp. 7 < A 27 7 7 2D 1 f (Kumbang Rusa Bertubuh Kecil sp. 1); 11 mm. 14. Cardanus sulcithorax
P RANZF Y T T A& (Kumbang Rusa Prothorax Lubang Besar); 10 mm. 15. Novonigidius ornatifrons =t /. 37 Z
27 7§ % (Kumbang Rusa Bertubuh Selindris); &, 14 mm. a. dorsal view; b. lateral view.
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18-a 18-b 18-¢

PL. 3

16. Prosopocoilus mohnikei mohnikei €— ="y ’r / 2% V) 777 7j % (Kumbang Rusa Rahang Gergaji Mohnike): a. &, 41 mm;
b. 4,35 mm; c. &, 26 mm. 17. Prosopocoilus occipitalis astericus A ¥ 21V X/ 2F 1) 277 /2 (Kumbang Rusa Rahang
Gergaji Prothorax Bintik Hitam): a. &, 40 mm; b. ¢, 32 mm; c. &, 25 mm; d. &, 22 mm; e. @, 21mm. 18. Prosopocoilus attenuatus
TTXT "R/ AF) 77T Z (Kumbang Rusa Rahang Gergaji Berbulu Halus): a. &, 26 mm; b. &, 21 mm; ¢. 9, 15 mm.
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23-a 23-b 24-a 24-b

Pl 4

19. Prosopocoilus budah annae 7 v X/ 231 2777 7 % (Kumbang Rusa Rahang Gergaji Prothorax Persegi); a. ¢, 40 mm; b. &,
30 mm; c. &, 25 mm. 20. Prosopocoilus rubens JV*\> A/ 231 777 7j 2 (Kumbang Rusa Bertubuh Coklat Tua): &, 20mm. 21.
Prosopocoilus forceps nakamotoi 7 # )V/r 7 A/ AF1) 77 7j & (Kumbang Rusa Bertubuh Maron): a. &, 35 mm; b. ¢, 22mm.
22. Prosopocoilus passaloides 7\ Y1147 X/ 2F V) 2777 }J % (Kumbang Rusa Rahang Gergaji Ramping): a. ¢, 32 mm; b.
34,28 mm, c. @, 21 mm. 23. Cyclommatus canaliculatus ramlii 717V 75 =2 ARV 7 71277 77 % (Kumbang Rusa Kemerahan

Rahang Bengkok): a. &, 40 mm; b. 9, 20 mm. 24. Cyclommatus dehaani 7 7N—2/38) 7 71777 7] Z (Kumbang Rusa Rahang
Bengkok Pendek): a. ¢, 34 mm; b. &, 32 mm.
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29-a 29-b 30

Pl 5

25. Cyclommatus martinii yamamotoi <X )7 A =3 7 717 7 /i 2 (Kumbang Rusa Coklat Kemerahan Marrini): a. J, 35
mm; b. &, 34 mm; c¢. 9, 22 mm. 26. Dorcus sp. & T % 7 7 /7 Z D 1 f# (Kumbang Rusa Bertubuh Besar Berbulu): €, 18 mm.
27. Dorcus titanus titanus X L—t 5 2 7 7] 7j 2 (Kumbang Rusa Bertubuh Besar ): a. &, 50 mm; b. @, 37 mm. 28. Dorcus
mirabilis =YY At T X7 J% (Kumbang Rusa Bertubuh Besar Prothorax Berkilau): a. 3. 49 mm; b. &, 38 mm; c. @,
30 mm. 29. Gnaphaloryx opacus > 1) 7 Y € 2 7 /% (Kumbang Rusa Berbulu Karat Hitam): a. &, 26 mm; b. &, 21 mm. 30.
Gnaphaloryx capreolus 71 7° LA VAV ) 7 24 ¥ 77 /7 Z (Kumbang Rusa Berbulu Karat Coklat): ¢, 15 mm.
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33-a 33-b 33-¢ 34

Pl.6

31. Aegus acuminatus acuminatus 777 27— F 7 A3 T ;7T J 2 (Kumbang Rusa Prothorax Lebar Berkilau): a. &, 33 mm;
b. &, 18 mm; c. @, 18 mm. 32. Aegus parallelus 73T L)V AT 2777 7 & (Kumbang Rusa Sayap Bergaris Sejajar): a. <, 39
mm; b. &, 31 mm; c. &, 30 mm; d. @, 28 mm. 33. degus impressicollis lateliffei 4 > 7L w3 AV A% 7 k77 /& (Kumbang
Rusa Prothorax Berlubang Kecil): a. &, 28 mm; b. &, 20 mm; c. 9, 20mm. 34. degus sp. *7 k277 4 Z 0D 1 ffi (Kumbang Rusa
Prothorax Berbintik sp.): &, 32 mm.
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35-a 35-b 35¢

36-a 36-b 36-c

PL. 7

35. Aegus punctatipennis 7> 7 T A X2 Z A3 T 77 /2 (Kumbang Rusa Sayap Bergelombang) a. ¢, 37 mm; b. &, 27 mm;
c. 9, 19mm. 36. Aegus cherifer nitidus 7=V 7 )V 7 k27 #7Z (Kumbang Rusa Prathorax Berkilau): a. &, 24 mm; b. &, 18
mm; ¢. 9,20 mm.
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A1V I 7HEMERAVT 2 M
Ty FRANVFETFYMNIFSADIITHRLY

PR AFTOV 2 R W

DLg =1

ARV THEMERAVSSVZ M TFYy S XNV (LI Y REHEHEWK) &7
Fvw hNNYF 54 (Inhutani [ £) OHFMRTEHRE LI THEZLY 36O S —FENNEDHBE
ER UTzo 73w b AN BT 1000ha, 7 F v R 32 F 5 1 THJ 300ha D& FF 1300ha 0 77 Hi»
536D IHZLYDRES N, ILIHEL SHENEEE T2 EOHAY BRI (K38 5 km)
T ENTWVWE I ITIHEZLYIZ40MTHS, COEEEZDETFYRNANVIETFY B
INYFTADEYEZHNEOEEHHRTEETHA5,

AV RIVTEBICWEIVINRZRLYZRT SHEIEITHZEDO0D, A OEMEZRT ST LV, BHith
DANRICHD T DEATOSHIBOZRMAD, ONICEHEENZIZISSATVENEH>TEDS
IMENDH D, T T, A YRV TDARDEZREMEICHT 2HEO—-BE LT, RELKEY
IHRZLYEEOZEL, MABICA, HilzlicA Y Rxy Tk zma Lz,

F—U—F 1 VINZLY HMERORE, 7Fy P AV, TFY XY FIA0 HAVUT
YRV YR

JRFEZAF P20 11 H S H  FEAEZE D FR274 1 H19H
D TERWS AT (TR S 05

2) Sekolah Tinggi Pertanian (STIPER) Kutai Timur

3) AR PRAR B WF 2% Pt A% 0K ORE ZE WF 2% 5 I

* TR WY Rl H AT 2033-5
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F7eE$) (Research record)

AR A FEKEERRMICHTS
45 FEHLS 104 FEFTORPARRT — 2

IEACRE Y AR s B, RO, HeAs mith Y
LA T RNIVAV N i /R S R NN ST 7

wE

TR X S EARRA BRI L 1953 4F (45 R4 IRE ) IR R AEAR T O B D X 3 A\ TAK (1909 4EA#FK )
ICRREE N, RS 2 X, hREERR 2 X, 59ERMK 2 K, MK 2 KOG 8 DMK (%
40 m X 50 m) HFR I BNz, BRK TORKIE 1957 4 (49 FERF ), 1969 4F (61 F4ERE) . 1981 4E
(73 W) I b N Tz, 1991 4 (83 HEAERF ) ICHE 19 5 OFREIC X D £ T ORBENFEAE U7z LI
. BIEX CIEFICEBE L TE TV S, RBRMH®ZIE S ~ 11 FORB TS ESR & B FHHlE
N, BT OFA T 2012 4F (104 FLERE ) ITiTD N Tz, 104 454 T O LFR XA 0O S i & 8 22 1 50 ~
65 cm, _EJEARDIFEIRH &I 40 ~ 43 m, PR B IE 1000 ~ 2000 m’ ha! & LEX R TIE S DWW TED,
RIS KB M DOREDENE RTINS ENTES, EOWUFKE 100 FFEEBI SR EBREY
MBREZME L TWVWa, Rtz 7oy FNOMEDONEFEREEOLNTED. MOOKER

789 % ETCOBREERT—XTHBH D, MEETERE LT—RICRHT 2,

F—TI—F AFALH, KEET IV, REE=2Y V7, BARMESE, IWHE&E

1L.IELHIC

ek, FEM DFEBOKERIZD ZEOBLTE—
JICEL, ZOREBPEINICEZ EEZALNTEE
(Kira & Shidei 1967)s UM L. JEFE DI TIE, ¥—7
IE U ERIRERIEZORIKTT 2 C &ix < RIIFRE
L. MR D EREFEICE L Th 5 BRBELIC X 5tk
HEPEL S L THEHRERMET TS, LW0IHFis
FERENTHED (Luyssaert et al. 2008), FaFDRNREE >
T3, HYEEOP CHRERMEARIZE - & & ik
AT LOETTEM, HhEWBIARDFREEAR OS5
VWK RICAHIZESNZNENZ B,

[Fl R DR OWZEE. MEEDBIRMN S5 B IFFICHE
WCEHD, MOMBERIVSTEWECETHAIZDESS
m? Rk E ORI O B R E S R 7%
NI EDEKHIHETBDIZAIMN? TNEORWN
WIKILA BT, EMichblo THRENEZ XY VT
ENTeT—ZWROEHR, TOXIET—2NHo>T
TZ. MO OEMNZKEDOHEGOMAENEEL 72D |
TSI HT RGO R RIS OENE T LEH B,

MO THRMBEITEATI TS, BB A TARO M
RUFERIC G A BB RPN 5 T O N < D
REENTze WILKZFOENTIE. 50 FLLHICBXSR
REDE= 2V THENBELMEEN TS, Z0D

JERESZAT 1 PR 26 4 11 A 19 H J5RaSZEE © P27 4E 1 16 H
1) ARARFR IS T AR AR A T 2

2) ISEURE AR 7 — )V Ry A T A v 2 —

3) RRARHR AT ST AL ST

4) LB RAA A

5) RMAR T HEFCAITRAY) - AEIFZE R I

6) ARARAR AT IS T s A LS T

* FMIR SRR A D ZE3EEL. T 305-8687

FTEo v EDid, RERKHHICAET 2 AKX
RN TV GRS TH B (1899 FEAIAL. 1917 43
BHIERE ) HIIEETOE=Z XV JICED, TDAT
SOV MO R HEE L 70 A LIRIC BT E & < HERE
ENTVB T ERMEINTED (£ - KfFE 1991). Kira
& Shidei (1967) & D & Luyssaert et al. (2008) D& 759
BAERIRENT VS,

—7i. AFALHKRICOWTE BN ENBIIIIE N
TETABHIDA N O E LTz, TDOHDZIE, K
RIEIE 1991 FEDRE 195 DFRIEIC K > THE 22T,
Akt & U C OB ERDRRR E Nz (et PR L
AR 7R & KAEIE D 2000, —75. #HEZIELALER
9. AR S TV B DI, R RGBT ICALiE
T BRMRAFRAGERTH 5, OB, 5%
BEREOEZZY VIR ENTED, 10 FIiC
1EIOFPFHBICE > TT—XDBEHEN TV S,

ARG T, INHIRCA T R i D R LARE D B R A%
MZIANTHL LB, TOT—R2—RERE L TARM
T 5 (FiEETER © 77 4% Sochatazawa Experimental
Forest data for open use.xlsx, URL http://www.ffpri.affrc.go.jp/
pubs/bulletin/434/index.html) AR A F KA ER LD T —
AN REICTER S NS LI kD, FEHD O E
B9 29 DFEIRICH 5T 5 L ZRFT 58D TH 5,

SRR MO H |
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2. ek 5 oo 2

ISHIIR A F R BRHE . AL AR B R KA P S AR AR
EHHEEN 134 ML/ NILICRE S N, RUHRAENRTO R
Pt A LT W3 (LA 40° 042 317, BER 140° 11° 277,
T 80 ~ 210 m)o 7 T A 5 19 km HfE N 7z JL Rk H T AE BT
(K55 29 m) ICB1F % 1988 ~ 2001 FE DB T — X T,
FEIFHEN 101 C (RIKMEIE 1 HD 23 C, &EHEIE S
H 226 °C). ERIBFKE 1550 mm TH %, adiHic 51>
LR TIZ 100 ~ 150 cm EHEE SN T W5, R IEHE
A, EANEM R E AR L By TH D, HIEIEHE~
Je~vafilz B THE N, MANCET 7o/hRE e x> T
% (Fig. 1)o Bt 2 FHKI 1909 4 ICHEE 3000 A /ha T
MR ENTZEDTH B (MR E Nz IE R ),

ﬁﬁ-/Zo\;—ﬁa

Fig. 1.

MASAKI, T. et al.

3. iR O it g

1953 4F (45 4R ) 12, FIRFEERICK D 40 m X 50 m
D 8 MK (A ~ H) BIRE S Nz (Fig. 1. FEE 90 ~ 120
m). CNHIFERTOEMM FICiET 5, 8REART
D 45 FEERF O R 1S 24.8 my T+ EEME (R 2 O R
13 28.6m T H. TR & DM S IERHIFEOHAIR 1 .
HBHNFENLL RICHY T B (R - - 2012),

8 DDOXE, LMK 2 X (A, C). WM 2 X (D,
H)., 9ERK 2 K (B, G). MUK 2K B, F)ICHOYTH
N7z (Fig. Do RKIE 1957 4F (49 F42 ). 1969 4 (61 F4E ),
1981 4F (73 fE4E) I B T b Nz (Table 1)s 45 3 [AID
MG ERBKTDH O FTEARZH.OIITDONID, M
KX T LEARE Z DR E Nz, T D DOUBLDRER,
U PR s, . SRR TIEZENZE N 0.6,
0.7. 0.8, fERIKIKIE 0.9 A% THER L7z ( KES 2000),

1991 I HE 19 5DE /26 Lizimmic kb, %7
w N THMEEHE 0 ~ 10%. AEER 0 ~ 15% OVLARDAE L 7z,

ABRH DR EIRFIC F 3 & & NTRIIREBI N O 7 0w MIER, Kpof Bic, PR E (&R 10 m)

ICRLE S BNz, RIKPOkic 8 7ay b OMEERZ RS KON A KX, LB KOLid Bl TF

ETET, 725> TWixL,

This map, manually drawn at the time the Soehatazawa Experimental Forest was established, shows the location of the study
plots. The topography map (10-m interval contour) in the upper right corner of the figure shows the plot locations; coordinate
systems within the plots are shown on the left. Two plots which are not shown in the topography map are not identified at

present and the data for them are lost.
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under various thinning intensities of trees 45-104 years old

Table 1. FARAFICH T 25870y FNOBOIAROHER, 71y INOFUEZ. WEERZRICEKE WAz R (&
72U, 1956 FEDOIEZ DRI ZDHUETIE A B 1957 FifTh NI )
The number of standing trees in each of the eight plots (A—H) is shown for each year in which measurements were
conducted. Values in parentheses represent the number of trees thinned just after the measurements (with the exception of

trees measured in 1956, which were thinned in 1957)

EE R SR N g i) {1 o i B2 fl K X 55 B [l % X A ERAES
Year Stand Heavy thinning Moderate thinning Light thinning No thinning
age A C D H E G B F
1953 45 165 136 131 144 162 171 179 179
1956 48 165 (77) 135 (48) 129 (32) 143 (32) 162 (32) 167 (37) 175 171
1962 54 88 87 97 110 130 129 173 160
1969 61 88 (30) 87 (32) 97 (22) 110 (35) 130 (30) 128 (28) 159 156
1976 68 58 55 75 75 100 100 149 152
1981 73 58 (14) 55 (14) 75 (23) 75 (22) 100 (12) 100 (13) 142 148
1991 83 =t 41 52 53 88 86 128 134
2002 94 40 39 48 53 82 78 109 121
2012 104 39 39 48 33 81 78 102 113

Table 2. FAFICIIT 2 EAE LB DIREAL, 2IEAEDIESNIHER (-] TRLUTWD, L AILEFEDRIC 05
RENTWAHLEER, TOEDOZTOT Oy FTRERN 1 ALRHES NG > EZERT 5,
The numbers of trees with their diameter at breast height (DBH) and their height determined in each of the eight plots
(A-H). A value of zero means, for example, that the trees in that plot were NOT measured for that particular parameter
in the indicated year. A dash represents that all of the trees in that plot were measured for that particular parameter in the

indicated year.
AL AR e JEE fia] (¢ [ o Rl R X 55 HE i {3 X R R
Stand Heavy thinning Moderate thinning Light thinning No thinning
Year o A L& D H E G B F
DBH Height DBH Height DBH Height DBH Height DBH Height DBH Height DBH Height DBH Height
1953 45 - = = = = = = = = = = = = = = =
1956 48 0 0 - - - - - - - - 166 166 0 0 - -
1962 54 - - - - - - - - - - - - - - - -
1969 61 - - - - - - - 109 - - - - - - - -
1976 68 - 34 - 32 - 46 - 48 - 58 - 59 - 92 - 81
1981 73 - 34 - 32 - 46 74 48 - 58 - 59 - 86 147 80
1991 83 - 0 38 20 - 0 - 0 - 2 = 0 - i3 - 20
2002 94 - 10 - 23 - - - 11 - 52 - 10 - 0 - 120
2012 104 - - — - - — 0 - - - 63 - 0 - 110
4. A DEIE & Jithk BT — 7 THEREZIE L, 2002 4 & 2012 FITF AT —

41 AEDRERE

A1 A I 1953 (45 LR R ). 1956 A (48 A AR IE).
1962 4F (54 4R 42 IF ), 1969 4F (61 4F 42 F ), 1976 4F (68
AEAEIF ). 1981 4 (73 4 A2 W), 1991 4F (83 4F A IKf ),
2002 1F (94 FFAEIRE ), 2012 4F (104 4K ) DFF 9 B, 1Y
EEE (LUF, B TERE L5dd) Limoihlns
TlxbNTe, BF. 1969 (61 MFERE), 1981 4 (73 4F
AIE) OFREIX. HEFEORKOENCI T AbA, 1991 4F
DOFEIZFED 19 BREDFTICH kb iz,

42 SAEDHE

BHRICETay FTLICHEBTESNG AN TY
%o 2002 FFDOFAERFICIE, T 0w NNOARFTIC A
B Ak Z G E UT, Hnicdlzds, 2Tk
INT 7V IURIC FRdB 5= XA Y hx—h—TidlL7zd
D7 LEFA—=TTHE N,

EEOWEEINIFAXYFNRATL—XVF T, #
T XIICHNHEINT VS, 191 FFX TIEE
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IWERTRHRBEZMELMERTHRI L THEFELL
Too BEEOWE X, 1991 FFE TETIV—A T A A, 2002
134 > 7%V A (Laser Technology Inc.). 2012 ££i& k)L
—73)V A 360 (Laser Technology Inc.) I & > Tirb iz,

x5, 1967 F (59 FELEFF) ICHFABEDTON TV B B,
T — R HEOM & iR 2 L JEMDREENRKE N E
BUBN (FREDRZVEHBIEAH), 2L TZDT L
% (1969 ) ICFAEMTDONTND T &M, 1967 D
T—REABICBI BN BRTRNHT =2 513E <
TkEd 5,

BRI, SHEEOR S TEEL T z2Efkic o
THIE UTeD, Ik > TE—E. AR OEENH
% (Table 2), BIERIZ. HIT K> THIEHRE Uik %L
MRESDNTED, HEEOH S MK T 1HKE
BEFHINM TN a5 155 S H 5 7z (Table 2), &
MHME R 1953 4F (45 FARE ), 1956 4F (48 A ),
1962 4F (54 FEAEH; ) OFFAEICIE. BIEMNIE & Nk
KOV FEBFHIIE N TV S,
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43 RABDHETE

B BMEED D 5 (Y) DEFEDKBFME (X) IZDWVTIE,
Z DEADZ DGl (v, 4 ) OERGEM (x) D Z DR
Dl (v, 4 ) DEREM (x,) T T OO E R &
PD—ETH5EREL. ﬁX=x1 T -») %-x) /(2 -21)
K> THERE UTzs 72720, 1956 4 (48 FFEHF) ICERF
MHETNTICEKENTLUE > T2l OV TR, X
DEIIC L THERZHETE Uiz, £3. ZOFEICHIKET N
o TR 1953 £~ 1956 DO MM DO E B = %
HIZER., TN 5D 1953 FRDERZ AR E LT
XA mH TS (—RILBEET V). ETLT, #E
EE N T 1956 FICTHIL S NIARKRD 1953 FFERFDE
BERAL, EEOBIMBEOHEHE LTz,

R O RBUEIC DWW TIFLLTO X 512 UTHEE L Tz,
F9. M &, B LB O TAHE X Nk

DTF—=RICNEREMEH TIEDHTINT A= R HEE
U7zo IERS (2013) 13 T OB D 7 — Z Dt 5 |
B O ENMROBEIEEEINE L ZRLTNS
M, TTTRZENEZEEYT, i icg 7oy b
AR LT —2 Wz, KT, SMmICIBNT, /8
T A= ZHEICHOTAMADBEREZ, #HE S Nio&
FXITRAL THEO PHIEZEE L, Z OB E O
Rz kDI, TOMAK, WIRZEC TH—Ofk
WTIE (CEEX D eENED ). H2VIFE (X
DEEMNMED ) T-HLTWAEmMPAL Nz, T
T, AT LIS TORAZ I L, &R ED
R fE 2 R EFRUSCA U TE B NI R i hn s
TBT LT, RUMOBEMEOHEEME Uiz, adb. & F
BORINEICONTIE, HEEZITDEDI - T,

; ﬁR%ﬁ%Ew‘ |
ok 3B A = AR PR
| A E

iﬁﬂhqu?SHgaiz

2 &? B 34Mae v >z

Fig. 2. it BRI DRRIERFIC T3 & S N7 REEIX
The figure, manually drawn at the time the Soehatazawa Experimental Forest was
established, shows the crown projections within a plot.
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SRR E B DAk
WX DFREHZT I, FXITB W THEERZRIDIE
RENTz (Fig. 2) TORZAF ¥ F—TamiHrWO, T
VRNV EB ko ey T eI EERD LR
FAEL S Tz (Fig. 1)e TAUT K O A D 2l iE 72 &
& LT BT & TREE 5> T B,

6. VAL L I E DR
DUF, SAUBX O RREREIC OV TREICHNT %,

6.1 IAREE (Fig. 3)

RERED 45 FAERFOBRFE T, S K DA EIC
B2V DEMNH 5Tz, C. D, HIKXIE 680 ~ 720 A ha' T,
ZNLA DU I 810 ~ 900 A ha™ THIFHHIIT i YT
KREEFETE 5 1o, Z D% 3 RO MR & FERKRX TOHR
FigE, BXU 84 FAEKFDOE R FICK D, EHIED 104
FARFOFAEICTB VT, HRERKK T 200 K ha',
JEFE R K Tl 250 A ha'. 99 BIKIX Tld 400 /K ha'',
IEFIRX Tl 510 ~ 560 A ha! & 7> Tz,

6.2 FHEE (Fig. 4)

BE D 45 A RF O BB TO KX O E R 31 ~
36em 725 7o, EHITD 104 FERFOFHBICEB VLTI,
SRR X & EE KX Tl 65cm, 39 FERIRIX T
135 55cm, HERIKX TLEH 50em &72> T3, Fiz.
104 FEFFORBETE o LB RKED o /fHIX, CK (7
ERRX ) OEAED 932em TH o, TDXIIC, EH
BOBEIFLEIC X 2 AZNHBICEHN T VW28 D0D, 7
JERMEX & R RKIIZIERCEE > TED, T
DB DGR R IX &, EAD R EZ L3 DI Bk
HELL IR TNz 2R L Tnd,

6.3 F¥HEE (Fig. 5. Fig. 6)

Tay kIS ek (Fig 5) BX O R (K
D AL 25%; Fig. 6) Ok m OHER 2 Rd Tz, L EE
RO R, 45 FEERED 28 ~30m A 5, HIED
104 E2ERFD 40 ~ 43m X THRE L. A5 &
BZNEDE 2~ 4m KVMETHR L TV,

80 FEAEHF DU E T, FkE i Ak EEME A
EBITERIF 35 cm DIKEZ/R L TV e, LR
BEOMUNME FEINEZILL TV R EINAR SN
Too S3AEAENEMN D 04 FELEIRFIS T TR S DMK T
LTWBXEH DM, ZNiE 84 (RO B FEIC X
2LDTHB, 94 HFERDRE, FHBEEHTT S
AWEICHEEL TV AEH, FXOMHEIE FEARTEE
5 ~22 cm (F¥ 16 cm), AR TIEHER 13 ~ 23 cm
(P 15em) T 83 LT D IFMEWEE K> T 5,

6.4 #1%& (Fig. 7)
PG O 2 FOM R (FREFT 1957) ISR DE
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7 (D) RS (H) ZHTIED T, MEEH#HETE Uiz, o
FE0d logv =a + b logD + ¢ logH 72\, XD log 1%
K72 10 &9 BH M. /ST A—& {a, b, ¢} FELED
11 ecm AR5 D% &1 {-4.117135, 1.769161, 0.974150}, 11
~ 21 cm DAL {-4.221487, 1.810503, 1.044206}, 21 ~
41 em DFEE (-4.326722, 1.726305, 1.227196}, 41 cm 1L
FOBEE {-4.072908, 1.617248, 1.170206} TH 5.

Z DRSS MR MR REMERE D59 IE E @il THE
B L. 104 F 45 T MR R IX & 2000 m® ha! %2 8 2 % 4
BEx-oTWwWa, —/. BEEREKX TIEZ O 0 DM
TH%,

C OIS BITE 100 FFAZ 2 % Sk TH 2 Y.
EDMHRKITBNTE . MM O I 3 R &
TFELDL>TELT ., SEEBHEDHLEIZH S
Nz,

7. ARG 3503 B WFZE R A

IR BRI D 7 — Z I D SRR & LT LU
DADHBTENS,

KAEIE D (2000) 13 ZRMIIR A R AR Bl 72 2 o ol b UL
D i A F kBt D 7 — Z 2 fRbT U, Mo D ikl i
LTEEWMBEREN T 22 2R LTz, TDFiX
EARBID 83 FEERETOT—2EZHWIZEDTH
B, ARMTRLIEESIC, ZD% 104 FEICESTE
EWVMERED S R Bk L T3,

iz, IEARED (2013) &, WERRZITS &R DR
EMETT 5, LW RERAIZERIET 27281, O
B OMK T L ORMRET — 2 Z i Uiz, Ok
R X & FeA s R X O R 1 60 42 A RELL
RV RS i B SHE DMK N 3 B 2R Uy AR - 991
DRI X DAL 70 AR LA IS [RIRE D MR 27~ U 2o
DT h SIS LIR O Y R R IE, ERKED
fEMEZ U Tldie < B RE NI ED S 2 & T, B
IREEDIMHNCEh R B % T & 2R LTz,

—77 Masaki et al. (2006) (&, C O FL 5 oD A A 1 T
WMEBEROKET— 22T L. AFHREICHELTH
WITHEA T KR O, MRS K 595 8 m A
TH23T eZHLM Uiz, MLARDMEAKRMEERE 8 m T/
9 255, ZHIEIAREE T 200 K ha' ICHYT 5
M. Fig. 4 5 RTHEN DS & 512 73 LR LI O AR
JE/N 200 A ha! itk O 50 R K & A KX T ldkE
BRERBEFRE L K> TWV3, bbb, fEikRHEE
Sm &V VAREER, AFOMAKELRAILT S —
DDMETH S T EMNREENS,

Matsushita et al. ( FIB] 1) (&, Masaki et al. (2006) D
RAESEIC L DD Canham et al. (2004) DT T )L & HEE L
TARBH DO T — 2% HTED, NHEOENZAFDE
BREETIWVEZEIE Uz, TOETFIVICHER, (EkY A
A, AR ED 3 BEZRAT ST LT, HLDAFD
ERREZSOVHEETTRITE S 2 hRE N,
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Chronological changes in the standing trees within
each plot (A-H).
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Chronological changes in the mean height of all trees
within each plot (A-H).
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Chronological changes in the mean diameter at breast
height (DBH) of the trees within each plot (A—H).
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Chronological changes in the mean height of the upper
trees (upper 25%) within each plot (A—H).
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Chronological changes in the standing volume within
each plot (A-H).

8. SRS T

R U720 TNOFEEIRE . IR A S GG
KBV TEHMM D TEHICEMEIN T —2hdH->TC
ZESNEEDTH D, CTORBHNICES T, EHMIC
—TEORETEREPMENTET—2IE, TEE
IR IRERSPIN AL ORBGEIC R T X % L RIS, TAS O
HOJRICE 5 THA D,

Lh L. AFEOBHTHERNEE > & S RFEM RN
TH2 MIMBEIZO-TEVWECTETHAZDESS
2 TR 7R & Ot SE SRS DRI 7 B S0 A&
BNEICEDXIICEETZDEAIN? ] IZDNT
. B HOEEDAFHRICBI B 60 EDE=R Y
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Long-term growth of a planted forest of Japanese cedar
at Soehatazawa Experimental Forest
under various thinning intensities of trees 45-104 years old

Takashi MASAKI"", Katsuhiro OSUMI”, Takeshi SEKI”, Shigeta MORI”,
Takuya KAJIMOTO”, Gaku HITSUMA", Tsutomu YAGIHASHI?,
Mitsue SHIBATA® and Mahoko NOGUCHI®

Abstract

Sochatazawa Experimental Forest, a planted forest of Japanese cedar (Cryptomeria japonica D. Don) planted in 1909 and
located in a hilly area of Akita prefecture, Japan, was established in 1953. At that time, eight plots differing in thinning intensity
were designated within the forest (two each for heavy thinning, moderate thinning, light thinning, and no thinning). Tree growth
in each plot was monitored intermittently for 59 years (1953—-2012) and continues to be monitored in terms of diameter at breast
height (DBH) and height. Thinning operations were conducted in 1957, 1969, and 1981. A small number of trees were damaged
in 1991 by the occasionally strong winds. At the recent census in 2012 (tree age: 104 years), the mean DBH, mean height of the
upper portion of the trees (upper 25%), and the standing volume varied between plots by 50-65 cm, 40-43 m, and 10002000
m’ ha, respectively, reflecting the intensity of thinning. In trees >100 years old, the annual increment in the standing volume was
maintained at high levels within each plot. Together with the spatial data on each tree, long-term data on this forest are valuable to
study growth of even-aged planted forests. The data are stored as electronic supplemental material and can now be accessed for
use by the public (file name: "Soehatazawa Experimental Forest data for open use.xIsx", URL http://www.ffpri.affic.go.jp/pubs/
bulletin/434/index.html).

Key words : growth model; Japanese cedar planted forest; long-term monitoring; longer rotation; yield
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