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Estimating Density and Distribution of Forest
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Distribution of coleopterous borers in pine
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40 BRI ORI, HEEAMTOTEICE > TERICIRTS 20 37z, FAMAKBIZEIT
CEBT 5 bDTHEM D, ZOMEOLEEAMET 5 i3, MK OBNZHZNIECIERST 5 DIc
BiZo, ' '

£S5 BIMBROBILIL, T O OIIYE: « BRI + SHILA L ORHHICEMRE ST IS
BINC ERUATH SN, & BICHKDBAR, T&LTRATIHEMNRE LTRE LTS LEKD
BHREBERFE LSRR IAENERENS, EHICOLIRELD S 1965 IR ICHIE LKL, #1
BELTY OFLHBOBEASHBICONTRD T &dik,

—fiC= Y BAROFLEBEAROERRB S OO THETH 5, 2OEMSE, &2, (1EHL
1 DOBFHELEET B LRENT, 2~3EhO5~6METHRAET 20 &, QHANTLHS, #
BESE, BEOP XV PBEETHSC LICRET 2. —F, HEENCSLDE, BETEVITHB
FICRESN TR B DB LVEARFMIEC D 5 5 AL, BAOERBEFICAN LTSS D, 4
RITEERBE L VA XD,

FLAOMETAMICET 2R, K0T, KOXSBHERO+: 74 AvEERRELT
TRbhTE T,

Dendroctonus brevicomis (MiLLer & Kzen 19608, DupLey 197118)

D. engelmanni (Kwicar 195826, 196027)

D. monticolae (Reip 19635%)

D, ponderosae (Suepuerp 196560, Sarranyik 197159)

D. pseudotsugae (McMurreny & Arkins 1961%9, Furniss 196214)

Scolytus ventralis (Berryman 1968a?®)

—HDHETE, F403F7 4 5V OFEATL - BHFLO S (REFIZ519682-bVP, FIR /196824
19699), F K= /374 Ay OKEF 1966%) OATICET BHIFAS 5o |

CNHDEZ L RAHFOREPEKBINTRICEEED, 2DAHERRT 2 EYFOBEICE TRAT
VIS UL, Sarravvix (1971)% OFFERIERT~E DT, Dendrocionus OFNILOSAEET
LT, FAMAGRE CORMELENEREICE > THIPIRE LTV 2,
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mmf,%%@ﬁﬁncﬁibtami ~ Y OFALIREARE, BROICHIES 50y 7Y
Y P HBIC LB — 4 585 £ EICH - Tco TIEONEN, MANMLTOAEOMEND, S bic
B YT Ub < DRE DB OINERRICE Y 5 BIEEDIEICE TN, ChIcHE L ABErLR
DEEFMAANBONLOT, BRICINOEESY 2102, 3OERETI >Tco KRR, F,
BOWE ORI A - FALL, METFOBL - i, HAOHAL BT, & XOBE FORMES
Zab I BAEEEAER & L, %nbwﬁﬁkﬁﬁ®%ﬁ,%iv%mﬁﬁ%&?%&%ﬁm%ﬁ
WTID % &b bDTH B,

AW, %%#%%ﬁﬁ%%ﬁﬁ%f%¢wﬁmhn%éwT&b HROREIC DN CTRZBRE
M%gwcﬁﬂ%mnnmtogﬁ,x%iﬁaxﬁgﬁmﬂﬁm&aﬁ,ﬁﬁ@_%ﬂﬁccummn
tmtoﬂbfr<%¢$bfwéo

1B HRsn

1L B H &

Fpe BIUENE, EHR NS DA EIMENT B 2 IPE BRIICRE S N A IS (ol
L EJIAT MBS, 0.2ha) &, AKAIKEHIT B 2 MR ALK N BEHIC iéﬂtgiﬁ%m(ﬁﬁL
ZRTEIR, 0.9ha) ETH3, ’

BB NRERHIT 1968 4 DFE 241, 10 FEHREDIu <Y 435 K15 fi Z)ﬁ:%ﬁﬂfﬁﬁﬁ&ﬁ’é ZORAER
HiZ 1064 4FTH5E M 40~60 FEED T 1= VT5%, 7 0wV 2%, AF1,635 Ak 5 AHRS X UFER
HTH 5o A

BERKO TN - 1co SARBHTIEFES ~6 J & 11~12 HO 2 FREAEREL, Rk
b R T IS RIRIC 5 e b, FERA 1,000 Cm? 185 & 5 ICRARIR Lico 77~ CH T
GRSE) 1SR, TR, M~V BHMEMIcSts. MERLBPADHKL, ENCA, HOM
B A=Y -, REE, HEFORE, HEEESERR L. REIRRLE OIS L
COBDT, 10~11 B0 1 HIcE LD TRAIL . BITMIENOT (~7m) 3 mFim 5 BRERR L,
LROHIEIC & » THEETE - oo ‘ ' ’

2. T—A0EH

YHIBE, 72 & 2D HITATTE > DICHA - T, DD b o 1T 2 IEDTH, T
SEHSFLNCIRAL & 72 B M IS ERDSKRE T H 5o Knear (1960)27 (%, Dendrocionus engqlmanmv hik
D6 X 44 YFHETOMEHSAD 2TRTHIGEANT 5T LEW Lo T, 10cm ROMICET 5 +
Aaa3%7 4 6YOFEATL EIED 1969)%, L (RiiEH» 19682)%, Bihfl GREI1Z) 1968a-b)
4540 mfn@ﬁmzﬁﬁﬁcﬁA?%c&mﬁhgnfwaoﬁ@zﬁﬁm%¢57 2 OBHRE LT
1, WEERIBELIEBICHOLNA TS (Morris 1955)42),

FEH1L,000cm2 720 DY 7k vV v BOGIIEERAT LICE LD T, ZOFHE LSk EDBG
#7a vy b9 5& (Fig 1 %), MEREVICHRLTRECALDICE s TWVWE, 2% log (x+1) %
oL 7o — 2 I X - THE LT, SRERREVIZEMT T (Fig. 1 4), OBk

* NEDERE, BAWEAKS (1968, 1969), AAGABMBREAKS (973) LHETHE LD,
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Fig. 1 v 375 vV/ v BHROFEE—~HBEK
Relationships between the variance and the mean of raw data (left)
and transformed data (right) in Shirahoshizo spp. larvae.

B TH -7 ENBHOENTZDT, UTRITEHISMICBCOERE LIcT — 2 20T, 88, 2T
DOV ZHEADEEIR, HEOX—LABNRBRMTIII0m LEDOKROHH,PS T V& AKTIE -
3. BRLEE _
Hh, EE, BADIBEROMBMIEFA 0357 4 LY OFARICDOOTITE - 72 (Table 1 1)
CZHICHWET— 2135892 I, OME» SERIC6 KD T H< Y28, 4560, 3BIKOOTHIT

Table 1. JFhr, &S, BAO3SERICK 2 38oTR
Examples of analysis of variance on quadrant, level and tree
variability of beetle populations.

F4m3%7 4 LVFEAIL (K, 196567, THTY)
Attack hole of Taenioglyptes fulvus (Miki, 1965~'67, P, densiflora)

= )] & Sum of Degree of
=
Variance source squares freedom Mean square F
Vil {fr Quadrant 0.07 0.02 0.16
= X Level 12, 84 6.42 44, 05%*
] K Tree 7,28 1.46° 9, 99%%
Y 3%  Error 8. 88 .61 0,15
2 Total 29.07 71
YRSy ER (FK 1962, 7<)
Larva of Shirahoshizo spp. (Shimizu, 1962, P, thunbergii)
il I Quadrant 1,24 . 0.42 2,63
=y X Level 8.17 2 4,08 25, 88%#*
B K Tree 14,19 9 1,80 11, 38%*
L % Error 16.59 - 105 0.16 '
=t Total 42,19 119

** Significant at one per cent level.
* Significant at five per cent level.
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LcbDTHB. DEI, HEMELYE (1962)% 0¥ F kv Y v EhdicET 2884 0T, 104,
450, 3RICOVTAH Ui (Table 1 F), 20%HE, WIFhbES, BAICEEOEEESHED S
N5—0, HAiCRE{B@DoNEh -1

BBROFMICE > THBEDENS 541 & LT, Dendroctonus ponderosae OIEATLAILAICE N LS
WwiEHH 5 Rew 1963)%, ThicoUT Suernero (1965)%0 13, BMOHEZRG 212D THA S Lk
T B, Sarranvik (1971)5 B ICE S HOEASH 7 1007 0 — % A TRII~DE b 755
EEHRL, i Sueenero OHEEEHETIF B & Lo —7F Berrvyman (1968a)% 13, Scolytus ventralis
DEEATL « BiFl » FAEBHS VTN O FA L IMBERTHEC EEH LT B,

<V OFEARDOBETRIHAMIKLZEDRNC ENERWLL LN 70T, YBidEE, HRO2E
RO BIC & BHBIT AT, ZOHFS%E Table 2 g Ewi, chicks s, BABO®XRID b
SEDEDNBRETH Do

F 74 AVOFEAILDY, EHIWLX-THEELENH D LVOIWERBZ W Dendroctonus engelmanni
(Knigur 1960)2°, D. monticolae (REp 1963)59, D. ponderosae (Suepuerp 1965)50 {Z, 3 h & FiHic
L Lt > TP T %0 —F, D. psendotsugae (ZhRIBICH L L TRictsdr - TP T 5 (Furniss
1962)1 134», mm(m%ﬁ”quN*74ﬂ¢%ﬁmb%©i%m§wc&%ﬁbtméoit,
Scolytus ventralis iCOWVTiZ, —EDMEEARED SNIZNEN D HEHFH 5 (Berryman 1968a)4, Stark
(1966)°® i3 D. brevicomis ORI TR OBESHOPLDS, REFOBE & & biTrhiin o THick
DTN R = VAR LTINS,

HENEICL - TREZERI, HOBEIKLSLb00EH, DAOHLEIKLS O, QRKE
£5b0, QFLROEMHAICE S bOBELLNE,

AKOBDFRIZORERICE - TRIE S, BARRED (1972)7E <Y /¥4 2V F 2 U DEERDOREE I,
ADEFCHRBICERHCELNEC EER LTS, COLHIRELSR, FAHOBESHBEARTH
BT REERH 2, L L, ZARBRHO & 5 28EN T, BB Uk 3 ICHEOETHRET
H5De, KOBAKE->THERE (Ll TIE) MEMIICTh T 2 2 EnfEgsh, CheRD
FAEERGB. T (19724 REMER X3V OEBRHSHEE»SHBED, ThicE b5 EROmM
EHS IR B FIIEE - T T EFRTVS,

BEEHNESZ0bDOXVEA, ENOXRMRTTHSC L%, Ren (19630, kI (1962)%,
Sarranyik (197D)% SHHE LT 5. MEOE#IC K 3 EOHMIZ, A2ERBENL L, k-
DS ICEE LT~ 5 € EICk > THETE 5o

TheYDERSEERMIIHE2~4mTEMICENT 2, MEKEEUIAIANE LS E, ¥
SEYVURBRERICOLEREL, 70FRY Yy vAVRIOFETHIDT, Table 207 H<VITE
FAMBOESICLAERETILURTHD, CRFELLUTHRECX LA OND MEETRAL
BEDHICLBROERTT 2720, BWEES—ELTOET A YHEEICE N7 o+ Ky Y AV
B, FAnaF74 6B, vV /2L ITHIFYEALD 3HFILCONT, HERENOATOERDITE
7185 feo % ORFIE Table 3 IWRTLIIC, GICEIBZEEEBIEALIELNE, LT, 7
he ORKE BE1~2mm PTF) LEEEEIE 4« ICBET S C LpBE LI,

%é%@%ﬁ@@ﬁ%ﬁﬂK@ﬁbtﬁ%K&5&,V§$vfﬁ§m7ﬁ77T@2~4m®%é,
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Table 2. =&, BAOD2ERICK2HHITHRER
Analysis. of variance on level and tree variability of
beetle populations.

ZARBERH, 1965~'674F, LHAFEAE S (Miki plot, 1965~'67, winter)

B

Tree species

CHE L R o B OH

Beetle species

75 &) [] Variance source

& & Level

B Kk Tree

T o= Y
P. densiflora

”
4
”

AN
P, thunbergii

”

VIRV YRR

Larva of Shivahoshizo spp.
7aFRY/ U LVER

Larva of Pissodes obscurus
FAnaxs 4 LVEAT

Attack hole of Taenioglyptes fulvus
A N B

Larva of Monochamus alternatus
Lt 7 EYEH IFYFEAA -
Bore into xylem of Arhopalus rusticus
VIRV U REHR

Larva of Shirahoshizo spp.

FAaats 4 AVEALL
Attack hole of Taenioglyptes fulvus

ek

ek

3k

k%

F%

®k

*k

sk
*k

o

K%

ek

| ZOREBAME, 1965~'674, EMIRRAES (Miki plot, 1965~767, summer)

Tk = v
P. densiflora

”

”

VIRV U EHER

Larva of Shirahoshizo spp.
VAT AV BN 12

Larva of Pissodes obscurus

Y I ALVEATL

Attack hole of Tomicus piniperda

Kk

ek

H
7 v = .
"P. thunbergii

”

i BB, 19704F, BKIARE S (Hikigawa plot, 1970, autumn)

¥RV v EHR

Larva of Shirahoshizo spp.

=Y /= E5HIF)hh
Larva of Monochamus alternatus

*k

sk

** Significant at one per cent level.
* Significant at five per cent level.

*

Table 3. 7 = VHEIICE L 5ED 2 ERSBRAMTHEE

Analysis of variance on level and tree variability limited within
the bolts covered by thin bark in P. densiflora

=Z=ARRERH, 1965~674E, XA (Miki plot, 1965~'67, winter)

E & R

Variance source

k224 L == Beetle - -
=3 X Level ; B A Tree
JuaF Ry YL VYR *k
Larva of Pissodes obscurus
FAnaFs 4 LVEATL . gk
Attack hole of Taenioglyptes fulvus
7Y /)L HIF) Gl * ok

Larva of Monochamus aiternatus
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7u2yTRYIOM OFIETHHL, COBIOBEER3~5mm KT 5, LT, ¢0
DHERESKIZ I OHRBELCKTRING CEBHSHTH S, 70+ XYYy L VIIHEE3mmp)
TRIRESH, ERPATOEICILZEEEZRMB (Table 3), +40ads/f 2 E=y /28T H
13V, ERPTHEETE 2D0ERBIZEH L, Table 30MF#RICK 2 &, BHPTOEIICLD
BEEZZEDONDY, ZRREFEETELL, EACDP TSN,

gk, BHBRICGERLT, SHBREISNIHEENED S (CRCONTIHRANBEEDOETHR
%)o 1964 4F, APLD 7 o= Y LHMEERICENT, REXOHERARIC, kT THETRIRED
HINTWIcLF 7 FYEh 3+ ) OS5, BRPREETRATE L (PEED, RKEX). hil,
WA THE~Y /<458 3% ) OBESREMICE > TARB Ui, $Eh I3 BANED 2
CEILEBEEZOND, HEBRESBEHOFARICK - THANKFIAINTVWEDT, HALHOR
AT 1ESEICE ST NEMERDIELE 5,
PLEB~IEANDEEIGICHET 2HERE, ERICIHECHEE LG > TOTEhDTHEETD
Bo HEHMMBEILT, Lhrd~y ORBHSASEKICABICE 5 —BOWEKICE LT, KALKkiCo
WTEESHOMBEIIIL R — Vind 55, —BNicE~y OFLREOBESHZ, BPRO/ 2 —v
CHRILT 5 LI3METH 2 LEbNS,

I NEEICBIT 30 mLBE

1L OHHEEF®
HEE Loz kiZ Table 4 ORM TR Uico REARIMEBIL, M EXOETETOMTEAILLT
3 hF, RRENTLHH, H4D0FH0 60cm EORKEE 57o ZOREAKIE, THTY 8K, 7
Table 4. # R H X

Logs collected for examination

PN P Stand #3 A% Number of logs

B & 2 2 i | M Bl 7A=Yy | 7a2=v,
Locality Age Tree mortality | P. densiflora | P. thunbergii
B RUBTTA RK B TR . .
Ukyd, Kybto i Mlddle- i Middle 12
/ # REXKBA : .
F/ushimi Kybto - e Old #% Light 3
7z BB LB AR 24 BT 24 .
$ Taima, Nara PR 475 # Ol s Middle 3
- FER LR VAR EE B # )| BT B EF 4 Young ¥ Heavy 2

Hikigawa, Wakayama
“ v TIBMAEER | 4 Young | @ Heavy : 31

Mirozu, Wakayama

Eﬁéfﬁl *;Eglp? (EARIMEAH) H Middle i Middle 63 22
'ﬁobi*’ﬁ—%%om'z CRBEER) | 2 o W Middle .
Kébe, illya%oEE (et % Old f Middle 3

R B LT~ E s Middle | B Heavy .

Okayama, Okayama
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0wy 82 ARE M 5 fo MK, LFEDBALTHLRD, RO KD LHEETE -7

FPME e, bR, 5 10 cm RO BERLGET &, RRIC 10cm BIROKFELRZE] <.
e 1/5 £7203 2/5 OFERCFEE LICEBE L, choDEBRLOBE LOEINCA « EAL - Rt ¥
TOEIEHE L, HRE KL T 2, DOTERICEBEANARCRHE T 5. COX S iIc—Ha2%
ML WD IdITid, THEOXDC] BEFTH 7o ROATHETEROEDRNIEIRFET
TORWICHIE L. o ‘
BETFOFEFLE » Al s FhEh@x5s—I&ic, hRiRrAdMNebd, coEr*s4 L0
o H IV LAVREOHMPEAT - HILERE L, CNbONBEME TIKEIN I 10cm HED
BEHPELSUEL, FRELIKER U COEh, #YEHBEBOTHKE, MY TORELEE
Wi Lo 5 : ] : S

BRI O EBINIZ1965 4 12 H~ 714 12 BETT, 2D 5 1966~ 69 4D 4 FEMIKER LTS,
BHEE ML 10X 10cm (DTS5 X 5em IKER) OH BRI LICREMA 5 HTEIC K - THIchs, 1966
ERE LI, FRE LI O BARR T 2 HBICERE Ui, BT 2EROHRT, BRENLEANT
HHORCDIHTH S, ; _
PEDXORAREMY & B HERBROLERNRE LT L, NEOTMIRED BEAE LN
WORMDH B0 AIFYDENCA, F74 LVOFEANBECABOEL DRIV, YIhv
YEDEND XS IC CABDES TV EDICOVTR, HEAPSEEE 55 CENTER, Ok
W, MRERPOEDEL CNENLBE2D > THAEOUKRTEZ, ZOTINRRILTTELLFHEE E
?toC®ﬁ%f1~2ﬁ%ﬁ§bk%&ﬂb,m%@%®ﬁﬂ%ito

2 F-sORE | |
LALUHOMGIC 13T 4 OERSME L, #TH2 00, 7— 2 ORIFICE» LD OTRSKRETEH
5o ' '

TTRAWEFER, OBBUBE O « 82 BRICK 2 080T, (QQ#FT (19592)% »Zah
DEHPPEAEDT DICRE L T 188, 02 2EHALELS ATHF — 228N, BBITOM®
MEERL, 52 Bl L LCRIKE, BT ORES S & OBEERE Ui |
PLED &5 73f8 2 IR T LI TTiEbn i 2 RErIiC BT 5 7anic, it (1968)™ ORE L
mom R EBA Utco 370, S7OMBHEERITT 2MWFBE LT, [BEEKRE] (nearest
neighbour method) D/ &E L 72, '

AT — 4 & X DABSTO—HI% Table 5 IR T

L BRD &S 1583CT, P, ¥ v I VBICRE SN VRERSSH S LS s (Morsita 19592)*,

Sn(ni—1) Znd—-n;

L=tX"NN—1) ~TN-D

CCT g :HERE, n:HRXAMEKEK
N REER (n) '
L>1 OESERI, —1 DEE 5 v A% <1 OLE—HAMTTHS, Table 6 I 12 (48X
1808) /(269X 268) = 1. 204 &753 : '

*ORIBITIN D T VL LN &, BEEDBEOICITIC, BORHBEICERETELETEE 0D &85
- BEOAMEERT o COBBAMIL, KMBNTOBLILRT LY HHTHEo . . -
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Table 5. ¥ 7+ vy Eehh @ 60cm EIAKWICE T 2 EEB A
B LU 2 058 D— 2
Example of distributional map of Shirahoshizo larval population
in a 60cm log and its analysis of variance
N w S E N

2112 2 4 1 316 |1

9|7 |13]5]3 1 3 |10

71wz 3]9ls |7 |46 Lx=269
2 x2=2077

6198 |4|3|5]|5]8

3139|706 8]|5

S (123 |72 | 4,4]3

= L) 23] Degree of
Variance source Sum of square | £ 2400 Mean square F
W F | ChFoAD ‘ -
Vertical (Quadrant) 196, 65 7 28.09 3.11
MO BE@GE X
" Horizontal (Level) 53.36 S 11,27 1.25
ES %=
Error 316, 47 35 9.04
&t Total 569, 48 47

T HAVE m i3, BAEEDSE D K ATTHINED itk & T 5 bR T e
THD, ROLIICEREINS,

* _ L 32)
m= SEF fl (Lioyp 1967)

x5 1 7 Bb < OREEE
Table 5 & m i% (1808/269) —1=6.721 £73%, Iwao (1968)% i3, WAMEE LT m CEEMH) 2k
T, M (FHECBANED EREIC E - e, T4 DHES 7 VDB IC m-m O
R s TIEE 5 ¢ EABBRIICRV L, KOS IKED L
M=+ Bm

C T o3l EOWR T, BABEAEERE XENDHAOBARNEZTT SO TH B, B REEIREEK
T, BE-EAEERE EN, REAHENO—EEMTOSH Y2 -V ERT D TH S,

Tuomeson (1956)7 DELMRICE S &, 7V F LOHOHE, H5EEDLSEDENEKEITOES
(), 2 BDITIENEKETDOES (r)-7n OMRHEI 0.5/Vm, 0.75/Vm, 0.9375/v m, 1.0937/V'm,
1.0937/Vm, 1.2304/Vm-- 2155 (e#L m i3HE) . %/ Tuomeson [F[REIFIC, 2mmr,? 23 2n D
HHEEELD @ AHETICEANALT, 7V LNOMEEEZELEL TS, Warorr & Brackin
1962)%® F ATV EONGHIREA L, 7o OWRHE & HUNE E OlEid 57 ) BODHBHFII TS
% EHER U

LU, #n OEIZZEDEEBOTHEE (m) KX ENZ DT, RIS HEEOMEKEZE FRICHEY
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BB, HBORy —nELT ra TRIEL mXVm ZROZOBINERLNEZDT, el
A Utzo Sournwoon (1966)82" g #2Xm % proportionality constant (B4L T P) L& T3,
5. WZLOHHRE EE -

(1) vvavs
(i) v3>&vV 9B Shirahoshizo spp.

KBIZ=%=Y /v 5K/ S rufescens, =V /¥ 5w/ Y S insidiosus, 2<%y ) VT ETS
v S. pini D3O LEBDS, PRTOXMIRTHELOTIEE—HICH - 7o 3B, 17800 28D
INEIG IR B DHREET, RIEFEICE D LT 0D THED SRR L7

60 cm FUADBETFICE T 2Rl Eoghd, 8, BEFRE (FoRBml) OVE%EOHMRIZ
100 cm? H72 v 0.15~5.60 T, 1HEX B OEEL 2.5X2.56cm T3, 5 X 5cm T8, 10X10cm
T Thoto TNOHEREL LIk ->ThBE, PHEEIE > THIEESN, SEETRI1IL
) 1T OB ET D b D%, WEETR 1L

Is m > 15/100 erit ° ) N
: ; X EERUTCRETH - 7o
0 ' ; H CNEE HICHRICT B 7, HEKDOKE ks
: R I o (Fig. 2 %3 )c. HELE, 100cm! B0 F

. . HEE 1.5 LA B LT, 2hlllofko L 270
v b4 B &, 2.5cm O/PNFERTE B/NECER L
B, ZNPLEOFHRTREPUNICT V& A0 TG%ERT
2.5>1<25 ] slxs 7050 ZO:QOcm #inz (Fig. 2)o LU, FEFE L5 LTI
Quadrat nIE THBE, EOFHEKOEOOENEDHTREL, —
Fig. 2 ¥ 54kvv'y BYhho L— FiE )
B3R EOBHERDED 0 |
1000m? BFe D PIEIAL SULICBUE  psemns s v ot s 2R— T, RHHILIRD 55
Is and quadrat-size relation in larvae _
of Shirahoshizo spp. BZEAEEELT, —WRICOOTREHE U BE O « B
D2ERIC L BDBOM T -7 E T A, WHFROBEED
HBIT 2 PO HBINE Ve COMBRI, BHEICLSELH
B2 EBEBED SN, :
SEI, m-m ERSMTEEEA L, 10X10cm % K
(10cm FEX E0FR. PITREL) DETR 5 V&L L BAHT

P

10

o H5H, 2.5cm FERKTRREDEMBBEDT v 4 LERE
DTFICHD, BINIEER Lo 5em FREKZMEOHHET,
DTN E S HRDEE,
1 2L 5 5 VIRV IBDBEE, /usRYVTLVRELREY
Nearest ith FFER P SOE S DS BHBEIRE . B~ O % 5
Fig. 3 v o4&y vEehhopk 2 Y Z Z
method to the distribution of U * ’ a ’
Shirahoshizo spp. NEWETT B /e m-m OEE EOSEF AR LTS3 &,

The solid line shows random

arrangement, o MR OEE (EEHh, Kk, 2, B, BERROEIRE)
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L —EDOP LI BECHRDONEDP - 1o COBSDEDORENE, ¥ I+YV VRO SHE, §1T
LHILLTNGC EICE B Dm b LI, - ‘
hﬂwat€K¢ﬁ%ZM£wfﬁ¢ﬁ&%ﬁ?%%w,mw@®ﬁwémm;5@®m,ﬁtméy
LATED->THXEDLESBSIIc/od® THED 2GR 1K - TS, DTN X 0L
LOBRPOEBETER D, UL, HEROXE S, HORESEWETE 2 3& o kELE
FNERSBOOILPDST, 2.5cm FERIFY 75Y Y YBHROKE & (REOFEN 1em) i<
HUTHBIVINS 0 25, BAICSYANET BHENBD &5 ED, EO2HAEHOT V4 4
AT BRI BERTES S0 CNES BICESY 370, FERKOKE S ICHBSNEL [HHEHEK
| OBAE 3RS (Fig. 3o L, BIRFVDBBNE rXVm(=VP) DERT VX rffiffh LD
Lieh33FTEHELE, OFNOMBIEEAE T VX ARV LREDENARL, ¥4y vRICHDT
AOOME D B EEBES N

INES LI DO T BBIEBE U, Lo, mom RS E1C K 3 5HFEFT 10 - 746, 7 ¥ 4 £ 150 LIEEED
HEhSHEAR U, ¥, ERAHKRD230ELT, MEVHOMNIRDOIHZ 1 HOLFHEL
oo EASEEE 2.2/100cm? i L, I i3 2.5cm HEKT 167, 5cm HEKT1.18, 10cm HEKT
0.92, 20cm FEKT1.04 £ish, BEOCEPEIET IO LEbNI. Ei, BEEEEKECE-T
SEPDTHTH B EERTHENZ BN,

PEds, ¥RV UBROBOBREEDIGDL S, LEVIKT VELASHICBITT 5 b0 LHEES
o A

(ii) 7 v R u viPissodes obscurus

RoEeLors (25 xzsﬁ mf (5x5)

g b o, W, BTk, Bl
AFOVHFHEOHEIL 100cm? %729 0. 11
~11.08TH 0, —HERHch ORFEE2.5
cm HEK TS5, 5em HFRKTS, 10cm il

S 3=

m>20/100crt .
Is . . o 4
. . . 12} {10x10) 50 (20 x20)
3 H
10 ¢ ] 40F
L]
8 B .
. . 30k
. Al , 201
. 10p
1 1 ] 1 1 L 1 L L 1 1 1
25%x25  5x5  10x10  20%20 cm 4 8 m 2 1020 30 40 50
Quadrat ARE mo
. RS > > . o ~ *
Fig. 4 7 u¥XRy VI AVPRO L= Fig. 5 7 o R/ v avgio m-m Bk
*
X B N . The m-m regressions of Pissodes obscurus
100cm? & 7 b FHHEELAS 2.0 PLEIIRE larvae in different quadrats -
I; and quadrat-size relation in : - :
d M1 5 2 BATETT

larvae of - Pissodes -obscurus. 77
The fine line shows random arrangement.
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BRT21 L5, FEHEE RREELbCYIFY

Slor B . .
‘. . VOBLD B,
° zo®pEE L—BRBERICE - TA DL, HEN
BEWEAKE, Y7k yVuBERU FEFICEHEMIC
7 E5oK M, YIhVYUREERELORTHERORS
o . JhhbhoT, BEAE L>1 8L, EhRISHIC
11 1 1 Pk ->oTNBT ETH 5o
25%25 5x5 10x10 20%20¢cm
Quadrat 75 7 & WESEBLE L OR 5o 3EENSBD

Fig. 6 704K Yy AV RO m-mlsl  (Fig. 4), 5cm HBRYETREEOERISA & 15
Theﬂfgjﬁg %gfween quadrat-size and %, Eko@EmiE, 10cm FERH D THRE LSS,
@, B in the m-m regression analysis in X TH 5 & WA L Do Morsita (19592)3 (k3
Pissodes obscurus larvae. Lo TSR b T & B B D B 8

o] YT 5.
mem A SIS Sichi &, Fig. 5 05 ICEBIC X GEAT 0 BHA~OFSE () 13 2.5

cm FHIX 0.93, 5cm HIEK 0.97, 10cm FIBK 0.95 20cm HIEX 0.95 Li20, #EERIEEICE

Vo BIREHD/ T 4 —4—% Fig. 6 KFRT &, 2.5cm HERERE, e 3TTT720EELD,

B RAHERKDOKRE I ehrhbST—EME 1.0 Th 720 CNR—EFHEOERES DT V& ADHER

To 2.5cm FERRB N EPPRLY, 1ZIZFALED =0.86 DRAEDOEMR LB D, TN, KKl

DOLBPDBPEINIIGAEO T V£ o500, THROBED 2HAIMICHYT 5, '
wic, EFOAE 3% p 85 (wao 1972)24T X - TH~T0 p 13 m ITHT 5 " DOENRERT D

DTRDEHICRHEIN S,

* *

_ my—myy
A= T —my

G BHL AN>KOIICIE DR 7MEDRE) p 2HEIC, HEKARKEIICE S & (Fig. 13) EOBH
BB &Y, 5em HEKT p BERER . INiE, 5~10cm BEOEFE L b, HEMSS v

Table 6. 7 m& Ry Y L VRO « BT K B MRS
Results of variance analysis for the vertical and horizontal
distribution of Pissodes obscurus larvae

M densit ZHHHA g i% [Xt

ean density 2 A uadra

per 100cm?2 Variance . 2.5¢cm 5 10 20
source

< W F | Vertical . 4/4 6/8 6/14 5/11
m< 2 -

¥ & @ Horizontal 2/4 3/8 3/14 2/11

Wt & | Vertical 1/4 2/4 4/15 2/12
m>2

¥ 5 1 Horizontal 1/4 1/4 2/15 1/12

SRR EG, 2TRCDOIBE5BVANTHEREDD -7 Fi%,
The numerator is the times showing to be significant at five per cent level among the examinations
of the denominator.
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ELTHHHHERLTNS, ;

IBOESLERIE, EOLIBBETRILLAEDDTH A 5o H—IC, BHOKHIKIZHDTH
BBESDERB D, it B2 BRICK 3 A £ -7 (Table 6)0 CRICKS &, WICHERE
RTFBERNE L, LK INPBEROREEITHS 5cm HFERIKENT L3, WAMIKEDLNZH
BTFRHOPIEDICHL, ABMSBBRICEET 22 L3200 LEZ N3,

EHSHOE2FRE LT, ABOENEUNEDL S IKEBEL T EhEM 5125, BEINCADER
BEE L ICk->TH5 L BEQERNSED SNio E1, KMEIZ1DDEIRCAI 2~ 5 HOM b S
T 5BUNE L. L L, COBREOENEFENEZRLRITT Tk LTS 2 C &3, $HhofT
BEBOREISHOHTHEAONII. Lich»> T, OERMEE, LRL SR FTREO RSB,
Stk T AL D EMEESIN B,

i) = o M _

=y 7+ T %V UL Hylobius abietis haroldi Favst OFBILIC DN TR, STAEFMSS BiICT I
Vo FHEERBEEODOSDT0.69/100cm?, 10cm FERANOEHE 3 T, BEEOME LIELII
B teo T K OMICR—EOERNS BT, F7 m-m SEREICD SIS > 78, AAHIICH
B EBAAMODBRDS > 120" -

A AV © & Hyposipalus gigas Fasricius 1220 TR, S oBEATLOMED 1 PR SNz, F
ﬂ§§MQ%HWmﬂT§D,5m1ﬁ%& 10cm FHRD L 22NF113.45, 3.53 Th - 720
Furora (1972)% {3, VIV TOAFEDL R, BEFLOSHESEDSHTH ST LE2BITVEH,
2 1 HIBEAH 10 KDY DR LB EPETHEDT, TTITOIHRIDMEIRELS,

=Y 2BV Y LAY Pissodes nitidus Roerors = AREERMIC A SN/, PIRFEEOREMNE ~
6 ATH D1, TOMBICHRERELIEENBULTHNE 7 nd vy Yy arghlORABRETH
ntie ARKEROEATICLZE, 703V IRV EEREL, MHORBR7ZaFEY /I EKR
ERNXHICHEEI N -

(2) #3%Y svH
(i) =Y /=455 3I%Y Monochamus alternatus Horr

ABORHR OB THEICEEDY, ZORIKCENELI LCATHETIRENT 20T, COf (&
B A) ORTEETE LIz ABIEROHF 7 b+ A I VOENCAR, ABEOZh LHEMNT
IO (A 1969)%, WINOBEMIC SN Z 7 b e X T A IF YV RBE LSNP 5

EIC AROTEHBREOWIIZ100cm? 720 0.4~2.4, 10cm HFEXKOEKSIES THY, BHHEED
BT — 2 BA SN - oo 100 cm? & 72 O SEEFEEE (m) 1.5 24 L HERKERES 5 &, m>1.5
R — R AT L1 o 72 (Fig. Do %2, EBETR I 2% b TERIICE 5 < Obi—ii
TH AN, AMOERE m<LETHF—2DEHOXREBMINE L, Lbb h<1.0 L5 bONE
W EDLHT—ROMRIIAD £ > THbo :

FESID m-m BEE Fig. 8 1R Uico %389 3 I iKB1 2ERT — 2 1%, BHF— & LAROER
[R%ERL7DT, Fig. 8 TRMELCAIKLTRLI, M d 2.5cm, 5cm FHEKTRMWAY & 57
— AN EAENDDICK L, 10cm %3EiC 20cm FRERICEB LIFEALE T VL LBGHENL D,
o iR, b LABOENCETSVHSBOTNS ST, 2O 10cm MHUTTHEC &
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1s ‘ o3k (25 x25)
10 ' .
. H '
3 H
. :
‘, . m>15
R 1 1 .
25x25  5%5 10x10 20x20¢m
Quadrat 712 :
Fig. 7 <=y /=#5A3%VERCA ¢
O L FiEKER (10% 10) (20 % 20) y
100cm? & 7c D EEHEHS 1.5 BLEICBRE ar .
I5; and quadrat-size relation in ovi- / 100
position scars of Monochamus alter- il 4 4
natus. '
i 2 g
s
ERLTOB EHADN S, s
oo !
FiGROBER, SuooTHES : e
m m
B PRI SR, BEAEL~20 R T *
HRE AR A Fig. 8 vg/vﬁiﬁi*UEWCb@mﬂn%%
VRicHicEgsL L, ERFICOAMET The m-m regressions of oviposition scars of =
Monochanus alternatus in different quadrats.
ICHDN D,

L3> T, ShiEFANOMBEEZMA 2 LR THEIKI A LB BDT, PUTFTHEALDL %
MEE Ul FEEEDOREIL 100cm &7:0 0.07~1.5, 10cm FEXD 2 TH - f70

GAILD L5 13 m>0.5 O\RICE, TNTOHFERKTLOYUTT, FEROAE S LE I 0KES
DT, WHMITE—HRIMETHST EMbhd, m<0.5 TR L<1.0 B2V, L—FEXEGE»SI1E
—HRATERBINCE BT AMRIBE oD 572, DX L 2HELOBEI LA 2 E, BEETR
Bo2EMPPREVD, BBEICESION L<1.0 &Y, WNIROEAN®RE -TL 30

TO XD ISENIED, MEROBIEVIKEZ60, EQ2ESNHO 7 ¥ £ ABHTH 5058
B9 B, EHERKICDNT mem BREH T 5em FREX TR ;;4=0 DHDMBENT2x, EHEDH
TEDEFTEIP 5 2%, 10cm, 20cm FERKTRENEN e=—0.05, 8=0.39, «=0.03, B=0.73&
B0, MELSIIFESALZEBEMNOBERTH B, cnid, MEMOBISNICLZ—BEAIHTH B,
EEINT A DS TRO—#MEDS, 10cm FEXL Eicies ERND £ 51K - dikkw L, EATLOSHED—
BePEAS 20em FREXTOEDONEC L1, MEE~FEOR S, HRTERPEIENDOTH
BLEERLTOB EZELZOND. COXIBWRO—BAHEDS, ENCHET2d0LITELONTOD
T, PRBMBEREECEIEEOROC EIEEDTHA S, KEOHHMICRER LA (can-
nibalism) RUELIZEEINLCEE, COHELESTEEDTH b0

R DBLHTLIZ S b IREE T, SEHBE ORI 0.04~1.0/100cm?, 10cm HBXKOBREE 21CF
UM otee b RIEHICESDEDNREND, LONFOSOBbERILEN, BITLO m-m AR
| Mig=—0. 19+1. 08 71g, 7iso——0.35+0.99 myy E750), ZEAFLORYRES &M 5 MICET Do ¥
thb, COBEMRTBEDERICETTHRENCOLIF TR b2 C &b, capacity iIC LIRS 3 12 DIE
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P .
10k Is
10 -
05
. . 5 - )
1 1 1 ) . .
1 2 3 . .
Nearest ith ' .
Fig. 9 =Y/ =X57 1% ) OFATLOM a
R IC & BT . )
Applications of the distance method to !
“the distribution of Monochamus alter- : i
natus bores into xylem, : 5 m g
A ’ Fig. 10 A 7FX¥ I+ ) HhoEAT
O2EATI L5, LnL, 10cm HHEHBLE D 10cm FERICE G B Li—HE(m)BE
I; and mean density relations in larval
FLOK X X & » T capacity O_FR & 1335 2 #n " bores of Arhopalus rusticus in 10 cm
quadrat.

DA, ERFERPIEFITED (re?=0.52, 75
=0.50) OT, m-m [ LED 2 EARRAHTT 5 & ERBRTH 5.

b LHMNLEOF I ERIB—ETHNE, REFLSFAILERUAHICE 53T THE0, ERiTx
bOTRETH D0 CDW, FATLOSHO—RHEAPICE 2 COMICHEY Shictonic, Bl
DM T Y FLBCGED O EBZ ZOBERTH A Do

OXICHLEORES LS (FEISRMETHOREREITORES) oM, Wy x5 5EREED S
Nz, BERPBOEESD 2, BIRIHBNT—ETH S, FLBHNEL L2 &, MM TREATL
OREMICPLHALE DL BT Ehd b, b, BHILOSHE T v & ATGESY 3 —R E1 5,

B, BEAKERICE > CTREODHEBERE Uk, BNEEEOREAMNE SN BRI
BHTH 2720, MEOBERR 10cm §HRICRON, LidisTy 7 vy v BEHOFIF I8 - 1
X 5758 5 BB Z CONEERTET, < TH 3 BERKE CONRICE L, FALD VP
7 v aR L oD EHck->TRY (Fig. 9), FATLOSMERO—BREEER Ui
(i) A F 7R RHEHIFY Arhopalus rusticus L.

AREZE~TKICERL, HEREHEO S BIKHAKEAT 20T, AECEE LR TIZITL Y
HOBAFIC DO THE L /co EALOTEEEOHEIZ 100cm? H72Y 0.17~7.26 b, —FHE
RO&EER 2.5, 5, 10, 20cm FEKHhchZhe, 10, 27, 77 1CGELT. TOHFED S S HERME
DMNC LR END Y, BATLEEE L OBFES B & (Fig. 10), FHICRVERIHETH S C

ﬁ%@;if%% $72, COEMFEREEOBEMICESE > TARIIETT %,
mem BRI, AFTTRAMEICHR UVEREFEANOHEAEMEL, &EIWNFERTREAL ERIC
DB - Te COFRRIZ, REOTF—FICRABLOBEL->TVE L ELEZDONd LA,

BEERLOORAEMT B0, F—2%23 I UKDV TRAKS EICHER—L, FEK—p OB
%55 ENEFE O OHHTH LT LMD &« 5Tk »teo THEBKEM-TH p>1 THHT Eip
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5, ERMOSHRBENNTH 2, L, p EEFLIEMLEVC LR 64T, ERHKKIESEOMD
x O EERRIE, £FOAE XX 2.5~5cm THY, EFORESHIE T V£ 6pDO—HKTH B,

BOBODAKILDNT, BHEBERECL 0 ERLIER, EPOHTHECLRBHAY 25 THS
2, SEOBETS EIE N TIRARAE BNID - 2o & < ICEFMOARIC OV TDMAE, H10, 5
0MHEEKIEE, b LEMICbIBHEICE - THONE LEDNS,

PLERU 2RI S ic SiE i G AE U7 b D TH D, LA SHEINFEALEMOKR S &2 2.5~
Sem THHT &L, MR THELIIMEEFAE LA AWM URLOTHAICEAT 2 LERLT
V3o EFEKOAELSPPERNTH S EOFEE, RIROEBIEH contagions (HEH) TH
EEIDEIAATH 5,

Gi) =2 o _

3 /*‘7573 £ 7 A1 3 F ) Acanthocinus griseus Fasricis |3, fﬂ%’kLU@ﬁﬂ@ S HEHEOEET
P Ulco AEOHRIIHE, BTAELETY /22 5H I+ VICHANLTOED, ABREIMICEATS
CERBIBODTRINTE 2, BERIES, 100cm? &7z 0 FHBEEDREH 0.31CF X8 - 720 £
EBELTR, 78 AB058E0 -

(3) #7274 6vH
(i) FA4vzaxs4 ny Taenioglyptes fulvus Nujma

ABRBE LU TEALEBBAI OO THEAE L, Z0EH, BMETON, ik, & RELCOVTH
—ERFE L 7chs, BENEORDOTERESKREVOT, ChoOBEHRBEREEED . FA
LEBMAOHA R, FFOLOVBREICHARERICSTNTNSE T LICK>THRY, ZBEREY &
HOEEICHHME L THRL 2. EATLOBE TORER, AAXU0b0D, RBETEE T30,
BAMBZERCHREL TS DREBADEEOLDONE - 128, ZNOoERIETHEATLELTRIEK
- 720 ‘ ‘ .

FALOFHHEEORMIZ 100cm? H720 0.17~15.4 TH >, —HERD D OEEHEER, 1.25,
2.5, 5, 10cm FIKIX T3, 6, 17, 27 TH - 120 :

L= OBf%E 100 cm? & 72 D SFGHE 5.0 LLED 4 flicD0TH 5 & (Fig. 1), L.25cm FjE
RKTRLOUTTH-7bD, 5em TR 1.0 &Y, HBHR—HEINTH 2. KL, BHEEOLE
BRIZELNLY, HHEEGSHE LN LG EFARTH S, o

m-m OERICE 5 & (Fig. 12), 2.5cm HERUT TR ¥ & AEROTICH > THY & 3 A5
BERLTOIb DD, 5cm 2, 10cm FEKP LTR I Y £ A5 HICiis. NAEKTRENK
BN, BARMIGETSONH 2 LICRE2—BAHTH L EEZL NGB, Tk, Sem HEREE
ICEPENSED S C &3, FAOEI GV ORHMANSscm PUHREEITTHLEELLN G,

FAILOAHBHI EVICL 5RO TH 2 LT5C LOEARE, DREBOKE SOHRICKZED
2HAMTH D LT S0, 2.6em FEKEFAILOKRE S (BR 1mmPIT) Kk X2,
QIED 2D TH 5 18 SIE/NITER TOERERS S - SBERIC R S g7 5750, QMEERE®
B EORBRYT 2BEERKICK 20T B IO L. TOERD S BETT 5N 5B, , )

ek 2 EROAEAWHER (Table 7) ik 3 &, FALOEERSHF AL 0HEHICE LN R
Ee &L CNAS Sieenerp (1965)%0 73 KR 2 XD T, BEREET TILAlIcERT 20 ThNIT, F
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§125x125 25x25  5x5 1050

) Quadrat 7HER

Fig. 11 4 vafs/4 6VvEATLD
L—HE X B

Is and quadrat-size relations in at-

tack holes of Taenioglyptes fulvus.

20

10

1 1 1 [} 1
125 25 5 10 20cm
Quadrat TR

Fig. 13 FAfwa+7 4 » VBl
D p—HIEXE R
- The p—quadrat relation in emer-
gence holes of Taenioglyptes
Sulvus.

1
20x20
cm

N 3%

83«

(1.25 x1,25)

— 101 —

*
m
10

(2.5 x25)

s 01 02 03
m
{5x5) / " (10%10)

3.—
2+ .
‘i_

L 1 1

1 2 m 4
£ (20x20) 7
m

50 m
Fig. 12 %4 03524 5 VEARLO m-m BIR

*
The m-m regressions of attack holes of
Taenioglyptes fulvus in different quadrats.

Table 7. 44 03% 7 4 &AVEATLOKE « B 2 BEIC X 2 SHOFEE
Results of variance analysis for the vertical and horizontal distribution -
of attack holes of Taenioglyptes fulvus.

zn ne\ Quadrat 1.25cm 2.5 5 10 20
source \ ) ’

e I Vertical 47 6/13: + 10/28 2/19

¥ & |1 Horizontal 2[7 413 . 4/28 3/19

SRRBAEFR, STRCOI L5 BV VTEREDS » P,

The numerator is the times showing to be significant at five per cent level among the exammatlons of

the denominator.
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BT & - THEDHEANA SNBIRTTH 5, BICHFRIKEEEREDLNEDTH - T, HEDFHA
LIEBETE - 7eo CHEHEAETIET 2 T OBERS, MARICEINSC LICEE bDh, FA
LOTWEEOZG BORHRICEDN A LREEDDTHS Io W, FATLEEENE EMFN
DREEE LOEMSS Do <1, FAOTMICIHTAAOBFICHEANENT 21D THS S0

BHALD mom BRI, HHROKS SIChtb 5T T~ TBAMETR LT3, p OEEF—4 0
25 5TO5 2fIc D0 THET & (Fig. 13), 2.5cm A 5cm BED loose 72D 57585 EHAH T
B5HT LMD,

CBEIELE, FATLARLICE BRI T B G RTLORRICTE 5O THE0 5, HIREDDS
VEFEDL B C EREBICBBEIND . FATLOAH—BITH 2 DIChirb 5, BiHILOEFR
DATHERITH B EEIR, HETORFORME GRRE) KL > THROEFEIHR FEIND
1eDTHA Do

FATLEB T E OBF AR T 5 ¢ L BED 2 RETH 54, BELORENE o FATLR, #
BsEDH 18> THRAD ST 210Y, ChEEEES C EHTE 2D L, BRI, MREETL
HIC K - THE T ARFS NS LEBORBHREL L5 A—AKLT, WEDF—4525- TR
NIBBBRORHERIC LS &, FATLOKE LRHILOBKE & ORICI3—EOBAHED SN - T
ZOFERELT, WF74 2V REAR, BAEZHREFHIIT 2T EHEL (L1958, 1119694
DT, FARLLFLEZ—FK LB, QFRRLT LS BOBOORMIN SRS 5 ERBLEND
T, BHTLOMIBBIMR EOB E—B LI EDED, (3) 7o & RIS LT o MRS < §
&, RARED—EHELFICMZ 503 (McMuwey & Arkns 1961)% ¢ & piEANRER TS5 5,

Bgic, BEEEAEEERLTASE, FATLOAH REEES X U8% 2 BEMEK S TIREESHFIS
TTH - 7%, 3 BEEKLUETIR S ¥ 4 2150 UBEDERER L, COC 13 Fig. 12T, —f
St sem FRREEI S VA ARHRKEDb 120 & &—BT 5, BBILOSHIZ T V& 673 LIRE
DEGIHERL 1
(ii) =Y /v /%24 5y Ips angulatus Eicunorr

AHE D HBUFBE I3 BITE D - 7208, BEIREL, FALOD 100 cm? b7 FEREOREIZ1.21cT
ERp oo F4 03574 AV OBALRABOTMET, FATLEBBLOSZRE L,

FAILOD 5 cm FERICH 2 m-m BRI, m5=0.08+1. 01mg(r2=0.781) T—HA i E72 0, 10cm
FRRYETR, &AM ma=1.25+1 1 my (r2=0.815) DX SIS, 5 ¥4 A LIRS & 12 -
oo TOEIC, NIHETO—RIRFA 83+ 4 L0BL, KHERCOENERZF4 03424
LY X DR,

BRHFLD 100em? B 7 D FHFEOHKFIL 3.8 T, CNIEFELRNIRL, COHEATE, HEK
DA E S BRI WICERAHER L o
(i) =v /%274 sy Tomicus piniperda L.

AEOHIERES, BEEOHBGEONE 2o 10cm HFER CORBEALORSI 3T,
FAEE ORI 100cm? 3721 1.3 TH - foo

FAFLOERERIE 5D0T mom BERERERS LM, 5em FONFRK TR h<l 5% <
BOSOOBMAEN TV C EAHEESNS, LrL, 10cm BLEOHERCRT < TRAMELE T -
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7eo 12E AR, 10cm FEK®D I 13 1.70~38.43, 20cm FERD I 131.09~2.42 TH-to TDL
S BRFHKCOERAEIZTY /Y /47 4 CHBNTba b, ZOERRTEOFSERICER
TEHHOP, B, ABIZOVTHZDEERSHCENKT = nE ¥ (SchoNaerr 1972)8 C L3
DPRAHATH %,

AEOKHEBERBORBEIC RESHL, HLT L, COBKILOAMIE, ENOLDOFEALER
D, MIERTS L<1 ObDRBEL —HAHELEBVABVEITH B,

(4) X &% B &

BMETTOFERMadZ, #4227 X2+ Temnochila japonica Rerter B XUT Y ® FE 4 v 2
% & Thanasimus lewsii Jacosson TH 5, TiLHDFRKAMFEITZTV, BERES 100ecm? H72hF
BEERRETH 0.3L 1T &b 7 Lk bsem HERTRTNTOTH 22, 10cm - 20 cm FEK
TRLODEHBICH T, 7 VFLEDFHAER U2, Rew (1963)513 Dendroctonus Ot Enoclerus
spp. BB OIUICET T 2 C LZHMELTVEH, COXIBRERARAD ONEDP T, B, WET
OFGHEGRICONTHHEL TE/eds, b idFiR Kisar (1969, 1972)2 € X »C; FE4hdiz
BT EBPSHICENIZDTEHEL 7, -

FEBRET I v XY DL wc%_&;_@“a A 2NFNRIPBONIITT EIS0. 2D B, FHHEED
B 1000ms 5720 2.0T, COh30.94 THET ¥ 5§ AMETH 70 UL, 1AOAADSIE
VEEOBKASRIC BEET S &, FEBOAHERMARIC 5~FEICENNTSHS 55 ICBESh
720 UL, Ryan & Rupmsky (1962)%® 8% 7 4 5 ¥ Da=waNFILDNTRRTNS L5135, #MEE
CEFRTEIETHHETHA0ENT, BRREDLDHIETEIE,

4. 2WRANERDEV
(1) F 23
2BOMDEFERERT HikL LT, Coik, Dice, Bray 72 E DS HMRIE I N, WEYWEEF TR LA
AOTEHEBEOBE BT b TE 1z (Gree-Svita 1964)18,

zzTid I LRFRHOEEK Cs (index of interspecific overlapping) (Morisita 1959b)40 2 Fl

7o

Co= 2 ngmy
87 (e t+8,) NNy

CCT te ny 2 XE, YHEORY Y7 VHOREKE
Ne=3Xng Ny=Xny

5= 2np(nz—1) 5, = Ty (ny—1)
v Na:(Nw—l) v Ny(Ny'_l)

INRMOEBERED N GREERED, ¢ (FY7vE) KEEINRTOANEREINTNS, Cs
BEA—+Y7VvATX, Y2BRONEEENFALTHELE 1, 2LERLRVEEITIZ0EEE, N, b
DM2BHTHEBICRES LxiCiE, Co DRHLVIKZDEEERTHS C/ ZRAVEC EMBBERINTH
258 (Morisita 197140, ThAE—BOF — ZICOVTRE LRI EALRALERESNIZOT, B
T Cs itk »TEE L,

(2) R ELEE
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BMETO—84EH 2BHGRCEBTNE, RUBEETFTONEEEA S LT IMESDLELTET LY
%fﬁéot&iw,vav®%&%%$k5?é%ﬁ&ﬁévv/vﬁaﬂi*vﬁma#4n:#
TALVYE, 7aFROY Y AVHREFITAFI A LAVHROBMTR Co<l TH BT ENED,
Lipl, ¥74:YVIBHREZ v+ R Y YAV HROL S, BEREICE > T HEHBRL2ER
FiCOWTH B &, BEREICE 75/ Y0L, BEBICE7aF+ReVIDHEBOEHRE Ci=0
E52D, ChZEMOMETENEE LIERTRVCLEBALHITE 2, MENEOKALSNEKE
OELVBRICBINT, Co 2425 E80.5 L7180, BERLDAVORERE,

COER, FMnaFsAaviERE vy AR 5h IFYREDY, B0 MEEEINLETSINRNS
X, EATLEENCADOHD Co BERICT EO/NILBBRTTH 54, (Co1 ThHMBEORMICHET
BONH B EIFNZIT,

YR EZOMEREDOHE TR ELZDAVMRNC & (C>D B INi, Z0XIREEELN
Biotte CHE, WAMROIEY, FEOAICE->TRESNS ERRST, 2hHSOENDE,
WEHIZEBEET 2 EMERERIKE > TERINE D THA Do

T SO 3R

C AETRANTE S RKEENE—BEICT ERVDT, Z0EWENRRETD f2oicid, HHO
RG2S m%%@mmﬁ@bmwnmaamm TO—BREELT, BN, FLOSM OBAMEEZEERAY
B Lo '

AERRLELEDR, FELUTHEBRBETH B EVSEENPDS, 7uF RV Y TLY eV /28T
AIFYVDEPREFAnaF I 4 LVDFEANLTH S, 70+ RV IRARD, =£ 77 IFVBAH
DEEINT A%, *4n2#74mW0¢3m$A%%ﬁ&tcﬁb FETEC LT LIKAETEBHA
Bbbo -

ENCAIRBKTENT S LIBRST, IRFALTRELTLSEST S LB S0, B, &
EBrEZODERKUTHRT 2 CLREROFNEETIELVTHRL, OESRETEDOLIER, EA
RN IS 5 X AEBROBMNRI IR BEDT, Z20OEHRLTIRORDI T, B, K
ZROBHEICE, TOMEGRIETEGHREZEL, EFETOMAEHROTHRE Lic,

1. 0% KVUTLSDOE

(1) B8 &F & T

SRR R, FRFLAFAREER GRETARK) O7H~< Y EALD, 197146 A L~THic
PELIcdDTH 2, ThEMNRARESEANORAFEFMN (3 X 3m, HI 1L7m) WiCKb:, &l
A VEE ARSI 8 H 25 B, HEHES5~10c¢m, BEJE 0.5~1.0mm, RE1ImOTH=IR
R IARZEMRICILTEN I, 1 10AHRCEPMES HIRE LKL Uit 3ADRMIC2 RICHE
FIER/, ThERBEKBICOLEFORHELTIN- 120

(2) R E2ER
‘sxwﬂi@%@@W%Ei1mmmﬂﬁto31~78@rﬁﬁCbtofmé EHEORKEE
5cm FERD L b - TR & (Fig. 14), @FKMNICT ¥ & 780 UREDEMEIILHEE L T %,
No. 2283 1H (9 A5 B) KEWEREERLTVEDR, ERICENVEEDID TH 2. AEDER
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RROBRICEB &, 1HBICENT S L0 XHOT, $CEIC 2~ 3 EENT 5 C LA Ehic
Hbo COWPEDEIDPHELVTHZ, LEFNETELEILAETNTLOLEEDT, FHMHIZE
5 LT ORBEIICERT 5 b0 TH T, EINOEKIEERS ¥4 LITHS E5LON 5.
TOEHIK, ARETEEEPEREZH#RIL; ENEBGBESHEARENEEZL BNE, COH KRIC
WARBTY /e ETHIFY k40T 4 Ay LRI

s o No."f' (3,1)
Bo —F VIRV OBKEDED BEMDT Y ICHE Y . 36D
: 20F \
BT BT EMTES UMK, RER OIKRKL, A \ . e 3
DRIHOFFLRMEFRIC, BEORMO < by 15[ ;\ :
BEPET BRCEVT, vk vRERENL, g \

SIS IS < B 5B No. 254750 No. 3 A N
€OV, L—hARKRROBRELERTRT 5 (Fig. “\\\;;y*?:f"}_~~
15), No. 2 TR¥ 2 MFAEL OHKREET, NEFED * b E
SME P ERAEER L, No. 3 TREWN»EHEERET
YL AR TH > Tco REEPILHTLOIHEICHONS G
SEMST, cMNEDXIBEHFREBINTIRT 5

o o ) . 1 1 1 i .
HARTE S Sept.5 5 .28  Oct.8

No. 2 IC 2\ CHE MK EBR L THH Y 5 & (Fig. Fig. 14 7 asxyy s aviElc A
16), #£1EDAEHHITERIHTH 20, LIHRERT- DO 5cm FERicEd s L O

) \ \ B2k
T %o 105, # 12 BEEEK L THREORMHEE Successive changes of I; of ov1p051- i
oS, 4P 3 BHEMGRE TN B S ERESEN T 2, tion scars of Pissodes obscurus in
5cm quadrats.
Cid 5 Uik IR ORI, 1~ 3 BRI B # v I 100cm? e D BHEEEE
The parenthesized number means final

ONEEDSDTHBT EERLTV B, density per 100 cm?2.

No. 2 No. 3 3

\\ Sept.5

10p-==—=mmmmm i ﬂB
Is 10F
1OL___.>_’==‘___ _.__b.‘___sipj‘ls

B o ~ Sept. 5
. Sept. 28 - 05k 247/ . ® ~ Sept. 15
1.0___¥____ ______ ————— / A ~ Sept, 28
' o~ Qct. 8
. Oct. 8 -
% BN — i
L L ‘ Nearest ith
25 5 10cm 25 5 10cem . .
Quadrat AR - Fig. 16 70 Ry /I L VERCADE 2

Fig. 15 sakRYSY L. VEESRCAD L BBk X B T (No. 2 ORPED

T H K OREEE . Distance measurements on the succes- -
Successive change of the I1—quadrat sive changes of the distribution of ovi- .
relations in the distribution of ovi- position scars of stsodes obscurus in

position scars of Pissodes obscurus. No. 2 log. "
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2. RYIRETHIXYOEN

(1) ## & H®

COWEZERRETORRE, HEBAOERED 515,

EARRETOBRR, 1970 ERTHKILE BB O#E 7 0 < Y BKICEO TR > 7. 2T, TA
AT D RHIEEE CNE 196749, /NRiEh 1968%) %45 BATISW, BIEREZRLADH EE 0.4~

1 m OEicHEEE blc 10em MBOBED &, EINCADMEZFIRE LICERT 2E%4 2 ERA K
15 teo WERILS RERAT . '

AR TORES, HERREETEZHA T 197147 A 10 B~8 /i 24 HORIC 72 - o
AL BB OHEAD ST LHRARE Lcwy /< £ 50 3% )%, 3EICHYTAEEHE (2 X
2X2m) Rickb, BOBD0.5m PlEEL T TRT <~y OFMEISAK 4 KICEIP S8 1o BEEEH
HITAE L IS OB 0 0B E Lz, WBNICIZC OED, HAFADLSE L THEL YHAS, fi
DEESVERRI < Ak 5 KEAN, CADIRBEED B, BEROAKICE FHERUMEE b
10 cm HBOBAO =, H LIS 755 % T LB C & I8 T A DRLE £ HIBE LIciEE L 7.

(2) ¥ 8 & %%

BENEICHET 55490512 5 AD IR DOTITIE » o8, 2KICE b TENEEIMEL (100cm?
7 DK 0.29~0.87), T DERFATOFEIEL DIEN (Fig. 8 ZR)o THRSNEIiC, L E7
RETH - o _

I DEMEESSE, SEEOMHTREL I, BEORNEEbiC b Haiic LOMTFERY,
B LB IRSBEOREINEEICH B IN AT AVBBENET 5 C LB TE . LbL, O
AL SRPY & D BERBEONEL - fefcd, BERTOERETED LIk Uik, BB MFD
FaE, Hhc 1@, BiClE, ENFEERBLTEEESD - o

SEIC, HERMTOEBMEARN S, EINOMHERBRER 6 BIN» T THE- 785, 6 BEBICE
FHUOENRED SN - oo HEAMAKRT<TTAH=YT, No. 1, No. 4 BEFRH (BE L
2~4mm, F#5~15mm), No. 2, No. 3 [ ZHEMMEH (MEEETFES 1~2mm) Tha,

EEIVEREORISZE(LIC L B & (Fig. 17), BHOBEEBAKICE - THIZY DIENS - Th, #4380
DT LRICEL, BRINIKIE 3~8.5/100cm? TRIF—FICIE 5 2o TNIL, B EDORICEII»E
FLTH, REROL D KEIHRADESRON T 3BT, EROSVAZRY TBEEEDOAIC
B 5w, %%&E‘Jlaili&ﬁD%"Eécﬁéxﬁfiﬁ%bﬁﬁbb}fw%C&%C&%%@&ﬁ{%éhéo Dk
5 SEHEIL AR I RN T, BlEleaE < 15 5 LENOR R ALK ARSI S
TLIIEBTHS D,

P ORBSZALE 5 em HIBRD L #b- TR &, Fig. 18 X550 HHO 2B TR
L 305 5P EOEMIICh D, HHEHS 2.0/100cm? A3 3B h<1 EBDHD & 573
—BAEERTe COESIC, BHMOMR—RRICESE LTS 20RBBIE—ETIRIEL, BHNEE
EOZEEEZELUETNRE LB Ehbhr b, b L, #IALOBBBENL L (TRbLERED
Wi B) EREICHN T2 E3hid, kNS LoOUTOEEE2REFTHE. LbL, Mblih
BlRRKEEEZ LD, LENIKLOLFIGESHO TN C &3, F&EEOERICERSER LT 50
B, UROGIESMEFR 2K LT 2 EERLTOS EEL LN,
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A
=% Jo ) 20r
g
32
»a 3 15
)
% a
#3
id
g% Z 10F
3
8
g1
__J | L ' |
1 2 3 4 5
Weeks & Weeks 8
Fig. 17 =Y /=& 74 3% ) ORHEEN Fig. 18 =v /=45 #H I+ VENRD 5cm
EEOEA © BEK I OREZEL
Successive changes of egg densities of Successive changes of Is of Monochamus
Monochamus alternatus in each log. alternatus eggs in 5cm quadrats.
No. 2 No, 1
Ist week P
_______________ P i
10
2nd week r
/ o~ July 20
O.SFO/ o~ July 27
}‘ 3rd week a~Aug 3
TR )
o~ Aug, 10
1 L 1 1 L 1 L 1 i |
4th week i 2 3 4 5 1 2 3 4 5
]AOL_-_.;/‘__“_,#s—-- L.___i;.y,ﬁ_.-__ Nearest ith Nearest ith
Sth week

S S S NN IR, I S RS R R |
25 5 10 20¢m 25 5 10 20¢m
Quadrat H 2

Fig. 19 =v /=437 3+) ERD -
HIX ORFEAL )
Successive change of the li-quadrat
relations in the distribution of
Monochamus alternatus eggs.

1 1 1 | — ! 1 1 1 1
1 2 3 4.5 i 2 3 4 5
Nearest ith Nearest ith
Fig. 20 <=v /<4774 3+ ESFORRZE(LOBHRMEEREIC X 2 8
Distance measuremenets on the successive changes of the
distribution of Monochamus alternatus eggs in each log.
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4D S bEREDEME LW No. 1 O Lh—FEXBEGRES 5 E (Fig. 19 ), 2Hp» ETREHE
ThorbOn, 3B MM LIRS EBND £ 5 THb. CNEAKETESE, B
+5 GERD) WERUTOLERS, 3B TFH (BR) KEEWNL, 45 B8DIKRS T
AETHOTOERICED CH L ICEIIL TV 5o REMLERII—#7S No. 2 o TH 3 & (Fig.
194), LEADREDLOENIH DM, cOEhR ETFoFnbich i bTHRicafmlicdDT, 24
DL BB SN ORICE D CUR TRED AR EE > TS, ;

4 FhRICD, 2, 3O 4, SEOENEFRSERELTOSLC EICLEBROAHEBAONE, T
NIREEIIC & Jeledsds EERE 2B C 2 ~ 3O S CEMNT 2 BMic K 50 L L, COBEHIHERE
HoNBDTREL, BEEDOKICELHON5, BHEELN - THENOMICE D CtfER, cod
BREINRDIEL 1 20 COEI BT LD DD, REOENZMIAVICLZ—RIHTH 2 C LHESY
5B, 88, HYIOERISAKD LIICLOEAD, RED ETFEDZE LW No. 1, 4ic20T&LiC
HHONBFC &h 5, HRENEIFEXLT 2ERELTRTFTHAI LHEEINS, -
BRI X ot X 5 & (Fig. 20), Wihd, RPOEPHESEEICHEN TH Bl ldsic
HHLEBCINTE R, LivL, WEXOBWES No. 1, 4 LEE TR No. 2, 3 LORICHMMME
IR VDH S, No. 2, 3 O—RHEIABD £ 5T, TLAHTF VELHHICGEL, —F, BRKROHELCS
05 No. 1, 'd O—FRbA] 5T DI 1 ~ 3 BEEIHETT, ShBEICKA TS, Thid,
TiC Fig. 8 oMU AV ORSMHES 5~10cmBEEITTH S LWELLCLEETIZHDTH
%o

3. XAOAXIALZOFI

(1) # o8 & F % S
1969 425 ABFAD % S A THW LB EME E LT, KO X3 HRREFN - Jco MUEER (30X
30, HS 50cm) ICREE 35cm, HEEdoem OFMET H <Y oEAN, ChickBEkb, 3~4
BERE CHFANLOIBEZE U lco T 2 BHEDE L Jo No. 1135 9 H30HKHR L, No.2 125 A15
A 50 B U fco _ S
' (2) # 8 & %%
ot No.2 SEARTII & ki 1 EERETET Ui,
PEEM DN IO DT, KRABKIZ DO TGRS
&ﬂfib;i)i‘, 2.5cm & 5cm HERICDWNT I
hBE, BOPOMAEXED <10 &5
D— BT 5N 5o AR hR A

o JFmay12 o~
o e CHIML, B0 BMTRKEED 12 ICEL
A~ may22 1o
S SN SN S I L I .

1 2 3 1 .2 3 " S . .
Nearest ith Nearest 1th BEEEE AL OfEITRER (Fig. 21) k& 3 &,
Fig. 21 #4ma %74 A vFATLOBERK  BHERVD &5 Ths, BEREMIVNSOOTE 3

Bic & B T

Distance measurements on the successive BEEERECOREIC L &&5 705, & OTRE A
changes of the distribution of Taeniogly- N BT >N —RE DR é,ﬁ,%{tﬁ[ﬁ]i)ﬁ No.1»5
ptes fulvus attacks in each log,

C H12H, No. 205 8 2 HK@Ep o3, Th
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& Fig. 12 T, sem FRREZEIC—RESERN SN, BOAVREH HBRENDLTTH2 EHE LK.
CEE—FKT 2, ; ‘

Sarranvix (1971)% (T Dendroctonus ponderosae ODZEACE Y 2T IsHBRA TSV, ZEAILONG
ICH 5N AR EEREEDEISENICE 5D TR, FEAICHET 3807 (niche) 2H#E i@
AN HLT0BRC LI 26D TH B EBTND b,

UL, AEBTHO BRI, $bn TERT—REREEb2T A~ YOl THE1H, COX
IBHEREABTRE ST, DUAMEKMOBIAENCEE ET 2RI BEUTH S, KEF (1966)% i3,
Y E2Y s ak g A sy (Cryphalus piceae) DEAIS—HEAT % 2HMAE, BEHOBHEE&VICLS
bOE Lt BEOWERICES E, #74 AvDAICEZBEZTEALLDE, HEHMOBMYT « o
EVICE - TBEEAZE SBBOEESTR IN TV B (Rubinsky 19695, Renwick & ViTe 196959,
ZODEKIET =0 YHP—RRAEOERITHERE - T B0 LN,

w R W EE

1. ° Z2fH43 45 (spatial distribution) OFHREFTIE S Kk, MEHEEHCH S - T, b < i (quadrat
method), [HEHE: (distance method), #EFHiE: (marking and recapture method) 75 EASEZ 5
N, CRIOVTEETHT 50 CNDOHEEMMY 2ME SN2 MAIL, RRKDO XS 12 b0hE
BEINTE I, ;

L} v v IHOWEE, BiIRERE, BEMETICEEYT 55/ (Morrs 19554, BRI 1968

b))

(2 MWﬁW®:n:—®k%$,%E&ﬁ%@ﬁiﬂa,M%ﬁ®ﬁ%%§@%%ﬁ®%ﬁ(ww&

Kuno 197122)

(3) REMAHMOMEMERLE, PEMEOHIT (Grec-Smite 196416)
T DIE A,

@) fhEkOHE S LU 2 ORI Y, £ S LT OROREE
AHPFECENTELI TNIDVTRTTIBOELHLUTE o

PLoFEOHAS XUZX oNIcBROBRICH /2 - TR, Wik~ 3 &S5 0ikEts L 020 habi-
tat OREERTERE L, ERRIIICRIER 28 12 s 5,

2. METOZFFLREEEDE D R, BMETEZVIBSEMBRENCECLTHS D, L
BT, TAFY VLY, a7 XA MEFFEEEREAR SIBNEEHE, THOLRESNICERIC
VB OBNFERERTHANE L, i, BRBoBTSONERESEV D LRBEENEBE
NHB&H 5.

DEIBETHFILRONER, T TR IKBARICIZELDENREL, 2hicdbELT, #
NTOEIICXZEBBEICKENC EBBEINTH S, —RICHRHBEROBEESHETRESIENS S
D, FREBEEY ERILD NANBKREZD THRV DI, BEOERIENKENC LICRERT 2D
THHH, BEL LB ELDEEEMEY, RETOEIEHIN T3 (Huvon & LERoux 196119, Parabis
& LrRoux 19626) 75, FHFMERTEKBICW EFH520 (Henson 195418, Morris 19554, Lyons
1964%)), :
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COEIESDEOREEBERD L 5 V& Ay v I vERIBTHE, BROEERT C LIFER
FREINBECATH D, v VO 10cm 2F Y Ik Lkt vats 4 OFATLF IR (BR
134 19682, 1969%), pRriE 7-IZBLHTFL (I 1968al, 1968b2) D3I T 5 —HDHEIC
k2, BEAETRTHBANROEHNET VO—DTHBHAD 2HIMITES Lo 7 Knenr
(1960)213, 6 X 64 VFOBED T v & 24 vk ENIZ, Dendroctonus engelmanni DR TR
DOAHGHBAD 2FIMICHEET 5 AR U TRODAHEOY TRHE, AESB DK OEYR
ExBWEL, %#FI3 sequential sampling * By & LTW3DT, *OHETIEELNHEILE -
TW3LENZ %, LbL, ChiTEYFHIEREREGT L EIIBHRTH S,

COESICRESSDME LD A - LHRICONTE, BIICE L ERASESKETSH 5. HESH
FeEIRRFEER (sub-population) & UTHES HARZSORBEATSHA 5, Berrvman (1968b)% 13, BHAK
%—IRMBE AL & LT within-tree population % Scolytus ventralis DB 3N ORI IZEAE L
#2o —7 Braver (1966)® iZ, S. scolytus @ “population table” /i L, 120cm OIAKARTO
population ZFEARBA & L TH - 7, _

EHARBEWAHOREEICE LT 60 cm OAKEERBAN E L TRAKD, TOMHEIROLS THS.
WEETCRET2RBELRIOTNSG CORMAEZMZ TTET 3 < LBV, QBES4OHELE
ERTDE, SHICREBEECEZ IMEE, BRETORERED, COHETEIELIEMLLIIN,
(3)60cm Sk EFE KB L& &, M GLAR) & GLAAR) 0% &5t Ris 24k R
WT, fHE2 EROMBAITETIRS C ERRAETH S, HEAAKDOFHERIIN20cm THD, C
OHEIZFN60cm IKHYT 20T, BHNBIRIBEFEICZIRAND S, .

COLSBARERME LA, BABRME LA, &DICRMSEREE Latid, i
RO DD TREL~2OFBRINITRELZLTNEDTH205, CNOERENICESRS T LK
BETHhb, Warers & Henson (1959)7 13, FRKEHOERFENHRICE Y v vbl i 220 ELES
TEEED, T, TODL LLTETEZMOHRLIOHBEEILOEEAL TS, T3 EM
CEoHiC, 2, 3DRBIZA—F—2HRUTHEEBUETHH I,

3. BEE— VORHEDO—D L LT I U AR (nearest nighbour method) —
— R HNCI3ERRH: (distance method) — (3, i k3 SN FHkTH B, Crark & Evans (1954)10,
Morisira  (1954)%, Trompson (1956)%7 34775 - 7o BEMMMBIZTLI,, HPEREORICIE Prou
(1960)5V iEMic & ZBAPIRE VA, BT b e Warorr & Brackira (1962)% 07 ) D57,
Bracxire (1958)% @ t o3y 2 OEEMEDHI23H 2IRET, MHHNIILITV, ZOEEHD 1 20, B
E—FH LT 5 EBDIE OB E E b7, AVOMREMET 2 ERAS TRV &,
%2 OMME, DYUOLLEEY LKOHY, 1AOK, 1KOREED LS CREHS S OEBEMICL
THHT B EHBEVI), ZOLITHANOEESHOEZ I BZTANLINPT Ao LIKEED
DTHA o ‘

ULIr Lo, —RINCHEBY Vv, D DREIDFBEZY 20D, MR &S
L EERICENSDEBEGN T AETT SN TN S, o&Aid, b{EZHVEE, bIhEn
& & OB/NIBOSIED 2 FAHO— A OWEBREE LGS, BEEEKRICL > TREICHETE 2
TR, KRICBOTURULRRLTEELHTHS. Ricmaros & Warorr (1954)%), kg



FHREHOBE S JUAHOBELICHET 208 (F18) UML) —111 —

(1965)% DFD X ST, BEEBHEEICHENT2 BULOHEEHRT 2 L3 Yorder of magnitude
check” (Sournwoon 196652) IC& > THMTH 5o DL S HEKICHN TS, BHEMEAE (—Riic
REBE) b - EEASNTIORIFETH 2 EEbN 5,

W LOSHEEET 254, BRODBMREELROL, TLMOBERET 2184, Ksih
CHGLE L2 ERERBRIIE DT, MEOHZZELETNIE, BRESD LRI LABY LS
HEThH B0 F1o, BEMGICE > CTHREANET 5 2bICRIEEICE { OBEBEE LB & 55, IS
HEIMETO XS SR N ERAOSEBIKICONTY, —BOHERTEZENS %u,g_i;bsg 2.

TOEIIC, PHEARTS 7 VL2 EOREREICRBAZRET 2—F, £hodh4td 28B40 a0
=—ORETREICRBITNC &, TTIREMNEZS - TRUTE oo %77, Warorr & Brackire
(1962)® 4 L e & 5 1T, EHRMOMEBOBA IS 1 BEEEEKOREIC K - THEOWY & 5 I0ksE
BAONBH, B2, 8 3BEEKEROEEEOBABRICONTE, AEREORSEEICEEX
NTRBED & 510755 KKhH 5o

4 bl B0 ERMOEEMEE N5 HER, [ERHEAE T VOB TEWICE - Tz (Cassie
19622 18 &) LpL, ChOOWESAEFVIRVTNSMIMBIEESNTED, HEOAHEL
UL EBE LBV Y, EEEELORESEHENTO S (Prrov 19575 158), —F, WRAHEF N
D &S BEEEBRT IO (LEAE Vim) BSEAZRSNTOLY, s B EEEEICEEsh
DR EHIEE U TiER & nfw % (Morisita 1959a39>) o

ABETHO L, PEORBEEHN TS EXNTHW S (Morisita 1959a3), L L, w5+
BNENENIEED S KD IL-TOB T L, Fi, FEEOBBELREEDORNC &BERLED
KETHD, AHETHHINRESEILO D, BLOFEOHEICE > TEEEEF = v 7 35%5
ICE A 120

mi & ICHPERRICHER S NIFEIT, EVPERERBVID & 5 Th 5 5TT ST 5, Moisita
Q97D 13 mim=1s (BEBABAE) FEVIL, b & m GRERICHROER TS S & Lic, mm
BERERINESSICRESRLLOT, B—DRYTRTMEDOF RIS, BELEESY fcs
Efib b, m b HICKEENADIHL, mICo0TH, BHM0 O RIEADERDE L
LOSEBTIASNTOSe LEd-T, 00 A0 GHATE m IKBEBLEV, Lbl, o
X5 REEOEEEY THHOEREERRST 5 C LIEETS - T, m i3 m LEEST T TEAN
BHEDICE 12 EWVZ X Do

B FOBOAHICH UCHE, EFORBEIAZEEEL5L5 LEESNBOICHID LT, m-m
BRGNS D X OERERERU O &, COXD M4 B8RE (micro-habitat) OREEMI,
HEICE > TRYEHRERTH - Td, AHBEZERT 2AENESOTERLOCEERLTNE LD
CEABN S, U, EREHROREIELTR, B LOZ[IAREDGERIT LY ¥ T VED SR
S TOBEDT, H Y IAVMICHH L LES ST AT EDBESTHS I L, 2, 3 OB
B, BEASTRIZEALEERED - 120

fw;&®%5u,Eﬁ@ﬁ@é%%ﬂ%ﬁﬁ@%$$&(@t,%@%ﬁﬁ&@ﬁﬁNﬂ—v(M®
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Studies on the Methods for Estimating Density and
Distribution of Forest Insect Populations (I)

Distribution of coleopterous borers in pine

Fujio Kopavasu¥

Summary

Introduction

The object of this paper is to give a sketch on the distribution of inner-bark and wood
boring beetles in pine trees, with the intention of obtaining useful information on the popula-
tion estimation and biological interpretation.

The spectacular mortality of pine trees attributed to inner-bark and wood boring insects
attracts social attention because of the destruction of traditional landscapes in the coastal
south-west regions of Japan. Estimated annual loss of Pinus densiflora and P. thunbergii
averages up to 0.5 million cubic meters. '

The beetles problem in Japan is characterized by neither limitation to Scelytidae nor to
dominant species. They occur usually associated with one or more other species of beetles
even in a small portion of a tree. Important species are as follows :

Curculionidae—Shirahoshizo insidiosus Rokrors, S. rufescens Roerors, S. pini Mormmoto, Pis-
sodes obscurus Rorvrors, P. nitidus Rosvors, Hylobius abietis haroldi Favsr, Hyposipalus gigas
Fasricius.

Cerambycidae—Monochamus alternatus Hore, Arhopalus rusticus L., Acanthocinus griceus
Easricius.

Scolytidae—Taenioglyptes fulvus Nuyma, Tomicus piniperda L., Ips angulatus Eicuuorr.

Among them, Monochamus alternatus plays an important role as a transmitter of the pine
wood nematode, Bursaphelenchus lignicolus Mamiva et Kivonara, causing the wilt disease, which
precede infestation by beetles in pine forests. The wilt disease is now epidemic from central

to south-west Japan. This paper deals with the relatively dominant species among them.

Between-, and within-tree distribution

Five study plots were selected from different types of pine forests to determine faunal
composition and abundance of coleopterous insects below bark, Among them Hikigawa and
Miki plots were intensively investigated. Hikigawa plot was set in a young plantation of
Pinus thunbergii, where heavy infestation had started. Miki plot was set in a middle-aged
plantation consisted of Pinus densiflora and P. thunbergii, where light attacks had continued
for the past several years.

Several times in a year dead trees were felled, bolts were divided into three or five

segments, and 1,000 square cm surface of bolt was cut from each segment for the examina-
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tions. Some additional materials were also taken to examine the density difference between
quadrants.

Before statistical analysis on each item of beetles per 1,000 square cm the mean, variance,
and standard error were computed for each tree.

The relation between mean and variance of Shirahoshizo spp. larvae, for example, is shown
in Fig. 1, indicating that variance is not independent of the mean but increases as the mean
increases. To normalize data various transformations were tested and log (x+1) proved to
be the best at reducing the dependency (Fig. 1). The subsequent analyses of variance will
be performed by the transformed data.

Preliminary analysis of variance was done on Taenioglyptes fulvus to examine densities of
attack and emergence holes between trees, quadrants, and levels. The larval density of
Shirahoshizo spp. was analyzed in the same way. Both revealed no significant difference
between quadrants (Table 1). Accordingly, the sum of squares responsible to quadrants were
pooled into error term for ensuring stronger tests.

Table 2 is a pért of the results of two-factor analysis between trees and levels. The
largest variance was due to the difference between levels.

The bark thickness of Pinus densiflora changes sharply around two meters high above
the ground. the lower thick, the upper very thin, Shirahoshizo larvae are not inhabitants
under the thin smooth bark ; Pissodes larvae are inhabitants there. The horizontal difference
of these species in P. densiflora is reasonably explained by bark thickness. Another test
limited within the bolts covered by thin bark revealed that significant difference between
levels detected in most beetle species decreased to negligible order except in Monochamus
alternatus (Table 3). Referring to P. densiflora, therefore, it is preferable to separate those

two parts.

Distribution within a small area

The study logs, 60 cm long, were collected from naturally infested trees. The bark was
then peeled and the plots of various items were mapped on a section paper. The map gives
a stock of information containing oviposition scar, larva, pupa, adult, parasite, predator, and
furthermore, direction, bark thickness, appearance of sapwood, etc.

To analyze the state of their distribution and abundance, analysis of variance, quadrat
analysis and distance method were applied to them. The I-index analysis and the m-;,i
regression method were applied to quadrat data (Morisira 1959 a, Iwao 1968), and proved to be
more efficient when several quadrat sizes were used.

Application of distance method provides information on the structure of distribution as
well as a useful “order of magnitude check” on other methods. When randomly distributed,
approximate mean distances, 7,, to the first nearest, second nearest, third nearest are ex-
pected to be 0.5/v'm, 0.75/v'm, 0.94/vwm, 1.09/vm..., where m is the mean density
(Tromeson 1956). The 7, value is thus dependent on the mean density. Accordingly, to com-
pare the populations with different densities from each other on the same scale, 7,Xvm
(=Vv'P) should be used instead of 7,, where P is the proportionality constant.

Curculionidae )

Three species that belong to the genus Shirahoshizo were treated together because the
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larvae could not be distinguished one from the other.

The larval distribution was examined by the analytical methods already mentioned. The
series of I; for different quadrat sizes suggest that the distribution pattern is approximately
random (Fig. 2), though the values scatter especially at low densities. The m-;;; regression
analysis agrees with it. To explain the big variation found, all data were checked for sup-
posed factors, but no definite factor was revealed. The mixture of three species might be
responsible for it.

Both of the above analyses showed underdispersion in the smallest 2.5 X 2.5cm quadrat
(abbreviate to 2.5 cm quadrat hereafterj. Underdispersed distributions are caused by either
a repulsive interaction or the random activity in a limited capacity. The distance method
was applied for the examination. When the insects are regularly arranged, the plots will
fall above the random line. Each of three examples denied regular arrangement as illustrated
in Fig. 3.

Eggs are observed to be laid with some tendency of aggregation by a few examples. It
follows that the distribution pattern of Shirahoshizo weevils under bark changes from aggrega-
tion to randomness as the stage goes on.

On the contrary, it appeared by means of the p-index analysis (Iwao 1972) that the larvae
of Pissodes obscurus formed loose colonies, the size of them about 5cm. The underdispersion
that appeared in 2.5cm quadrats (Fig. 5) is probably attributable to random arrangement
within a limited capacity. Since eggs are laid nearly at random (see Fig. 15), the oviposi-
tionn behavior is not responsible for the colonial nature suggested for larger quadrat sizes.

The analysis of variance was carried out for the vertical and horizontal distributions of
the larval colonies. There was detected a difference between vertical sections especially in
5‘cm quadrats (Table 6). It originates from a difference between micro-habitats under bark
that is apt to appear vertically.

Cerambycidae

The distribution of Monochamus alternatus oviposition scars, actually used as the substitute
of eggs laid, is underdispersed in 5cm or smaller quadrats, suggesting an existence of the
females’ behavior to avoid oviposited site. It will be explained later that the underdispersion
in smaller quadrats is not due to random arrangement in a limited capacity but due to
regular arrangement. When the quadrat exceeds 10 cm random dispersion appears. It might
be accepted that the avoidance of oviposition does not go far beyond the radius of 10cm
(Fig. 7, 8.

The bores into xylem by the sawyers are distributed much more regularly than the
eggs; this regularity extends to 20cm (Fig. 9). The exit holes, on the other hand, are
distributed almost randomly, probably because the regularity of bores into xylem is decreased
by the inconstant length of larval tunnels in xylem. ‘ '

The larva of Arhopalus rusticus, another species of the longicorn beetles, bores into xylem
within a short time after hatching. Therefore, the bores into xylem instead of larvae, were
examined for the distribution. All indices of dispersion suggested an aggregation pattern
with colonies between 2.5 and 5cm large. The colony certainly originates in an egg-mass
laid in a crevice of bark.

Scolytidae

The examination of Taenioglyptes fulvus was restricted to the attack and exit holes be-
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cause the count of the tiny larvae is too tedious to obtain trustworthy data. Instead, both
attack and exit holes are efficient to understand the characteristics of this insect. It is rather
easy to distinguish an attack hole from an exit hole ; an opening of the latter is more or
less broken comparing to the former. The better distinction was ensured by bark peeling.

The distribution patterns of attacks were regular in quadrats smaller than 5cm, while
in the quadrats over 10 cm they showed a random type of distribution (Fig. 11, 12). Accord-
ing to the analyses of variance for two sources of verticals and horizontals, many examples
showed highly significant horizontal variances (Table 7). Suepuerp (1965) reported the heaviest
attack of Dendroctonus ponderosae occurred on the north, the least attack on the south., Such
a definite inclination was not observed in T. fulvus attacks. This might be caused by the
fact that either a slight gradient of sapwood condition or a gradient of bark thickness which
largely determine the attack initiation appears horizontally.

All tests on the distribution of emergence holes exhibited the aggregative pattern caused
by loose clumps of about.5cm (Fig. 13). The clump apparently originates in a gallery or
parent.,

Attacks of other bark beetle, Ips angulatus and Tomicus piniperda, are distributed regu-
larly in a small quadrat and randomly in a quadrat of 10 cm or more.

Predator and parasite ’

Two main predators, Temnochila japonica and Thanasimus lewsii, were met frequently, but
the mean densities were low. Their distribution pattern was random in many cases.

Braconid parasites, on the contrary, more or less overdispersed. Parasitism seems to" be
inversely related to bark thickness.

Interspecific relation

To analyze the interspecific relation between two species, C; proposed by Morisita (1959)
was calculated. C; takes the value about 1 when the ratios of the density of one species to
that of another species are not different for different subareas, and the value zero when no
overlapping is found between two species.

When one species occupies an area in advance, the density of other species having the
same habitat would be restricted there. The upper part of Pinus densiflora characterized by
thin bark are favored by many beetle species, such as Monochamus alternatus, Taenioglyptes
Sfulvus and Pissodes obscurus. The C; values of these larvae decrease to zero at higher densi-
ties.

Of more interest would be whether attack or oviposition occurs exclusively among and
between different species. Between Monochamus oviposition and Taenioglyptes attack the Cs
was not significantly smaller than 1 but about 1. It indicates no repellancy between these
two. While the relation between larvae of beetle and predator was expected to be propor-
tional (C; > 1), actually it was not so.

Successive observations on the distribution

To facilitate the biological interpretation on the distributions, experiments were done on
the successive processes of attack or oviposition. Oviposition of Pissodes and Monochamus,
and attack of Taenioglyptes were chosen for this purpose because they could be investigated

successively without peeling outer bark.
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Oviposition of Pissodes obscurus

Emerged adults from dead trees were released for oviposition in a big cage with pine
seedlings and fresh logs inside. Mapping of oviposition scars were done Aevery ten days.

The means of the ultimate egg densities on each log widely ranged from 3.1 to 7.8 per
100 square cm, in spite of similar appearance of logs. The insects seems to be preferential
to logs at the time of oviposition. ‘

It was found through l;-quadrat relations that their distribution was either overdispersed
(Fig. 15, No. 2) or nearly random (Fig. 15, No. 3). " According to an observation on the ovi-
positing behavior, the adult sometimes repeats oviposition very closely for two or three times.
When we take this clump as one, I; becomes 1.

Applications of the distance analysis showed overdispersion both in the nearest and
second nearest but not beyond the third nearest neighbors (Fig. 16). This agrees with the -
above account on ovipositing behavior.

Oviposition of Monochamus alternatus

The investigation was done both in an open field and in a cage. Weakened, but not at-
tacked trees were chosen through the oleoresin exudation method. Oviposition scars by the
longicorn beetle on the trees were then mapped every two days and dispersion indices were
computed for the successive distributions. The oviposition seemed to occur rather regularly
throughout the period of investigation. ;

Secondly, emerged adults were released in a big cage in the same way as Pissodes.
Mapping of oviposition scars was done every week. The accumulated egg densities in dif-
ferent logs, as shown in Fig. 17, reached an approximately constant value ultimately, though
taking different values during the first three weeks. ‘

The Is values, as shown in Fig. 18, are greatly diversed during the first two weeks,
keeping down to a range of regular or underdispersed pattern thereafter. In other words,
the ultimate distribution being regular, the midway distributions exhibit an unfixed nature
depending on the densities, bark conditions and other factors.

According to more detailed analyses (Fig. 19, 20), it could be generally said that oviposi-
tion is first centered on the best place, extending the habitat, and finally being wedged
among deposited eggs. Therefore, their oviposition would be done repulsively.

Attack of Taenioglyptes fulvus

Collected adults were released in a laboratory cage with fresh pine branches. Mapping
of attacks was done every three days.

The branch was saturated by attacks in one week, while on the third day of the experi-
ment the attack density reached the half. The distribution formed a regular pattern on the
third day, and the regularity continued to the last. The regular arrangement of attacks by
bark beetles are described by many authors. The regularity might be associated with

pheromones.
Discussion

To summarize the distribution of beetles in pine trees, there is a big variation between
vertical levels within individual trees as well as trees themselves, The between levels varia-

tions have been observed in various forest insects.
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Non-stratified sampling from such a heterogeneous population is often a main cause of
the overdispersed distribution. There are many reports on fitting of such random counts to
the negative binominal distribution, but we cannot expect to obtain much biological informa-
tion from it.

. Thus, universe limitation of various order according to the purpose would be essential
in the research work on bark beetles. In life-table works Berryman (1968) chose an individual
tree as a universe, and Braver (1966) a log of 120cm. I chose a 60cm log as a sampling
universe ; the reasons of choice are: (1) larval activities are done within the sphere, (2)
homogeneities are secured, (3) the bark surface, when unfolded, makes an approximately
right square that is convenient to statistical analyses. The initial purpose of this research
will be attained by comparing the population phenomena in each universe. This small uni-
verse has also proved to be convenient to analyze the detailed distributional structure.

Determination of optimum quadrat size has been also an embarassing problem in forest
insect studies. The most popular answer to it in the case of population sampling is based
on variance function or cost function. The quadrat size should, however, have some biologi-
cal meaning.

Liovyo (1967) stated that for detection of possible effect of crowding the natural choice
for quadrat size was the average ambit of an individual in non-gregarious animals. This
gives a suggestion to research works on attacks or oviposition, where the ambit could be
estimated from the relationships between quadrats and dispersion-indices. Waters & Henson
(1959) properly stressed that in ecological studies of forest insects the raw data should be
taken on the basis of two or more sampling units.

The ambits of the insects concerned range from 2.5cm up to 20cm according to the
species of beetles. Therefore, when concerning the mixed population under bark, it is desired
to take two or more sampling units.

This study on the distributions started in order to develop the research methods for
analyzing the population dynamics of beetles relating to the destruction of pine forests,
Difficulties arose from the fact that the object concerned was a complex population inhabit-
ing heterogeneous habitats.

We have a choice between two prospects. One is to simplify the complex, mixed-species
population to single species population, the heterogeneous habitat to homogeneous habitat,
with the aids of universe limitation and experimental observation as referred to already.
The other is an extensive approach which needs a strategy to build a systems research
program. This program contains the population measurement to obtain enormous field data
and analyses of them, which are attainable by using more improved devices and computors.
I think that the above two approaches should be connected with each other ultimately.



