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A male sika deer (Cervus nippon) standing in the evening sun, in Ofunato City, Iwate Prefecture
@ MR 2 Ve gSt, RigRTE (RiR)

Observation deck using fireproof glued laminated timber, Nagasaki pref. hall

®@# 10> 1 i Onthophagus (Onthophagus) pavidus (/& : A A, 47 : X &)

A dung beetle, Onthophagus (Onthophagus) pavidus (left: male, right: female)

(AR 165-192 R—)



1
NYA

ALHBEE DRI B BARIAL D EH I ESEDRIR

WIRRBHER LR T AT a7 h X7 rF AN RO AFHICE

LAYy i | m%ﬁﬁm%%&ﬂj

=

W21%&2%5 (8% 462 %5) 2022.6
H X
A X

[ElpE RO —2 JoclIRNC s 2 YIH1—

FRH Baf T A 0 | A TEE. D A
VeSS EN R S S oD

91
TR ORI E RS DO E R A
Gewr FERE, /IR IBUL, D B, KHE ¥6i.
ﬂzu_l Ei’i\ {ﬁﬁ E(ﬁ ............................................. 103
HHFERBEIC B A « T AFw 7HEEM GEBIE WPC) DA LfifhT
ZANY 7 N1 == /7 Q1 s/ N 177 XK -
G BTy LU BER --ooevereereerrmmmmremrmmmmmeeremeeneens 113
FEHAM & B RIS D < 4 DO HARDHIKIC I 28I (550
*ll,ﬁiﬁ %Z\ H%# _.jK:\ /@“I ﬂ;g%% ........................... 129
e

\F BRI E

RRR B, AR, DI R HE R

(BRSNS P N G SN RN
s 22— 4 52

145
AAANTHHOFERHECBI 2 L—A Ty T LG | N T T DLk
€39

J—F

ﬁ[:&ﬁ {& ................................................................ 153

mAR R

Melia volkensii Giirke DR E U5 e« HARTORT T (0

Wz

€379

RV A BARHD A > T AT A 2 ORGEMR & Z DJEA THiME & N T3 RO X

FHBHB. 747>« RU4NRT, ¥« Bk /.
AFET )V b, B FElE, T HER



Bulletin of the Forestry and Forest Products Research Institute
\Vol.21 No.2 (N0.462) June 2022

CONTENTS

Original article
Machining properties of fast-growing tree in Japan
—Cutting force in orthogonal cutting—
Yosuke MATSUDA, Yukari MATSUMURA, KIyOhIkO FUJIMOTO
and Yuji IKAMI ... e . 91

Regular survey of suspended solid concentrations in streamwater

during line thinning with construction of spur road
Yoshiki SHINOMIYA, Masahiro KOBAYASHI, Yuko ITOH,
Yasuhiro OHNUKI,Yoshio TSUBOYAMA
and Shinji SAWANO ......coiiiiiiiii e e e n 103

Deterioration analysis of wood-plastic composites (WPCs) in marine environment
Masahiko KOBAYASHI, Masahiro MATSUNAGA,
Toru KANBAYASHI, Atsuko ISHIKAWA
and Masao YAMADA ... 113

Nutrient budgets in four Japanese forests based on short- and long-term methods
Yoshiyuki INAGAKI, Kazumichi FUJII
and Rieko URAKAWA . e e 129

Short communication
Seasonal occurrences of two mycophagous beetles, Bolbocerosoma nigroplagiatum
and Nothochodaeus maculatus (Coleoptera: Bolboceratidae and Ochodaeidae) ,
feeding on arbuscular mycorrhizal fungal sporocarps in a stand of Cryptomeria

japonica.

Hiroshi MAKIHARA, Hisatomo TAKI, Tamio AKEMA

and Takashi HIGURASHI ... 139
Effects of operations to promote regeneration after selection cutting in a mixed forest
in Hokkaido

Hiroki ITO, Shigeo KURAMOTO, Satoshi ISHIBASHI,

Koichi YAMAZAKI and Ryo TANIMURA  ..................... 145

Comparison of capture characteristics between Malaise and bait traps
for monitoring vespine wasps (Hymenoptera: Vespldae)
Shun’ichi MAKINO ... en . 153

Note
Productivity of root-cutting propagation of Melia volkensii Gurke:
a case study in Japan
RYO FURUMOTO .o 161

Research record
Atlas of dung beetles collected in the Sungai Wain Protection Forest and its
surroundings in the lowlands of Borneo
Akira UEDA, Dhian DWIBADRA, Sih KAHONO, SUGIARTO,
Teruo OCHI and Masahiro KON ... 165



[ AR ER S WSFRIIZS ) (Bulletin of FFPRI) Vol.21-No.2 (No0.462) 91-101 June 2022 91

i@ X (Original article)

[l R E R DHEITE

/NETN 5 N /N S o b

D]

—2 RTYIRIIC H 1T BRI -1—

. BEAEE D, O ] Y

[ e AR O EIE R ST S C 2 HINE U EERAME s Sl (o a vy o X0,
I—H4Y) 28, )/ F) & AF OO E 2 KotYIEI Uiz & 2 0YEI 2R lE Ulz, YIEIfIE 22°, 32°,
42° ,52° ,62°D 55 L L. UBARIZ 05, 1.0,1.5 2.0 mm D 4 5 & Uz, HETTHIRF O IZ F & Hi
&L, BUMIRRIAREE & Uz MEYIHITIE. ORI TE YIHIADUBAROIINE & &I F 577718
Uiz Fo. BREBEHROREOVETIIE E 0TI REDN>Tc, LD > T, AF & N AREEEE O
TN &, avIATFy, B UAVRBAFEEBEEOTE T E R, I URARDBREEN
REWVTEEIMU =M, YHIA & OHRERBIRIZEED SNiah > 7z, BIUTHITIE. T3 UIEIA D ULA
mOHINE LIl D, BREEEHE OWERERIZZED SNEh - Tz, BUEIROESE. Yl
ARDEEINT 213 EHEINT 2D D o b, YIHIf DR & ORMERBRIEED SNiah o iz,
BT AN & 597, UM THIHITIORESRFEAEED SN -T2, YIHIARUBARE/NE <
952 LT, BEMOYEIFIOBENNE L Tot, BREBERORKZTVEAEMETE., NEWLYIHIA D
YBARZRET 5 T L TRBEEEROFERMZ, NEWYHINTYHITES L EZ 5Nz,

F—U—F LR 2 octlil. SIETD

L

BOEOFE K TH S AFve /S F b L
TR CURE AT RE R FUAE R X, INRE Y 1 &7 )L D A
IC K B MERE OURSTED [ EARIAD Z1E . EUK
KEERED S HERIRBBAL RN DO HBRE HIFFTE 5 (M
F 2006) 728, TEFOEFELFHAPTEHEIN TV S,
AFRE /FREDOCNETHHEINTE B DN
TUE M OYIBRRRE . IR M 7 & DB T —
RN EN TV D (R EHISLAT 2004) A3, [F R
ERFEDZ 5 LTz 77— Z DOEAld A TUVIR L,

FAE R O M Y BRI B 9 B B2 1. 2000 4E
TAMNSIHFICITONTE R, KAKRDS (2005) 1, EHED
2—71V 6 KR DRI AR, e, Ay
FHRILEEWIE L, 6RFED S B Eucalyptus botryoides (3
EENREVENCIHEEMEN T L ZB ST U, [FIRS
FEDOBH & U CORM A ATREME 2 FH Uz, AR S (20086,
2007) 1&, HEARILFED Y > &> (Melia azedarach) & 7+ >/
F % R (Choerospndias axillaris) o 4F g4 57 35 |
AR, EEERE, 7070 7 VU)VEMA, JEfE
IR EZPE L. TORBNETZHSMC Lz, A
G5 (2012) 1k, EPEL—7Y) 6 BEOFEERKER. K
RISHERO S A, (KEREZOLEINE, [EHE,
a7 7UINEATEZIEL, TDOHRTERICE
smithii 2, BENKE VL KEISHRO §HANNE

RSO B3 E9 24 1 R : AAT44E 1L 24 H
1) AR ETFILI A0 L « P2 s

MR cEZ LB BMT Uiz, HIE - #54 (2017) 1&,
LB IRPE & IR FED O I Y OFKEREMAD Y
MR ZITV, FEHIC KBNS AF - v/ F L DiE
WEHSMMI L, a3 oYU REEEAME LT oI
FMHETEZMERETS R LI, TDEIIC, H
PERARIFEOME - YPRRHEICRE T 2R IEER SN D
DHB, TOHT. MEYHRHEDBLSD 5 KA D
WM S U CHIR T AL RO o T3,

YN L & id. Y LRI X > THEO %2 Y &
LCRREL. MROZEEOFEE, o L7z
TR EARNENTHETH 2, KEERZEEDPREIC
P 25 EICIZEM PRI R EDOFEMBPLRETH D,
P HRIVF - EICFIHT 2EEICEF Y T T
BHTHb, WVITNDOELEE. AMZHRICHE LI FED
TEARICHIRE S 5 082D O | YIHIIN TAVE B #7240 -
TWa, LIeh->7T, EEREBORAICIE, T OkfE
DM - YIIREE720 Tl SHEHIMEE IS ST 2 0 H
NH 5, HHIEOFMMICHNSNZ Y EZDKIT
HZYJHIEYUE, YEIE 1720 Tk TELEam, b
PEIR. M THEREICEET 2 -DRICHETH S (F
A5 2007) , TNET. mEIEANZYIHIGXTH S
2 RoCYIHI 2 RSN )1 2 JE U7z 7R e N © 2 <
BENTETEH., UHIAPYIAE (Franz 1958, Stewart
1979, Huang 1994) . Y3k RS (Inoue and Mori 1979) . &
HZ % BT (210 1980) | AE fE R A (R T 1960, Stewart

* BMFE AL AMINL « REPERFSCRIK T 305-8687  ZIHIRD IXTIHRD T 1
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1971) 752 E OFER T O BN N T E fo, HANDOFE
R DV TEYIEITNERANS N T E 2D (hF - &
(L 1957) | EEFAEROWRHIEICEET 2 WS id £ 72407
Vo KRS (2020) 1E, EREL—A Y 6 FEICDONT T U
FBIEE 5 mm Oz TRM Uiz & EDOYJHIN
EHE L., KEZBEORENBTEZ EYIHI DK E W E
MAhH 3 EEESMC Uz, —H. AR Y] A
D 2 RyeUl RS E LTS id £ 72750,

AW EFEREMERHOD, FOHHIEZH 5
MCT BT eZHNE LT, EERAGES fifEz 2 %
JCYIHI L7z & 2 DY ZRE U, HEVTHI & BEYIH] D
Wi Z 70, YA & YBAE NI MIE I 8D
WTHRE LTz, fERBIEONRE E LT AF YNGR E
1oz,

FEBRS 1

A

BEEIR &, B UR PE O O 3 7 > (Cunninghamia
lanceolata) . # KL pE D+t > & 2 (Melia azedarach) | &
MU FE D — ) 2 it (Eucalyptus maidenii, robusta; L/
K E. maidenii #1— 77V M, E. robusta #1—7 1 R &
3. #EEDLY /3 (Liriodendron tulipifera) . 2%
BRI E D A (Cryptomeria japonica) .0 & 0k & LTz,
HEHIAE DSTEE . HEYTHI D & = 50 (L: MkHEA M) x 10 (R:
M) x 50 (T: Hefiim ) mm, BiYJHIoD & & 10 (L) x
50 (R) x 50 (T) mm & L7z (Fig. 1a,b) , I IoH¥ e
U/ FE 2k, v R ea—hU, AFE L
R B HHIM 2 BRI L T2o iR OYIHIEER ., YIEImH &
KON S 30 mm O THEHIM 2 2 73EI L. YIHlT
ZEERVAOEE, W, EE %/ FATHE LR
RO Z RS, ERZAE L, &%, HUERY
HE L, AAmEH (R ES « REZEMORE) L&
KRG R UTe, B O EIKE OGO, O

I AT TT3% & 78%, 22X 2T 74%
ET71%, 2—HV) MT75% & 57%, 1—# Y R T 71%
L 42%, 1Y) JFTT3% & 78%, AFT 38% & 165% T
HoTeo BEHEHOFIIETOM, AMONEIC, 3w
YT 361 kg/m® & 351 kg/m®, 2> & > T 387 kg/m®
& 451 kg/m®, —# 1) M T 633 kg/m® & 663 kg/m®, L—
711 R T 716 kg/m® & 688 kg/m®, U / & T 350 kg/m’
& 385 kg/m®, ZFT 292 kg/m® & 288 kg/m® T > 7=,

DIEIC,

P

UG BRI &, Y& T IE BRE R RS (RS B R P
Z-138) (A 2018) Ml L7z, YN A% LR EICL T
FE L7zYIEI CRICmb > THEIMZHTEE5 2 8T
2 JoTYIEI L7z (Photo 1) . YJHI TEIZYIM A DEE A 20
mm OFF & U, ZOME EHEEH (SKH51) & Uz,
I G A&, KEYIHI (Fig. la) & REYIHI (Fig. 1b) & L7z,
WYHITIR. FAARICE B FHI D DX S YlElsm &
WHET DT TH O BYIHITIEIR=VY L —RIc LD
HAARYIEI O X S Yl ik E T DN RETH B HE
YOI IE F S Hil (LR ) & L7z, KUK
Y R R IO B (LT i) & Uiz it - R &
1, YIHINEE 10 mm & U7z, YIHDERE 1 5 mis, YIHI
EXIE50mm & Lz/zo, YIENCE U zRERIE 10 ms T
H B, YHITEDO RS ML 200, 30°, 40°, 50°, 60° D 5 5&44
L UTzo BT 2° & LD T YA 22° ~62° L 755
Tzo 723834 7 AfIEEE Lish o Tz, YLARIL 0.5, 1.0,
15,20 mm D 4 &fF & Uiz, MEUIHITIX,. FAHAAZICK
LD DX ICKEMERHNEZEMBVEEZ LN
FehS, BEUIHI & DL D7z, AWIZE TR - MEYIHIT
REZIER 72 IO T2

TEEOYIHIA T, 1 HOBHIM Z S YBARDRET 1
EDYIEI L, ZF D% LWHIM I 2 72, T 0—j
OFIEZSYIHEIATAEROER L, ThbE, 2UH|

R:10 mr‘n/,& L: 10 mm_, R:50 mm d
|
_ | onns g
£ L-/ 05~20mm ¢ . 2
8 BEHIA E EHTIE,
I H
1 | 5 IE, 119§ 015
3K 5m/fs
:;t—j\ FSef 20° ~ 60° o
= (YIHIfs 220~ 62°) W
o kg IHI T A

Fig. 1. YJilidE o B
(a) #EYIH] (b) REYIHI

TR IR B Ry 5 21 % 2 5, 2022

Photo 1. YJifilassDkk 1
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it L TENZTNAMOHEHIMZH W EDE L, [FH
—DWHIM TR ERYBAE T LT DY ET> 72, #H

U 7= #HA R 80E  L it fRIC D & 5 (YIHIA DOFL) x 4 (44
DI UIEIEL) x 2 (W0 or 344 ) x 2 (it or KYJH] ) = 80 {i
Elxolz, 72720, 22— Y R OAMDHEHIMBAE L
jz7=%. YJHIf 50° OO RYIENZRDIRL 3 & L,
YK 60° ORYIHNII TR > T,

YIHIRED 501 (YIHIT M & AT mO))) B & B
(YT e mEITMO S ) B, 2UH TEOFEHE
DO REBICE D 7z 2 0a— Re)bclllE Lz, £
oW, YEIDTEIC/ERS 2 /1%Z1E. ZOWih &
WKERd 21z Lice EnncounTid, vginc
MM > TEHT 2 17Z1E. R NCTmD > T %)%
fre Uiz, a— R )VOMNEIIOT VTV ¥ T THEE
¥ 10kHz & L7z,

Y AP 3

IR BT B ETHIH
a0 EYIEIA 42°, YAR 1.5 mm D5
- THEYIHI L 72 & 2 O YIHI ) DR ZE k. — il % Fig. 2
IR, 757 ORMNRR (ms) . HEEAMIHID (N) Z2
RT . YHIIDEFH LIZCDT=DON 1149 ms THO, Z
ThHhSYHIDEE > 722 W GiAHMN Tz, YIHNCHE L 7z
13 10 ms TH B DT, 1159 ms F TYIHI L7z & #E %
bz, TOEE/ONLYIBOEEZ FICRT, GHE
DOYd DL 75 T DYJHIOIRE D LD DICES S
KICEHD A r — )V Ulc, MNIEDRMICERAIC
YA &, RMITHIE L, XSG TYIE A Il
HLTWwaZ L, ZOE%RIEHANEELZC LNEH
hobholz, YEDOEN S, Franz (1955) O Y]H|HY

Bl 5

Y518 e

: 10mm / !
— 1

1 1

! 1

1 1

1 1

! 1

1

: SR

1 i

~ | A7 S

:\Z/ : : E *‘/ 1.5mm

g : : ) L’FV

= ! ’

; : ! a0
1 | (EIHIA42°)
| |
1 N 1
: F, !

! 1
! 1
1 5 (ms)

1y e Y1019 22 5 10msth

Fig. 2. 27 379 .0 OHEYINIGIC BT 2 Yl o—
51
BN ED . B E D 172K T, GEIET O
UM TR NI YE 2R 9, YIHIMA & 427,
YA 1.5 mm,

D Type | (FrED) IS MBI TNz &£ XS
Nz, Type | OYIHITIX, MIeaiFickeHINn e mEidnzs
%"J%%b‘ib%g ETYIEN T E NS, SeEIN DR &
. VIR R ROIRETHR S FiFsh, dthidmg

i%@“%o Type | OYJHI T, JeElNn & YjE o i aigE s
BOBREND, SEERH LY & YA R OHPETlX
C ORI TS Type | OYJHIEL & 7% 5 7z, Fig. 2 T, 77
KHITRUTZE D, Bl oRE LYo ¥ —2 ot
BN L TVE XS ICRZ %, BEOYIEM A -
TWa 7S, 757 ORI YlE DT TROE T
HBRT NS, HENORELYHIIIOE - OAED
DEMTTNTVEH, LEHNORET ZEmICRS K
ZRYEIINMERH LI L E X 5Nz, HEYTENIC BT Y]
HIZ1 D E—7 L EINOFEAED K RIE, Triboulot et al. (1983)
> Merhar « Budar (2012) D2t TEIERI N TV 3

uL®WMﬁ®ﬁ\£k&mE®ﬂ%®@ﬂ@%\E—
7%?Lh%%ﬁ&%ﬂh@%$ﬁﬁﬁbfv%:&ﬁ
ot B, WHYMIOSE. RMANCER L.
ﬁhﬁh@#%#?@ﬂ%hfbivxréaiﬂj&@
BENZMIREDECZTERH B, DX, Y
ho¥—73 Mt FmteRzMatd s E e EERT— 4
THHEVA B, TIT. YHINORKEICERL T
g3kl Uiz, YIHIhDI0 o KER Fmax &
Ufze WUCYIHIA & YBAROHEGE TOYIHIO/EDIR L
4 [a|D Fmax O % Fomax & U, RS CEOE L 72,
—J. B onTiE, HA—%FTFTH>Th 4RO
O L OHTIED I k%m%ﬁaéwﬁﬁkk%
WIGE DGR ENTIGEND > Tee TDHE, #
D£L4@®$ﬁ@%ﬁﬁ¢%a*“ﬁbi&h&%i
Lo/ &2IcH AT LED o, Bz ot
HD KM (|Fmax ) TaHiid 2 Z & & Ui, [M—5&44
TTOYHIDFE DR L 4 [\ |Flmax OFEfE%  [F|max
U7,

BBEEHYHI LIz ED [Flmx EYARB XKUY
Hif OBRZ Fig. 31C/R_T . L2 B DM, F2EH»Y
MOKRTH 2, £TORBRICENT, YIHIAPULAR
OINE & BITTERINIHEI U Tz BB LD LU
k%mi— U M DO & LERTED DR ED S

— . AF LN AREEHORNY /& O

Waﬁﬁ/ YR VI AFERABEOFEN T ot
TOEXIIC, REBEEROKREOEEIZE E I KE
WEmAY D o Tz, T OMERIE, #Z1L (1980) DFFFET & iE
RMENTWD, —fH, =AU RIE, 2—HU M &N
TARBEBEEDP RN DICEEDL ST ES NS h >
2o A=AV TEI—HY RDHEINIWYIHISIT
MLTE, MLL®TWVEEZ LN, 2 TORHMICE
W, UM ELMTYHINOREZIRIEFEAEEDLKR
Mot THUE, ORI EIM & DM TAREERMN
FEAEZEDLLRWSEEZ BN, 0 I, Wﬁ
2 0.5 mm MDY 22° DT, BREEERIC X

| Bulletin of FFPRI, Vol.21, No.2, 2022
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LY RO Y

S E A
(365 kg/m? 91.4%) 000

A XL
(363 kg/m? 59.3%)

(295 kg/m? 43.6%)
W32
_ 1 E W42
Z X W52°
% W62°
g
LL‘R
ST SN 2—71 Y MO 2 —71 Y RO
(399 kg/m? 76.1%) (682 kg/m® 74.7%) (715 kg/m?3 68.7%)
Z
5
g
Lr:(
A XM av Ay Vit 2 F M
(293 kg/m? 151.5%) (350 kg/m? 65.5%) (393 kg/m? 101.6%)
Z
&
£
LLX

£ v &V 2— 7 ) Militt 2— 7 ) RM
(449 kg/m? 78.8%) (664 kg/m? 57.0%) (690 kg/m? 43.9%)

E.max [N]

Fig. 3. $EUIRINC 3513 3 125001 L UIHIF 5 & OFUBA RO IR
F2BAOH. T 2 BRI OB RE T, T — A — R, B RO O b 0
BRI AkRD TR R

TR IR B Ry 5 21 % 2 5, 2022
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FTUONDLF & x> T, BAEAEHDORENEALMET
&, NSV YIHIAPYBARERET B T & TARES L
D/INE VR & AFO/ NS YR TYEITE % £ X
5Nz,

HEYIHIERED |F|max & YBAR IS X CYIHIA ORIfR% Fig.
4ITRT, WINDBFEICBNTE, o EHXRTHE
DIFNE otz R HIYDARBDKEWIZ EHINT
SIEFMNA S NTD, YIHIA & ORMEREFRIGFED 5N
Thotc, BRNE TR LA AREEEROKE N
BIfE ERETWEADD o Tzs FFRIC, 2—AV 2D
B IIOKE EIZUEE T, YBARDERAKD 0.5 mm DZAF:
TEH, 22— S OBETIZ 20N FUETH > F2hS, 21—
AY 2BFEOEGIZ40~80NEH >, £, 1—H
) OFEHE(R 2 XIED ORFE & kR TKED o T2, =
V JEDOHICIHERIARBED & D& O (Thinley et al. 2005) |
AR THWzZ—AV 2RI DN TEARBDEE T
o e DT YT M9 2 ke T o (ke
R ) DYEEIM S ic—EThh oz, TORE, Jk
ﬁh@ﬁ@ﬁﬁﬁﬁﬁb W CYBARZRELIZE LT

&, VEODEID—ELELEN 5Tz & MEHERF A D
REVERKELTEZAON, TOT END, RIFET
Hona—nhv 20X 5, KREDEETRWES
W IE— Yl 2 3R U C & B @O UIENE E Lwv
EEZ BNz, O &AM TED I OMER OE N IERR
S5NEh o7z,

L)< BF B85

T XM YA 320, YA 2.0 mm DT
REYIHI U 72 & & OYIHIJ1 OREREZE b D — 1§l % Fig. 51T/
T, NZY L — I KB HERYIEI T, ZEE#nEmEidn
ZUNHhSYICD > TRATZENNFHET S C
ENVHILNT WD, HARYIHZE L 725 RIOFYHITS .,

?Mﬁﬁ //w@
1
1 10mm 1
: ! YIAE
! 2.0mm
1
1 : 1—» E,
1 1
! ! T~ sma0e
| /5 (7H7532°)
1 1
z : !
£ i :
1 \ 1
1
1 Fy :
1 1
1 1
1 1
T B (ms) T

Y 1aH TV #88 H 5 10msth

Fig. 5. &> & ¥ DM ORGYIHINC 354 % Ui ) o —1H4i
BTN, RS R N2 R T, BHEIEID
YIHE R TR o NIV 2”9, VIl & 327,
YBARX 2.0 mm,

RKRATRLUIEE S, YEO TS Licmbh-> THE
FINH 5 DATFRD SN Tz, HEYTHIIRF OB N OFEAE i
YR D=7 R E iz X LR, 2D 5 hHT
DHEENOFERICYIHI DO — 7 KT 1O
TY—UDRO 5N, BYIHICET 2YHI I OE—72
L HENOFEDOR R IE, Takano and Fujimoto 5 (1999)
DR THHERINT VS, 70 ms LIFEEENEZEH SN
Tinoled, LD SO —7 X0 /NSRS
DE—=TINEDENTZ, TOXMBTIE., GETIIHERT
EHRVHBNREZINDRE L TS EELNH S, K
ERUIEI N OIER & EENOFENELEBRLTVS &
EBZBNTTd, BYIHIEHETIH] & Fsk. Y1 O&RK
fill (Fmax & |Fmax) Talfid s & & Lz,
HRFRARYIEI U7z & &0 Fmax L YBAR I X U HIH]
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Table 1. $:53)) F max OnlkiX O & Y

Table 2. 15571 |F |max Ol % & Yy

R A WMHW a b c R? R YiHIIm - a b c R?
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avauyy K —-66.38 2.33 4341 064 aUIATYr K 021" 036 15.96 0.39
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Machining properties of fast-growing tree in Japan
—Cutting force in orthogonal cutting—

Yosuke MATSUDA"", Yukari MATSUMURA", Kiyohiko FUJIMOTO" and Yuji IKAMI"

Abstract

In order to clarify the machining properties of fast-growing trees in Japan, the cutting force were measured
during the orthogonal cuttings of the heartwood and sapwood of sugi (Cryptomeria japonica) and five fast-growing
tree species, namely koyozan (Cunninghamia lanceolata), sendan (Melia azedarach), two species of eucalyptus
(Eucalyptus maidenii and robusta), and yurinoki (Liriodendron tulipifera). The cutting angles and depth of cut
were 22°, 32°,42°, 52° and 62° and 0.5, 1.0, 1.5, and 2.0 mm, respectively. The quarter-sawn surface was finished
by cutting along the grain, whereas the flat-sawn surface was finished by cutting across the grain. When cutting
was done along the grain, the parallel cutting force increased with increasing cutting angle and/or depth of cut for
all species tested. The parallel cutting force increased with the basic density of the specimen. The cutting forces
of yurinoki, koyozan, and sendan, whose basic densities were close to that of sugi, were similar to that of sugi.
The normal cutting force increased with increasing depth of cut and/or basic density, however the relationship
with the cutting angle was unclear. When cutting was done across the grain, the parallel cutting force increased
with increasing cutting angle and/or the depth of cut, but the relationship with the basic density was unclear. The
normal cutting force increased with increasing depth of cut, but no dependence on the cutting angle or basic density
was observed. No difference was found in the cutting force between the heartwood and sapwood regardless of the
species or cutting direction. The difference in the cutting force between the species became smaller with decreasing
cutting angle and depth of cut. Thus, we found that fast-growing trees could be cut with a small cutting force by
setting a small cutting angle and depth of cut, even if their basic densities were high.

Key words : Fast-growing tree, Orthogonal cutting, Cutting force
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2. WHFE )itk

2.1 BRI DR E

AR IR (N36°31.17, E140°18.7" ; mifH 59.9 ha) & %
WIRANOEEMICHE L. /IMADS (2018) DEAERTRIK & [F]
—T®H3 (Fig. 1)s 7 A X ZAEM L THERERE ) (GERTR
B K D AEAFK 10 km) DO FAEfH (1981 ~ 2010 4F ) (F4F[%
JKE 1,344 mm, KGR 12.7 CTH 5 (<ET 2019),
SKGHMMERI KRBT 2 791 XD L7, 1981 ~
2010 FEDFAEAE (n=30) TH %, TREKOHE A ED
Hf - Fvy— MNETZOLEZ LR EY, T3S
THEMLETHS (KES 2014), FRikOE e384 130 ~
300 m, B FEaERE 16.5°, #REZ 011 TH - 7,
FEA=1 32 & LU TR 50 44200 A & (Cryptomeria japonica) A
THC, R FE5id 35 (Quercus serrates) IZ 7 /1<
(Pinus densiflora) 7% & ME U 2 EIAEMIMTH 5, A

Fig.1. sk D HLEIX]
Location of the experimental site
BOEM, FOOFEMH, ROERI, ThZNMIK
HICAAE LT Te bk, Bk & NTAESEGHE, fRisEs
ReXd, HEOERTHINIZEITIE, 2012 FIC
R TN TG 72" g, D T S O HiH
T 2013 FFIC R EITE Nz, Bl L& 74 SR
WTdH 27, 2012 4, 2013 4 & & R I Al &
NTWIRW, HIFRRE 2 A )L 72 IS ERR E e,
The black, brown, and red solid lines represent the forest
road that existed before thinning, newly constructed spur
roads, and the watershed boundary, respectively. The area
surrounded by yellow solid lines shows where thinning
was conducted out in 2012. In other area of the watershed,
thinning was done in 2013. The thinning was not done in
the higher part of slope of the watershed in both 2012 and
2013 thinning because vegetation was deciduous broad-
leaved forest. Figure 1 was produced using information
from the Geospatial Information Authority of Japan (http://
maps.gsi.go.jp/development/ichiran.html).
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FHNO FEHRA I v Y A & (Eurya japonica), 7 4 &
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K75 Tz (Fig. 1),
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IZIZY) O BRDMHDA T N TV 2 (I + KN 2008), 5%
EIMERE NI XRITEENZKRIERS NG > T
(Photo 1), FIRRIMKIF AL T 35 % D RIKR Tt 1.
FEITIIMER 6 m ZER{E L1418 3 m 28R 21k 5
5) 9% K DI E Nz, RIS X © I AREEIE# 1,400
A ha' 5 #7950 A hat ISk Lz, (ARG YTy T
WIZEKBEARED, Fl3 T4V FIckBREHLE,
FRPIESEE (7 a— SR I Tt S nte, 2RIV O
EDMEEDILNNGATNIC T 2 ~ 3 EATERI 5Nz
R THAE UToRZRIEHEZER . A —RFICE N

Photo 1. #¥fli (MHMZAKIRA R WOIRRR) ICii> THIEE
NTAEEE
The spur road constructed along a tributary (an
ephemeral stream)
R HIE 2012 4F 12 A 17 H, #E#H  BE
(e8]
Taken by Yoshiki Shinomiya on December 17, 2012.
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(Photo 2), fiiZEA% T IRFIC/ESEERIICE E I mFEE X T
& T 5N iz (Photo 3), &35, 2013 46 H 18 I X
HECHMRAEZED B E > TV e T EZ MR LTV 5B, Ez,
KA T IERICHIFKIRDH % E0 & B OEEE T 7
HURO T, HREORME, (F3EEER O FER &0

Photo 2. [AfXFZNiHMC ic i 5 N TV T kg

The branches deposited in a tributary during

thinning
e HiE 1 2013427 H 16 H, #so& @ DHikE
?

Taken by Yuko Itoh on July 16, 2013.

Photo 3. 2013 4E MK D e K BEFE TIEEEICHIA LT 5
Teligk
The branches piled up on the surface of spur road
at the final stage of thinning in 2013
R HEE D 2013428 13 H, i
I
Taken by Masahiro Kobayashi on August 13, 2013.

Table 1. F AN & R IE OB

Summaries of survey periods and sampling methods

NN V'

FEDORMIEIEA S NEN o Tz, e, MINTERELE
MELE NI L AN D GRS SN >7 T
ENS, MERMIZIEEE EOARAZRE L Tz EHER
STz, 2013 AERIRODEE, WIRKIRDH 2 T2 1F3EE
WIS B AT DAFAAED R E NI T M5 MREEREHK
IR OT IR 2 HEEL U TCATREMED & % LR S Nz,

23 RE. MEDOAE

HEE, WO R R0 1200V /v FREVKIEICE
W HRDKNIRT (e S T34 STS DL/N70 ) 7% Fiu»
T 10 MR TR ZEFHRAI L. KA — g rhfRIc K O BE
UTzo W & Fisrh s D BV 7ot i ClinE i =X E Rl
el ZwE L. MOV EZHE LTz,

24 KB ERC DA E

DEFUKOFRENE, Table 11T/R9 K 51T, 2012 ERRHI
(2010 4E 6 1 1 H~ 2012 4 8 F] 31 H ) . 2012 4E R (%
(2012 4F 9 H 1 H~ 11 H 21 H ). 2012 Ef{#% (2012 4
11 4 22 H~ 2013 4£ 6 20 H ), 2013 4ERIf%H (2013 4
6 H 21 H~8 H 13 H). 2013 4ER{%#% 1 1] (2013 4£ 8 H
14 H~10 A 8 ). 2013 4E [ {X 7% 2 141 (2013 410 A 9
H~ 2014 4 12 f 31 H ) IC E/KEEDRX EFEOF/KE T
7o 720 2012 fERE(KAGIE. JEATE U T 2 ERNC 1 a4
JETRYZF LR MLz VT AN Tlfda 12 ~ 15 Ff
DRFNTERK LTz, 2012 R T, HEIERKER (SIGMA
%1900 % 7213 1SCO % model6712) 2 W CHEH 1A, J&
AlE LT 16 REICERK Lz (H L. £k 82 HF D 5
5 25 RN ) (e 5 2018), 2012 4R #%IEEH 1
[ (N1 THEA 12 ~ 15 1H ) OB TE/K LTz, 2013 4F
kP KU 2013 ERIEE 1 1E, HEIERKES (1ISCO #Y
model6712) IC &k D fEH 18] 15 K (7 A 17 HLARRIE 17 1K)
WCERIK Uteo BRZKBELZE 15 BEdH 2 W0 17 Rf & L7z DI,
MUK T DN TV B IRFHIFIC I 1) 2 SS Wi DRI
ZIERT 57 TH %, ¥, 2013 AFRIKAIC 1 B
L7 (TH27TH), 2012 4ERI{kH, 2013 FERF LR, 2013
R LIS BV T HEIERKEROERIKIEHICF UALE
TI1> 7z, 2013 FFMHI % 2 &, 2 @M 1| (AT
#4213 ~ 15§ ) OBE TERIK LTz, SSIREIX. fLFE2
mm O fifi 7z 3858 X B 723K (0.8 ~ 1.1 L) ZFLEX 0.5 pm
DH T AMHMET )V 2 — (KL ERTEL SS-47) 2 VT
W5 AL, AT Xiki#ET ¢ )V 2 —7 105 ‘COEW T 2

lLESYi) Bl A T FREUE PREUT

©) 2012 ki 2010/06/01 ~ 2010/08/31 2 JARNIC 1 [\ |

@ 2012 FfEfH 2012/09/01 ~ 2012/11/21 f#EH 18] H KSR

® 2012 FfKk% 2012/11/22 ~ 2013/06/20 1 A A1 [\ AN
@—1 2013 FEfkH @) 2013/06/21 ~  2013/07/21 f#EH 18] H oK
@—2 2013 FRIfkH (3% 2013/07/22 ~ 2013/08/13 fFH 1 [ HERKaR
®—1 2013 FEMKE 1M 2013/08/14 ~  2013/10/08 fEH 1 9] HEUKER
®—2 2013 FE/KkE 2 ] 2013/10/09 ~ 2014/12/31 2 JARIC 1 [\ A
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FERAEZ R U, AR, HIO AT 1 V2 — D ek
ELFIWT SS D EE R RS, MEH/KETHRLUTEEL
776

2.5 2012 FEMEATICERRICERK SN SS IBEDEIE

2012 4£ [ X i (2010 4F 6 F ~ 2012 4F 8 H ) 1< & 1Y
ICERIK & Nz IRk 0D SS %1% 0.0 ~ 3.1 mg L™, “Fy
1.3 mg L* (n=40) TH -7z (=5 2018), JtiffiE, 5
WL TIERL @R O BRI O KR (IERENH ) O
SS R (M) I3 FNFN 15 ~56 mg L™ (M-
% 1995), 2.1 mg L™ (& = 2017), 1.5 mg L" (Hotta et al.
2007), 1.9 mg L™ (F&= - 1L 2019) TH -7z, ik
ML TH B D, FlTHA L IZERLTTH-72T
EMS . AL SS IREICH U TR sl A b Nk
W RN TH % LWV R B,

2.6 2012 FRMEPICEBIT B ERERED SS BEDHE

2012 MR O SS I, BRI FRIC Bk & Tz 2012
EIOH2HDSSIEN6.Tmg L TH -7 & 2L
&, 02~44mgL*(n=57) TH > = (Fig. 2), 2012 4 9
H 23 Ho SSIRIEZBRIFIX. 2012 4ERIKH D SS EIZI1E
P21 mg LY, MERERH (HFETE 0.0 mmd?) ICPR2 &
1919 mg L &, 2012 fEREIKAGD SS eI L Lk LT L
W AR - 72 (B S 2018),

35
3.1 AEHEARORR. KX
2010 4, 2011 4F, 2012 4F. 2013 4EDAER DR &, W
& % Table 2 1 7597, 2012 4, 2013 4F (F 2010 4F, 2011
FICHXRTHERB X UFED M 100 ~ 200 mm Db o
Too 2013 4EREMRAIE, 6 H26 H. 6 H21H, 8 H1HIC

T

ZFNZFNHNE34.2mmdY, 345mmd’, 31.8 mmd'®D
ERAH->EOD, HWE 50 mmd* Z#z % K& 7%k
W& > 7z, 2013 [ k% 1 9] (2013 4 8 ] 14 H ~
10 A 8 H ) Icid B 18 S5 Hi & 89.4 mm d™* (K
IR B 36.1 mm ) OFERIA S 5 720

3.2 2013 FERMRFPICHIT S SS RE

2012 4ER{KF% (2012 4E 11 F 22 F1~ 2013 4£ 6 - 20 )
D SS JfEIF 0.2 ~ 3.8 mg L™ (n=6) T. 2012 fEfI{LRTD
SSE (0.0 ~31mg L") LFETH > Iz,

2013 AE AR TP D SS L I3 /N 04 mg L B K
175.4 mg L™ £ 21k L7 (Fig. 3), 50 mg L™ A F-oD SS i
EABIREINT=DE. 6 H2THZRS & T7TH24H, 7TH
29H, 8H7THTHL, TNZFNOHHEIZ 259 mmd?,
102 mm d?, 11.9 mmd* T, ZTHhZND SS L/ E 143.4
mgL* 658mgL’ 8L7mgL'TdHor., FAKHH 6
H21H) OSSEREIE 324 mg LT T, HHOM R 34.2
mm d?, FOKIZFBERAK T Lz 2% TH - . 6 H
27 HIZAWEN Limmd* Do zicehhb s g,
KO SS AL 175.4 mg L MBS Nz, MERERT H D3R
FKICB L T, 2013 4ERA{R P oD SS IR 1L 0.4 ~ 14.8
mg L (P45 5.6 mg LY, n=24) THotz, T SS HEFIE

Table 2. A HD 2010 ~ 2013 4EDAE & AR
Annual rainfall and runoff between 2010 and 2013
at the experimental watershed

. R i
mm mm
2010 1703 850
2011° 1679 705
2012 1476 624
2013 1524 631

*9 H 21~ 26 HIExM

5
IS
E
]
I.E
m
7 -
O
6 4
7 5
gﬁ 4 o OO o
- 3 4 @ O d) d) e}
@ Q O ¢ o
3 2 o o ® o
10 00 ® et FTo® o cho
0 om T T T T T T T T o \Cp T T T
2 v W o > Q " > Q A x
'\>o’\ ’\>o’\ A \\Q\ \Q\\ \Q\% \Q\W \\\\ o \\\\ \\\q’
\" \ ) v W% '\ W\ )\ W% W\ \ N
O N A S LN ¢
R I AN S N R M

Fig. 2. 2012 4EUXH O H il &t & SS I

Daily rainfall and SS concentration during thinning in 2012

TR BT R s 55 21 % 2 5, 2022
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2012 4E KT (2010 4£ 6 H 1 H~ 201248 H 31 H ) @
ZFNXOHEEICKEN > 72 (p<0.001, Scheffe 7 ; 2012 4
% A (2010 42 6 J] 1 H~ 2012 4£ 8 J/] 31 H ), 2013 4
ffH (2013426 H 21 H~ 8 A 13 H ), 2013 E [ k1%
141 (20134E8 H 14 H~ 10 H 8 1) © 3 HDLIRTHE
K —EIAR DT Z E LR 211> 72 ), Fig. 372K
fE O, 2013 4E [ £ Fi& 2013 45 7 A 23 H LDAME, SS &
A 10~20mg L™ & R E A RERE L7z, 6 H 21
HM»5 7 H 22 HE TOMEENHO SS I (n=17) 1Z°F
40mg LT TH B DI U, 7 F 23 H LB DR H O
SS s (n=7) &9 9.5 mg L' Tdh > 7, 2013 ERI K H

107

DR (2013 456 [ 21 H~7 22 H ) I FhRT 2013 4
MR D% (201347 H 23 H~8 H 13 H ) DIF S A,
SS IEEMDRE M o Tz LLEK D, 2013 EDRIKTIEH
WEK L mm OHICEEEZED SS AR NS & LB,
SR RN F OTRFK D SS JEEEICRE U T MK AT bR TRIK
FhrC @ E B R AR bz,

3.32013 FREEED SSBE

2013 fERIfKT% 1 ] (2013 4E8 H 14 H~10 8 H) @
SS i1 5.8 ~ 125.7 mg L™ O #ipH TZL L 7= (Fig. 4),
TDD BRI H D SS X 6.0~338mgL",

- M U0 N~ O - M IO M~ O Hd M WO~ O o
N N &N N N MO IO~ O A A 4 4 4 N N N N N O N < © 0 o+ o
Q9o NN g @y dddddyd ooy oo odd
S © © € O N N NN NN DNDN O 0 0 R0 0 D
© © 6 © O > > o oS>0 00D 0D
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B e N et S e e « o I e o B« © B« o
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. . — .
Fig. 3. 2013 fEMMR P O Hil R, SS 1
Daily rainfall and SS concentration during thinning in 2013
- . _
KHNEER TR LI T — 2 ER9,
inds H H Yy inn??
The arrow indicates the data considered in the “Discussion”.
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Fig. 4. 2013 4EMI{IH% T 1RIC BT S Hl R, SS IR

Daily rainfall and SS concentration after thinning in 2013

KEFER TR LTeT— 22w,

The arrow indicates the data considered in the “Discussion”.
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fifild 11.8 mg L™ (n=35) TdH > =, HEMERH D SS HEEIX
2012 fERF{KAT (2010 4F 6 H ~ 2012 4F 8 ) I ELXTHRIK
%1 (201348 H14H~10H8H) D5 HHEIC
5 Tz (p<0.001, Scheffe ), 7 H 23 H~10 H 8 H (2013
MR D%~ 2013 R 1 1) D SS I
FOMEE TTHERS L T e, IR SS JEE 125.7 mg L ik
9 15 H (HWHE 89.4 mmd") ICBIRE NIz, T OREN
WFERI18FIC K2 DT HKIZRENK T 5 R% TH -
Teo 9H 4 HICE 103.8 mg L* D@L SS MBI E N
2 (HW&E 46.9mmdY), ZDiEh, 8 H21 [ (HW&E 7.5
mmd*) iZ504mg LY@, 92 H (HiE6.5mmd?) Iic
53.8mg L™ 0 SS IREMBLE Nz,

2013 fEf{K 1% 2 # (2013 4E 10 H 22 H~ 2014 4E 12 H
31 H) O OPK (HE 41.5 mm d*), K (F7k
MHOHWE 69.0 mmd*, [ERA N2 kO E 139.0
mm) &7 7R OFKZ RS &, SSIEEIX 06 ~5.1
mg L™ (*F-¥4 2.3 mg L*, n=30) T b ., 2012 4E[{&H1 (2010
6 H~2012 48 A ) ICLENTHARIC SWEZ/RT T &
otz

342013 EMRICH T BmEE SSRE & D%

2013 FERRIC 31T B KT & ROy & SS IRIE
& DRZ Fig. 51TR 9, BIKETO T —Xid, 2012 4[]
Rifio> 2010 4 6 HH 5 2012 4F 8 AT H T T H 2 [ml s
T 40 [AEREY U 72 1E357K & KIS (FRR & 15 ~ 130 mm,

+M e OR{k+
1000 3
] 7A29H 7H24H
— 100 4 +
(@] ]
£ ] *
X ]
4
%10 4
@ 3
13
0.1 —
0.01 0.1 1 10

Fig. 5. 2013 AERIKIC 351 B [T & kT ikt & SS i
JEL OBIR
The relationships between the runoff and the SS
concentration before and during thinning
T O & SSRE & DFRIZIEDOMHE D D
(r=0.48.p < 0.001), ik H & A4k (r=0.74.p < 0.001),
There is a positive correlation between the runoff and
the SS concentration before thinning. Their relationship
during thinning is the same.

TR BT R s 55 21 % 2 5, 2022

BRI & 3 ~ 39 mm h™) ICEREY U 7273575 0D SS 14T ¢
HB (BEES 2018), BHELHD SS EEIE. BIKHT & bhg
LC. HEMICEW SSTEE (50 mg L' L EDTF—2 & L
Tzo T AU [T O KPR E I 2010 42 12 A 22 H 0:50 1<
BELE NI SSPLEMN 460 mg L TH > T & BBHEIC
L7z, Fig. 5, Fig. 6ICT—%H D ) N4 BTNz,
INhbiE, 6 27 HO 1754 mg L' 2R ¥, BERAICER
IKEN T2, 20 LIRS 7 2 IR ICERIE Nz 7 —
RTH%5, i 0lmmh' LR, SSIEES5mg L' LIRD
HEPAIC, MERERN HICERELE N7z 11 F— 2 W09 % B3,
Z0D5 B0 10 F— &1 2013 FEREHOFTH (6 H 21 H
~TH22H) Th-ot, Hime SSIRELDHEFRENLE
2013 FE R O[T K D %21 T SS IR E W E M VB
RE Nz,

2013 FEREMRIC BT B [T & HRZ DR & SS R
& DORAfR%Z Fig. 6 12”9, KA LN THS MTHE W
SS &) (50 mg L™ L ED T — & ) IERKRAIC 3 mIEIgR &
Nlze TNHDS B, 8 H 21 H (50.4 mg L) B T
11 BERIBICE KR E N, 9A2HB XU 9 A 4 HIZRKEHH
KK ENTT—R2ThH 5, %, WEHICRSHED
Zhot9 [ 15 HOTF—21E, BKRTDT— X D5 #if
PHONMNCH > Tz, TOMMICIHBNT S5 mg L LR SS
BERERIN G-z, 72720, TS MKW &Lt
MLTELIEWVWED TR Eh > T,

+ ke ORk#&
1000 -
= 100 4 .
o E
g .
) ]
% 10 4
3 ]
13
O-l LAY | T 1
0.01 0.1 1 10

Fig. 6. 2013 fE[HMRIC F51F B K & HHRIZ Dk & SS i
Ji£ & DOBIR
The relationship between the runoff and the SS
concentration before and after thinning
RO E & SSRE & DRIRIF IEDOHES O
(r=0.46, p < 0.001),
There is a positive correlation between the runoff and the
SS concentration after thinning.
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4. % %2

2013 fEffKH D7 H24H, TH29H, 8 H7TH. ¥
XU 2013 R 1 A 9 H 2 H. 9 A 4 HIC 50 mg L™
DLEOD SSEEMRRIN TS D, I NG FERNHICH
IKEN Tz, Fig. 5B XU Fig. 6 Dt & SS B & DG
XD, INSEDOTFT—ZIERKET ORI K D IH 5 hic
SSIBENKEN STz, TOT &iF, 2012 R (=D
2018) & [FAIBRIC, 2013 4R T & HIZKIKED SS JREE AN EILK
W& ERLTW T EERT,

2013 ERE R D% S 2013 4E R 1 1] (2013 4F 7
H 23 H~10 H 8 ) IZM i THERFRRMED SS JRIEH 00
EE S A BT (Fig. 3, Fig. 4, Fig. 5, Fig. 6), C DO
HIZDOWTIE L ROTREMERE Z BN B, BRFERHIC
BRI HE X T I2REEAS 2013 4ERIR D I AR ER I Tl
TEEBIRH LKA L b T EMEEEI N
e B, ZTOFEDORR, Pz #El LIcnlReltnE 2 5
N3, ¥z, BRIKFEO D % 1B ORHRZ KW 2 &
1 8 FEFTFEEMEAE LIz & B Z SN, MREEBHD I 2
THTLICEHT, HDWVIIHEYORE - ik, Bk
WCRIERIC K > TR Z BEL L7l RetED b %, 2D
fth, MEMOHEES LRIV OKEZETLZD, BHIA
PEHERAT - Te BT IR Z2 582 U T T REME SO RIAAR T 1%
DM, LK E RN TRELEC Eick D,
SSHHMEE S NznREE R EEE A b5N5, Lo
EMB. RREW SS IREEAHKGE L7 EHIC DWW TRRE T
Ehaholzb DD, 2013 FEMMRPDOZ ) S 2013 4R
&kt 1 ADFERIKIC BN T, FEE DR EMEED
WEBLRLNG, RREWVSSEENHRINZEEZT
Wb,

2013 £ERRH D 6 H 27 HICER/K U 72 1R /K D SS g
31754 mg L' THoTe, THOEEIEATHIC 345 mm d?
OFENAH O, MHEFH3ME TIC 1.1 mm d* OFFN
MHo T, FOK LT 15 B T 12 BERIZIERF RN TH >
7o 2013 fEMEIfXEE 1D 8 H 21 H (#if H N & 30.7 mm
d*, UHMWE 7.5 mmd") 1. FBFHEA TS 1R %ZIC
SS JEJE 50.4 mg L' BMEHE X Nz, AR O MI{KATD 19
HIZK 21 7K D 5 5 2 DR 7 5 B4 10 Rz o
FRTF— 2o 7z) 1B U TR 7 5 8%4a 10
W% (5~ 11 kel ) ICFEME Njz SSIRIEIX 0.5 ~ 109
mg L, FH31mgLt THote, ME-T. 627 HE X
U8 H 2l HICBSEINZSSIEERIAEDEWETH >
7zo Zhang et al. (2007) (& /KD 7R A IC BN T
SSH TN (%) © NO; (HSHE A A > ) It THEN
BHIE RT3 eZ2HE LTV, mEERERICE
% SSEEOLMAM N, EEE, &HIR ORI
I THBIZLE N TV S (Shinomiya et al. 2014, &7 - Kl
2019), mIHE TlE, K= 168 mm D[R A N2 k DR,
BRI T 1.5 RERA C SS IEZIX 5.0 mg L' £ T, HBED
KA E 44 mm, 78 mm, 133 mm, 142 mm. 211 mm D[%
MANY FTIE, BRETH D5 10 REFEILIAIC SS BRI

55mg L' FETCIEFLTWS, LED>T, ERKT
AH LR ERRE L6 A2T HBXU 8 A 21 HD &
JEED SS IIMMIC X 2 EHEOFBC LD EDTIIRNVE
EZbN%,

FERRAL 7 5 11 RFRE DL A% U 72 ERRS T v SS RS
MENME NIRRT 5, HXER TR TIED 2D,
WL DD OIESEE IR 2 BT U7z BR. 1R O R & T
HEFHMIE B o T IERBFMINC I RS 2 2 BLGAL
L. FHLWERELOBRHIZERDSED U Gnid st S ik
Mot AFNTHOKERBM T OFHE Tl Ty
DELEFED SN o Te (=5 2012) Tenb, 1R
RIFEIC BT B HEOBIELIT VR EHiEEI NS, TN
5D Enn, XERMMIADS SS RN 72 2 I T RN
EEZBNB, FIHFETRMANERERAFELE LU ThHE
MENEZENZN, 6 H2TH, 8 H21 HOWHE &,
IKEFZIHE D 2 5 ONEEHCHEFERSIE AL, mRL
me 2 e HMICEKEL TWizT e s, Rk
[BEROFETIIRNVEEZ LN, B SS EEDNEIRE
Nz 6 H27 H, 8 H 21 Hix & BICHTHIC 30 mm d* L E
DEMDD > e i HBEL TV, TODT ENS, FEW
KT TR FRAIAE <. (EEEEITIHEHKRDRA L,
E¥ELM AR L, RIF/KD SS IEEx R X8 /-nkE
HEnd 2 (FI5 2014), &, EEERAHICIH->T
ERRENT=T=dic, ZF T THAE LU SSiE kA HEk&aE
(Okura et al. 1997, ‘K% - {75 2010) 7 & DMt Z @it 9
5T e TERICHRIVAR, TN K> THRER TS
11 KR LA ERGE R RV SSIRIED B E NTc L B A T
Wb, o T. 6 H 27T HOEIRED SS &, =5 (2018)
ICRdLle k20T, TEEED RSN, Fiic gt gk
SN, ZFIHD SSHHGE NI DICHELEEZDS
Nz, TOM, TR THREBRBDMEEEER G EFE
ZiTo CWfet e H %, 8 H 21 HICDW T, 2013
RO RIS CIEFEO Y LEh S EFEEDIRE D
PN FEE ORI X THREMHEA LIF 5Nz E MBI
N, FEEBE O T AR TR e Hitie LT
o THD, ZTHSSOEFEICHEG LEAHEEDNH %,

mB. 2012 AERIR TR 2012 AERSARET & LR L €L
REERIK D SS D ERIERED B Niah o 7z hY, 2013 4
XTI, SSIRED LAMNERD 5N, Thid 2013 4
AT RSO S miRE A 2012 AFRIRIC AR TH 2 5140
Tl BRKIRO® 5 ERZWEINT BEED D> TV
BT ENELTAREEND S,

Dbz s, AR THRITENTMEEIER
2 FIR RSP > R AL T 3 D KR O PRI
TERGEDIFRE N EMIFEOR B L A SN S, SSIRED L
ANFEDHENT,

5.%L®
RIFIRD A F N TR T, 1EZEEER 72 1 5 TR
K7 2 L T % i OEEFUK 28 Uz SS iitHIC DWW T
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ez WE Ulc, ZORE, BB X TRKERIC,
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Regular survey of suspended solid concentrations in streamwater
during line thinning with construction of spur road

Yoshiki SHINOMIYA"", Masahiro KOBAYASHI?, Yuko ITOH?, Yasuhiro OHNUKI?,
Yoshio TSUBOYAMA?® and Shinji SAWANO?

Abstract

We investigated suspended solid (SS) concentrations, except flooding, before and during line thinning in a
Japanese cedar and broad-leaved forested watershed in Ibaraki Prefecture, Japan. Line thinning was conducted at a
thinning rate of 35% during 2012 and 2013. Spur roads were constructed along all tributaries (ephemeral streams).
The SS concentrations in the regular survey during the thinning conducted in 2012 did not increase significantly
compared to the values before conducting thinning. Whereas, SS concentrations were significantly higher during
and after the thinning that was conducted in 2013 than the values before conducting thinning. Furthermore, even
though 11 hours had passed since the end of the rainfall, high SS concentration (175.4 mg L") was observed.
This reason may be that the spring water after rainfall eroded the surface of the spur roads and the disturbance
by forestry machinery for spur roads construction or timber collection. Therefore, it was concluded that the SS
concentrations in streamwater except flooding during thinning might be higher than the values before thinning.

Key words : streamwater, line thinning, suspended solid, spur roads, regular survey
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2.1 WPC &
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LR 70 E-200GP - (BK) T4 LR —4) &R
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Teo 3. RIBIEEE I 180°C, MHIHE X 7rpm & LTz,
AW OB EEE ORME) 7 60%. 65%. 70%. 75% D
4 @O WPC Z8E U, W rEREE bt L7z, &

la BREBEHRE
la Testing site of under seawater exposure

lc RS RBARS
1c Testing site of splash zone exposure

Photo 1. {7 BB ad 4 k55
Marine exposure test
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H28 A5 202145 A 18 HE TOMDLEREK 21 H A
M (627 AR & L7z, 7L, MIkHRFEAKIC OV
TIEBEROPEIC X 2K v T —I5OWHED 72 2019
f£10 H 10 H~ 202042 H 7 HOR, Bz Rik Uz,
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1b B EEHR
1b Under seawater exposure tests

1d Rk ZEBEAER
1d Splash zone exposure tests
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Table 1. W FBRBERERABRA 7 & 2 — )
Marine exposure test schedule

IEAFFWIN () BERmEHH YA H IEANFFEHEC (H)
total exposure start year, month, and day of end year, month, and day of total number of test days
period (months) exposure exposure (days)

3 201902 28 201905 31 92

6 2019 06 10 2019 09 03 177

9 (7)* 201909 17 2019 12 10 (10 10) * 261 (200) *

12 (9) * 2020 01 14 (02 07) * 2020 04 07 345 (260) *

15 (12) * 2020 06 09 2020 09 10 438 (353) *

18 (15) * 2020 10 07 20210112 535 (450) *

21 (18) * 202102 15 2021 05 18 627 (542) *

X ARIRTRABRIC DOV TR, BRIC X 2K v U =5 E OBHRD 72— e il L7z, 55

WICTRIATTRRBRD AT ¥ 2 — )V 72 7R d

¢ The splash zone test was suspended for a certain period due to damage to the seawater shower facility due to the
typhoon. In parentheses, the schedule of the splash zone test was shown.

TRIERBEFZEARE CREN R ERV, HhRERR
W&, AR R ZF LB Ay T 2Ny MR L,
Photo la /R L7z & 9 & LmihEEH oK. Tk
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2.4 ZEOFHE

IR 3 A T L1 WPC OEHOHI 21T 7o, M
Bicid AR (NF333; HATE®E LML) ZHV.
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7 (UE*ab) HHEH LTz,

AE*ab = [(AL*)2+ (Aa*)2 + (Ab*)z]uz

td, SRR 3 RDZNZNEN 2 AT TITV,
T OV TA Gz R LTz,

25 BEBKUTEDAE

R DRI 2 KL L. 1056°COF—T > T 24
RFZ g S B, BRBXUSTEZME L, HED
ZALIZE IR DRI K ORI L 7z, EEJRDRIE, B
AT OB &N b BRBEZORBME OHEZ A LG [W»
T D RBEN ORB T OEREICHT 2EHFE TR LT
Flo AL TR, IE, B DOWTIEEN 3 MATD
SOV ERD T, BEITOWTIEEN 1 A OHlE
XD RDIz, SFEDOZEIZTEELRIC K D FHIN L Tz,
SEZERIE, BRBERORER S OSIEDN S RN DR
Fr O 22 UB O T il D FR 85 1 O FRBR Fr O ~E T g
BEDHETEL,

2.6 3 SHHITEIER

Fim FheatBRkE (AUTOGRAPH AG-1 20kN; () By S/
FI) Z W, JISK 7171 ICHET T, WPC B X UARM R
BRI DWW T 3P 2 17 o 7o iBR AT 1E 105°C D
F—7 T 24 Wi X B 1= O E Wz, bR D 7
02y R#EE% Imm/min & L, BRI E5 2 % bR
B DJEED 10% (0.4mm) & Uiz, ghilFad: =ik,
3R K v ok ETzbAH S Fidd
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ERZA T Y

TCTTC, FIEiE (N, sid/zbH (mm), LIESZm
IEEEE (om) . b IEFABRAADIE (), h 1EEAFRA OEE ()
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THT, BN NTTHAIFICBN T, |FTT
H gy = 0.0005 35 & U g, = 0.0025 IS4 % on. op it
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Nbhholz,

Fig. 2 ICRIAH BT aBRIC 51 2 RREBEMIR O wPC I3
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AT TR EERRIC Y22 2 e b, ES
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MHUEE, BB EL B3IV, AtIcEfm L
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Fig. 3 IC M REZ A ERTZ D WPC B X UAM O£ M OK
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M) ZFYVR)A 7O A0— T TR LUIERZRT,
WPC IZ DWW T A BDORE @ 75% Oatlf 72 v
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21 M H OBISSHERD S RO RN BRSO bh
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Fig. 4 IS B D WPC B X UAM DOEH B LU
Wi 7Y 2V A 70 A 32— T TR LSRR ERT,
M 3 M ABOXRMBIEROHE RN S, WPCIZDWT
BEEOAMBIUOR) Fu L ryhiicHfmicEnL

Fig. 1. EX 21 H H B i i %% 351 B2 WPC B X UARMRER T o/ Bl 21k

Changes in appearance of WPC and wood test pieces in under seawater exposure tests for a total of 21 months
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70%
65%

60%
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Color changes of WPC and wood test pieces in splash zone exposure tests for a total of 18 months (542 days).

I TN 3R A Z R T, (n=3)

Note: Error bars represent standard deviation. (n=3)

| Bulletin of FFPRI, Vol.21, No.2, 2022



120 IIMAIEEE At

N

77

90
80 N 378 3months
- /4 6», A 6months
B o8 9months
3 60 M 1228 12months
@ S/r “ 7] 15/ F 15months
o %
;} = — 18# A8 18months
o ;]IEH 40 D 21H B 21months
wn
§ N
)
N
\
10 §
\
\

0 = S R )\

RWPEKTIS% AMET0% KWE65% K¥WEK60% N
75% wood 70% wood 65% wood 60% wood wood
contents contents contents contents

Fig. 7. ZEX 21 7 H RO BRI 351 5 WPC 35 X UM O Z g b RO 2k
Changes in mass loss rate of WPC and wood test pieces in under seawater exposure tests for a total of 21 months.
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Note: Error bars represent standard deviation. (n=3)
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Changes in mass loss rate of WPC and wood test pieces in splash zone exposure tests for a total of 18 months.
DTN 3R A KT, (n=3)

Note: Error bars represent standard deviation. (n=3)

TR BT R s 55 21 % 2 5, 2022



MHFEREEIC 3510 % WPC DH1LffHT 121

JEEEEEDY 100 EERITH K Z 20 ~ 80mm 755 LWV 9 4k
BHESNTEO (L 2006). T OFEACHEL DM E 1%
HKY v I —DBARZ1T> TV A RIKH RBICEH OB
RTHBHEEZLND, 12720, ZOREME A =X I
TEWKEHLTEHSMIENTW RV S, ThiC
DWVWTIEZ LMD ETH S,

SPEZICBI L T BT, B E A IMOSTEZE e
INE L, FHEDREETH -T2 e D, STEZEDORE
KEDSZEESOELZFHG LTz, Fig. 9 IR E AR
ICBIF % WPC DIEX DL /RT, &, WwHRHER
Boartu—ibe UTHE LUARMEBRAICDOWTIE.
BWHEICKBZHS M EHENRDEN, BRBRIAICK DS
EDEGNNRKELRED, WEIPRBEZGEND T
TEMD, LBOHLTHEZITh RN > Tz HhRER
By Tl WPC DEX M 2 EADED 5Nz, Th
&, WPC HDOKRHWK U CIERLIZHBIC K S EDT
HrLEZS5ND (111H 2006), K EDERE & 75%
D WPC IZARMHENERE K 60% D WPC & [hig L TIEE
OEINRN @M o1 T e b, WkDW B #RL 2T %
LEZBND, £, BTOWPCIZEWNT, 90 AL
FEEOZIFIFEALRDENGT NS T,

Fig. 10 IC IR R aBRIC 51 % WPC 35 K UM it
B OEE DKL RS, WPC IZREHG% 3 MHT
JEEhEML, ZO®%KADTEEmNRD LN, TN
Wi & RIS oK OB X D [EE AU 7z%. K
Fayeic &K D REMNHIL L. RAICEKEDHIET Z72HT
HBHLEZBND, —HAMEERIE. KEDEE KD

35

Color change (4 E*ab)
®E (AE*ab)

0 100 200 300 400

FEHMH (B)

Exposure test days (days)

W) EEMIAEZFEIRAEHPTEC L
hbhnoiz,

34 BFRIERBHRIC K DHSEERDE(L

Fig. 11 I kSR I 3813 % WPC Dt F s R D25k
Yo WPC D RIEREEMUATE 3 MWH TAREL
KRTZTehbhol, THIEARKE54%D WPC %
M RE LGOI RE% 1EH E TICHMEDH 50 %K
TULREWVIEITHIEOR K L —8d % (1LH 2006).
WPC DTG 3 M H LIRF B IR AR R UK, 15
MABICIZITEWICET BT ENbh oz, BEHRM
2L DA TOARHR 75%, 70%. 65%. 60% D WPC Dl
RO TRIEZNEN, 76.1%. 635%. 61.9%,
540% THH, KPEDENFZEREIJTT S LN
o tee KRR 75% OB B T O BIEDGED 5
nizpAiciz, wee iR Fric RER RS NS, — 4T
Fig. 9 IR LK S ICEE DA ENERD SNz &
5, SERIME R UZRIAIZ, WPC ORI DK LT
e L (L 2008), K¥r & 75 AF w7 (GRYTog
L) ORIRENZIL LI ENTELRFERTH D L E
AbNs,

Fig. 12 IC IR RERIC B 5 WPC B K T ARM D
RO 2R T, RIKHTRERIC B 5 WPC Dl
PRI, TRIRA Tl iR & O KIS Bl L TV 2 BRI AVE
WZE b 59, R & RO ez R Uiz,
T M 18 WA TOARKHE 75%. 70%. 65%. 60% D
WPC DT RO FRIZZNZE N, 76.6%. 63.4%.

WPC KR#3375%
75% wood contents
WPC AR#ET70%
70% wood contents
WPC AR#)365%
65% wood contents
WPC AR#F60%
60% wood contents
—_— AWM

wood

500 600 700

Fig. 9. £ 21 I (627 HIED Difprh BEEABRIC B 5 WPC il DML E D2k
Changes in thickness of WPC test pieces in under seawater exposure tests for a total of 21 months (627 days).
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Note: Error bars represent standard deviation. (n=3)
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Changes in thickness of WPC and wood test pieces in splash zone exposure tests for a total of 18 months (542 days).
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Changes in bending modulus of WPC test pieces in under seawater exposure tests for a total of 21 months (627 days).
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Changes in bending modulus of WPC and wood test pieces in splash zone exposure tests for a total of 18 months (542
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Changes in FTIR-ATR spectra of WPC test pieces with 75% wood contents in under seawater exposure tests for a
total of 21 months.
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total of 21 months.

TR BT R s 55 21 % 2 5, 2022



MHFEREEIC 3510 % WPC DH1LffHT 125

HBARWFEE 0% 5 75% F TERFEINIC Tz 4 FiH

4. %5 D WPC 72 g & JRKA D 2 FRIHOREREIIC BN T, ifE

WPC OFEERETOFRAZ HI & LMt DH—5 L FICIFAENR 20 0 AL TREEFFICIZAER 18 /0 A HHTE L.
LT, MREAR EDRmMAIZEAEE T, AE TSI X WHEREETO WPC Ok 3 L 7z,

Fvr (R)7aELy) oAziEe L, filioT” ZOR, R TIIRBEEEREZT S T LB EOD

ATFVTHMELUTHHATNTVLS WPC TR 50%HAT  WPC IIAMERDEWIC K ST REIHR 3 H Tt d

1374cmt 1060cm-!

1500cm-!

F=EA

before exposure
INAETER

after 3 months exposure
INARBEHR

after 9 months exposure
15 AREER

after 15 months exposure
18 A&RBE%

after 18 months exposure

Absorbance
RN

1800 1600 1400 1200 1000 800
B (cm-1)

Wavenumbers (cm-1)

Fig. 15. ZEX 18 7 H B DA R FZ AR IS 81T 2 KRR 75% D WPC iflifi) T D FTIR-ATR A7 b)LDZb
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18 months.

| Bulletin of FFPRI, Vol.21, No.2, 2022



126 IIMAIEEE At

LEADED SN, UL, HBHEOBHZIZEALE
RHENT, HEBMDIBRBEETH > Tz, MmEkEEI
DNTUIE, HHT PR BB A E D WPC X

ERELIEKTT R WAL E R ST, TOFIFNEL
T, WoKiCEOARMETSAF v o (R TrELY)
DFREODIRENZL T BT N EZ BN, £, WPC
KD FTIR-ATR M OFER, BRBEHMMNEL K2
WV, KEEROEWICE 59 WPC EHICFEET 2 AN OF]
EMMEL R0, K)o Ly oBEENE < kS EaH
BHHNTz, TDOT M, BFERIC WPC DEEICTEH
LTOWEARMOADHE Lz, & LZEMHILERZ
FTHRENTATREMENE A BN B,

—75. TREER Tld WPC IEKBFEIC K 2 H L2320,
RBER 3 MDA THWPICHRKRELLBT Z DD
Molze T, RRRNE WV WPC IFE, BEIRZE <
TR, BOUIIBINHE L, ARBOMD RN
ICHET 2 EMDRD SNz, HHIIC KD EREDORDY
DHFFIC KD, HEBEDBRUCEI B ERREKLD
KEL BT b ol iz, MEMREIC DV TIE,
R TR K O KICHE L T BRIV EWIC B
Mo 59, WEPEER & AEROK FMEmZ /R Uiz, T HI,
WPC £ D FTIR-ATR 73T DFEHR., AMROEBENICK S
. KBHICK BV T VDN ROFEELEZ 5N
e oniz, LhL, BEHMEZELTE WPC %
MICFEST 3R ERY 7oLy OEEICKkE %2
BEDLNEho i, ThidBELIzARRERY o
LYBEBFICHE LIz 2R L TW5,

MR ER AR 20 A AL RORAT R EE R 18 » H T
WPC AR & HENEEZE b, SHEZAVINE KL 1588
PEDOE IS L TEPHIREICEL TS EEZ SN
M. AR TIEARE 75% O WPC IZ B W CilFREO BIR
MEHENDDH D, MK TEERED S DK DORITE
MEINERmICH 2 e b, SH%ERZMEOZ(EHE
EEINZTD, lBZikiid 2 T ETH S,

A& ST AFy 7 DOHEFRE LTENE LA R
DFEN WPC IZDW TR B NTEAMNEDHERNSEZ BN
B UEFEEBE T D WPC DRI DWW TIE, WPC A &
BT ONEZEEDEEALRDENTZN D, i
I BV TE AT — V> N Tl & O S12AERED
HEOEREINGECHBRTORHENTRETHSR EEZD
N3, iz, H#MEZROENZGEEE. HE5HTD
TR F 2 FUAA TG Z 3 5 C LR EDn
FTHbLEZOND, WITRETORAICE L., AR
R THWIZ WPC DK ZaEslE, Wi, MG & b
IC BB OWIKIC X 0 J122R MK R % &,
TR Tl & e, 2R ORENKENVET
HBLEZEND, WKIZKZYHEETIZOVWTIE,
WD WPC IZIR I E N T W B HALRIZTR L, Kk 7
FAFw 7 OREEIREm EEE 3 T i KB MmfEE
ERETTARENDH B LITZ, FROAKZ T 2T

TR BT R s 55 21 % 2 5, 2022

LS %75 E L THukib L. R oOWkz e % 75k
WEMTHBHEEZOND, i, IREFICBITHEE
R T DHTEC DN T, KT TOHIED ISR
WKEBbDEEZLNDTZD, WPC LT ATV T MDE
it Ab 0D 72 I HRhn & T W 2 BRI A YeZ e b
Ao (Kiguchi 5 2007, Stark « Matuana 2010) VA %)
ThHrLEZLNS, TNHDITIETWPC OMERER A E
S5 T LiF WPC DIfFFFERIIC BT 2 HIRIERIC DN
2T 5. SRIEIMEZ1T5 TETH S,

WE TS ATy ZHHIRE (R 2018) ABELELL T
WABBIE, BHRETT S AF v VT % T &
L2 T35, TOXIIIRVIOH, WHEEREE TBIE
FHENTVWETIAF v 7ICDO0TIE, ZOREEL
TWPCZfL, TS AF v I D—EzARMICEZHA
5T LT, WBIHRCHHNENE TSI RF v VDR
53T ENTEZNREMNEZEN S, L L., A5
TIE BBV WPC DEERDHEDH LN, TT X
Fw IHBAR EHIELTORIEEIE T T ATy 7 Hh
DEGEXOBEMREETNE AR EEEZIDONDS, T
D, TTRAF v 7 OWERBERBZ1TV WPC & D
PILDZEFEFUNT 575 ERFEGEN D ETH B, F
7o AREIZEIC K D IREH CRAR & 75 XF v 7 DA RE
ICHVE T ZENDFRD SN, HEH TIEEmOARR A
HETHE LA MRENE T TT T AF v 7 hH WPC
KRR T 2 EADRE N, LML, T WPC
DT T AF v 7 OWHEERBEANOPHZEFICE DX 51T
B BEMICOVTIE, EBOT T XF v 7 OHH&RICD
WCERMNICA T % 7% EFEIARMEEDN R ETH 5, 5
%, WEBREETO WPC OB Lz lifild 27Dk e L
TEIANB K UARM OB 7 & ORGH 21T 5 BRI,
NSO K D BHREICHE S NS TS XF v o
BHAEDK ST B h, iz, IS B T IR F v
TICHBEENZENDDENE EICOWVTE MG
FORENH B EZ SN,

o &
AWFZEE (EBF) ARIRBFZE - B0 A RS AR AR B B 25 it
BT RY 7 - (EES 201805) DFFERETH
B

5 ISR

Altuntas, E., Yilmaz, E., Salan T. and Alma M. H. (2017)
Biodegradation Properties of Wood-plastic Composites
Containing High Content of Lignocellulosic Filler and
Zinc Borate Exposed to Two Different Brown-Rot Fungi.
BioResources, 12, 7161-7177.

Caulfield, D. F., Clemons, C., Jacobson, R. E. and Rowell,
R. M. (2003) 13 Wood Thermoplastic Composites,
“Handbook of Wood Chemistry and Woos Composites”,
Taylor & Francis, 365-378.



MHFEREEIC 3510 % WPC DH1LffHT 127

Ebe, K. and Sekino, N. (2015) Surface deterioration of wood
plastic composites under outdoor exposure. J] Wood Sci,
61, 143-150.

Faix, O. (1991) Classification of Lignins from Different
Botanical Origins by FT-IR Spectroscopy. Holzforschung,
45, 21-27.

Feist, W. C. and Mraz, E. A. (1978) Comparison of Outdoor
and Accelerated Weathering of Unprotected Softwoods.
Forest Prod. J. 28, 38-43.

Fortini, A. and Mazzanti, V. (2018) Combined effect of water
uptake and temperature on wood polymer composites. J.
Appl. Polym. Sci. 135, 46674.

Frbd  JE (2000) A DA 2 X Bl U 727754 0ot
—8AMY FT-IR OFHITE L ISHBI— . AMORAE , 26, 255
— 265.

Fridl )2 (2008) AW DB & ZDWEE i . AMER(E
54, 165 — 173.

Kiguchi, M., Kataoka, Y., Matsunaga, H. Yamamoto, K. and
Evans, P. D. (2007) Surface deterioration of wood-flour
polypropylene composites by weathering trials. J] Wood
Sci, 53, 234-238.

RO F2, Bk &, Bok i, Bk AR, e A
LR EE, KK #iT (2010a) KK - TT A
F o ZEEM GEBE WPC) OfitAME (2) L
A ARERIC K B M PERTA . AM LR | 36, 150-157.

AR 52 (2010b) K#« TS5 XF v ZEEM QR
WPC) DIt AME & il . B3 T2, 45, 223-230.

ANy TSV o i I S ) N -G /A7 N o7 7 7 N 1/
AR 5 (2017) KM - 75 AT 7HEEM GRBH
WPC) DIt B IS K IE I AR & L REHI DR
B KRS | 16, 1 - 12.

Rk By ORI R, G B, gk R, S
M (2019) Polyporales IC 89 % ARMIFHIC & D JEH
ENTMD X KREHTIES KT — ) TR
IEIC K B 70HT . REIR(E , 45, 268-279.

Al . B BMT. 8K G (1973) KV SmE LYy
DEIMRBL EFTIERIOR . #RL, 22, 785 — 791.

Matuana, L. M., Jin S. and Stark N. M. (2011) Ultraviolet

weathering of HDPE/wood-flour composites coextruded

with a clear HDPE cap layer. J Polym Degrad Stab, 96,
97-106.

McDonald, M. P. and Ward 1. M. (1961) The assignment of
the infra-red absorption bands and the measurement of
tacticity in polypropylene. Polymer , 2, 341 — 355.

Morrell, J. J. (2006) Durability of wood-plastic composites.
Wood Design Focus, 16, 7-10.

HAER - EERAEERZ (2020) " A « TFZXF
7 REEAME K2R EFE KL, hitps:/wprc.info/
data/market.html, (ZH& 2021-07-06)

MiA 8 (2003) Ak & TTATF v 7 L OBEERFEDB
K- REAR O IE -, KM EEREE | 49, 401-407.

Rhatigan, R. G., Morrell, J. J. and Zahora, A. R. (2000) Marine
Performance of Preservative Treated Southern Pine
Panels-Part 1: Exposure in New-port, Oregon, IRG/WP
00-10368, 1-10.

Segerholm, K. (2012) Characteristics of wood plastic
composites based on modified wood: Moisture properties,
biological performance and micromorphology. KTH
Royal Institute of Technology, 105217, 1-46.

Stark, N. M. and Matuana L. M. (2010) Ultraviolet weathering
of photostabilized wood-flour-filled high-density
polyethylene composites. J. Appl. Polym. Sci. 90, 2609—
2617.

B8 BUL, KA B (2008) o —ZARMEHC BT B
BRELISH 4. RETSAF v 7EEK. MR, 57,
415-420.

i F5E (2018) XA 71T T AT T IHROBUR,
BrEhm s K UHER . BV IRIGER 2 258, 29, 261
269.

i EER (2003) HEILEEAM 5 KO T Z AF v 7
BM O EREE T DM ATERASR, 152 AR oE
FITERL, 1045, 1-20.

i BES (2006) SELEEAM I8 KO T 5 AT 7
BMOMHFERE T OMAMNRER (2D 2), wHEzE
FBARWTFEA R, 1117, 1-20.

i B8R (2014) AM O E & Z OFikRi%EZ 5 TS
DT ORLIC B9 2 FBR, PRS2SR RN
JEATELRL, 1281, 1-24.

| Bulletin of FFPRI, Vol.21, No.2, 2022



128

IMRIEE At

Deterioration analysis of wood-plastic composites (WPCs)
in marine environment

Masahiko KOBAYASHIY", Masahiro MATSUNAGAY, Toru KANBAYASHIY,
Atsuko ISHIKAWA® and Masao YAMADA?

Abstract

Wood plastic composites (WPCs) have been gaining market share in exterior materials, such as decking, owing
to their good decay resisting properties. However, recently, as the domestic exterior market of WPCs has not been
showing an increasing trend, the expansion of applications is required. In this study, WPCs with wood percentages
of 60% to 75% were exposed to the marine environment to obtain basic knowledge about the WPCs deterioration
in marine environments where they have not been used much. In particular, the influences of wood percentages in
WPCs on its characteristics changes, such as discoloration, mass change, dimensional change, bending elasticity
change, and surface chemical change due to deterioration, were examined. As a result, in the underwater exposure
test, almost no feeding damage by marine borers was observed throughout the test period of 21 months, with several
percentage levels of mass reduction. Furthermore, the flexural modulus decreased greatly at the early exposure
stage as the WPC with higher wood percentages. However, in the splash zone exposure test conducted for 18
months, the WPC surfaces photodegraded and discolored greatly in the early exposure stage. Moreover, the flexural
modulus showed a decreasing tendency similar to that in the underwater exposure test. However, the water contact
time was shorter in the splash zone exposure test than in the undersea exposure test. Based on the results obtained,
the availability of WPCs in the marine environment was discussed.

Key words : Wood plastic composites (WPCs), marine exposure test, marine biodegradation, photodegradation
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Nutrient budgets in four Japanese forests based
on short- and long-term methods

Yoshiyuki INAGAKI”", Kazumichi FUJIT? and Rieko URAKAWA?

Abstract

Estimation of the nutrient accumulation rate in tree biomass is important for understanding the nutrient budgets
of forest ecosystems but choosing a suitable method can be challenging. In this study, we compared the nutrient
budgets of four forest ecosystems in Japan (Oyasan, Kamigamo, Kiryu, and Takatori) and estimated the nutrient
accumulation rates in tree biomass using two methods. For short-term estimates, the nutrient content of tree biomass
was measured at two points in time over several years; for long-term estimates, the nutrient content was divided by
forest age. The nutrient accumulation rates estimated using the long-term method was lower than those using the
short-term method. Weathering rates for potassium, magnesium, and calcium estimated using the long-term method
were lower than those using the short-term method. Weathering rates determined using the short-term method were
high and could be overestimates in nutrient-limited forests. Soil nitrogen release values were lower with the long-
term method than those with the short-term method and could be overestimated when using the latter method in
nitrogen-limited watersheds. In conclusion, weathering rates and soil nitrogen release values determined using the
long-term method are useful for assessing the sustainability of nutrient cycling in forest ecosystems although the
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rate of nutrient accumulation in tree biomass is assumed to be constant.

Key words : base cation, nitrogen, nutrient accumulation, stream runoff, weathering

1. Introduction

Rock weathering rates of base cations influence forest
productivity and acid buffering capacity (Van Breemen et al.
1984, Asano et al. 2000, Fujii et al. 2008, Inagaki et al. 2019).
Rock weathering rates of base cations can be estimated from
input-output budgets by assuming a steady state (Fig. 1) (Van
Breemen et al. 1984) and previous studies have investigated
these rates in many forest ecosystems worldwide (White and
Blum 1995, Watmough et al. 2005). In Japan, several studies
have compared the input-output budgets of base cations (Asano
and Uchida 2005, Yoshinaga et al. 2011) but information about
rock weathering rates is still limited (Tokuchi and Ohte 1998,
Asano et al. 2000, Inagaki et al. 2019).

Estimation of the nutrient accumulation rate in plant
biomass (ANB) is crucial for calculating element budgets in
forest ecosystems. Aboveground biomass is usually estimated
using allometric equations for felled trees (Ando et al. 1977,
Satoo and Madgwick 1982) and the nutrient content of
annual increments in aboveground biomass can be calculated
(Tsutsumi 1977). However, it can be challenging to choose an
allometric equation as the most suitable equation varies among

forest ecosystems (Satoo and Madgwick 1982, Inagaki et al.
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2020).

Generally, there are two methods for calculating ANB. In
the short-term, ANB can be calculated based on measurements
taken at two time points (initial and final) over time. For long-
term estimates, ANB is calculated based on one measurement
and the accumulation rate is estimated as the nutrient content
of the plant biomass divided by forest age. This method
assumes a constant rate of ANB but requires less effort than the
short-term method. Although these two methods have different
advantages and disadvantages, it is not clear how the methods
affect estimates of rock weathering rates in Japanese forests
and comparisons are needed in diverse forest ecosystems.
In this study, the two methods of measuring ANB were
compared in four forest ecosystems with varying geological
characteristics and climates in Japan. The weathering rates of
cations were estimated using the two methods based on the
element budget. Nitrogen is generally not derived from rocks
but nitrogen release from long-term storage can be estimated
using the same calculation as for rock weathering rates of base
cations (Fig. 1). Using these comparisons, the study aimed to
propose a method for the calculation of nutrient budgets in

forest ecosystems.
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Fig. 1. Cycling of base cations (a) and nitrogen (b) in forest ecosystems.

2. Materials and Methods
2.1 Study sites

The present study compared nutrient cycling in four
forest watersheds (Table 1) (Oyasan, Kiryu, Kamigamo, and
Takatori) from published studies (Iwatsubo 1976, Ando et al.
1977, Tsutsumi 1977, Ohrui and Mitchell 1996, Inagaki et al.
2019).

Oyasan (36°34'N, 139°22'E) lies approximately 100 km
northwest of the Tokyo Metropolitan area. Vegetation in the
forest watershed (1.3 ha) is Japanese cedar (Cryptomeria
japonica) planted in 1976 and the study was conducted when
the forest was 14 to 18 years old (Ohrui and Mitchell 1996).
Nitrogen fertilizer was applied seven times during the initial 11
years after planting. The amount of nitrogen in each application
ranged from 33 to 154 kg N ha™ and the total amount was 585
kg N ha® (Urakawa et al. 2012). In the watershed, nitrogen
runoff in stream water was greater than nitrogen input from
precipitation (Ohrui and Mitchell 1996, Mitchell et al. 1997)
and the forest was considered to be in a nitrogen-saturated
condition (Aber et al. 1989).

Table 1. Summary of the study sites

Kiryu (34°58'N, 136°00'E) is located in the Tanakami
area of Shiga Prefecture. The parent materials in the area are
granite and the soil is easily eroded. Exploitation of wood
materials since the Heian period (8" century) has caused
land degradation in the area but plantations to prevent soil
erosion were established in the Edo period (17" century)
(Yasuda 2010). The vegetation in this watershed (6.0 ha)
is Japanese red pine (Pinus densiflora) and planted hinoki
cypress (Chamaecyparis obtusa), planted 70 years previously
(Nishimura 1973, Tsutsumi 1977).

Kamigamo (35°04'N, 135°46'E) is located in northern
Kyoto city. The soil of the area is acidic and nitrogen limited
(Nakanishi et al. 2009, Inagaki et al. 2011). Vegetation in the
studied watershed (4.4 ha) is secondary evergreen hardwood
forests dominated by llex pedunculosa, Camellia japonica
and Clethra barbinervis. The age of the studied forest is not
known. We assumed that regeneration started in 1949 when the
area was designated as an experimental forest. The area might
have been exploited heavily during World War II (1941-1945)
judged from photographs published on the website of the Field

MAT MAP

Prefecture
(°C)  (mm)

Site latitude/longitude

Vegetation

Geology reference

Oyasan 36°34'N/ 139°22'E Gunma 13.2 1618

Japanese cedar plantation Sandstone and
hinoki cypress plantation  shale

Ohrui and Mitchell 1996

Japanese red pine forest,

Kiryu 34°58'N/ 136°00'E Shiga 13.8 1645 hinoki cypress planation Granite Tsutsumi 1977
Kamigamo 35°04'N/ 135°46'E  Kyoto  14.6 1582 Evergreen hardwood forest Sslgtzdsw ne and . isubo 1976; Tsutsumi 1977
Takatori 33920'N/ 132°58'F Kochi 133 2550 Momi fir and evergreen Sandstone and Ando et al. 1977; Inagaki et al.

hardwood forest

mudstone 2019
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Science Education and Research Center, Kyoto University
(https://fserc.kyoto-u.ac.jp/zp/archive/kamigamo1950/). An
investigation of its vegetation was conducted in 1968 and the
forest age was estimated as 19 years.

Takatori (33°20'N, 132°58'E) is located in the Shimanto
River basin on the island of Shikoku. Surface soil in the forest
was moderately acidic and contained well-decomposed organic
matter, as indicated by a low C/N ratio (Urakawa et al. 2015,
Inagaki et al. 2017). Vegetation is dominated by momi fir
(Abies firma) and some evergreen hardwood species (Quercus
salicina, Cleyera japonica and Illicium anisatum). The forest
was approximately 145 years old, estimated from the oldest
age of felled Japanese fir trees. Measurement of stream water
chemistry was conducted in an adjacent watershed (18.7 ha)
(Inagaki et al. 2019).

2.2 Calculation of nutrient cycling

Nutrient cycling in forest ecosystems (Fig. 1) was
determined using two methods that estimate AAB (aboveground
biomass production, Mg ha™ yr") and NB (kg ha™ yr'). AAB
for short-term estimate (ABg) was obtained from previous
studies (Iwatsubo 1976, Tsutsumi 1977, Ohrui and Mitchell
1996), while that for long-term estimates, AAB, was calculated
from the aboveground biomass divided by the forest age. For
short-term estimates, ANBg was defined as the differences in
the nutrient content of aboveground biomass at two points in
time. Therefore, ANBg was equal to sum of biomass increment
of each organ multiplied by its nutrient concentration. Data
were obtained from previous studies (Iwatsubo 1976, Tsutsumi
1977, Ohrui and Mitchell 1996). For the Kiryu and Takatori
sites, detail information about methods was not described in
Tsutsumi (1977) but we considered ANBg was determined by
the conventional methods. For long-term estimates, ANB_
was calculated by dividing the nutrient content of the total

aboveground biomass with the forest age.

Nutrient uptake by trees (UP) (Mg ha™ yr") was estimated
using the following equation:

UP=LI + ANB Eq. (1)

where, LI represents the sum of the nutrient content of
the litterfall (Mg ha™ yr'') and nutrient leaching from the
canopy (Mg ha™ yr'). Nutrient leaching from the canopy
was defined as nutrient content in throughfall minus that
in bulk precipitation (Tsutsumi 1977) and these data were
obtained from the previous studies. At the Oyasan, Kiryu, and
Kamigamo sites, LI was calculated from the sum of litterfall
and nutrient leaching (Tsutsumi 1977, Ohrui and Mitchell
1996). At the Takatori site, UP was estimated from data for

felled trees, i.e., sum of nutrient in current year leaves and that
in the increment of branches and stems (Ando et al. 1977) but
throughfall nutrient content was not measured. At this site, LI
was estimated as UP minus ANB,. The nutrient accumulation
rate estimated using the long-term method was more accurate
than that estimated using the short-term method (see results
and discussion).

The weathering rate of base cations (WT) (kg ha™ yr') was
estimated using the following equation:

WT =ANB + SR — PR Eq. (2)

where SR represents nutrient loss to stream runoff (kg ha™
yr') and PR represents nutrient input from bulk precipitation

(kg ha™ yr) in the published studies (Tsutsumi 1977, Ohrui
and Mitchell 1996, Inagaki et al. 2019).

Generally, the weathering rate of nitrogen is negligible and
nitrogen release from the soil (SO) (kg ha™ yr™) is calculated
from the following equation.

SO =ANB + SR — PR Eq. (3)

The origin of SO is not known but may include biological

nitrogen fixation, past nitrogen fertilizer application, or stored

organic nitrogen.

3. Results and Discussion

3.1 Nutrient accumulation rate of plant biomass (ANB)

Properties of the aboveground biomass at the study sites
are presented in Table 2. The aboveground production rate
calculated using the long-term method (AAB,) was smaller
than that using the short-term method (AABg), the ratio of
AAB, to AAB;s ranged from 0.32 to 0.66. The rate of tree
death is one of the factors affecting AAB. In the Kamigamo
site, AABs did not include the death rate of trees (Iwatsubo

et al. 1976). The presence of many small trees is expected in

Table 2. Aboveground biomass and annual increments in
aboveground biomass estimated by short- (AAB,)
and long-term methods (AAB)).

Site Oyasan  Kiryu Kamigamo Takatori
Forest age (yr) 18 70 19 145
AB (Mg ha?) 1362  148.2 884  501.0
AAB_ (Mg ha yrY) 1.4  nd 133 10.9
AAB_ (Mg ha yr?) 76 2.1 4.7 35
AAB_ /AAB 066  nd. 035 0.32
Italic letters: data from the original references shown in
Table 1.

*Forest age: estimated from the land use history of the
site. See methods and materials section. n.d.: no data.

| Bulletin of FFPRI, Vol.21, No.2, 2022



132 Yoshiyuki INAGAKI et al.

naturally regenerated forests, and their mortality rate should
be high (Masaki et al. 2021). At the Oyasan site, the ratio
of AAB, to AABs (0.66) was larger than that for the other
forests, which may be because the rate of tree death is low as
the forest is young and weeding was conducted after planting
(Ohrui and Mitchell 1996). Another reason for the larger AABg
value is related to the allometric equations. Generally, leaf and
branch biomass are estimated from tree height and diameter
at breast height but these biomass values are overestimated
when the increments of leaf and branch biomass are inhibited
due to closure of the forest canopy (Satoo and Madgwick
1982, Inagaki et al. 2020). The changes of crown length should
be considered for the accurate estimation of branch and leaf
biomass (Inagaki et al. 2020).

The nutrient accumulation rate based on the long-term
method (ANB|) was lower than that based on the short-term
method (ANBg) (Table 3, Fig. 2a). The ANB,/ANB; ratio
differed considerably between forest ecosystems but showed
similar values between elements within a forest. The ANB,/
ANBg ratio was similar to the AAB,/AABg ratio, which
suggests that the rate of aboveground biomass production is the
primary factor determining the ANB,/ANBg ratio. The ANB,/
ANB; ratio is also affected by biomass allocation and nutrient
concentration in leaves and woody organs (Ando et al. 1977).
In the short-term method, nutrient content was calculated for
the increment of leaves and woody organs whereas in the long-
term, it was calculated for the total aboveground biomass.
Therefore, the contribution of stems to the aboveground
biomass in the long-term method becomes greater in old
forests (Fukuda et al. 2003). For example, the nitrogen
concentration of biomass increment obtained using the long-

term method in the Takatori site was lower than that obtained

Table 3. Accumulation rate of nutrients in tree biomass
estimated using short- (ANB,) and long-term
methods (ANB, ) (kg ha™ yr™)

Oyasan Kiryu Kamigamo  Takatori
ANB
K 22.5 45 283 48.3
Mg 3.8 2.4 12.9 5.8
Ca 51.2 236 40.3 41.6
N 339 8.2 36.8 23.3
ANB,
K 15.8 1.88 9.4 12.8
Mg 23 0.84 4.6 13
Ca 33.0 7.49 13.8 15.5
N 24.5 3.85 12.1 6.5
ANB,/ANB,
K 0.70 0.42 0.33 0.27
Mg 0.60 0.36 0.36 0.22
Ca 0.64 0.32 0.34 0.37
N 0.72 0.47 0.33 0.28
Italic letters: data from the original references shown in
Table 1.
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using the short-term method because the former should have
higher contribution of woody organs. This difference caused
the ANB, /ANBcq. of nitrogen to be lower than AAB,/AABs. On
the contrary, the ANB,/ANBg, of calcium in the Takatori site
was larger than AAB /AABgs. These results suggest lesser and
greater accumulation of nitrogen and calcium in woody organs

at this site, respectively.

3.2 Rock weathering rates (WT) and soil nitrogen release
(SO)

The nutrient budgets based on ANB, and ANBg are
presented in Table 4 and Table 5. WT using the long-term
method (WT.) was smaller than that using the short-term
method (WTs) (Fig. 2b). SO using the long-term method (SO,)
were smaller than those using the short-term method (SOs)
(Fig. 2b). The relationship between In-transformed stream
runoff and WT (WT_/WTs) and SO (SO, /SOy) ratios estimated

using short- and long-term methods is shown in Fig. 3. In
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Fig. 2. Relationship between estimates of (a) nutrient
accumulation in plant biomass (ANB), and (b) base
cation weathering rate (WT) and soil nitrogen release
(SO), using long-( ) and short-term () methods.
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each forest, the ratio increased with increasing stream runoff
(©* = 0.521, P = 0.0016, Fig. 3). WT and SO were calculated
from nutrient accumulation in plant biomass (ANB), runoff
by stream water (SR), and input by precipitation (PR) in Eqs
(2) and (3). Therefore, some factors may have affected the
ratio of estimates using short- and long-term methods. Firstly,
nutrient input by precipitation was generally small in this
study, and it may not have significantly affected the WT and
SO estimates. Secondly, the stream runoff differs within a
forest, and the difference in estimates between the two methods

becomes greater in forests with lower stream runoff because
Table 5. Ratio of weathering rate (WT /WT,) or soil nitrogen

release (SO, /SO,) estimated using short- () and
long-term () methods.

Oyasan Kiryu Kamigamo  Takatori
K 0.71 0.74 0.32 0.38
Mg 0.85 0.64 0.40 0.80
Ca 0.76 0.56 0.27 0.80
N 0.74 0.01 0.23 0.00
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Fig. 3. Relationship between stream runoff and the ratio
of estimates of rock weathering rates (WT) and soil
nitrogen release (SO) using long-( ) and short-term ()
methods (WT /WToor SO /SO,). Stream runoff was
sum of four nutrients and expressed in kmolchatyr?,

Table 4. Input-output budget for the study sites estimated using short- and long-term methods.

Short-term method

Long-term method

Site

Oyasan Kiryu Kamigamo Takatori Oyasan Kiryu Kamigamo Takatori
K input
PR 4.7 2.6 2.7 2.2 4.7 2.6 2.7 2.2
LI 248 27.6 64.5 108.0 24.8 276 64.5 108.0
WT 236 10.2 279 57.1 16.9 7.6 9.0 216
Sum 53.1 404 95.1 167.3 46.4 378 76.2 131.8
K output
Up 473 321 92.8 156.3 40.6 29.5 73.9 120.8
SR 5.8 8.3 2.3 11.0 5.8 8.3 2.3 11.0
Sum 53.1 40.4 95.1 167.3 46.4 37.8 76.2 131.8
Mg input
PR 12 2.6 13 17 12 2.6 13 17
LI 5.4 6.5 10.7 11.0 5.4 6.5 10.7 11.0
WT 10.2 4.3 13.9 22.3 8.7 2.7 5.6 17.8
Sum 16.8 13.4 259 35.0 153 11.8 17.6 30.5
Mg output
up 9.2 8.9 236 16.8 7.7 7.3 14.9 12.3
SR 7.6 45 2.3 18.2 7.6 45 23 18.2
Sum 16.8 13.4 25.9 35.0 153 11.8 17.6 30.5
Ca input
PR 7.3 10.7 8.8 5.4 7.3 10.7 8.8 5.4
LI 59.1 573 48.6 55.7 59.1 57.3 48.6 55.7
WT 752 36.2 36.5 132.6 57.0 20.1 10.0 106.5
Sum 141.6 104.2 93.9 193.7 123.4 88.1 67.4 167.6
Ca output
UpP 110.3 80.9 88.9 97.3 92.1 64.8 62.4 712
SR 313 233 5.0 96.4 313 233 5.0 96.4
Sum 141.6 104.2 93.9 193.7 123.4 88.1 67.4 167.6
N input
PR 10.4 54 55 7.8 10.4 5.4 55 7.8
LI 37.8 254 432 67.6 378 254 43.2 67.6
SO 371 4.4 36.8 16.9 217 0.1 7.2 0.0
Sum 853 353 85.5 92.3 759 30.9 559 75.4
N output
UpP .7 337 84.9 90.9 62.3 293 553 74.0
SR 13.6 1.6 0.6 14 13.6 16 0.6 14
Sum 85.3 353 85.5 92.3 75.9 30.9 55.9 75.4

Italic letters: data from the original references shown in Table 1.
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the contribution of ANB to the WT and SO estimates becomes
greater. Nitrogen loss from stream water is generally low and
the estimates of nitrogen release can vary more depending on
the methods than on other elements. In the present study, the
exception was the nitrogen-saturated Oyasan site, where the
nutrient runoff was higher than that of potassium. Finally, the
difference in ANB between the methods affected WT, /WTg
and SO./SOs. As previously mentioned, the stem contribution
to aboveground production as well as nutrient concentration in
different organs can affect the estimates of ANB.

In conclusion, the estimation of WT and SO using the two
methods can vary greatly in nutrient-limited forests. Using the
short-term method for estimating WT and SO is problematic
as it can overestimate nutrient availability in nutrient-limited
forests. In contrast, WT and SO from the long-term methods
are useful for the evaluation of soil sustainability although
the rate of nutrient accumulation in tree biomass is assumed
to be constant. The calculation of rock weathering rate from
the nutrient budget also assumes the constant rate of fluxes
(Van Breemen et al. 1984). Therefore, the assumption of
steady state should be satisfied for applying the method. In
other words, the method cannot be applied for non-steady state
ecosystems affected by severe disturbances. The results of this
study are based on the published studies and the method of
these studies were would be different to some extent. This is
the limitation of this study and further studies are required in
the future.

From the following section, the estimation of WT and
SO using the long-term method is discussed. The sum WTL
of calcium, magnesium, and potassium in Oyasan, Kiryu,
Kamigamo, and Takatori was 4.0, 1.4, 1.2, and 7.3 kmolc ha'
yr', respectively. The weathering rates of base cations in 24
forest ecosystems worldwide ranged from 0.66 to 14.50 kmolc
ha™ yr" and in Japanese forests ranged from 4.97 to 7.64
kmolc ha™ yr' (Tokuchi and Ohte 1998). The weathering rates
from the present study do not include sodium. The sodium
weathering rates in Oyasan, Kiryu, and Takatori were 1.2, 2.0,
and 2.6 kmolc ha™ yr, respectively (Ohrui and Mithcell 1996,
Asano et al. 2000, Inagaki et al. 2019). When the weathering
of sodium is included, the weathering rates of base cations in
this study are in a similar range to those reported by Tokuchi
and Ohte (1998). Sodium accumulation in plant biomass is
not usually evaluated because sodium is not considered as a
nutrient, however, it can affect the estimation of weathering
rates.

At the Kiryu and Takatori sites, SO_ was close to zero. The
calculation used in this study does not consider biological
nitrogen fixation, dry deposition, or denitrification but the
results suggest that the sum of these inputs and outputs is close

to zero. At the Kamigamo site, SO, was 7.2 kg ha™ yr". In the
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calculation of nutrient budgets of the study (Table 4), difference
between throughfall and bulk precipitation is considered as
litter fraction derived from leaching from the canopy. However,
the fraction can include nitrogen input by dry deposition.
If we assume canopy leaching of nitrogen is negligible, dry
deposition of the Kamigamo site is 3.5 kg ha™ yr* (Iwatsubo
1976). The SO, considering this dry deposition rate is
estimated as 3.7 kg ha™ yr". There was some uncertainty about
forest age at the Kamigamo site (see Materials and Methods).
The estimation of forest age in this study is based on the
duration of protection and the regeneration of the vegetation
could have possibly started earlier. These uncertainties may
have resulted in an overestimate of SO, at the Kamigamo site
to some extent. In summary, PR, SR, and SO, in the Kiryu,
Kamigamo, and Takatori sites were low, which implies that
nitrogen cycling in these forests is tight and closed.

At the Oyasan site, SOL was 27.7 kg ha™ yr". Nitrogen
fertilizer (585 kg N ha™) was applied for 18 years after
planting. Measurement of nitrogen runoff started four years
after planting in the study forest and was also conducted in the
adjacent non-fertilized middle-aged forest (Fig. 4, Urakawa et
al. 2012). The difference in nitrogen runoff between the study
site and the middle-aged forest from ages 5 to 18 years was
74.4 kg ha™. The amount of nitrogen applied during the period
was 454 kg ha™ and approximately 16% of the applied nitrogen
was lost via stream water. This result suggests that much of
the applied nitrogen remained in the soil. Wakamatsu et al.
(2001) investigated the fate of "°N tracer in a Japanese cedar
forest. After one year, 60% of the added nitrogen remained in
the soil whereas only 8% leached from the rooting zone. °N
tracer experiments in many forest ecosystems have shown
that soil is a major sink of added "N (Tietema and Wright
1998, Nadelhoffer et al. 1999). These findings suggest that
a large part of the nitrogen remained in the Oyasan site and
the major source of SO, was nitrogen fertilizer. In the study,

some processes were not considered, such as dry deposition,
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Fig. 4. Annual variation in nitrogen runoff from stream
water in a young forest (A watershed) and a middle-
aged forest (B watershed) at the Oyasan site (Urakawa
etal. 2012).
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biological nitrogen fixation, and denitrification. The input from
dry deposition was 2.3 kg N ha™ yr* (Ohrui and Mitchell 1996)
and the rate of denitrification was 19.7 kg N ha™ yr* (Fang
et al. 2015). Biological nitrogen fixation was not measured
but a study conducted in a Japanese cedar forest revealed
substantial nitrogen fixation activity (2.8 kg N ha™ yr') due
to non-symbiotic nitrogen fixation in the leaf litter (Nioh and
Haruta 1986, Yamanaka et al. 2011). Because denitrification is
substantial, the sum of these processes would give a net loss
of nitrogen. In this situation, SO, considering these processes
would have a greater value.

A comparison of the four forests revealed that SO, was very
low in the three nitrogen-limited forests and was substantial
at the nitrogen-saturated Oyasan site. Usually the degree of
nitrogen saturation is evaluated by comparing nitrogen input
from precipitation and output via stream water (Aber et al.
1989). The method used here is also useful for evaluating the
input-output balance. If soil nitrogen release is substantial,
it implies that nitrogen is decreasing in the forest ecosystem.
In this situation, the forest is considered to be in a nitrogen-
saturated state.

3.3. Choice of method for calculating nutrient budgets

Based on the findings of the study, we recommend that
ANB is determined using the long-term method. This method
is simple because it requires a one-time measurement. The
method assumes steady state, and cannot be applied to non-
steady state ecosystems affected by severe disturbances. It is
important to choose a proper allometric equation for estimating
branch or leaf biomass. An allometric equation based on the
pipe model is applicable for diverse forests (Inagaki et al.
2020). For the calculation of ANB, plant samples should be
collected and the nutrient concentration of leaves, branches,
and stems should be measured.

The short-term method is more common and widely used.
The results of this study indicate that estimations of biomass
production can vary considerably due to the difficulties of
estimating tree death. To avoid this problem, it is recommended
that long-term tree censuses should be conducted over a wide
area. Another finding of the study is that the weathering rates
based on the short-term method were higher in nutrient-limited
forests. This is problematic for evaluating soil sustainability in
nutrient-limited forests. It is recommended that the long-term
method is also used to calculate weathering rates when the

short-term method is used.
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B ERBECE 2 K 5 5mui ORI TRE Lz, 15,
FAEANICIZ R RZEETIT 2 X5 @Y DsE#%id e -
Teo 2017 AEIZ O H L HICEREL, 10 H2HIC v TN
DORERZEIY Uz, 2018 ik 4 H 24 FICHE L ¥l 7
HBEICERZEINU THRE Lz, BINEZ S5 H 24 H.
6H25H.7H25H. 8H31H. 10 A3H. wﬁsla
11 H20 HTH %, 2019 FEKET, 5 H 2 HICHKE
6H4H. 7TH2H, 8 H12H, 9H 25 Elcc.lillliﬁn
U7zo 2019 /£ 10 AL BHULHERHAGEZIZ T
LT BRERKEDDY VT IVNELENED > T, FRE
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FROTHRO ZAHUGEL, YLy F ) a—) LI AR
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CEHOBMEAWIZEINCHR B D . 2D HDOWIC i
ZILO U7, B LEEAIC LU CTfRIE L 7z (Photo 2),

L L B

Table LICL X T B IO T XS OB EERL
Teo TNETHIME & AFMHANTOBEINIMEINT
B5T., AT, WED AN THIE SN0 T
DR TH B, FIT LWV ZENINAETEZHIEEINT
WBHT END, TNETAFTOBIGHISDHERH 7%
Motz Eid. BHRLULLTWHZ ) THREDMTHh N
TERDTR RN EHEINS, HENEBIZRZT
2, M ELEETH S L0 BRA AN S
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LARTHBEOT A ZTOFRERHICOWTIE, B
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H5 2005, A5 - ¥ 2012) , AWHIEOFERE R TH -
7zo 2018, 2019 I BIF 2 WD B DO E— 7 1.
B DIahole7 h=Zo0ixRRL &, Wi & 9E
Tholeo 2018 FDFHETIE. L7 HIE5H 24 Hp
511 H20 HE Tk L THiE Nzl L., 7 A~
X103 10 A 3 HLRH#E S Niah oz, L7 71 OZELHi

Photo 2. I\ 7" 71 > F 2 /4 % Bolbocerosoma
nigroplagiatum & (/&) &7 A X5+
>/F 2 7j % Nothochodaeus maculatus & (45)
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Table 1. L\ 7" 712 > F 2 7+ Bolbocerosoma nigroplagiatum & 774 % 5+ > F 2 4 % Nothochodaeus maculatus Ok

il - AWM OREIEL. FIT 6 SO ait

Numbers of B. nigroplagiatum and N. maculatus captured in the FITs on the forest floor of Japanese ceder.

B. nigroplagiatum N. maculatus
trap set retrieved male female total male female total
2017 1, Sep. 2, Oct. 6 4 10 7 3 10
2018 24, Apr. 24, May 1 2 3 2 1 3
24, May 25, June 8 6 14 0 9 9
25, June 25, July 12 1 23 0 5 5
25, July 31, Aug. 4 0 4 1 0 1
31, Aug. 3, Oct. 2 0 2 0 1 1
3, Oct. 31, Oct 1 1 2 0 0 0
31, Oct 20, Nov. 0 1 1 0 0 0
total 28 21 49 3 16 19
2019 2, May 4, June 3 4 7 2 8 10
4, June 2, July 4 7 11 1 13 14
2, July 12, Aug. 20 11 31 1 0 1
12, Aug. 25, Sep. 8 3 11 0 0 0
total 35 25 60 4 21 25
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Seasonal occurrences of two mycophagous beetles,
Bolbocerosoma nigroplagiatum and Nothochodaeus maculatus
(Coleoptera: Bolboceratidae and Ochodaeidae),
feeding on arbuscular mycorrhizal fungal sporocarps
in a stand of Cryptomeria japonica.

Hiroshi MAKIHARAY, Hisatomo TAKI?, Tamio AKEMA?®" and Takashi HIGURASHI?

Abstract

Seasonal occurrences of two mycophagous beetles, Bolbocerosoma nigroplagiatum (Bolboceratidae) and
Nothochodaeus maculatus (Ochodaeidae), which are known to feed on the sporocarps of arbuscular mycorrhizal
fungi, were observed. We set flight intercept traps on the ground in a Japanese cedar (Cryptomeria japonica)
stand in Chiyoda experimental station of Forestry and Forest Products Research Institute, located in Kasumigaura,
Ibaraki. Both species was collected from spring to autumn and the collection reached a peak in early summer. On
B. nigroplagiatum both male and female were collected similarly in all seasons but on N. maculatus the female was
apparently collected more frequently than males. This is the first record for both species collected in the Japanese
cedar stand.

Key words : mycophagous beetle, annual occurrence, Cryptomeria japonica, arbuscular mycorrhizal fungi, flight
interception trap
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%8 #R (Short communication)

CBEDHILERIICE VT BIREIRDEHBEMERDFIR

(EAT /A N = P N EN &1 o3

w5

s 22— k5

RO EHHIESR & U CONIRRHE N & B8 KON TR Uz I U 7z I6iEE O$HATR IS B
WT, TEREFENMR 10 £ HIC 1T % HER O TR 2 st €7 >~ 71 K O MGEE L7z, BERTATRE &Il &
NTHERIDMAE S BRI KIETHEHDONRIIIE, I 750 B REHERI O TR 2 @ < 9% & HEH]
ENTzo TAIMHE 0% FEEDTER T NghiE DR S 2 & < I 2 MR 2RO LHEE SN, TNZzkt
H U7z IR 2 Z O TH ., FREIICIE S 71 B RE RS ST T RERERE O EER 2 @ < I % EHEE TNz,
Xio, UEA A NG, NERESE P E - ATHRLOWTNIC K > THESEMEEE NS T LAVR

Eniz,

F—U—F HIBE MBRU. FEME. YU AN, FEETY U

oI
JEHEE D EH RS B TR A ZE A i < 2 &
NTE (1538 2003, 445 2015) , LA L. HFULEETH
YHNBIEL (PEES 2013) . HHAS F Wb Ebho 7z
BB N EHERENTVD (AADS 2011, 2012, 415
2015) , HRAKZOEH DM Z S5 5 TdIid, TP 7%z
o bR < R LEEA IR TH B & S, BRI Fik
ELTIEMDE (THZE ) IhERIL] HBEEEVD)
MEHVWENS, XX, EFEMFHL TCELZER
WO, YHDORELEEZWMOBR L WVWS & DT, HH
DRINFEDNR N E NS (FHES 2018) , 72720,
KEROMNL ARSI BN E TR, AN (Z T

AN T THINTZATI N Tah T ELICH

THIN) DHBENTEHHEENE . EHREEOMES
FEEDMEL 72 0. RKIIMD & DR E SRR EREENK
T3 Vo EREMERH TN TV S (KR 2003, FHES
2018) ,

RIRBICHERZEFHZIK O DD, 12 NEHOE L 7 b
UK IREHMMIEX L LT, AAS (2011, 2012) &,
AN FHIAE B X CATAREKE L &V 2 fEOM
FKIMBORERZ LM LT, BEDOANTHIRL &1d, AL
INCRIRZ R X, IEIC X 20K O & [ER O MHE
(YUY RBXUEY b)) ZERTZEVSUHTH S
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FEO MBI 51 2 AL (R ) 13 ELEE O MR R
KOEEZhote, EHBETIEY XA H N RES %
HOTWED, BTy N\OBHZEEE Nz, 51,

RSN A3 A9 H 17T H A 4L H 21 H
1) ARMFETIILRT ALiE S

2) BRMFEETITZEAT AR T R

3) ALE R E LR

4) AGmE R E R RS - SRt > 2 —

BRI 5 H B X T 10 FEHDIRBUS DV TIE, 1%
5 (2021) A, (1) /hEfERHE P E T, RmEAEOHIA
TLHBRLT, X0 ZHABHEOTEHMNIETH S T &,
() ATHBEL DS, 7Y R ETRY Y OMEEN M
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HIEROEBIT AT 151 i TH > 7z (Table 1) o MR UK
Tl BUEXIC 6 ~ 16 {HD 1mx1m O ST X % #iE Uz,
HHR UK DX O 4k T 78 T - /= (Table 1)

F iz, FEHMBIEREE FNE L 7 ERT & O E LT,
BT Rl B0 S it T 4 ] 520 D SRSV D (AR JE PR oD 7 A3 i
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QLXK XL TR
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(9 BT (10) (75)
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Fig.1 SUBIX O RIS BT 2 HIEK T L D (A) UL, (B) #. (C) THBEE
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THRAOIARNRIE. EREIR Bor) & FEREZREEL
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Effects of operations to promote regeneration
after selection cutting in a mixed forest in Hokkaido

Hiroki ITOY’, Shigeo KURAMOTO?, Satoshi ISHIBASHI?,
Koichi YAMAZAKI? and Ryo TANIMURA?

Abstract

The regeneration status of saplings was examined using statistical modeling in a mixed forest in Hokkaido, ten
years after small-area scarification under the crown and artificial uprooting were conducted to facilitate regeneration
following selection cutting. It was inferred that the effects of both operations on the presence of regenerated
saplings were positive; namely, they made the presence probability higher. In addition, a deer-proof fence was
considered to have increased the height of the understory vegetation with a probability of 90%. The total effect of
the deer-proof fence on the presence of saplings was generally considered to be positive, even when the indirect
effect of the fence via understory vegetation was considered. It was suggested that both of the operations, small-
area scarification under the crown and artificial uprooting, promoted the establishment of Betula maximowicziana.

Key words : scarification, uprooting, understory vegetation, dwarf bamboo, deer-proof fence, statistical modeling
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Comparison of capture characteristics between Malaise and bait traps
for monitoring vespine wasps (Hymenoptera: Vespidae)

Shun’ichi MAKINOY"

Abstract

The capture quantity and species composition of vespine wasps were compared between Malaise traps (MT)
and bait (orange juice mixed with liquor) traps (BT) in six secondary broad-leaved tree stands of different ages
in central Japan. MTs and BTs captured a total of 99 vespines of 6 species and 918 of 8, respectively, during the
spring (May to June) and fall (August to October) collection periods. BTs captured significantly more vespines than
MTs in the youngest stand in the spring and in all six stands during the fall period. Proportions of Vespa to Vespula
specimens were much larger in BTs than in BTs. Overall, BTs is an effective way to compare vespine species
diversity and abundance among different sites, if we use them taking into account its low attractiveness to certain

groups including Dolichovespula.

Key words : social wasps, biodiversity, ecosystem service, Vespa, Vespula, Dolichovespula

1. Introduction

Vespine wasps are important to humans, both in terms of
ecosystem services and disservices that they provide. On one
hand, they provide us with regulatory services as predators
of agricultural or sanitary pest insects (Matsuura and Yamane
1990, Brock et al. 2021) or as facultative pollinators of
various plants (Brock et al. 2021) and a provisioning service
as food items in countries where they are considered local
delicacies (Matsuura 2002, Nonaka 2005). On the other hand,
their disservices include serious problems to human health
and welfare because of their sting (Edwards 1980, Matsuura
and Yamane 1990, Otaki 2005) and predation on honeybees
(Matsuura and Sakagami 1973, Monceau et al. 2014). These
characteristics of vespines necessitate their monitoring to
assess their abundance and species composition in different
environments, regions and seasons.

In Japan, two methods are commonly used to monitor
vespines: Malaise traps (Totok et al. 2002, Yamauchi and
Makino 2010, Makino et al. 2017, Makihara et al. 2020) and
bait traps (Makino and Yamashita 1998, Makino and Sayama
2005, Kosaka and Takahata 2015, Sato et al. 2015, Kudd
et al. 2021), the latter of which usually use fruit juice and
alcohol as bait (attractant). Because Malaise traps are a type
of flight interception trap that passively collects insects, they
represent an effective means of obtaining data on the temporal
and geographic distribution of insects (Darlington and Packer
1988) and their natural flight activities (Muirhead-Thompson
1991). In contrast to Malaise traps, bait traps selectively

Received 5 November 2021, Accepted 17 February 2022

collect insects of target taxa using appropriate attractants,
thus enabling more efficient monitoring than Malaise traps.
The decision as to which of these two types of traps to use
should take into account how and to what extent any captured
specimens will differ in terms of the quantity of the catch and
the taxonomic composition.

The studies cited above that used either Malaise traps or bait
traps strongly suggest that differences in capture characteristics
exist between the two types of traps. However, it is impossible
to directly compare each type of trap from the results of
these studies, because they were conducted at different sites
or regions and they used different sampling protocols (e.g.,
seasons, durations, or intervals of collection). In this report
I compare the catch quantity and species composition of
vespines collected in Malaise versus bait traps that were
installed in pairs in secondary forest stands of various ages in
central Japan.

2. Materials and methods

Pairs of Malaise and bait traps were set in secondary broad-
leaved forest in Ogawa (36°56'N, 140°35'E; 580-800 m a.s.l.),
Kitaibaraki, Ibaraki Prefecture, central Japan, in 2002. The
study sites comprised six stands of secondary broad-leaved
forest, which were aged 4, 12, 24, 51, 71 and 128 years after
clear cutting (Taki et al. 2013). The dominant tree species
were Quercus serrata, Q. mongolica and Fagus crenata (Taki
et al. 2013). The age of a stand can have a major impact on
the assemblage of insects that inhabit it, including aculeate

1) Center for Biodiversity and Climate Change, Forestry and Forest Products Research Institute (FFPRI)
* Center for Biodiversity and Climate Change, FFPRI, 1 Matsunosato, Tsukuba, Ibaraki, 305-8687 JAPAN; E-mail: makino@ffpri.affrc.go.jp
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wasps (Makino et al. 2021). Therefore, the simultaneous
monitoring of sites that differed widely in age was expected
to more accurately reflect the capture characteristics of the
two types of traps than if they were set at sites with similar
conditions. Five Malaise traps (hereafter abbreviated as MTs)
and five bait traps (BTs) were installed at each of the six sites
(Fig. 1). Townes-type MTs (Golden Owl Publishers; 180 cm
long, 120 cm wide and 200 cm high) were set up on the forest
floor. The BTs, which were made of clear plastic beverage
bottles (30 cm high, 10 cm wide, 2000 ml volume, with one 3
x 3 cm window at the upper part: Makino and Sayama 2005),
were tied onto tree trunks with string, except in the 4-year-
old stand. In this youngest stand, the BTs were tied to poles
(approximately 10 mm in diameter and 200 cm in height)
placed in the ground because there were no trees large enough
on which to fix the traps. All BTs were attached approximately
1.5 m above the ground. In each site, five MTs were placed
in a row, with an approximate interval of 10 m between each
trap, and the BTs were installed in the same way. The rows
of MTs and BTs were separated at least by 10 m to minimize
any interactions between them. Plastic collection bottles were
attached to the top of the MTs; these bottles contained 70%
ethanol mixed with an equal amount of propylene glycol to act
as a preservative. The bait used in the BTs was a 1:1 mixture
of orange juice and a clear liquor made from sweet potato
(alcohol content: 25%), which was used in previous studies
(e.g. Makino and Yamashita 1998, Makino and Sayama 2005,
Kosaka and Takahata 2015). The collection of vespines in the
traps was carried out during two time periods, spring and fall,
which are the principal flight periods of overwintered queens
and workers, respectively, in central Japan. The study sites

were visited three times during the spring period (between
May 9 and June 19 for the MTs and between May 8 and June
20 for the BTs) and four times during the fall period (between
August 15 and October 8 for the MTs and between August 16
and October 15 for the BTs), with intervals of about two weeks
(12-16 days) between the visits. At each visit, any insects
captured in the traps were collected and the preservative in the
MTs and the bait in the BTs were renewed. In the laboratory,
vespine wasps were sorted from other captured insects and
identified to species, caste and sex. The dates of visits differed
between the MTs and BTs by 1 to 6 days, so the catches from
individual traps were pooled to give the number of vespines
obtained during the whole of the spring or the fall collection
period.

Capture characteristics of MTs and BTs were compared in
terms of the number and the species assemblage of collected
specimens. The numbers of vespines collected were compared
between MTs and BTs for each of the six study sites separately
for the two (spring and fall) collection periods. Correlations
of the number of collected vespines between MTs and BTs
were examined to see if the catches by the two traps changed
similarly among the sites. For these analyses, the catches of all
species were pooled for each site. The data were not normally
distributed, therefore non-parametric methods were used for
the statistical analyses, i.e., Mann-Whitney U test to test the
difference between two groups and Kendall's tau to detect
correlations. All statistical analyses were carried out using
R version 4.1.1 (R Core Team 2021). To compare species
assemblages of vespines collected by MTs and BTs, a non-
metric multidimensional scaling (NMDS) ordination was made
for the spring and fall collections separately, as well as the

Fig. 1. Malaise traps (left) and a bait trap (right) used to collect vespine wasps. Five pairs of Malaise and bait traps
were installed at each of six deciduous broad-leaved stands.
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Malaise vs. bait traps for monitoring vespine wasps

pooled data of the two seasons. In this analysis, the species
with more than three individuals were used. The ordination
was made using the package "vegan" (Oksanen, et al. 2019) for
R, with Bray-Curtis distances used as dissimilarity measures.

3. Results

A total of 1,017 vespine wasps of 10 species belonging
to three genera were caught at the six sites during the study
period (Table 1): 918 in the BTs and 99 by the MTs. Of the
ten species collected, four (Vespa simillima, V. mandarinia,
Vespula shidai and V1. flaviceps) were caught by both MTs and
BTs. The remaining six species were captured only by MTs (VL.
rufa and Dolichovespula media) or only by BTs (V. analis, V.
crabro, V. ducalis and V. dybowskii). D. media was a singleton
and V. dybowskii a doubleton even when pooling all samples.

During the spring collection period, the difference in catch
between BTs and MTs was not significant (p>0.05, Mann-
Whitney U test) except in the youngest (4-year-old) site
(p=0.027) (Fig. 2). During the fall collection period, however,
the difference in catch between BTs and MTs was significant
at all sites (0.011<p<0.015). In the spring, all wasps captured
in both types of traps were overwintered queens. By contrast,
in the fall, all wasps collected by the MTs and the majority
(92%) of those collected by the BTs were workers, with the
remainder of the BT specimens comprising males (5%) and
possible new queens (or “gynes”) (3%). Despite the differences
in the quantity of catch, BTs and MTs produced similar results
among the sites in terms of relative abundance: the number of
vespines captured in the BTs correlated with that captured by

155

the MTs among all sites during both the spring and fall seasons
(spring: Kendall’s tau=0.786, p=0.032; fall: 0.828, p=0.022).

The NMDS analyses showed that the species assemblages
of the collected vespines were different between MTs and
BTs (Fig. 3). In the spring collections, the ordination did not
represent the difference very well, as indicated by the stress
value >0.2 (Clarke 1993). However, in the fall samples and
in the pooled samples of the two seasons, the plots showed
good ordinations of the different assemblages between the two
trapping methods (stress < 0.2). The plots also showed that the
species of Vespa and those of Vespula, on average, appeared
more frequently in BT and MT samples than vice versa,
respectively (Table 1). Almost all (spring: 98%:; fall: 95%;
pooled: 95%) specimens captured by BTs comprised the Vespa
species, of which V. simillima was dominant (spring: 69%; fall:
53%,; pooled: 55%). Vespula species accounted for only small
parts (spring: 2%; fall: 5%; pooled: 5%) in the BT collections.
Unlike BTs, MTs caught relatively more Vespula than Vespa
specimens: the former occupied 60% (spring), 73% (fall), and
68% (pooled) of the total catch, with the latter accounting
for the rest except for a single D. media in the spring. In the
MT samples, VI. shidai was dominant among the Vespula
species (spring: 82%; fall: 77%; pooled: 79%), and almost all
Vespa specimens were of V. simillima except for a single V.
mandarinia in the spring.

4. Discussion
The BTs generally captured a larger number of vespines per
trap than the MTs (Table 1). During the spring, this difference

Table 1. Numbers of vespines collected by Malaise and bait traps in the spring (early May-late June) and fall (late August—
early/mid October) collection period, each at six sites of different stand ages in deciduous broad-leaved forests
in central Japan. Figures under the label *'Spring" and "Fall** show the stand ages of the sites. Total numbers of
individuals are given for each season (*'total*"), as well as for the two seasons combined (*"All*).

. Spring Fall

Trap typefspecies 4 12 24 51 71 128 ol 4 12 24 51 71 128 toral V!
Malaise trap

Vespa simillima Smith 10 2 1 1 0 2 16 7 5 2 0 0 0 14 30
Vespa mandarinia Smith 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1
Vespula shidai Ishikawa et al. 1 1 1 10 3 7 23 8 0 5 7 5 5 30 53
Vespula flaviceps Smith 0 1 2 0 1 0 4 2 1 1 2 0 0 6 10
Vespula rufa (L.) 0 0 0 0 1 0 1 0 0 0 0 3 0 3 4
Dolichovespula media (Retzius) 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1
Bait trap

Vespa simillima Smith 50 6 2 9 4 10 81 53 11 88 126 74 51 403 484
Vespa mandarinia Smith 6 4 2 3 1 0 16 126 41 6 25 0 24 222 238
Vespa analis Fabricius 14 0 0 0 1 0 15 14 1 10 3 1 3 32 47
Vespa crabro L. 2 0 0 0 0 0 2 4 0 2 2 0 0 8 10
Vespa ducalis Smith 3 0 0 0 0 0 3 41 21 23 3 0 1 89 92
Vespa dybowskii André 0 0 0 0 0 0 0 0 0 1 0 1 0 2 2
Vespula shidai Ishikawa et al. 0 0 0 0 0 0 0 4 4 8 9 10 2 37 3
Vespula flaviceps Smith 1 0 0 0 1 0 2 0 2 4 0 0 0 6 8
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was significant only at the youngest site, whereas during the
fall BTs captured significantly larger numbers of specimens
than the MTs at all sites. Although the duration of the capture
period (from installation to removal of the traps) was a little
longer for the BTs than the MTs, by 2 and 5 days in the spring
and fall, respectively, these differences were less than 10% of
the total duration. This seems too small to be the reason for the
far larger numbers of captures by BTs compared with the MTs
at the sites where significant differences were detected between
them (Fig. 2).

The high performance (large catch) of BTs in collecting
vespines is to be expected because the bait, which contains
fruit juice, has been demonstrated to effectively attract
vespines by emitting odors similar to those of fermented tree

sap (Ono 1997). In the spring period, BTs collected significantly
more individuals (overwintered queens) than MTs only at the
youngest, 4-year-old stand (Fig. 2). Although the reason was
not clear, overwintered queens, especially of Vespa, may more
frequently forage carbohydrate foods in open, sunlit places
than shaded ones as compared with workers.

Unlike BTs, MTs collect only those insects that happen to
collide with them, thus they provide a more accurate reflection
of the density of flying insects (Darlington and Packer 1988). It
should be noted, however, that the number of trapped vespines
was correlated between MTs and BTs among the sites both
during the spring and the fall. This indicates that BTs can be
used to gain an understanding of the relative abundance of all
vespine species as a whole.

30 %
T Sprin B Fall
I p g I
I I
25 ! 1
| |
I I
- | 60 |
Q | i o
& 20 1
o -
» |
Q I
£ |
2 157 40 1
>
Y 1
> ‘ ‘ B °
£ 10 1 | -
: : ° T
z 1 ° 20 ‘
| T
B - = = [
| | ! o
1 |
E fo — D : Q = - — °
-+ — -
o ] 0 8 P = - B 5 %
a T 12 T 24 T 51 [ 71 1T 128 a* T 12« T 24« T s1x [ 710 [ 128%

Fig. 2. Box plots showing the numbers of vespines collected by five Malaise (open columns) and five bait (gray columns) traps
during the spring (left) and fall (right) seasons at six monitoring sites in broad-leaved forest stands of different ages,
which are shown on the y-axis. Stand ages with an asterisk (*) show that the numbers captured significantly differed
between Malaise and bait traps (0.011<p<0.015, Mann-Whitney U test). Within each box, median, first quartile, and
third quartile are represented by a thick solid line, upper line, and lower line of the box, respectively. Vertical dotted
lines represent the most extreme values within 1.5 interquartile range of the first and third quartile. Small open circles
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The species assemblages of collected vespines differed
greatly between the MTs and the BTs. The MTs collected
relatively more Vespula than Vespa specimens than BTs (Table
1, Fig. 3). The main species of Vespula collected, VI. shidai,
principally nests underground (Matsuura and Yamane 1990).
In addition, V. simillima, which occupied almost all Vespa
specimens trapped by MTs, preferentially initiate nests in
closed spaces including underground cavities (Matsuura and
Yamane 1990). It is suggested that these species may fly near
the ground surface more frequently and thus might be more
prone to being captured by MTs compared with aerial nesters
such as D. media and V. analis. The dominance of VI. shidai
and V. simillima in MT samples have also been reported by
other studies made in forested areas in various parts of Japan
(Totok et al. 2002, Yamauchi and Makino 2010, Makino
et al. 2017). It should be noted, however, that Makihara et
al. (2020) collected as many D. media as the subterranean
nester VI. shidai with MTs in forests and their surroundings
in Fukushima, northern Japan. Therefore, it is possible that
population densities and habitat conditions are also responsible
for the capture of D. media.

The relatively smaller proportion of Vespula species
captured by BTs than MTs may be due to two possible reasons.
First, the most important carbohydrate source of Vespula is
not tree sap but homopteran honeydew both for queens and
workers (Matsuura and Yamane 1990). Therefore, as long as
there is abundant honeydew in the field, wasps of the genus
are possibly less frequently attracted than those of Vespa
to the bait that emits an odor similar to fermented tree sap.
Second, the fall sampling period may have been ended too
early (October 15) to capture Vespula workers. Makino and
Sayama (2005) showed in their study using BTs (from April
or May through November) that virtually all VI. shidai and
VI. flaviceps specimens were collected after late October.
This may be because in the late fall, homopteran honeydew is
possibly scarce, which makes BTs relatively more attractive. In
fact, in the present study almost all Vespula workers captured
in BTs were collected during the latter half of the fall period
(between September 30 and October 15). Therefore, if the BT
collections had been made after late October, it is possible that
more Vespula specimens could have been collected. Makino
and Sayama (2005) also reported very scarce occurrences
of specimens of D. media and VI. rufa captured in BTs in
Hokkaido, where these taxa are commonly distributed. These
species, as in Vespula, may not be captured by BTs even if they
are present, because they show lower preferences for tree sap
than Vespa, and their nesting seasons are much shorter than
those of VI. shidai or VI. flaviceps (Matsuura and Yamane,
1990). In fact, Makihara et al. (2021) captured D. media and
VI. rufa in MTs but not in BTs, despite the two traps being

used simultaneously.

To conclude, the BT is a useful way to monitor vespine
species diversity and abundance. BTs can usually capture
much larger numbers of vespine individuals, and equal to
larger numbers of species, than MTs, and thus represent a
useful monitoring approach. However, the potential weakness
of BTs is that they may not attractive to a few taxa, such as
Dolichovespula, and some species of Vespula including VI.
rufa.
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Productivity of root-cutting propagation of Melia volkensii Giirke:
a case study in Japan

Ryo FURUMOTO V"

Key words : clonal propagation, fast-growing tree, macro-propagation, tree breeding

Introduction

Melia volkensii Giirke is a fast-growing tree species
endemic to the drylands of eastern Africa, and its high-quality
timber is used for construction and furniture (Muok et al.
2010). Owing to its high economic value, the Kenya Forestry
Research Institute, with support from the Japan International
Cooperation Agency and the Forest Tree Breeding Center of
Japan, has implemented breeding projects for this tree species
since 2012. The projects have selected candidate plus trees and
established clonal seed orchards with them. Although these
projects have increased seed production from the improved
trees, a majority of saplings for afforestation have been grown
from seeds collected from unimproved sources (Kariuki et al.
2021a). Seeds collected from improved M. volkensii are still
scarce. Therefore, more mother trees, propagated clonally
from improved individuals, are needed. Grafting is common
in Kenya as a macro-propagation method for M. volkensii;
however, it requires special techniques and effort (Kamondo et
al. 2016). Stem cutting propagation is an easier method but is
not feasible for M. volkensii (Kariuki et al. 2021a). A simpler
and more practical macro-propagation method for M. volkensii
is root-cutting propagation (Hanaoka et al. 2016). Hanaoka et
al. (2016) proposed practical criteria that indicated a suitable
root material size for propagation. Furumoto (2022) reported
the growth of saplings propagated by the root-cutting method.
The root materials used in previous studies were collected from
small potted saplings. If we conduct root-cutting propagation
in practical breeding projects, we have to collect root materials
from improved trees with a sufficient size to pass statistical
tests. Digging out roots from such large trees may require

some effort. If small clonal saplings of improved individuals
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are available as donors for the propagation, such effort can
be minimized. Therefore, we examined whether we could use
small clonal saplings propagated by the root-cutting method as
donors for subsequent propagation.

Materials and Methods

On June 4, 2020, we performed root-cutting propagation
using 30 M. volkensii saplings as donors (Furumoto 2022)
and cultivated the donors and 38 saplings propagated by root
cutting in a wind-protected greenhouse with natural light and
temperature at the Iriomote Tropical Tree Breeding Technical
Garden on Iriomote Island, Okinawa Prefecture, Japan
(24°19'N, 123°54'E). Thirty donors were cultivated in three
types of planting pots, consisting of ten pots each. The types
of pots were 23.1 X 25.5 cm Air-pot® (The Caledonian Tree
Co. Ltd., U.K.) designed for good root structures (Single and
Single 2010), 24 X 21 cm Slit Pot (Kaneya Co., Ltd., Aichi,
Japan) with slits and ribs at the bottom to prevent root circling,
and 24 X 24 cm polyethylene pots (Tokai Kasei, Gifu, Japan)
without a mechanism to avoid root deformities. The saplings
were cultivated in 9 X 30 cm polyethylene pots (Tokai Kasei,
Gifu, Japan) without any structure to prevent strangulated
roots. We used a new medium consisting of commercial
gardening soil (Oishi Corporation, Fukuoka, Japan) mixed with
an equal volume of pumice (Setogahara Kaen, Gunma, Japan)
as the cultivation medium for all planting pot types.

On December 10, 2021, we dug up all donors and saplings
from the pots and collected root materials meeting the criteria
of Furumoto (2022), which simplified those of Hanaoka et al.
(2016). To compare the number of collected materials among
cultivation conditions, we performed Tukey's HSD multiple
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comparison test using R ver. 4.1.2. (R Core Team 2021) with
the multcomp library ver. 1.4.18. (Hothorn et al. 2008).

Results

All donors and saplings survived for one and a half years.
At the end of the cultivation period, the average heights (mean
= standard deviation; SD) were 69.1 &= 19.2 cm in the donors
and 51.7 & 15.0 ¢cm in the saplings.

Figure 1 shows the mean, SD, and number of root materials
collected under the four cultivation conditions. The means
and SDs of the number of collected root materials were 2.5
+ 1.8 in the Air-Pot, 1.7 == 0.8 in the Slit Pot, 2.2 = 1.2 in
the 24 X 24 cm polyethylene pot, and 2.2 = 0.8 in the 9 X
30 cm polyethylene pot. The mean numbers did not differ
significantly among the groups (pP-values ranged from 0.351 to
1.000). The overall mean + SD was 2.1 &+ 1.1. The maximum
number of collected materials was six in the Air-Pot. Donors
with no root material meeting the criteria were observed in
all three pot types. The saplings propagated by root cutting
produced at least one root material sample.

Discussion
After the root-cutting propagation, the donors and saplings
were cultivated for one and a half years. They produced a
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mean of 2.1 root materials for further root cutting.

The number of root materials collected from the re-grown
donors and the saplings propagated by root cutting did not
differ significantly among the four types of planting pots. It
was clear that all types of pots examined in this trial were
suitable for cultivation to repeatedly collect roots for root-
cutting propagation.

The productivity of root-cutting propagation of M. volkensii
can be expressed as

N=DxRxFs+DxFd
=Dx(RxFs+Fd),

where N is the number of intact clonal saplings produced in
one root-cutting propagation; D is the number of donors; R is
the mean number of root materials collected from each donor;
and Fs and Fd are the frequencies of intact saplings grown
from root materials and surviving donors after regrowth,
respectively. R and Fd were approximately 2 and 1.0 in this
trial, respectively, and Fs was reported as 0.45 in a previous
trial (Furumoto 2022).

For instance, if 10 root materials are used in the first root-
cutting propagation, then approximately five roots may grow to
intact saplings (10 roots X 0.45). These clonal saplings can be

O
Q Q
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*
-
9 e
Q
Donors Saplings
In 24 cm x 24 cm in 9 cm x 30 cm
polyethylene polyethylene
pot pot

Fig. 1. Number of root materials of Melia volkensii collected from the donors and saplings one
and a half years after cultivation following root-cutting propagation in Iriomote Island,
Japan. Open circles and filled diamonds indicate the number and mean numbers of
each of the collected materials, respectively. Error bars indicate the standard deviations.
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used as donors for the following propagation. If five saplings
are used as donors, then approximately 10 sprouted plants,
including the re-grown donors, may be available (5 donors X
2 roots X 0.45 + 5 donors X 1.00, or 5 donors X 1.9). If all
the 10 plants are used as donors for the next propagation, then
19 intact clonal saplings may grow (10 donors X 1.9).

It took one and a half years to grow clonal saplings in
the present trial conducted on Iriomote Island in Japan,
whereas the propagation scheme with grafting in Kenya took
approximately ten months to grow saplings for clonal seed
orchards of M. volkensii (Kariuki et al. 2021b). Compared with
the grafting method in Kenya, the root-cutting method in this
trial may have the disadvantage of a longer cultivation period.
However, root-cutting propagation has the advantage that it
neither requires special techniques and equipment nor does it
require rootstocks, which may produce incongruous growth
or unnecessary shoots. As Furumoto (2022) mentioned, the
climatic conditions on Iriomote Island seem to be unsuitable
for the growth of M. volkensii. Under more suitable conditions,
clonal saplings propagated by root cutting are expected to
grow larger in a shorter period, and the frequency of intact
clonal saplings is also expected to be higher. Further trials to
examine the practical productivity of root-cutting propagation
under suitable conditions, such as in Kenya, are necessary.
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Atlas of dung beetles collected in the Sungai Wain Protection Forest
and its surroundings in the lowlands of Borneo
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Abstract

Dung beetles (coprophagous groups of Scarabaeoidea) are useful indicators of habitat quality in tropical
regions. To evaluate dung beetle diversity in a variety of land use types, we carried out beetle surveys using
pitfall traps baited with human excrement and fish meat from 2004 to 2017 in the Sungai Wain Protection Forest
and its surroundings located 10-40 km north of Balikpapan in the lowlands of East Kalimantan, Indonesia. From
these surveys, we collected 68 dung beetle species. To help identify these species, we presented photographs and
diagnoses of all collected species and included photographs of useful characteristics for discriminating similar
species. There is no previously published atlas of dung beetles in Indonesia. Despite only covering a small area on
Borneo Island, we hope this atlas will help entomologists and insect lovers in Indonesia identify dung beetles.

key word : distribution, East Kalimantan, food habit, identification, habitat preference, photograph, Scarabacidae

Introduction

It is known that dung beetles (coprophagous groups of
Scarabaeoidea, among which Bolboceratidae, Hybosoridae, and
certain Scarabaeidae members (Scarabaeinae and Aphodiinae)
are considered in the present study) are useful indicators of
habitat quality and environmental changes in tropical regions
(McGeoch et al. 2002; Aguilar-Amuchastegui and Henebry
2007; Gardner et al. 2008a; Nichols and Gardner 2011).
These beetles are known to be relatively easy to collect and
identifiable when compared with the majority of other insect
groups (Spector 2006). The sampling cost for these beetles was
cheapest among 14 other taxa sampled in studies carried out
in primary forests in the Brazilian Amazon, and their indicator
performance has been found to be second-best after birds
(Gardner et al. 2008b; Nichols and Gardner 2011). Moreover,
these beetles are known to serve important ecological
functions, such as promoting the rapid decomposition of dung
and carcasses, accelerating nutrient cycling and bioturbation,
enhancing plant growth, facilitating secondary seed dispersal,
pollinating carrion-scented plants, and controlling parasites
and flies (Davis 1996; Sakai and Inoue 1999; Andressen 2002,
2003; Larsen et al. 2005; Horgan 2005; Slade et al. 2007, 2011,
Nichols et al. 2008; Kryger 2009; Ridsdill-Smith and Edwards
2011; Amézquita and Favila 2011; Enari and Enari-Sakamaki

Received 1 December 2021, Accepted 7 March 2022

2014; Enari et al. 2016).

Because of their habitat quality indicator ability, low
sampling cost, and ecosystem services, we chose to evaluate
the influence of land use types on dung beetle diversity in the
Sungai Wain Protection Forest (SWPF) and its surroundings,
located 10-40 km north of Balikpapan in the lowlands of
East Kalimantan, Indonesia (Ueda et al. 2015a, c, d). In these
studies, we used baited pitfall traps on which crossed flight
intercepting transparent laminas with the roof of a white
plastic bowl were set (Ueda et al. 2015b). We set alternately
five and five traps baited with human excrement and raw fish
meat on a 90 m transect with 10 m intervals for five days at
each site in December 2006 and 2007 (Ueda et al. 2015a,
¢, d). We collected dung beetles from intact natural forests,
burnt natural forests, heavily burnt and/or artificially degraded
natural forests, Acasia mangium plantation forests, Imperata
cylindrica grasslands, and a cattle pasture (Figs. 1 and 2). In
addition to these studies, we collected beetles using the same
method as those outlined in verificative studies in December
2008 (Ueda et al. 2017). Details of the site locations and
trapping periods are indicated in Table 1 of Ueda et al. (2017).
We also collected beetles using the other types of baited pitfall
traps as preliminary studies in December — January 2004/2005
and 2005/2006 and in August 2006 (Ueda et al. 2015b) and as
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Fig. 1. Satellite image of the study area indicating the distribution of trapping sites and their vegetation types
The 'SPOTSS5' satellite took this picture at 2:27:04 (GMT) on 19 June 2005.

Fig. 2. Photograph of each vegetation type
A: intact natural forest, B: burnt natural forest, C: heavily burnt and artificially degraded natural forest (secondary forest), D:
Acasia mangium plantation forest (5 years old), E: Imperata cylindrica grassland, and F: cattle pasture.
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post-studies in December 2015-2017. Thus, we accumulated
a large collection of dung beetles as well as information
regarding both their habitat and diet preferences.

On the other hand, Indonesian entomologists and rangers
who work to protect the SWPF have often and eagerly
requested that we make an atlas of dung beetles based on our
collections, as there is currently no atlas of dung beetles in
Indonesia. Here, we took photographs of all the dung beetle
species collected in the SWPF and its surroundings and
made an atlas of dung beetles. Although our collections were
obtained solely from a small area on Borneo Island, we hope
this atlas will help entomologists and insect lovers in Indonesia
to identify dung beetles.

Overview of the environments of the Sungai Wain
Protection Forest (SWPF) and its surroundings

The SWPF is ca. 10,000 ha lowland humid forests protected
as the water jar of Balikpapan City (Purwant and Koesoetjahjo
2017). “Sungai” means river in English. The SWPF is also
famous as one of the release points of rescued orangutans.
The forests mainly consist of intact natural forests and mosaic
distributed forests burnt in 1983 and 1998 (Mori et al. 1998;
Taylor et al. 1999; Yamaguchi and Tsuyuki 2001; Makihara
2013) (Figs. 1, 2A and B). There is an illegal immigration area
near the main road (Fig.1). Selective logging had been partly
conducted long ago, but no logging was conducted in these 50
years except for the illegal immigration area. The dominant
tree genera are Shorea and Dipterocarpus. The burnt forests
are dominated by the pioneer tree species such as the genus
Macaranga and the species Vernonia arborea. Bukit Bangkirai
Forest, the nearest proteced forest included in the study area
(Fig. 1), is also dominated by Shorea and Dipterocarpus.
Bangkirai is the local name of Shorea laevis (Makihara 2013).
The SWPF is mainly surrounded by heavily burnt and/or
degraded natural forests (Fig. 2C), A. mangium plantation
forests (Fig. 2D), farmlands including orchards and oil palm
and rubber plantations, and Imperata cylindrica grasslands
(Fig. 2E) growing after slash-and-burn agriculture. Falcataria
moluccana plantation forests are sparsely distributed with
small areas. Cattle pastures (Fig. 2 F) are rare landscapes in
the study area. A variety of vegetation types on the SWPF and
its surroundings are suitable for studies on the relationships
between biodiversity and changing environments in humid
tropical lowlands.

Materials and methods
We took photographs of dung beetle specimens that we
borrowed from the Research Center for Biology, Indonesian
Institute of Sciences (RCB-LIPI) through formal procedures
before returning the specimens. However, for Onthophagus

(Onthophagiellus) crassicollis, Onthophagus (Onthophagus)
pavidus, and Onthophagus (Onthophagus) keikoae, we used
specimens collected from Vietnam, Sumatra, Indonesia and
Sarawak, Malaysia because we did not obtain specimen
photographs of these species during our collections. The
literature that we referred to for the identification and
distribution of species is listed at the end of this study as
‘Literature cited for identification and distribution’.

The terms defining the characteristics of beetles used in this
study are shown in Fig. 3. The variations in the characteristic
states of the apical margin of clypeus observed in this study are
shown in Fig. 4. Body length was measured from the apex of
the head to the apex of the elytron (Fig. 3). We did not indicate
the sexes in the dorsal-view or the magnified morphological
photographs of the collected species or parts without distinct
sexual dimorphisms, as reflected in the legend of Fig. 5.

‘Habitat’ is determined from data based on number of
beetles collected per trap transect at each vegetation type
shown in Table 3 of Ueda et al. (2017). Ueda et al. (2017)
treated the sites of intact natural forests separately to deep
inside sites or near border sites, but we did not separate them
in this atlas. Heavily burnt and/or artificially degraded natural
forests are described as ‘secondary forest’. Acasia mangium
plantation forests, Imperata cylindrica grasslands, and a cattle
pasture are described as ‘plantation forest’, ‘grassland’, and
‘pasture land’, respectively. Three of 10 A. mangium plantation
forests were 5-12 years old in 2006—-2008, but the others were
unknown in age. The size, density, and trunk basal area of A.
mangium trees and the distance from the SWPF and the area of
the plantation forests are partly shown in Table 1 of Ueda et al.
(2015a). Ueda et al. (2015a) indicated that the distances from
the SWPF and areas of A. mangium plantation forests strongly
affected the beetle assemblages compared to the size, density,
and trunk basal area of trees.

‘Abundance’ is determined from the total numbers of beetles
collected through the studies that are indicated in Table 3 of
Ueda et al. (2017). The beetles of which only one individual
was collected were categorized as ‘extremely rare’, those with
2-10 individuals were categorized as ‘rare’, those with 11-100
individuals were categorized as ‘moderate’, and those with
more than 100 individuals were categorized as ‘abundant’.

‘Attractant’ is also determined from the total numbers of
beetles collected in the traps baited by human excrements
and by raw fish meat through the studies that are indicated in
Table 3 of Ueda et al. (2017). More than 70 % of the beetles
collected by human excrement baited traps were categorized as
‘dung’, species more than 70 % of the beetles collected by fish
meat baited traps were categorized as ‘carrion’, and 30-70 %

were categorized as ‘dung and carrion’.
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Fig. 3. Terms for the beetle body parts used in this study.

Fig. 4. Terms for the morphological differences in the apical
margin of the clypeus used in this study.
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Fig. 5. Photographs of dung beetles. The numerical value on the lower right side of each photograph indicates the body length

(the length from the apex of the head to the apex of the elytron) of the specimen in mm. Sexes are not indicated for the
species and the morphological parts without distinct sexual dimorphisms.
1: Bolbochromus catenatus, 2: Phaeochrous emarginatus, 3: Phaeocroops sp., 4: Ochicanthon cambeforti, 5: Ochicanthon
uedai, 6: Ochicanthon woroae, 7: Panelus kalimantanicus, 8: Haroldius sumatranus, 9: Paragymnopleurus maurus, 10:
Paragymnopleurus striatus, 11: metasternum of P. maurus, 12: metasternum of P. striatus, 13: Sisyphus thoracicus, 14:
Synapsis ritsemae, 15: Catharsius dayacus (male)
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Fig. 5. (continued)
16: C. dayacus (female), 17: Catharsius renaudpauliani (male), 18: C. renaudpauliani (female), 19, 20, 21: male heads

and pronota of C. dayacus, 22, 23: male heads and pronota of C. renaudpauliani, 24: female head and pronotum of C.
renaudpauliani, 25: posterior part of prosternum of C. dayacus, 26: posterior part of prosternum of C. renaudpauliani, 27:
Copris (Copris) gibbulus (male), 28: Copris (Copris) agnus (male), 29: Microcopris fujiokai, 30: Oniticellus cinctus, 31:
Oniticellus tesselatus, 32: Caccobius (Caccobius) binodulus
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Fig. 5. (continued)
33: Caccobius (Caccophilus) unicornis (male), 34: C. (C.) unicornis (female), 35: Parascatonomus (Necramator) dux, 36:
Parascatonomus (Necramator) aurifex, 37: Parascatonomus (Necramator) semiaureus, 38, 39, 40: pronota and elytra of P. (N.)
dux, P. (N.) aurifex, and P. (N.) semiaureus, respectively, 41: Parascatonomus (Necramator) semicupreus, 42: Parascatonomu
(Granulidorsum) rudis, 43: Parascatonomus (Parascatonomus) discedens, 44: Proagoderus schwaneri (male), 45, 46: male
heads and pronota of P. schwaneri, 47: P. schwaneri (female)
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Fig. 5. (continued)
48: Onthophagus (Gibbonthophagus) cervicapra (male), 49: O. (G.) cervicapra (female), 50: Onthophagus (Gibbonthophagus)
fujiii (male), 51, 52, 53: O. (G.) fujiii (females), 54: Onthophagus (Gibbonthophagus) obscurior (male), 55: O. (G.) obscurior
(female), 56: Onthophagus (Gibbonthophagus) limbatus (male), 57: O. (G.) limbatus (female), 58: Onthophagus (Serrophorus)

mulleri (male), 59, 60: Onthophagus (Serrophorus) laevis (males), 61: Onthophagus (Serrophorus) sagittarius (male), 62: O.
(S.) sagittarius (female)
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Fig. 5. (continued)
63: Onthophagus (Micronthophagus) fukuyamai (holotype), 64: Onthophagus (Indachorius) uedai, 65: Onthophagus
(Indachorius) woroae, 66: O. (l.) woroae (teneral), 67: Onthophagus (Pseudophanaeomophus) johkii (male), 68, 69:
O. (P.) johkii (females), 70: Onthophagus (Pseudophanaeomophus) sugihartoi (male) (holotype), 71: Onthophagus
(Pseudophanaeomophus) chandrai (male), 72: O. (P.) chandrai (female), 73: Onthophagus (Furconthophagus) papulatus
(male), 74: O. (F.) papulatus (female), 75: Onthophagus (Furconthophagus) lilliputanus, 76: Onthophagus (Onthophagiellus)
hidakai, 77: Onthophagus (Onthophagiellus) deliensis
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Fig. 5. (continued)

78: Onthophagus (Onthophagiellus) crassicollis (male) (specimen from Vietnam), 79: O. (O.) crassicollis (female) (specimen
from Vietnam), 80, 81: Onthophagus (Colobonthophagus) armatus (males), 82: O. (C.) armatus (female), 83: Onthophagus
(Paraphanaeomorphus) trituber (male), 84, 85: O. (P.) trituber (females), 86: Onthophagus (Hikidaeus) pastillatus (male),
87: 0. (H.) pastillatus (female), 88: Onthophagus (Hikidaeus) simboroni (teneral male), 89: O. (H.) simboroni (female), 90:
Onthophagus (Onthophagus) vethi (male), 91: O. (O.) vethi (female), 92: Onthophagus (Onthophagus) aphodioides
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Fig. 5. (continued)
93: Onthophagus (Onthophagus) vulpes (male), 94: O. (O.) vulpes (female), 95: Onthophagus (Onthophagus) pavidus (male)
(specimen from Sumatra), 96: O. (O.) pavidus (female) (specimen from Sumatra), 97: Onthophagus (Onthophagus) infucatus
(female), 98: Onthophagus (Onthophagus) incisus (male), 99: O. (O.) incisus (female), 100: Onthophagus (Onthophagus)
waterstradti (male), 101: O. (O.) waterstradti (female), 102: Onthophagus (Onthophagus) ochromerus (female), 103:
Onthophagus (Onthophagus) bonorae (male), 104: O. (O.) bonorae (female), 105: Onthophagus (Onthophagus) batillifer
(male), 106: O. (O.) batillifer (female)

| Bulletin of FFPRI, Vol.21, No.2, 2022



176 Akira UEDA et al.

Fig. 5. (continued)
107: Onthophagus (Onthophagus) borneensi (male), 108: O. (O.) borneensi (female), 109: Onthophagus (Onthophagus)
keikoae (teneral) (specimen from Sarawak), 110: Onthophagus (Onthophagus) rutilans, 111: Onthophagus (Onthophagus)
pacificus, 112: Onthophagus (Onthophagus) semipacificus, 113: pronotum of O. (O.) pacificus, 114: pronotum of O. (O.)
semipacificus, 115: Ataenius sp., 116: Aphodius (Pharphodius) marginellus, 117: Aphodius (Aganocrossus) urostigma
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Diagnosis of each dung beetle (Fig. 5)
Family Bolboceratidae Scholtz & Browne, 1996
One species was collected. Body is strongly convex. Surface is
entirely shining and glabrous.

Bolbochromus catenatus (Lansberge, 1886) (Fig. 5-1)

Body length: 9.4-10.5 mm.

Surface is black to dark brown with a pair of orange markings
along lateral margin of pronotum and from 2nd to 5th intervals
at basal part of elytron. Two horns are on middle of clypeus
and posterior portion of head.

Habitat: various types of natural forests.

Attractant: five of 6 individuals were collected by the
dung baited traps, however, a species in an allied genus,
Bolbocerosoma nigraoplagiatum, is known to feed on
arbuscular mycorrhiza (Tsukamoto et al. 2017). The captured
beetles might have been intercepted their flight for searching
arbuscular mycorrhiza by the transparent laminas set on the
traps.

Abundance: rare.

Distribution: Borneo, Sumatra, Philippines.

Family Hybosoridae Erichson, 1847
Two species were collected. Mandibles are large and protrude
from clypeus.

Phaeochrous emarginatus Castelnau, 1840 (Fig. 5-2)

Body length: 9.7-12.8 mm.

Surface is blackish brown. Elytral intervals wrinkly and
weakly rise.

Habitat: various types of natural forests.

Attractant: carrion.

Abundance: moderate.

Distribution: Southeast Asia, Indochina, India, Taiwan, China,
Japan (Kyushu, Shikoku, Ryukyu), New Guinea, northern
Australia.

Phaeocroops sp. (Fig. 5-3)

Body length: 8.1-9.1 mm.

Surface is blackish brown. Head and pronotum are punctured
distinctly. Elytron has four distinct longitudinal ridges
including a ridge along suture. This species resembles
Phaeochroops silphoides Fairmaire, 1898.

Habitat: intact natural forest.

Attractant: carrion.

Abundance: moderate.

Distribution: Borneo (at least).

Family Scarabaeidae Latreille, 1802
Subfamily Scarabaeinae Latreille, 1802

Meso-coxae are separated from each other. Number of spines
on end of metatibia is one. The beetles of Scarabaeinae have a
unique breeding habit (Hanski and Cambefort 1991). Female
makes brood balls from dung or carrion and lay an egg in
each of brood balls. Thereafter, the larva feeds on the brood
ball from the inside, grows up, and pupates within the ball.
The species of Scarabaeinae are classified into three major
functional groups based on the location where the brood balls
are made: i.e., 1) ‘tunneler’, 2) ‘roller’, and 3) ‘dweller’.
Tunnelers dig tunnels beneath the dung mass and make the
brood balls in the tunnels. Rollers build a dung ball and roll
it away from the dung mass, and thereafter bury it into the
ground for making the brood balls. Dwellers make the brood
balls within the dung mass. In the following section, the genera
or subgenera of Scarabaeinae were classified into the three
functional groups.

Tribe Canthonini Lansberge, 1874

Genus Ochicanthon Vaz-de-mello, 2003

Three species were collected. Body is flattened. Apical margin
of clypeus is deeply notched at middle. First to 4th segments
of meso- and metatarsus are almost the same in width.

Functional group: roller.

Ochicanthon cambeforti (Ochi, Kon et Kikuta, 1997) (Fig. 5-4)
= Ochicanthon simboroni Ochi, Ueda et Kon, 2006
(synonymized with O. cambeforti by Krikken and Huijbregts
(2007))

Body length: 5.1 mm.

Surface is blackish brown with four orange markings: along
lateral margin of pronotum, two pairs of orange markings
from 5th to 7th intervals at basal and median parts of elytron,
respectively, and obscure markings from 2nd to 7th intervals
at apical part of elytron. Disk is clearly and densely punctured
entirely.

Habitat: an individual was collected from a burnt natural
forest.

Attractant: an individual was collected by a carrion baited trap.
Abundance: extremely rare.

Distribution: Borneo.

Ochicanthon uedai Ochi, Kon et Hartini, 2007 (Fig. 5-5)

Body length: 5.0-6.1 mm.

Surface is blackish brown and clearly punctured entirely.
Pronotum and elytron are covered with minute yellowish hairs.
Habitat: intact and burnt natural forests.

Attractant: dung.

Abundance: rare.

Distribution: Borneo.
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Ochicanthon woroae Ochi, Ueda et Kon, 2006 (Fig. 5-6)

Body length: 4.0-4.4 mm.

Surface is blackish brown, entirely glabrous, fairly shining,
and covered with sparse and small punctures. Body is small,
oval and moderately convex for this genus.

Habitat: intact natural forest.

Attractant: dung.

Abundance: moderate.

Distribution: Borneo.

Genus Panelus Lewis, 1895
One species was collected. Body is very small and convex.
Apical margin of clypeus is deeply notched at middle.

Functional group: roller.

Panelus kalimantanicus Ochi, Kon et Barclay, 2009 (Fig. 5-7)
Body length: 2.8-3.1mm.

Surface is blackish brown to dark reddish brown, entirely
shining, glabrous, and finely punctate.

Habitat: all kinds of vegetation types including pastureland.
Attractant: dung and carrion.

Abundance: moderate.

Distribution: Borneo.

Genus Haroldius Boucomont, 1914
One species was collected. Body is very small, strongly
convex, and short-oval. Apical margin of clypeus is deeply
notched at middle. Surface is hairy.

Functional group: unknown.

Haroldius sumatranus Paulian et Scheuern, 1994 (Fig. 5-8)
Body length: 2.5-2.7 mm.

Surface is black, shining and finely punctate. Elytron has a row
of long hairs on each interval.

Habitat: an individual was collected from an intact natural
forest.

Attractant: an individual was collected by a carrion baited trap.
Abundance: extremely rare.

Distribution: Borneo, Sumatra.

Tribe Gymnopleurini Streubel, 1846

Genus Paragymnopleurus Shipp, 1897

Two species were collected. Body is large and flattened.
Metatibia is long in order to roll a dung ball.

Functional group: roller.

Paragymnopleurus maurus (Sharp, 1875) (Figs. 5-9 and 11
(metasternum))

Body length: 16.5-21.5mm.

Surface is mat black. Body is moderately oval. Antennal clubs
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are ivory to yellow. Declivous part of metasternum is covered
with dense long hairs (Fig 1-11).

Habitat: intact and burnt natural forests.

Attractant: dung.

Abundance: abundant.

Distribution: Borneo, Sumatra, Malay Peninsula.

Paragymnopleurus striatus (Sharp, 1875) (Figs. 5-10 and 12
(metasternum))

Body length: 19.6-22.3mm.

Surface is black and slightly lustrous, especially on pronotum.
Body is moderately squarish. Antennal clubs are reddish
brown. Declivous part of metasternum is covered with sparse
short hairs (Fig 1-12).

Habitat: intact natural forest.

Attractant: dung.

Abundance: rare.

Distribution: Borneo, Java, Malay Peninsula.

Tribe Sisyphini Mulsant, 1842

Genus Sisyphus Latreille, 1807

One species was collected. Body is small and strongly convex.
Hind legs are extremely long to roll a dung ball.

Functional group: roller.

Sisyphus thoracicus Sharp, 1875 (Fig. 5-13)

Body length: 5.0-7.0mm.

Surface is brown to reddish brown. Head and pronotum are
densely covered with hooked yellowish hairs, whereas elytron
sparsely so.

Habitat: intact and burnt natural forests.

Attractant: dung.

Abundance: abundant.

Distribution: Borneo, Java, Sumatra, Malay Peninsula,

Indochina.

Tribe Coprini Leach, 1815

Genus Synapsis Bates, 1868

One species was collected. Body is large and moderately
flattened. Apical margin of clypeus is deeply notched.

Functional group: roller.

Synapsis ritsemae Lansberge, 1874 (Fig. 5-14)
Body length: 22.0-29.1mm.

Surface is black, glabrous, shining, and smooth.
Habitat: intact natural forest.

Attractant: dung.

Abundance: rare.

Distribution: Borneo, Java, Sumatra, Malay Peninsula.
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Genus Catharsius Hope, 1837

Two species were collected. Body is large and strongly convex.
Surface is glabrous. Head and pronotum are densely covered
with bosses. Male has a horn and female has a transverse
carina on their frons.

Functional group: tunneler.

Catharsius dayacus Lansberge, 1886 (Figs. 5-15 (male), 16
(female), 19 (posterior part of prosternum), 21, 22, and 23
(male heads and pronota))

Body length: 22.3-32.8mm.

Surface is black. Bosses on pronotum are distinctly degraded
around highest parts of pronotum, which are somewhat
shining. Angle of gena is rounder when compared to that of the
next species. Posterior part of prosternum has few or no long
hairs (Fig. 5-19). Male has a tubercle on frons and a transverse
carina on pronotum which is concave in central portion (Figs.
5-21, 22, and 23).

Habitat: intact and burnt natural forests.

Attractant: dung.

Abundance: abundant.

Distribution: Borneo, Java, Sumatra, Malay Peninsula.

Catharsius renaudpauliani Ochi et Kon, 1996 (Figs. 5-17
(male), 18 (female), 20 (posterior part of prosternum), 24, 25:
(male heads and pronota), 26: (female head and pronotum))
Body length: 23.9-35.5mm.

Surface is black. Bosses on pronotum are not degraded at all or
weakly degraded around highest parts of pronotum. Angle of
gena is moderately acute. Posterior part of prosternum has long
hairs (Fig. 5-20). Male has a tubercle on frons and a transverse
carina on pronotum which is convex in central portion (Figs.
5-24 and 25).

Habitat: secondary forest and plantation forest.

Attractant: dung.

Abundance: abundant.

Distribution: Borneo, Sumatra, Malay Peninsula.

Genus Copris Geoffroy, 1762

Two species were collected but rare. Body is small to middle
sized for the tribe Coprini and strongly convex. Surface is
shining and glabrous.

Functional group: tunneler.

Copris (Copris) gibbulus Lansberge, 1886 (Fig. 5-27)

Body length: 9.0-12.5mm.

Body is small. Surface is black. Protibia has four distinct
external teeth. Male has a long (4 mm) horn on frons and two
short horns at median portion of pronotum (Fig. 5-27). Female
has a conical tubercle on frons.

Habitat: an individual was collected from an intact natural
forest.

Attractant: an individual was collected by a carrion baited trap.
Abundance: extremely rare.

Distribution: Borneo, Java, Sumatra, Malay Peninsula.

Copris (Copris) agnus Sharp, 1875 (Fig. 5-28)

Body length: 14.1-20.3mm.

Body is large. Surface is black. Protibia has four external teeth
but 1st and 2nd teeth are contiguous and 4th one is small. Male
only has a short (1 mm) horn on frons like a conical tubercle of
female (Fig. 5-28).

Habitat: an individual was collected from an intact natural
forest.

Attractant: an individual was collected by a dung baited trap.
Abundance: extremely rare.

Distribution: Borneo, Malay Peninsula.

Genus Microcopris Balthasar, 1958
One species was collected. Body is small and moderately
convex. Surface is shining and glabrous.

Functional group: tunneler.

Microcopris fujiokai Ochi et Kon, 1996 (Fig. 5-29)

Body length: 7.7-10.1mm.

Surface is black. Pronotum is wholly and densely covered with
coarse punctures. Protibia has four external teeth but fourth
tooth is very small. Both male and female have no horn nor
tubercle on head.

Habitat: intact natural forest.

Attractant: dung.

Abundance: moderate.

Distribution: Borneo.

Tribe Oniticellini La Peletier & Serville, 1828

Genus Oniticellus Dejean, 1821

Two species were collected in the cattle pasture. Body is
flattened and surface is shining and glabrous except for long
hairs on apical margin of elytron. Yellow to yellowish brown
parts are distributed on black or blackish brown body.

Functional group: dweller.

Oniticellus cinctus (Fabricius, 1775) (Fig. 5-30)

Body length: 8.0-12.0mm.

Surface is black. Yellow parts are distributed along lateral
margin of body except for head.

Habitat: an individual was collected from the pastureland.
Attractant: an individual was collected by a carrion baited trap.
Abundance: extremely rare.

Distribution: Borneo, Java, Malay Peninsula, Indochina, India,
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South China.

Oniticellus tesselatus (Harold, 1879) (Fig. 5-31)

Body length: 6.0-8.4mm.

Surface is bi-colored in blackish brown and yellowish brown.
Habitat: two individuals were collected from the pastureland
Attractant: two individuals were collected; one by a dung
baited trap whereas the other by a carrion baited one.
Abundance: rare.

Distribution: Borneo, Java, Sumatra Indochina.

Tribe Onthophagini Streubel, 1846

Genus Caccobius Thomson, 1859

Two species were collected. Body is small and convex.
Protibia is transversely truncated, inner angle of distal end is
nearly right-angled, and 1st tooth protrudes sideward (Fig. 6).

Functional group: tunneler.

Caccobius (Caccobius) binodulus Harold, 1877 (Fig. 5-32)
Body length: 2.8-3.1mm.

Surface is black to reddish brown, entirely glabrous, and
shining. Apical margin of clypeus is weakly truncated.

Habitat: intact natural forest.

Attractant: dung.

Abundance: rare.

Distribution: Borneo.

Caccobius (Caccophilus) unicornis (Fabricius, 1798) (Figs.
5-33 (male) and 34 (female))

Body length: 2.6-3.6mm.

Surface is black, punctured entirely, and covered with short
yellow hairs. Elytron is often blackish brown. Apical margin
of clypeus is truncated. Male has a short horn behind notch of
clypeal margin (Fig. 5-33).

Habitat: plantation forest, grassland, and pastureland.

Fig. 6. Protibia of tribe Onthophagini.
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Attractant: dung.

Abundance: abundant.

Distribution: Borneo, Java, Sumatra, Philippines, India, Sri
Lanka, Indochina, China, Taiwan, Korea, Southern Japan.

Genus Parascatonomus Paulian, 1932

Six species were collected. Body is small to middle-sized
and surface is convex. In this genus and next two genera
(Proagoderus and Onthophagus), inner angle of distal end
of protibia is obtuse-angled and 1st tooth protrudes antero-
diagonally (Fig. 6). First segment of antennal club is thicker
than 2nd and 3rd ones at least on base.

Functional group: tunneler.

Parascatonomus (Necramator) dux (Sharp, 1875) (Figs. 5-35
and 38 (pronotum and elytra))

Body length: 10.2—16.0mm.

Head and pronotum are usually copper-colored but rarely dark
purple. Elytron is black. Pronotum is densely covered with
scaly granules, anterior margin is distinctly sinuate, and antero-
middle part largely protrudes forward (Fig. 5-38). Head has a
conical tubercle at middle of posterior portion.

Habitat: various types of natural forests.

Attractant: carrion.

Abundance: abundant.

Distribution: Borneo.

Parascatonomus (Necramator) aurifex (Harold, 1877) (Figs.
5-36 and 39 (pronotum and elytra))

Body length: 7.9-12.0mm.

Head and pronotum are copper-colored. Pronotum is entirely
punctate and partly covered with yellowish hairs, and anterior
margin is weakly sinuate (Fig. 5-39). Elytron is covered with
yellowish hairs (Fig. 5-39).

Habitat: various types of natural forests.

Attractant: dung and carrion.

Abundance: moderate.

Distribution: Borneo.

Parascatonomus (Necramator) semiaureus (Lansberge, 1883)
(Figs. 5-37 and 40 (pronotum and elytra))

Body length: 7.0-11.6mm.

Head and pronotum are copper-colored. Pronotum is entirely
punctate and mostly glabrous, and anterior margin is weakly
sinuate (Fig. 5-40). Elytron is sparsely covered with short
yellowish hairs, especially no or very short hairs on 1 - 4
intervals (Fig. 5-40).

Habitat: various types of forests including plantation forest.
Attractant: carrion.

Abundance: moderate.
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Distribution: Borneo, Java, Sumatra, Bali.

Parascatonomus (Necramator) semicupreus (Harold, 1877)
(Fig. 5-41)

Body length: 5.0-8.1mm.

Head and pronotum are copper-colored. This species resembles
to the preceding three species but can be distinguished from
them by the following characteristics: small body; truncated
apical margin of clypeus; round anterior margin of pronotum.
Habitat: various types of forests including plantation forest.
Attractant: carrion.

Abundance: abundant.

Distribution: Borneo, Java, Sumatra, Malay Peninsula,
Palawan.

Parascatonomus (Granulidorsum) rudis (Sharp, 1875) (Fig.
5-42)

Body length: 5.5-7.1mm.

Surface is dark brown tinged with copper-colored to golden
luster, and entirely covered with scaly granules. Pronotum and
elytra are densely covered with short inclining yellowish hairs.
Habitat: various types of natural forests.

Attractant: carrion.

Abundance: moderate.

Distribution: Borneo, Java, Sumatra, Nias, Lombok, Malay
Peninsula, Palawan, Indochina, northern India, southern China.

Parascatonomus (Parascatonomus) discedens (Sharp, 1875)
(Fig. 5-43)

Body length 9.0-13.0mm.

Surface is black, strongly shining, glabrous except for lateral
margins of pronotum and elytron, and covered with minute
punctures. Apical margin of clypeus is deeply notched with an
upturned tooth at middle. Anterior angles of pronotum produce
broadly and roundly. Two individuals were collected in the
preliminary study conducted in 2005/2006, an individual in
the post study in 2017, and they were not listed in Ueda et al.
(2017).

Habitat: intact natural forest.

Attractant: carrion.

Abundance: rare.

Distribution: Borneo, Sumatra, Malay Peninsula, Palawan.

Genus Proagoderus Lansberge, 1883

One species was collected. Body is large and surface is
strongly convex and shining. Meso- and metatibiae distinctly
tri-lobed on outer distal end. Basal margin of pronotum is very
strongly angulate at middle. In this genus and the next one
(Onthophagus), 1st segment of antenna has the same thickness
as 2nd one and is slightly thicker than 3rd one.

Functional group: tunneler.

Proagoderus schwaneri (Lansberge, 1864) (Figs. 5-44 (male),
45, 46 (male heads and pronota), and 47 (female))

Body length: 14.8-19.3mm.

Body is tinged with dark blue to dark greenish luster. Surface
is almost glabrous except for clypeus with yellowish hairs.
There are three types of males. Major male with a pair of
very long slender horns on head has a horn on anterior margin
of pronotal excavation in middle (Fig. 5-45). Medium-sized
male with a pair of moderately long horns on head has a pair
of tubercles on lateral edges of pronotal excavation, which
is moderately shallow, and a pair of longitudinal parallel
carinae on posterior margin (Fig. 5-46). Minor male with
short triangular processes on head instead of horns has a pair
of longitudinal parallel carinae on lateral margins of shallow
hollow on pronotum. Female has short horns on head and a
shallow hollow on pronotum (Fig. 5-47).

Habitat: various types of forests including plantation forest.
Attractant: dung and carrion.

Abundance: abundant.

Distribution: Borneo, Sumatra, Sulawesi.

Genus Onthophagus Latreille, 1802

Eleven subgenera and 36 species were collected. Meso- and
metatibiae are not distinctly tri-lobed on outer distal end. Body
is usually small to middle-sized and usually convex.

Subgenus Gibbonthophagus Balthasar, 1935

Four species were collected. Antennal scape (basal segment of
antenna) is finely serrate (like blade of knife) on anterior side
(Fig. 7). Body is moderately depressed except for Onthophagus
(Gibbonthophagus) limbatus

Functional group: tunneler.

Fig. 7. Antennal scape (basal segment of antenna) of genus
Onthophagus.
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Onthophagus (Gibbonthophagus) cervicapra Boucomont,
1914 (Figs. 5-48 (male) and 49 (female))

Body length: 6.4-9.4mm.

Surface is black and entirely opaque. Head and pronotum are
glabrous. Apical and lateral portion of elytron is covered with
short whitish hairs. Male has a pair of short inclining horns on
posterior portion of head, and pronotum is concave along horns
(Fig. 5-48).

Habitat: various types of forests including plantation forest.
Attractant: dung.

Abundance: moderate.

Distribution: Borneo, Java, Sumatra.

Onthophagus (Gibbonthophagus) fujiii Ochi et Kon, 1995
(Figs. 5-50 (male), 51, 52, and 53 (females))

Body length: 5.5-8.1mm.

Surface is blackish brown to brown and entirely opaque.
Rarely, there are individuals with reddish pronota (Fig. 5-53).
Head is glabrous but pronotum and elytron are densely covered
with yellowish short hairs. Male has a pair of short inclining
horns on posterior portion of head, and pronotum is concave
along horns (Fig. 5-50). Large female has a pair of tubercles
on anterior portion of pronotum (Fig. 5-51).

Habitat: various types of natural forests.

Attractant: dung and carrion.

Abundance: moderate.

Distribution: Borneo.

Onthophagus (Gibbonthophagus) obscurior Boucomont, 1914
(Figs. 5-54 (male) and 55 (female))

Body length: 6.1-8.1mm.

Surface is blackish brown to brown and entirely opaque.
Lateral margins of pronotum, some intervals of elytron, and
ventral side are orange. Head and pronotum are glabrous.
Apical and lateral parts of elytron are covered with short
whitish hairs. Male has a pair of short inclining horns on
posterior portion of head, and pronotum is concave along horns
(Fig. 5-54).

Habitat: all kinds of vegetation types including pastureland.
Attractant: dung and carrion.

Abundance: moderate.

Distribution: Borneo, Sumatra, Malay Peninsula, Indochina.

Onthophagus (Gibbonthophagus) limbatus (Herbst, 1789)
(Figs. 5-56 (male) and 57 (female))

Body length: 5.0-8.1mm.

Surface is black to brownish brown, shining, and sparsely
covered with short whitish hairs. Elytron has orange bands
on basal part (from 4th to 7th intervals) and on apical part
(from 2nd to 8th intervals). Body is strongly convex for the
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subgenus. Male has a pair of short vertical horns on posterior
portion of head but pronotum is not concave along horns (Fig.
5-56).

Habitat: pastureland (some individuals were also collected
from plantation forests and grasslands).

Attractant: dung.

Abundance: abundant.

Distribution: Borneo, Java, Sumatra, Indochina, China.

Subgenus Serrophorus Balthasar, 1963

Three species were collected. Body is moderately large. Apical
margin of clypeus is round. Antennal scape is roughly serrate
on anterior side (Fig. 7).

Functional group: tunneler.

Onthophagus (Serrophorus) mulleri Lansberge, 1883 (Fig.
5-58 (male))

Body length: 8.0-12.1mm.

Surfaces of head and pronotum are tinged with bronze luster
and granulated. Elytron is blackish brown, bearing orange
patches between basal and median parts (from 2nd to 7th
intervals), and densely covered with yellowish hairs. Male has
a short tubercle on posterior portion of head (Fig. 5-58).
Habitat: various types of natural forests.

Attractant: dung.

Abundance: rare.

Distribution: Borneo, Java, Sumatra.

Onthophagus (Serrophorus) laevis Harold, 1880 (Figs. 5-59
and 60 (males))

Body length: 7.8-10.0mm.

Surface is black to reddish brown, strongly shining, smooth,
and entirely glabrous. Male has a short horn on posterior
portion of head (Figs. 5-59 and 60).

Habitat: intact and burnt natural forests.

Attractant: dung.

Abundance: moderate.

Distribution: Borneo, Java, Sumatra.

Onthophagus (Serrophorus) sagittarius (Fabricius, 1775) (Figs.
5-61 (male) and 62 (female))

Body length: 7.5-11.0mm.

Surface is blackish brown with orange parts present around
lateral and basal margins of pronotum and scattered on elytron.
Disk is weakly shining but elytron is opaque. Pronotum is
covered with dense and large punctures. Elytron is sparsely
covered with setae, which become long on apical part. Male
has a conical sharp horn between eyes, and anterior margin of
pronotum is distinctly sinuate and largely protrudes forward in
middle (Fig. 5-61). Female has a pair of conical short horns on
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clypeus transversely and a pair of tubercles on anterior portion
of pronotum (Fig. 5-62).

Habitat: two individuals were collected; one from a burnt
natural forest whereas the other from the pastureland.
Attractant: one by a dung baited trap whereas the other by a
carrion baited one.

Abundance: rare.

Distribution: Borneo, Java, Sumatra, Timor, Malay Peninsula,
Philippines, Indochina, India, South China.

Subgenus Micronthophagus Balthasar, 1963

One species was newly collected in 2016 and not listed in
Ueda et al. (2017). Body is small. Eyes are large and distance
between eyes is less than 3 times as wide as an eye (one
exception: eyes of Onthophagus (Onthophagus) keikoae are
large like this subgenus). Antennal scape is not serrate on
anterior side (Fig. 7).

Functional group: tunneler.

Onthophagus (Micronthophagus) fukuyamai Ochi, Kon et
Ueda 2018 (Fig. 5-63)

Body length: 5.1-5.3mm.

Surface is dark brown, strongly shining, and sparsely covered
with long erect hairs. Apical margin of clypeus is almost round.
Pronotum is distinctly covered with punctures, each of which
bears a long hair, and impunctate along middle line. Elytron is
somewhat depressed compared with pronotum.

Habitat: two individuals were collected from intact natural
forests.

Attractant: one by a dung baited trap whereas the other by a
carrion baited one.

Abundance: rare.

Distribution: Borneo

Subgenus Indachorius Balthasar, 1941

Two species were collected. Body is small. Surface is densely
covered with long hairs. Antennal scape is serrate on anterior
side (Fig. 7).

Functional group: tunneler.

Onthophagus (Indachorius) uedai Ochi et Kon, 2006 (Fig.
5-64)

Body length: 4.5-5.7mm.

Head and pronotum are tinged with dark greenish luster.
Surface is somewhat sparsely covered with erect, long, and
yellowish hairs. Apical margin of clypeus is truncate or almost
round. Pronotum is densely covered with strong and large
punctures.

Habitat: grassland.

Attractant: dung and carrion.

Abundance: moderate.

Distribution: Borneo.

Onthophagus (Indachorius) woroae Ochi et Kon, 2006 (Fig.
5-65 and 66 (teneral))

Body length: 4.4—-6.0mm.

Surface is black with orange markings at basal part of elytron
(from 2nd or 5th to 7th intervals), and covered with erect,
remarkably long, and yellowish hairs. Apical margin of clypeus
is round. Pronotum is densely covered with strong and large
punctures.

Habitat: intact and burnt natural forests.

Attractant: dung and carrion.

Abundance: moderate.

Distribution: Borneo.

Subgenus Pseudophanaeomophus Ochi, 2007

Three species were collected. Pronotum mostly has a pair of
tubercles transversely at median portion. Antennal scape is
serrate on anterior side (Fig. 7).

Functional group: tunneler.

Onthophagus (Pseudophanaeomophus) johkii Ochi et Kon,
1994 (Figs. 5-67 (male), 68, and 69 (females))

Body length: 5.5-8.0mm.

Surface is blackish brown to brown and opaque. Pronotum and
elytron are covered with very short yellowish hairs. Pronotum
is densely covered with strong and large punctures. Male and
large female have a pair of tubercles at median portion of
pronotum (Figs. 5-67 and 68). In large male, apical margin of
clypeus is elongated triangularly and strongly upturned (Fig.
5-67), but in small male, it is weakly upturned and truncated.
In female, apical margin of clypeus is widely truncated with
a heart-shaped projection at middle (Figs. 5-68 and 69). One
individual was collected in the preliminary study conducted
in August, 2006 and two individuals in post study in 2017,
respectively, and not listed in Ueda et al. (2017).

Habitat: intact natural forest.

Attractant: carrion.

Abundance: rare.

Distribution: Borneo.

Onthophagus (Pseudophanaeomophus) sugihartoi Ochi, 2007
(Fig. 5-70 (male))

Body length: 4.6mm.

Surface is blackish brown to greyish black and opaque. Body
is oval and short. Pronotum is widest near basal margin and
densely covered with strong and large punctures. Pronotum
and elytron are covered with short yellowish hairs. In male,
apical margin of clypeus is widely truncated with a M-shaped
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projection at middle. Female is unknown.

Habitat: an individual was collected from an intact natural
forest.

Attractant: an individual was collected by a dung baited trap.
Abundance: extremely rare.

Distribution: Borneo.

Onthophagus (Pseudophanaeomophus) chandrai Ochi, 2006
(Fig. 5-71 (male) and 72 (female))

Body length: 4.8—-6.4mm.

Surface is black to reddish brown, strongly convex, strongly
shining, and glabrous. Apical margin of clypeus is truncated.
Pronotum is covered with shallow and moderately small
punctures. Male has a pair of tubercles at median portion
of pronotum near lateral margins and a pair of weak ridges
from tubercles toward middle of anterior margin forming a
triangular disk (Fig. 5-71).

Habitat: intact natural forest.

Attractant: carrion.

Abundance: moderate.

Distribution: Borneo.

Subgenus Furconthophagus Zunino, 1979

Two species were collected. Body is small. Surface is distinctly
covered with short erect hairs. Antennal scape is serrate on
anterior side (Fig. 7).

Functional group: tunneler.

Onthophagus (Furconthophagus) papulatus Boucomont, 1914
(Figs. 5-73 (male) and 74 (female)

Body length: 3.6-5.0mm.

Surface is brownish black, weakly shining, and entirely
covered with short, erect, and yellowish hairs sparsely. Elytron
bears orange markings at basal part (on 4th, 6th, and 7th
intervals), near median part (on 5th and 6th intervals), and
at apical part (from 2nd to 9th intervals). Apical margin of
clypeus is notched. Male has an erect short horn between eyes
(Fig. 5-73).

Habitat: pastureland (a few individuals were also collected
from grasslands).

Attractant: dung.

Abundance: abundant.

Distribution: Borneo, Indochina.

Onthophagus (Furconthophagus) lilliputanus Lansberge, 1883
(Fig. 5-75)

Body length: 3.5-4.5mm.

Head and pronotum are tinged with greenish luster. Surface
is shining and entirely covered with short, erect, stout, and
whitish hairs densely. Apical margin of clypeus is truncated.
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Habitat: grassland.
Attractant: dung.
Abundance: abundant.

Distribution: Borneo, Java, Philippines, Myanmar, India.

Subgenus Onthophagiellus Balthasar, 1935

Three species were collected. Body is small. First segment of
metatarsus is extremely long (more than 4 times as long as 2nd
segment). Head is transversely wide. Elytron is moderately
depressed. Apical margin of clypeus is round. Antennal scape
is serrate on anterior side (Fig. 7).

Functional group: roller.

Onthophagus (Onthophagiellus) hidakai Ochi et Kon, 1995
(Fig. 5-76)

Body length: 4.1-5.5mm.

Surface is black and shining. Head and pronotum are tinged
with weakly metallic luster. Apical end of elytron is reddish
brown. Pronotum is densely covered with strong punctures.
Pronotum and elytron are sparsely covered with short
yellowish hairs. Elytron is moderately depressed and flattened.
Habitat: intact and burnt natural forests.

Attractant: dung.

Abundance: rare.

Distribution: Borneo, Indochina.

Onthophagus (Onthophagiellus) deliensis Lansberge, 1885
(Fig. 5-77)

Body length 4.6-5.9mm.

Surface is blackish brown to dark reddish brown and shining.
Head and pronotum are tinged with brownish to greenish
luster. Elytron has transverse orange bands from 2nd interval
to lateral margin at basal part and entirely at apical part.
Pronotum is densely covered with strong punctures. Pronotum
and elytron are sparsely covered with short yellowish hairs.
Elytron is moderately depressed and flattened. An individual
was collected in the preliminary study conducted in 2004/2005
and not listed in Ueda et al. (2017).

Habitat: an individual was collected from a secondary forest.
Attractant: an individual was collected by a dung baited trap.
Abundance: extremely rare.

Distribution: Borneo, Sumatra, Malay Peninsula.

Onthophagus (Onthophagiellus) crassicollis Boucomont, 1913
(Figs. 5-78 (male) and 79 (female))

Body length: 3.5-5.6mm.

Surface is black and shining. Head and pronotum are tinged
with brownish to greenish luster. Apical end of elytron is dark
brown. Pronotum is densely covered with strong punctures and
with short yellowish hairs. Elytron is depressed and flattened
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and this makes conspicuous rise of pronotum. Elytron is
covered with erect short yellowish hairs and with punctures.
Male has a distinct short transverse ridge on posterior portion
of head (Fig. 5-78). In female, short ridge on head is weak and
inconspicuous (Fig. 5-79).

Habitat: burnt natural forest.

Attractant: three individuals were collected; two by dung
baited traps whereas one by a carrion baited one.

Abundance: rare.

Distribution: Borneo, Sumatra, Indochina.

Subgenus Colobonthophagus Balthasar, 1935

One species is collected. Body is middle-sized. Surface is
entirely glabrous and shining. Apical margin of clypeus is
reflexed and truncated. Antennal scape is serrate on anterior
side (Fig. 7).

Functional group: tunneler.

Onthophagus (Colobonthophagus) armatus Blanchard, 1853
(Figs. 5-80, 81 (males), and 82 (female))

Body length: 6.5-8.2mm.

Surface is black to reddish brown, entirely glabrous, and
shining. Head and pronotum are tinged with weakly metallic
luster. Pronotum and elytron are covered with small punctures.
Large male has a pair of buffalo like horns on posterior
portion of head, and pronotum is concave along horns (Fig.
5-80). Small male has a pair of small triangular processes, and
pronotum is not concave (Fig. 5-81). Female has a distinct
transverse carina on posterior portion of head and pronotum
strongly elevates on anterior portion in middle (Fig. 5-82).
Habitat: grassland.

Attractant: dung.

Abundance: rare.

Distribution: Borneo, Sumatra, Java, Philippines, Myanmar,
India.

Subgenus Paraphanaeomorphus Balthasar, 1959

One species is collected. Body is small to middle-sized.
Surface is shining. Pronotum and elytron are densely covered
with short inclining hairs. Antennal scape is serrate on anterior
side (Fig. 7).

Functional group: tunneler.

Onthophagus (Paraphanaeomorphus) trituber (Widemann,
1823) (Figs. 5-83 (male), 84, and 85 (females))

Body length: 4.5-8.0mm.

Surface is black to dark brown, shining, and covered with short
inclining yellowish hairs. Head and pronotum are tinged with
greenish or brownish luster. Elytron has two orange bands, one
of which is at basal part (from 2nd to 8th intervals) whereas

another at apical part (from 2nd to 8th intervals). Rarely, bands
are discontinuous in some individuals (Fig. 5-85). Apical
margin of clypeus is reflexed and truncated. Pronotum has
distinct three tubercles in anterior portion (indistinct in small
individuals) and is covered with distinct punctures, each of
which bears a hair. Male has a lamina with a short horn or a
tubercle on posterior portion of head (Fig. 5-83).

Habitat: grassland and pastureland.

Attractant: dung.

Abundance: abundant.

Distribution: Borneo, Sumatra, Java, Malay Peninsula,
Philippines, Indochina, China, Taiwan, Korea, Japan (Hyogo,
Okayama, and Miyako Is.).

Subgenus Hikidaeus Ochi & Kon, 2016

Two species were collected. Body is small to middle-sized.
Surface is shining and covered with erect hairs. Elytron is
somewhat depressed. Antennal scape is serrate on anterior side
(Fig. 7).

Functional group: tunneler.

Onthophagus (Hikidaeus) pastillatus Boucomont, 1914 (Figs.
86 (male) and 87 (female))

Body length: 4.2-8.0mm.

Surface is black to blackish brown, weakly shining and
sparsely (head) or densely (pronotum and elytron) covered
with long yellowish hairs. Head and pronotum are tinged with
greenish luster. Elytron has four orange markings at basal part
(from 2nd to 5th intervals and from 6th to 7th ones), at inter-
basal-median part of 7th interval, and at median part (from
2nd to 3rd intervals). Front-lateral margins of pronotum are
straight and converging anteriorly. Anterior angles of pronotum
protrude. In male, apical margin of clypeus is elongated
triangularly and strongly upturned, and pronotum rises
prominently at center (Fig. 5-86). In female, apical margin of
clypeus is truncated (Fig. 5-87).

Habitat: intact natural forest.

Attractant: dung and carrion.

Abundance: moderate.

Distribution: Borneo, Philippines.

Onthophagus (Hikidaeus) simboroni Ochi et Kon, 2006 (Figs.
5-88 (teneral male) and 89 (female))

Body length: 3.7-4.8mm.

Surface is black to blackish brown, shining, and covered with
short, erect and yellowish hairs. Head and pronotum are tinged
with greenish luster. Elytron has three inconspicuous brown
markings at basal part (from 2nd to 4th interval and from 6th
to 7th ones), and at apical part (from 2nd to 7th intervals).

Apical margin of clypeus is briefly truncated. In male, clypeus
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is elongated (Fig. 5-88).

Habitat: intact and burnt natural forests.
Attractant: dung.

Abundance: moderate.

Distribution: Borneo.

Subgenus Onthophagus Latreille, 1802

Fifteen species were collected. There are considerable
diversities in body size, shape, coloration, degree of shining,
hairs, and punctation. Most species inhabit in natural forests.
Antennal scape is not serrate on anterior side (Fig. 7).

Functional group: tunneler.

Onthophagus (Onthophagus) vethi Krikken, 1977 (Figs. 5-90
(male) and 91 (female))

Body length: 2.9-4.0mm.

Body is very small. Surface is dark brown to reddish brown,
shining, and covered with distinct, short, erect, and yellowish
hairs. Apical margin of clypeus is briefly truncated. Pronotum
is widest near basal margin, and anterior angles protrude.
Male has a pair of parallel triangular protrusions on anterior
half of pronotum on both sides of midline (Fig. 5-90). Female
has a pair of small tubercles on anterior portion of pronotum
(Fig. 5-91). Two individuals were collected in the post study
conducted in 2016 and not listed in Ueda et al. (2017).

Habitat: two individuals were collected from an intact natural
forest.

Attractant: two individuals were collected by dung baited
traps.

Abundance: rare.

Distribution: Borneo, Sumatra.

Onthophagus (Onthophagus) aphodioides Lansberge, 1883
(Fig. 5-92)

Body length: 3.9-5.2mm.

Body is small. Surface is black, shining, and sparsely covered
with distinct, very short, erect, and yellowish hairs. Apical
margin of clypeus is briefly truncated. Pronotum is covered
with 2 types of punctures (large ones and minute ones). Elytron
is somewhat depressed and suture part is concave at basal part.
Habitat: intact natural forest.

Attractant: dung.

Abundance: moderate.

Distribution: Borneo, Java, Sulawesi.

Onthophagus (Onthophagus) vulpes Harold, 1877 (Figs. 5-93
(male) and 94 (female))

Body length: 6.8-9.0mm.

Surface is brown to yellowish brown. Head and middle portion
of pronotum are tinged with greenish or purplish luster. Apical
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two third of elytron is black with a mosaic pattern. Head is
shining and glabrous. Apical margin of clypeus is round.
Pronotum is densely covered with strong punctures. Pronotum
and elytron are mat and densely covered with very long, erect,
and yellowish hairs. Male has somewhat elongated clypeus,
a pair of short slightly inclined horns on posterior portion of
head, and a lamina between horns (Fig. 5-93).

Habitat: intact and burnt natural forests.

Attractant: dung.

Abundance: abundant.

Distribution: Borneo, Java, Sumatra, Sulawesi, Malay
Peninsula.

Onthophagus (Onthophagus) pavidus Harold, 1877 (Figs. 5-95
(male) and 96 (female))

Body length: 7.9-9.5mm.

Basal half of head and pronotum are tinged with greenish or
rarely brownish luster. Elytron is yellowish brown to blackish
brown. Head is weakly shining and almost glabrous. Pronotum
is densely covered with asperate punctures. Pronotum and
elytron are mat and densely covered with somewhat inclining
yellowish hairs. Male has a pair of inclining horns on posterior
portion of head and horns are connected by a lamina at base
(Fig. 5-95).

Habitat: an individual was collected from an intact natural
forest.

Attractant: an individual was collected by a dung baited trap.
Abundance: extremely rare.

Distribution: Borneo, Sumatra, Malay Peninsula.

Onthophagus (Onthophagus) infucatus Harold, 1877 (Fig. 5-97
(female))

Body length: 10.4-14.0mm.

Body is large and black. Surface is entirely opaque. Apical
margin of clypeus is briefly truncated. Pronotum is densely
covered with strong punctures and anterior angles protrude.
Pronotum and elytron are sparsely covered with short to long
reddish hairs. Male has a pair of inclining horns on posterior
portion of head and in large male, pronotum is concave along
horns. In female, anterior portion of pronotum is elevated in
central portion (Fig. 5-97).

Habitat: intact natural forest.

Attractant: dung.

Abundance: moderate.

Distribution: Borneo, Thailand.

Onthophagus (Onthophagus) incisus Harold, 1877 (Figs. 5-98
(male) and 99 (female))

Body length: 9.2—-14.0mm.

Body is large and black. Surface is shining, sparsely covered
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with short yellowish hairs, and densely covered with strong
punctures. Apical margin of clypeus is briefly truncated.
Middle line of pronotum is distinctly concave from median to
basal portion. Male has a pair of strong tubercles on anterior
half of pronotum at middle portion, tubercles are acutely
produced outward and connected inside each other forming a
transverse arched ridge and disk, and both sides of tubercles
are strongly and roundly excavated (Fig. 5-98). Female has a
transverse arched carina at anterior portion of pronotum (Fig.
5-99).

Habitat: intact and burnt natural forests.

Attractant: dung.

Abundance: moderate.

Distribution: Borneo, Sumatra, Java.

Onthophagus (Onthophagus) waterstradti Boucomont, 1914
(Figs. 5-100 (male) and 101 (female))

Body length: 5.0-8.2mm.

Surface is black to brownish black and weakly shining.
Head and pronotum are tinged with brownish to greenish
luster. Elytron has two orange markings at basal part (one is
continuously or discontinuously from 2nd to 4th intervals and
another from 6th to 7th ones). Pronotum is distinctly depressed,
glabrous, smooth, and impunctate near basal angles. Pronotum
and elytron are densely covered with erect long yellowish hairs
and punctures. In male, clypeus is triangularly elongated and
distinctly reflexed upward, and an inclining short horn arises
on posterior portion of head (Fig. 5-100).

Habitat: various types of forests including plantation forest.
Attractant: dung.

Abundance: abundant.

Distribution: Borneo.

Onthophagus (Onthophagus) ochromerus Harold, 1877 (Fig.
5-102 (female))

Body length: 6.2-9.0mm.

Head and pronotum are black to blackish brown and tinged
with greenish luster. Elytron is wholly yellowish brown.
Pronotum and elytron are densely covered with very long
yellowish hairs and punctures. Male has an inclining short
horn on posterior portion of head.

Habitat: an individual was collected from an intact natural
forest.

Attractant: an individual was collected by a carrion baited trap.
Abundance: extremely rare.

Distribution: Borneo.

Onthophagus (Onthophagus) bonorae Zunino, 1976 (Figs.
5-103 (male) and 104 (female))
Body length: 4.0-6.0mm.

Body is small. Surface is blackish brown to brown, shining,
and densely covered with strong punctures. Head and
pronotum are tinged with greenish to purplish luster. Parts
of clypeus are reddish and lateral margins of pronotum are
orange. Elytron has three orange markings at basal part (from
2nd to 4th intervals and from 6th to 7th ones) and at apical
part (from suture to 7th interval). Pronotum and elytron are
densely covered with erect, stout, short, and whitish hairs. In
male, clypeus is triangularly elongated and distinctly reflexed
upward, and pronotum rises distinctly as a tubercle on center
(Fig. 5-103). In female, apical margin of clypeus is almost
round or truncated (Fig. 5-104).

Habitat: intact natural forest.

Attractant: carrion.

Abundance: moderate.

Distribution: Borneo, Sumatra, Malay Peninsula, Thailand.

Onthophagus (Onthophagus) batillifer Harold, 1875 (Figs.
5-105 (male) and 106 (female))

Body length: 4.0-6.1mm.

Body is small. Surface is blackish brown, shining, and densely
covered with strong punctures. Head and pronotum are tinged
with greenish to purplish luster. Elytron has four inconspicuous
brown markings at basal part (at 2nd and 4th intervals and from
6th to 7th ones) and at apical part (from suture to 7th interval).
Pronotum and elytron are sparsely covered with erect, short,
and whitish hairs. In male, apical margin of clypeus is deeply
truncated with an upturned mushroom-like projection at middle
(Fig. 5-105). In female, apical margin of clypeus is notched at
middle (Fig. 5-106).

Habitat: two individuals were collected; one from an intact
natural forest whereas the other from a burnt natural forest.
Attractant: one by a dung baited trap whereas the other by a
carrion baited one.

Abundance: rare.

Distribution: Borneo, Java, Malay Peninsula, Indochina.

Onthophagus (Onthophagus) borneensis Harold, 1877 (Figs.
5-107 (male) and 108 (female))

Body length: 8.0-12.1mm.

Body is large. Surface is black, weakly shining, entirely
glabrous, and covered with small punctures. Male has a pair
of erect short horns transversely on posterior portion of head
that connected by a carina, and anterior portion of pronotum
concave along horns (Fig. 5-107). Female has a carina on the
same position as in male (Fig. 5-108).

Habitat: intact natural forest.

Attractant: dung.

Abundance: moderate.

Distribution: Borneo, Java, Sumatra, Nias.
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Onthophagus (Onthophagus) keikoae Ochi et Kon, 2014 (Fig.
5-109 (teneral))

Body length: 4.9-5.8mm.

Surface is dark brown, shining, entirely glabrous, and covered
with small punctures. Eyes are very large and distance between
eyes is almost 2 times as wide as an eye. Both male and female
has a pair of tubercles arranged transversely on frons.

Habitat: an individual was collected from an intact natural
forest.

Attractant: an individual was collected by a carrion baited trap.
Abundance: extremely rare.

Distribution: Borneo.

Onthophagus (Onthophagus) rutilans Sharp, 1875 (Fig. 5-110)
Body length: 7.0-10.9mm.

Body is large. Surface is black, shining, and entirely glabrous.
Head and pronotum are tinged with distinctly copper luster and
sparsely covered with minute punctures. Elytron is covered
with indefinite punctures.

Habitat: intact natural forest.

Attractant: dung.

Abundance: moderate.

Distribution: Borneo, Sumatra, Malay Peninsula, Indochina,
China.

Onthophagus (Onthophagus) pacificus Lansberge, 1885 (Figs.
5-111 and 113 (pronotum))

Body length: 5.6-7.6mm.

Surface is black, strongly shining, and entirely glabrous. Head
and pronotum are covered with distinct punctures (Fig. 5-113).
Elytron is covered with indefinite punctures.

Habitat: intact and burnt natural forests.

Attractant: dung.

Abundance: moderate.

Distribution: Borneo, Java, Sumatra, Malay Peninsula,
Indochina, India.

Onthophagus (Onthophagus) semipacificus Ochi et Kon, 2006
(Figs. 5-112 and 114 (pronotum))

Body length: 5.3-7.0mm.

Surface is black, strongly shining, entirely glabrous, and
covered with minute punctures. This species closely resembles
the former species but can be distinguished from O. pacificus
by head and pronotum covered with sparser and smaller
punctures (Fig. 5-114).

Habitat: intact natural forest.

Attractant: dung.

Abundance: moderate.

Distribution: Borneo.
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Subfamily Aphodiinae Arrow, 1909
Body is elongated, and meso-coxae are connected each other.
Number of spines on end of metatibia is two.

Tribe Eupariini Schmidt, 1910

Genus Ataenius Harold, 1867

One species was collected. In this tribe and the next one, head
and pronotum are smooth without granules, vertical linear
ridges, or transverse linear grooves. In this tribe, meso- and
metatibia are almost smooth without large teeth on outer
sides. In this genus, 1st segments of meso- and metatarsus are
extremely long (more than 2.5 times as long as 2nd segment).

Ataenius sp. (Fig. 5-115)

Body length: 2.7mm.

Surface is light brown with dark brown on head except for
clypeus. Apical margin of clypeus is truncated. Head and
pronotum are shining and densely covered with punctures.
Intervals of elytron are narrowed and rise as linear ridges. This
species was collected by an un-baited trap in 2007 and not
listed in Ueda et al (2017).

Habitat: an individual was collected from an intact natural
forest.

Attractant: an individual was collected by an un-baited trap.
Abundance: extremely rare.

Distribution: Borneo (at least).

Tribe Aphodiini Reitter, 1892

Genus Aphodius Hellwig, 1798

Two widespread species were collected. In this tribe, elytron
is not marginated entirely at base. In this genus, lateral margin
of pronotum is smooth without serration (saw teeth), elytron is
smooth, and its intervals do not become linear ridges.

Aphodius (Pharphodius) marginellus (Fabricius, 1781) (Fig.
5-116)

Body length: 4.5-8.0mm.

Surface is dark brown with yellowish brown areas in lateral
and basal portions of pronotum and lateral and apical parts of
elytron (sometimes parts of clypeus and entire elytron). Disk
is shining and glabrous. Head is covered with punctures that
become strong gradually towards posterior portion. Apical
margin of clypeus is briefly truncated. Pronotum is covered
with both small and large punctures. Elytron is covered with
weak punctures.

Habitat: pastureland.

Attractant: carrion.

Abundance: moderate.

Distribution: Southeast Asia, India, New Guinea, China,
Taiwan, Japan (southwest islands), Africa.
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Aphodius (Aganocrossus) urostigma Harold, 1862 (Fig. 5-117)
Body length: 4.0-5.0mm.

Surface is black to blackish brown and shining. Apical margin
of clypeus is almost round. Head and pronotum are glabrous
and covered entirely with weak punctures and partly with large
punctures. Elytron is entirely covered with weak punctures and
has sparse long hairs on apical part.

Habitat: two individuals were collected from the pastureland.
Attractant: two individuals were collected by carrion baited
traps.

Abundance: rare.

Distribution: Southeast Asia, Indochina, India, Nepal, Sri
Lanka, China, Japan.
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