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A7V 28, (MCEENLZAEEL (LIFLITHEICL 3) REEHORT, Mok
BATRAREBICH-2H L LTS, &0 ) BREEBILBAOSa»FEHE 2> TET B, /0D
EEBINTWBY, EXA7V vy 73 EEEM BcBdMomE) IS FEL, T0BNE
TORKIZIABRNC RTEEFEICECEME, A%, ZHEAET, HEBENMALLT
BHLNDEM, ATV 7O, AKtrEEHE L CHEATAHAICIRIREELENS
B MEDL DDREICIZHEBL WD,

KIENITZ(1883)” ok > T A7V v 7OBREALF BROGRNREIZ L 2 Z L4 HBEL T
Bk, BAECESZETERT7 Ly 71cBIT 3 5 O RA L SN TE /2, BREMICIIEZT
Vo JOBRE %> Ty 2 EEBEILHICE L THBEREBIC O W TnRA»ERENL, £
DFER, BEBEILRE L TeF 227 )78, ~E7) 2R BT - ROBEIZDE
FLEHIHELDICENY, —F, KHMEBERICIREZ7v .y 7ORET 2E ', B
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DIRFEHE0 27 vy 7 OBBNSE S ICBL TR T 3N T E 2, 2L b DKM
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BIHD TER 7V 7 2R L 22 dbME R S A 20 B E R 7V 7 B L U2 o B
WOV TOBRBRELSET 5. AFE) i, LHBEELERM 20 EO L2 7L & 7
DA R RGBT L > THL DT B2 L Th B,

ARREEDBIcH2 ), MR BFRBHRIERAN Y BB D= B F,
MHE BBTFHLIREOMB L, RIEHFEER, 5/ B2k o $0 H 3
Kiziz, REHRROBIZEHG 7277w, BLCESHOELET S,

I # 8 & H &

BAREORR, CA7 Vv 7 OmRE N2 LiEEEERM 20 i OoWT, B 7
Uy 7B LU DELGIMBONFBWBBREL T I HHAKRKDT— 5 % Table 1 ic/j§ 43
RKOMEEEIZN1L ~7 cm Tho 72, FAA TERESI N2 NS OME CEMAHEORE)
PHOATAT 4> 7370 —LTERIMED 10~15umEZDPR2ERL, ¥ 757=>
Pt L THRFEBURE TR L 12, FHRTIE, HCHBHICATKELEYZA 7Ly 78I 0%
DB DT OBERIT- 12,

m # R & & %

A. KORICHIIZERT7L v IDER

AROEIZBTF2ER7Vy 70KEIR, SHERS L WIIEENTLEGSEEEI LN
2NT, BN ZDHEBII—ENHESFLEL TWELEI LI OV TENTAL, BEICH
2o Tid, BIBMICAT 1 ~BEDOKRELER TV y 72 FAE Ty 7% 1 EHEICOEH 10
ERAZLZ, Zhor bR 2ERNTZZ LT, FRERBICL 2R 2BREL 2,
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BLoic, 1FRBNTRALL(BZNCETIEAT7L v 7EROBIEE (FH)
ICET 24, #EH (BHE) ITHET LRI OWTORRLRNS, EHOFILIICELE
LTWw/nii, ROWETH B, A /12X +X, A X3)¥+X, ¥ 703, A=703,
DTN, VI, THE NN, SN IT, e IS, L)Y r5, W
¥vaJ, ZNDHIBA X)X XTI, FROBEBICOLDREZEZ TV Z70EEL T
2, L CLEDBMELRCTMOTXTOBMETIE, KELXE A7V v 7RRERNEERIC
PLEL Tz,

CRIZINLDABMICATKELEZR 7Ly 7HEDE I A2 LT BRI OWTH
NRIBERERRD, ERX 7V 2OKROEDHICOWCER E N LFTIOSXXHRICIE, BILBN
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Table 1. Description of sample trees

Species Location* D-B.H. Date of felling
{(cm)
Salix hultenii To 2.7 29 May 1990
var, angustifolia
To 2.3 30 May 1990
To 1.6 8 Jun. 1990
Salix sachalinensis Te 4.8 5 Jul. 1990
Salix integra To 2.6 15 Jun. 1990
Pterocarya rhoifolia K 3.3 3 Jun. 1990
Juglans ailanthifolia Te 4.3 6 Jul. 1990
Carpinus cordata To 6.5 30 May 1990
Ostrya japonica To 7.0 5 Sep. 1990
Betula maximowicziana Te 5.5 5 Jul. 1990
Betula platyphylla Te 5.0 5 Jul. 1990
var. japonica
Betula ermanii Te 4.5 5 Jul. 1990
Alnus hirsuta Sa 3.3 9 Sep. 1990
Prunus sargentii To 1.8 29 May 1990
Prunus maximowiczii To 2.5 30 May 1990
To 2.0 8 Jun. 1990
Prunus ssiori To 2.5 30 May 1990
Zanthoxylum piperitum Si 2.0 30 Apr. 1990
Acer japonicum Sa 5.0 12 Nov. 1990
Acer mono To 3.2 29 May 1990
Te 4.0 5 Jul. 1990
Vitis coignetiae Sa 3.3 12 Nov. 1990
Fraxinus mandshurica To 3.0 15 Jun. 1990
var. japonica
Te 5.0 6 Jul. 1990
Viburnum furcatum Sa 2.2 9 Sep. 1990
Sa 1.2 12 Nov. 1990

% : Abbreviations of location are as follow.

To : Tomakomai Experimental Forest of Hokkaido University
Te : Teshio Experimental Forest of Hokkaido University

K : Kaminokuni, Hiyama, Si : Shizunai, Hidaka, Sa : Sapporo

HEORVIZL>TENIETEIEERLZLDDH 1942, ZnZ L h LEROEE
REDTAT BILAOEREDBICHEEL TREL1T- 2 B L BILd L otz Table 2 iz
LENTVD, ZORFE, BILed Phytobia * EINIMEOE X7V y 703, $XTEM
FKxkLTn3I edbhr o7 (Photol), 7272 L ¥+ XBOME TIIRPRHEM~E L AT L

e RBEMAHY, FAMICE kB LdH -7 (Photo2), Tzl T, #ILEH* Opos-
legoides L MEI N L NN L, A5/ X BIBTRFEAL~EMEOL R TV v 758
gansz(Photold)., 7NVIBD 2BTIREAFKOEL A7V v 75 8EE Nz (Photo d), LIk
DRERD L, KOBTHAER 7V v 7OKIE, BILANBENBAICHEL TWwb L0 LR
ENng, BILBoEBEOHENHLBETIE, v=7 FY (Photod), &4 4 2 /% TCEME,
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Table 2. The anatomical features on pith flecks and their surrounding tissue

Cell wall The tissue surrounding pith fleck***

Species Insect* thickness**
. Radial direction Tangential direction

Salix hultenii (Phytobia) thin + +

var. angustifolia
Salix sachalinensis (Phytobia) thin + +
Salix integra (Phytobia) thin + +
Pterocarya rhoifolia Opostegoides thin + ++
Juglans ailanthifolia Opostegotdes thin ++ -
Carpinus cordata (Phytobia) moderate — ++
Ostrya japonica (Phytobia) moderate — ++
Betula maximowicziana (Opostegoides) thick ++ ++
Betula platyphylla (Opostegoides) thick + 4+ ++

var. japonica
Betula ermanii (Opostegoides) thick ++ ++
Alnus hirsuta (Phytobia) moderate + ++
Prunus sargentii (Phytobia) moderate - -
Prunus maximowiczii Phytobia moderate - -
Prunus ssiori Phytobia moderate - —
Zanthoxylum piperitum (Phytobia) thin - -
Acer japonicum (Phytobia) moderate ++ -
Acer mono ~ (Phytobia) moderate ++ -
Vitis coignetiae unknown moderate + -
Fraxinus mandshurica unknown moderate - —

var. japonica
Viburnum furcatum unknown moderate — —

* : Insect genus in parentheses was deduced from the larval gallery patterns®”.

* % : The parenchymatous cells composing pith fleck were generally divided into three types on the basis of their
cell wall thickness.

* % * : Radial direction shows the degrees of disorganization of cell arrangement in adjacent tissue (bark side)
of pith fleck. Tangential direction shows the occurrence and grades of the terminal-like tissue. — : little
or none, + : slight, + + : severe.

x5 %% (Photo 6) TAREALAL A7V v 73 BBEEINL, TN BLYXFFENER 7L
Z iMoo KR TIEEICHAE L (KEWLNTYH 0.3~0.4mm), BRLINTH-72, =
NHSNRY L, ARBNCEDHLNIER 7V y 7%, FOFICHEI T Opostegoides 1= t 3
b, Phytobia ik 2 b0k BEHMICKINT 52 LW EE, b Litkw,

EIFRTIE, BRMIZATRELZEZ 7V Z2I2DO0WTOBBLT-12, ThbHBiLh
NREFILL>TERENL LN ETE, ZThHd2BERBILBOKEILEBL TS Y
NEEZ B LEIAERTRLVIZSL), £9F25L, 0k 1 EBNICE W THES
RESTRRICHBETIKRELZERA 7V v 713, U DVRBRLCEEOHBIC L 3 L0 R
THIENTEDL, EXA7Vvy 70OKRKOEICBITBAHEBICOWT, SRIIZNL ) LaLER
LT RKEZDNAEVER TV Y 7L ORI LBR LB 200FEIVELENL S,
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B. EXT7L v 2niE#k

1. EX7 by omgilanieg

A7V vy 7HEMBOTRPKRE 2L, H—RENTLELICEA T, ¥2A 7V y 7
WM, KO TIEZOME BN ZATRTH 5%, 2RHALAZBULLOR
MEWLNL EEFICEMY»DHE, nNLBERMBTHLEEZ LN, EAT7Vy 72—
BRICTEHEL Tz, TNHLOMBOBEIZSWTI, BENLO»LEEBDLDE TRLN,
BICEBOLDIZRAZVVA FLAaL3Nl, ZLTINLDHRITR, SBOEILLZLOLD
LA N oY (WA

BEOER, ZnL0MROBECENFAERBICIIBEN BB S EEZ L,
RS, EX7Vy 72BRL TV 3 ORI DWW TIZER LRV R S, ¥ F XFH,
7 v IR &8 (Photo 7) B L Uf4 > 3 3 77 (Photo 10) TidE & L CEENOMIEL &K S
nCwiz, .37 X R 3ETIRIFFEICEEDOMELL B L 72 (Photo 8), =& Ml 2 7
VLA FEEZLN, FORREBHEY LT3 kothhr b, 372, BICIRIEEKC 550
BILZROLDODH -2, INLDOBILOTICIE, DEBILL RO LN, Tk HIkRERC
HEICEEL i@ W TiRBEINT, Zhs 3RS EL-> Tk, ¥
RN/ XBIMEICIE, 208 ABEFCENREL MRS RRENEL, Lo bbb RS
Nz, Lirl, ZOHMBMBOKRMNE, FECEOREL 25 4 7OMED bk - Tz,
ULtz R W72 off@ne 2 7L« 7HESMERIZ, —iKic, HETHL L LERTH
LTI Mol L2d-T, TNLOMMEICOWTIE, FEEMICHELELZLS>LnL
L7ze W{D2DB2BHEIZRT. THIBLUA v H x5 (Photo9) Tix, 27 ) EREY
BNEENLENRREBENOBALDLMBEL T3, ¥CEREL LTI, A8/ XBofl
ETROLNZ L) ICEBNBILFFLEL, FEEILLRBD LN, Y= 7T (Photoll) T
2, EORICEAL»H B L0, METRCFEEICAAZBULMEL SBREN TV, K
Of, #REANWTRICBWTLRARTREBIBREIN I 26, INLIBEREIEWES:
LTWwayneBbis, £z, ThLNMROKE I HHENRHi-TWbZ &, BOERZ
BRI THLZ L OBEORRTH L L Bbhiz, Y7 7BRTRIZY veH 2T
bIn:FELBEERLE, L, ¥ )H 275 (Photo12) TRRRRB->TBYIEX 7Ly
7 DRBI P ) REZRER LR TR BN, 22 L Zna2RITE, XENL
BRI —BLTw32 25, B, MIAZBUITWSEZ L EENESITIZT—RICH
BTHbZ Y7 7ROV TRIL VD EBbNL BOEIFFHTHLLELIZLDDON,
PLEn i@ i8ILmAs Phytobia ¥ 72 DTh -7z, BILHIC L 2Bz TCLEET 2
2oz, BILBYFAHELLZLDOEA 7L Yy ZIZDOWTLEEZ2HITTEL, v=o7FY
(Photo 13), * A4 2/ XDER7 vy 7HEMBOEELIZITHETHL LA 0E N0, L
L, INLDMBOPICL L NVEEL LN LELXEHFET LI LI, RICHRLETHIR
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AZX KT ORREBARTH 5, LLEN#ER% Table2 icF L iz,

2. EX7 Ly omBBROARY

ERA 7V 7 OBBMRPICIE, M520OWMENFEL T 2EAb-72. Znbnl
BREEORAHEEBEL T, X7V vy 2OBEFMBETICBRIN L N EEZ LS,
Liehi=>T, ZAHOWREIRSHIC L BBECHT 2RANEBYRIGORBEE LR LNTH
55, FOMREPBET 22T, BEORICAE L 2FMROMBBEENEILE2HETEZ 5
bk, 2, TNLORBHNORICIE, ZTORMBROERICL > UM L2 0EREE2 R
L TELLDODFET L Litkv, 2%, BEOROSHTHMIAMEICLEL SN
WENOMY ZRBMEWE L TOAL LT, FOBROBKERNLTE R 7V v 7 DMEEHYT L
DPOBRERLLTCELBRELZ o2 LGV, EAT7Vy 7 2T 2 MaH M
THHIEE2ERTE, ZOHMLIEVLEETE L\, 72, BECHTIHBLHE
ENCERTT 2 201 W INZBEWENTFELEZL LS, U ENHAEHLICT L0
i3, FTINLOWEICODWTEDHFEREBRMER M LB DL, Z08Ers, FHE
TREBEOLRA 7L v 7HEMIBRIC DL ) AWEIBHLNLD» 8B,

NEROBERPFEREIZ, BEICL-> TRES( RZ > T, PHFXRR I IFTIR
—#RicH T ) NEWHIHAELET & & & ERRIAR S /- (Photo 14 RED), v+ ¥HCl3FFRIC
EX7Vy 2 OBERANOBSEBE S UCENLBEEL TWEEX 7L v 7OMBERIZBWTY
77 = IS RBI NI WEOTRIBE I L7z (Photo 2) > 3 3 7 T RKRLY B HAF
ZEL T 72 (Photo 10 REN), Tk 9 L MBhLZ, ZNENDEBRZI D> TH TN
AT7Vvy JRFEETDEITH B, 3/ X%BOIFETIE, MBORBIY7 7= THlHR
BENBIWEIC & > TIRE N5 DH HEHEE Th - 72 (Photo 8 /NKHY) , LA L, Bk
AELDLDOPHNBFMER LTV EBRLNELDLFEL 72, #3 XBOMOBER S LT
#} (Photo 9) miMEICBWTLRIMTH > 72d%, V7 7= THM(RBINITRWEL LD
MRS (BHEEEL L D) 4%, FRENLIEFBEL TWB I LFEVRTRE > T,
MIBONBEFRL TWB DL ) ZWEIZT~=7 F 7 (Photo 13 KED), A A4 2/ XITb R
bz, W7 FBOZV W5, X I ITREAT7Vy 708BHY Y7 7= T
CREINIPWHIC L > T—RICTKEI N T 20588 S 17z (Photo 11 RED) ., =) 2 1
BT, SNLDOWHEICE > UIIZTRTOMBA»TREN T 5 S THEEICHFHEWTH-
2o IO DYHEIRBICTAEL T TLAWE LBEN D 55 8 ) I3 RERVETH
55

DEnERP L, ©X7Vy 7HBEMRIC I N2WHEIZ, BREICL-> TEOHRRPFE
KRBORL B EVHLPTHE, FLT, INLOWENERIIBLOBHEAKICLRLN
BIEbBot, THOZEDL, SBREBZEEOBUGHMEBICHEET IHEL DL ) FEMLE
B E»LELEINL ),
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3. ERT VLY IILBHET I X0t R

EX7Vy 7HBMBE ZEORBEWMERT, CXA 7Ly ZIRFEL TV AWEIZOWT
LBBEIT-o2. ZOMR, EX7VL vy 7RER 7Ly 7 L EMBOERIC, ¥ 75=>7T
WCRBINIPRNFEIBDH LN, Tbid, TORKS L, BERD LD X FERD
ReB-TRBDLND LN 2BIC4T Sz,

Z0) LBERDDNRTRTOL R 7V y ZIEFEL Tz, 2RI, HEIOERE
EAbDH 205, KOBETALEFICERA 7L o 7ETLHOMBE DL EZ 7L » 2 3]
BOGLIICHFEL TWBZ %5 572 (Photo 16 £ET), £LDLNT, THbiFEZ 7L v
7OBBEM L) LBEEIC B TRICEELRBREEL Tz, 372, Thbizararx
7V oy 7 OMBARRMICRERICHEL Tz, BRESHEHECORE» L, T b0ME
BWEEIERLTEY), BICERA 70y 208 BWTERMBE oMy y—7%ER
UL TWBHZ EH AL TH- 72 (Photo 17 KEN), = DRREERWE N HIRR * OMRIZ T
THEY, ML NERPTHLLICLRLB, Lo L, HLh L HRAERZH LN\,
ZOWENELEIC DOV TIZ S DIFREIC & > TEH S LT yr 310131416219 BpowN 3, =
NEMBOBRE L P oML &2 72, FRO I3, TN HRDBEOWTII % { BRB
BRI > TREINMRORY THB L, Lrl, WTFNRORMLE L THBIOR
EHTwiw, EFRICBVTL EOHERICOVWTIRBREN L LN EH LB L7, L
L, UEORMoOMC, ZoWRIEIBAICL > TEEINLZLNEEIZZLLTELNVTH
L3t BZIE, BECL DML T, DR ILEICEL 72 (b2 VgL 72)
FHI (RHCBURRMI) 25 20k ) LB WS R L 2 THELH 200 Ly,
X I IR I T TR, TDE ) kRBEKOWE (Photo 11 AKEN) & oA
H (Photo 11G) i3RI b D2 b2 VWEE LM TR L VWA LI 2 E 2 L0 5. b L, 20
RAOMROB RN BEROWTH 2% 5, 25 HILENBEENORIC M IT BB REC
BRZCBIFTILNLRZ LR, 2OBROHBOTHICIZRKRAL DN H S, /2, &
DHRFENE I LLDTHBic L, HRELTIOWRIML L NEE LRS- LTV B
LLNLWZ L REBEITRETH S, P, TORBRWERNGET, HEIC L 2 HE)
EWEN2rRAUEND LD ELLND, MRELT, DRI E2BEIALILLDE
TIBMRDERINT 2ANVELR/HLLEL), 202 bit, BEREBAET AR E-T
VEELZEREFOTH S ). HHICE > TR, BRT2-OOBELLE OHEBHILEL
BYTHY), BANEHHEIFHEL LI IDRBE LS AWEEI LN LTHS,

wEhicE L, TORBRWROFERER 7Ly ZICBRBZLNOEEZ LN, 20K
&, HXE, BEBCOWTRL L2 E8/IUELENE S,

EXAT7Vy ZEABHEDORE o> THEEL T 2HKiE, »-%/ X)& 37 (Photo 3 /\&
HI, Photo 8 XKHN) & 7\ 2 %10 2 4@ (Photo 7 KED) 1236 & ML iz, Ric Ho3) X*BRTldkE
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CEETHY, BLALDERT7Vvy ZRRLNTZ, ZHLDOWRIZ, Y 75=> Tl e
ENBHET, MBROWREB T3, 2L T, RRICMLL0ERBOL IR 5, R
ROPRERLZNDIZ, TOWREFEIMTHA ). KOBETAS L, ZHbDRIITFEN
T PUNVDREI LU >TWENNBHLN, EX 7V y 70MEMBICR) BN 2REeT
FELTY3, £, #2X/XBEIBENPAICIE, BRES L EE THH I EL - 2R
1B THE & 7z (Photo 15 &ED),

ZOMRIZOWT, FERORBLIHLNDER TV y ZIZOWT TR, tho¥kT
bprimlic, 7, FEOL, bt Opostegoides Ic L BERT7V vy JOBBTHBEL
Twb, R THR-ZZAN/XBIBWBIUC IR 2O R 7Ly 7 L RAKEIC Opos-
tegoides NDEBIIC L B LN TH o2, ZHZED S, BENLEZAZNE S HRKD L DDFELE
i3, Opostegoides iICE BERA 7V JOBMEALLTLIWERDbNS, LA L, 7352
BTRINFFETIHETLHENERLLATHY), YIF TR 2D :@BHbLN LW
EBLITLIED » 1z, Bk Opostegoides atrata DAVIS I & > TR I N ERA TV y 20
Blcb, AMLXZEHBLES THBY, S0k kBWit, FL Opostegoides T T b %
DEBUC L ) KNP ORBUER L p 1202 b Lk, FE®IZ, I/ P37 00
Opostegoides minodensis KUROKO DN EE>EEIC KB P22+, FLTCINHERAT
EX7Vy 7 DRBICKHEA LTRORIBNL Z L 2L T 5,

CORROWENHRK, OGS, LFHBERICOWTR, ELICHELTI LENH B,
I, TOYWHEIBHOTHRIZERA 7Ly ZEBIAZTNTVEELEFRIRETHE, 2D
Zlid, BEORBTI, ZOWENHFER, ERAT7V .y 70BERMHRODFBEGIT V2
W) ZEERLTWS,

C. EX7 L v o Midniiik
1. BMARDE#RHR(
a, #ERInih
X7V .y 70ORBEWTIE, Z0¥EFROMUCHBORRMOEN LIZLIZEEIN
2o LT, THORBDENNREREIX, BEICL-> TR > T, HicilnrEX L LN T
i3, BSBRME#SE LT8O LNz, WLOCH(1976) i3 Picea excelsa »¥a RIS Zc if& R4 %
BRL, Tk LMlENAY| % whirled cell arrangement®® L FER L TV 3., Zh b DELH
DENDERER, LA LLVLN, B, B b DICEENICES L TRL 220 Table
2TH5, BRNENYHENE L2BWED S B, JLIBDA=TNEI, A XBDLFH >
Ny T AN, AITRONTFTHLT, 4 Z¥h LT iR R EEICED
b7z, IHERARTIE, —BREYIC, BERIEICFATICHM I MERHHEYI L (Photo 16,17), #h
HHBBRICL > T 205 513 (Photo 18,19,20), Lid»T, KOBLUHEET
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ITHRERFIOBEDEI B LMD, ZHET, ZOMBIZE L2 E > TwWEDTI % (,
BRELCBWTHAHAMER2K > TWBZ 2dbh b, BRE CESREREBET 2 -,
I D@BBKICY - T 28B4, EHE, AEE, EHRRER S SEFREEY> LK
RENTV5Z Ehthh 5 (Photo18), 2 LT, HATHMHMRIZES 2 DIcl~<TEL { MlE
PRUETIE (L), BHEETII 2 WEEO L0 ERBRT 5, Z s DRSO LD,
BEOPLICED LN D Z L S - 72 (Photo 19)  BEICILEBFBERRNE L BB,
EFNLHSRTHEY > THLWEBHEZ R Z L 5%% - 72 (Photo 19, 20), BEE Nk h iz
BECTRT, ANEIRLND LS CHARICEBH LN S LD b -7 (Photo 18 KE), =0k
5 U REOBEDHLET 52 E b b, b DBAIILEHFR~DOEEDBHE b & L T\ 50>
blihw, L2L, EBETRTZIDL ) 2fdIE- &) LR TE L WI o6, Zhb
DEBEZESVHBHE~NOME £RTH, KE LT, BRECEVWURHL TW330n
—ME L DT ENIED G . KM, Bahr Lz nRllid - 2Bo b orFEL
(Photo 18, 19, 20),

INLDBEPMBORET LRBICOVWTIE, L b biw, LaL, &KL,
INLDMBL EFE LML BITL T EE2 o s, SR IRSERABHORERRE
2, EX7Vvy 7TRIEBRENI-YROE(Z DBFE1L Opostegoides) 1%, MiFFHI~H L5058
RTHdrL7. LL, SEBEL2EEN LI L ZFROMMEN & 5112, Phylobia h*
BILETHIER 7V ZRICHLPLARROELBELVWEEI LNZLNLTINT Y
%, %7z, BILHHT Opostegoides THN LR 7V v 7 REBHITITR LIRBD 7L IR 2K T,
SRS HRNBHAGR ) Z L LERTEL VW, TNHENZ DS, KOBBIC L > TE
L 2GR L oMiegRIc T 2EED, BERMEBNEELRT EVIEIFTBZHIEY
ZY it v, —F, ALoNI & WoLF®, LipHscHITZ & MENDEL?Y, MADAR &
LIPHSCHITZ®® 3 fid*» . B OEBEREETE O HBUL, +—% > v WEDOEBHREIHAT 5 5N
FRTHHRNALERA-TRICLDLHIBIZEL TS, ZOHIE, F0AH=Z 4
DNT—IENRER 52 T2, EBRICZ0BEIEPI N b Tidk v, U Ensrs,
BBRMEOEBIC OV T, ELRE(ORAL LERZERL T hidh b nwizs ),
HicZnREIZH>WTUL, JVBELBEFVUETHL LBbNS, #I21E, BEREBND
PSSO REREL, Z0RELBb-oTwasb Lk, 4, KFETHELPIZEIN:
£, BEICL > TENRENVERMHFRLZZ L LHABEINBZIRETHS ),

T8, Table2 I BWTERRBIDENIIZEA E L WE LY TN, X275 T, ¥
NICHRD/N S WIBBREEIFEL Tz, £, BRMOENIFTHE Lo Tidigsk
MBnBDHoNLh-EHELEEINSG, LT, EX7Vv v 70BEAOBREHEBICE
W ELBRDENDFET 2RETH -2, FIZIEZrv= v /X0 s0RRNENI,
BUMEN HEENEN L LTRDHLNERETH - 2, M, BAEDEN & IZE 2 vy,
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HI7TRNIWETE ATV v 7 OB BRI BESERRICET T 580 LITLIE
B 5 17z (Photo 21),

b. Bk

BB, &S, BEFCZT7L y 7 ORETHNT 2 &\ B, 74> 5>
FENDH N/ XR2BICOVWTHREIN TS, ROBETERA7Vy 7BAEZBELL LS
5, BOHEEHIRICHINL TWwa i3 EZ bk -7z, 2, BEOWMCOWTE, EX
7V 7 OMEROBEREBNOBSFHEBN L I ICBEZH LTI LDVFEL TV,
BEHEREORIC DV TiE, 11X AYNDER 7V vy 7 OBEROBEEE THML TWw 2058
BANL, AWRICHBT 288 L BHAT? L 2HMREF L oBW L 2RRIIE, B£56K
FOBRBEAMICH B EBbNSE, BHATO L, BZL(EZR 7Ly 7OBBEMINIZEALEX
TV oy 21T RO OBEMEE T, BERAOUA R BEICHW D EEZ LS,
FFRTREERTb AL 120, EA7Vy 72 0BERORIHE»EX 7L 7RERIC
E 3 TCOEREESIE 2SO VW TENLBERT-72, FORR, YA 7Ly
7 OB OBEMBNAC A7V v 7 L BT ARMEENTEFTIE, CA7Vy 7L )REL
2o ) OBE I, EECEBLUEIOEMERS L, LarL, L2 ERLRAM
B LUTHR > EH D R3MEID B, T 6 OMEAERIE, EETBREEObNEVH LY,
LAERT7Vy 7 OMEMIE L ARLHRERL Tz, Ubkogrs, 4%, ZoOMEZ
BHLPICT B 20ICi, ERNLBREOYUR EABLT X7V y 7260 BERICERL
LhLBlE, BBEETHIUEIREZLEZLNLS,

c. MARERDMHENTL

R 7V oy 7 BRI BT 28 MERDEIC OV TR, iSREBOFHHAN & Z 5 (C.
lLa) THRN7z, FDHUIRD 2 HTh -, KM TIIES»NL 2L 0%, #idT- 72D
LOVELET S, BEICIE, EEEXRVEVIOFRN, TNLIBHETOL T > THL
WEHERTZ 0 H B, NSRRI, TOBENEL (B E->TWE 00, BHEL
BERMGE L 2 BRI OWTHBEINL, YT NI T, EX 70y 2OBEMD
eI HCREANENYRLN, FIRRETERENE-RLHEML -EEBESN
72 (Photo 22), I¥=¥ 75 Tlk, ERA7Vv vy 7 OBEROBERGICEEERROE V- EE
BB I Nz (Photo23), 7, MAMEMBEA L 7> FOllid > Twa L DBBEI L,
kR o, LS5 LHREEBOENL, BENEZIZHIUILAENAELATLV Yy ID
BEMOBEEGIC B TELTWE N E Bbit s, GREGORY & WALLNER™ i3, ¥}
#H L5 0 Phytobia setosa |2 L 5 E A7V vy 7122V, B L MERIFORBRRER TH
HEICBWIEBICALNS LEEL, Hiv-2HE L@ AEMROER2RL T3,
BHAT® i3 Grewia tilifolia DL DRBBIC L 2BEFIC L > THEL-BERAR L BEL, B
BETHENCOL > TREL T2 ETL2REL 2, ZoBETE, EEFEERIC VWU
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LEANTWiWAH, 2NOERY» HEEERRNECREICHBML EENFEVHALLTH 5,
INLDORELWMBPBERDOHEED 2 =X i3, BFL {BEREENOTRERRETH 2 &
EZohb, L, FHEOERELLRENL LTI, FOEMOELNIERCEREICE Y
THETHBIEBEALTEWNES), X7V y 70oBEMOBIEEIc BT s0
M BROZRIECEROENIC OV TIE, HEC L 2EITHRBHERMEIC LIS i
BoTWBI W RELXERLEEZ LNE, LEd -, 4BRINE I LBALLERA 7L Y
7 BBk DIE BB~ O RIEBR » T 5 LBHH S5,

d. MR ) OERSR

ERA7Vy ZRAOMBICIE, BECL) Fo—20 2 BWEL Y OFRWHIEEL T
WBZENDHoT. TFXEOBESL 7 VI BOBMETIIE A7V Y 7 BBEHOEENI SIS
FO—ZANFEL TV LD H-7, TNLRADET, BK(Photo2 T) & 2\ ifEEERk
(Photo 14T) % LT3 @BHoLNT, ZOHBUL, C27vy 7EIHOBEMN, WM
ELELHNERICLED LN, EX 7V 7OMMOBEERIC ROoNDZ L5 Eh - 12,
¥R, A8/ %@, V7 7RTIIET L ARBHENE SIS, TLRPROREEL TWBZ L
5% - 72 (Photo 11 G, Photo 23G), b N Fu— 2R T ARBMRNRER, E27v v 78
WBOEMBRE A7V 72 L T3 BERMRNOFEBHORRELZbNEEZ LN
5, L»L, ZOEBICOWTOBRBIILINT Wi, FEOXTH 23T, RHERE
BORZ TR WEPHET DI L2 HEL T3, FRHEOBRBRER T, b5
WRIZTXTOC R 7V 7ORBHMBICHFET 20T T, —BiC, ¥R 7Ly
IORIMBICRLNBE T THo72, LT, H2EFAICE, FECEFCHREINL, =
NI EDL, INLOTRWHOTERILERERITONT, Mo DEMErMb- B ER7
Ly 7ORBBICHRINENTR EWh eEZ b0 b, INLNDTERWEIFFCEEICL R
TV 7ORBRIHBL T3 &) 2BAR, hhick 2HE L & L icMr i fdre8
L2 DTRENWEZA YD, BENLZH, FOEKRE L UBEATHOREICOWTIE, 13-
ENLZi3bd b, TNLOHEEDY, HBIzL2EBEENRRATCELZL TN,
ZORBIZOVWTLERTILEIDS ), ZNDE I LBRICE - TELF -2, EED
LOr LR BHEENGD B,

e. tNMORNIES

FOMOME & U THEIBMBRREE B b e, v XRTI3, B4 M
HERT7Vy 7OMAME L BRF B0 RIEBICHBT A2 b o2, TRLDPIIE
FERL b VDENEHEL>TWE LN H -7 (Photo 24), F72, Zi b nEHRIRAES
HEZBRETL, PRWOUEBERF-TWB L) THo2, £FNOBBAKROBETIR, &S -72H
BE2LTBIRBNTH- 22, INLNBEIRTDFETM EBRKE, 5, BREOEEHIHE
LI BTRORELZTLAVRENT 3, HBPICIIBINZHERELL LD LBR
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Ehd, Lirl, TOWMENLDL I DL DHREALL TRV,

NS WHIRIRBRREEGIE, BTV JOBMBlOE ATV 7 L RDME#E ORRRICL
WLIEEFEL TR It botz, TDLSLEBE LT F7ICBBENIZbDERT
(Photo 25 &HY), Nk 5 LeKIfaRIBRREEE I, ZOHAERM L R» S5, hhic k- TAE
EnILEONE () L4hiuc & AEERCHERINLBERYR L OMICHM»EL 3
CERISTHEREINDINTHA, L L, ZOBBDHICIE, *OMED ML BES,
iz & > TERENLEHRREDILENDBRESLETH 5, Hic, BERWROTBRIC OV
T3, FFCBE IR LTV,

2. BERFmONRHEIL

a, §—3F)18%

BRFEOEBNOTLTRLEEL O, KOE TR TERN 7 — 3 F LB ALK,
ThbbEHEN/NS LHREY L7 2ERFRNOFREEOBATH -2, k) Ll
¥, CITRERALEI—IFAMMBEIET., 7— I FBMERIEE, YFHXE, 25X
(Photo 3 K&KEN) HEKESL L U7 0 IRDH T 70 3 (Photo 4 KHY) TEIcHEINL, =
NUNOBE T, YZTHROAL I AT TLRANABBIN D LY 3 T OBMHERIC
BLETBIAEVERTV Y ZIZDOWTHEBENL T TH- 2, LL, TOHBIIERIE,
ER7Vy 2 DERATOME, BIEIC L SMEROKEL LIcHBENLZ L bFI LN
3, ZnHEP L, ABIIHAEVERT7L Y 73RO TULOKEL TR - BHEL1T ) LB
b5, BERRIE Table2 iz F Lz, ZORRY» & 4,5/ %% (Photo 26) nEEHE: 7 )L
IBOVT NI TR, BEEL S — I ARESIECHRL TR by B, THXR
(Photo 27) » 3 TI3FH\> 7 — TR L E L EMEEN, ZhHDA, A5/ %2H
DX~y )X TR, F—3IF VMBI ER 7V v 7 0BENORIERC BN THART
LOBBEINT:, OB TIIE X7V v 70BRFAWEED S 57— I F VIR E L T
Wiz id b, INH—BOUEREZOPE ) PR, SBRELIERFL TAZLENGHE»D
LitZew, ’

INSNDF— I F BB, —BICER 7V y 28R~ E NVERI N TS
Zridnd, BRICEEMEABITT S, Lizd-> T—RBICA LN BERD I — I F
A EIE, TOETKRELRLED, I HDF— I FABMBORBR~DOMBOEIIT HESY
BETHY, ZHIHL THERN~NNDELLRELLNLS -2, §7— I FABMBTIE, Kk
ML X OBHBINE EVAROETRELEZ L Tz, L2L, ThLBERFRN I —
TFNRITIERECTIR L o0z, 2, F— I FHUEE R L Tv 380 FmoMiakis,
EBERNI—IFAEEN LS o2, PR, 2/ 2B T@WAREMESS—F 0
RICEFITE2L0TIE, 77— FABEEICZNL ) ZTHENFEL L VWO TERFERS— 3
FNBEDENIIEHTH 72,
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BEROTBIT, —BICPHLZREEMBIC L > TEIERZ SN, BERENERENETH
ZDREAEENTWEY, 208 6EZ 5 L, BERBEBILANEHICL > TERX 7V y Zicxt
B3 2RFOERBESBBEIN, ZOMEHFSLICERARICEAL, 7— 3 FABERD
EEASl e ENsEELLNS, LAL, Table2 ioRmL 724 5ic 7 — I F MO B
EEEINEEICIE, BREICLIVESGDoT, FOBBTLRL &) KHBEF»HEINT
W3 EWIHRBICETTE, T ) LEIFLET DI LI, B L > THRE~DEEC
MY BB R BTREEEZRL T DL Bbis, —F, EREEILIICE > TL#PK
DERPEHLCLE)ORFFILIEVETTHS, F— I FABEBOREIEZ 7L Y
7 BRI HBRIRE R NABEMSH 5 Z 2R, F— I FABREBOELNS L LM R5N
I ki3, BRABABEL 2ERBEANDS A - CHRIEBRICEE 2 bh, BREIERIE
BUVSAANERBICHEBTIZL2BRT DL HICBbNS, LrL, THREWHT LD
I3, 7— I PR S 3RO BEMEBORER, 7F— I FAREBOTEEI N
TVAHBIC OWTHREN B LENH 5 L Bbihis, 1, EREBBILLANDBILEAIIZ W
T, WHEB L CBILEOBEILICHLA IR L TEB ZENRETHH I,

b. #EAZ 5 OFERMR

MIBNZ ) ~NOWEOFTRIZ, CA 7V 70BRFRORLMBICELTWEIZ LD
Hotz, 1Bl LTA X2)) ¥+ X (Photo 28 KEI) IcBIF 2 Fv—2nUBERL7Z, 2hsb
DFa—~AFERA7 vy 7 OBAOREDMEIC BV TEL TWiHEY, SLIERITANA
B E TREZEICES>THRALZL D EEZ b/, 2 s TR ERIL, Cld TR
NIDTHERET B, —RiC, EX7V v 708RFRORIMEICWEOTRIRLNS L &
2, EX7V ey 7oflls & UBERO BRI L TCRWELIFEL TWB L9 TH B,

C. ¥R MAEMH

FOMICBBIN2 DL LT, A/ X+ X TRE LN FHMH325 & 1172 (Photo 29
/NRHL, Photo 30 /MREN), Zild, A/ X FXDOERTV v 7DFBICH I — I ik
MBUCBD LN b D TH 5, ERFC, MIDHEBEEEE L FEL T 2D5%bh 5 (Photo 29 Xk
%KHI, Photo 30 AKED), ZNFMIBNEIIAE S RELEZLTEY, ZOHFEREBH LY
TRRETH- 72, 2L T, ZOFHBROFDICR LN S MIEMBIREEZ IET~OBITRFTD
BEE2AELTWELIICRIE, UL s s, ZORELHE L AFMIBEZ NS oMK
RREE~OBITEEL O Lk,

RICBERFTA~OEBIEHHAN LTINS S B ELEEZ TV DI D2 THAR
IS L -RBEE2RNL, T84 B0 Opostegoides i L 227V vy ZI2onWT, 8
FRICEHE L - RKOEDR 2ERL 2, ZOBILAOBIUER, V—7RTHBZ Erbh
TEY, KOEYATLERICNIEL AR TER 7V y 2B 72, 2% ), #MiFRHEit
%) LRYUE—EEN 2HMAEZ 7L v 7HHBL, R TERETENSIZ 1IBOER7
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Ly 7 &% -7z (Photo 31), HicEM~NHEL R22HI2, & 5 ZNERSDHE F~
DEERS (ZZICRERA7Vy 7RFELLV) 288LA, ZoKR 271y 7tk
LT f—I P AEHEBIREA7Vy 70XRHEE D E (F123TF) oex7vy 708FEL
TViphic BN T 72 (Photo 32), Z oz k45 57— I F Ao BT, BROLETH
MNLRNEZ EVELPTH B, 2120, @HmcEnRES: THET LN B L2 T}
v, B, EXT7VL vy 7OHEELTWIBFICOWTL, 2o E~OBELRBCL T
BELL, ZORE, @HA~OREZ, HROEFIOENE L TEHLN:, ZORF TR
FHBEL B E L TED SN B 2 EHtH - 72 (Photo 33),

V.8 &8 % ®

MEIZBWTIERAT7 Vv 7BLUZORLMBIC OWTHBEERERRTER, 25
DREBIZHDWTHEEL, FHPOEAZLIMAHNICHEREIN TS, LrL, FhENNK
REL(ENCHEBLALZITR, ERAT7Vy ZIZ0WTOFRLHOER LB L Z L IIATRET
b5, 2T, AETRMETHRRLEE 2 2 L THEEREOBALLZITY, EX 7Ly
ZIZDWTAMMBEN R, 5 FEBEMI TABILET B,

A7V 7OKOETOBERER (I, A.) »5H, ABRMICRTKRELZEZR 7Ly 712
D2V E DK L BILUNEREDEY L DIHEHHER TE 72, T4 b b Opostegoides ¥l H
DFLITEAT ~EMK, 2ARE LY, Phytobia »*BILBNBAZEAMCEREEZL T
Wiz, LdrL, Phytobia B ADBETLXTFXHOBMETIREARICES X2 :H-
7z F 7z Phytobia irBILMTH 2+ X752 unaXr X288 L -AFTERD®, £#®R
i3, A ATH® BAEEAREEBLYE) ODER 7V 72HELTWE, ZHZ:h
LERA7Vy 7OKROBETHORICEI - BILAOEHOHMIZH 2BREFEIMNICHERTE S
A, BRICL-oTiZ BIZIFEAENES) HEICHM SN LT NIT LS hWwZ bbb,

BILBOBBEIC L > TERA7V y 7OKOBTOBHIRELZFERZAL» LIZER LW
%, EILAOBEOEBVC L 2 ERAEHOEBVHEIS L T s RIS 5255, ATE?
I3 Opostegoides & Phytobia B OTEROB W2 FTRLTWEY, TNk kOBOHE
DR BEBUOBIH L DRIELH 55 E ) LRTEPRIFIENBRETH S, £0#H
Z W) B 7% 613, Phytobia »3-812 13 Opostegoides 3 A & ) H TBEF THBRFM~DE
B2 I VEROATINTH S5, FL T, F0T8IOER & L TOBOMERECHBEEEHBIE
LTwaebEZ N5,

EA7Vy 72BLUE0ROMBOBERRIL, Table2 2 thTHE, E2XA7 Ly ID
BEMBOEE, 271y 7 QoML EREEILLOEE (ZHBARR) o
BIRICOWTRTAS &, i 2 BLHBELOMBIRE—KL Twikd o, —H, EX 7Ly
7 OBBARNBREB L 27V y 7 RLOMBNELBE (BRMTRA LX) oBET
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R3k, b3tV —EERZRL TS LG IIEz LN, B2, YHXERTIIE
A7V 23 MENRIAY L), ERAT7 vy 7 BMENELEERE, ERAEME LIS
Thol, H5/XBTRER7Vy 73EEBOBR» L%, EA7Vvy 7BANOMENE
{biz¥EHm, BREME LICHEP -2, YZ7FBTIRERA7V v 73D BOMRL 5%
N, EX7Vy 7EBOMBOEIIZEES T, BRAIMEDICIIEAL ko7, #ZTR
TRYEMLEOMBELILLY), ERA 7V y 7BBOMENTLIZEESF R THEC, BREET
BIZEA L5, UEDBRLADLNTY, EX 71y 7OMBMIBORE, X7V -y
7 BBOMBOEIZ DV TR &> CT—EDERYFHFLET S L HicBbhs, Table2
RN INLOMRR, BILBRLOMNEE2RETLLAEELOMNEEZRL T, 2D
ZEbb, INLOBRIZHRICE - TEIERI SNLHEICKT ZEFEIC L 5 KSR
PFRLTWBDOTR LW EEZLNS,

BAROWEICNT 2 I DV TiE, ABWNLEBADEA LR & 2RI RS
2N Tv 3, YOSHIMURA 5%, KURODA & SHIMAJI®S®® 3tz Vb2 kick - T,
Pinus taeda, Populus euramericana DEER G % F~72, F0OE, BUHEBIcHKT 5 FM
RO EC L 2 EHEPED TN I EEHREL T3, £L T, Pinus taeda TIX, ZHHDE
MRIZ, BEOBHFMARL ) VEETLIORILL TR L ¥ ERLL. 272, BENRLZ
BICBWTKERZF-> 2R+ 7> FROKEMERLT RAR»SHHBAT L L, HEA
NFEFo—2OHB, HEENOF o—2AROMIBHOHBA, AIRERFL L WEEDHS
WHEBEOHBLY ¥ £ DMBHEIE oW THE L 2. YAMANAKA® {3 Chamaecyparis
obtusa HREMBE B, T O KRILL 2FEROFMITH, 5% > T 5 L HEL 72, BAUCH
5593, Acer rubrum k& Betula papyrifera D&% ALY 5 Z & THERIG LA, £
DOFER, AEPICITEMBHNMIML, BEIED L2, 72, Acer rubrum HEFPICIIWN
5 2EE L CTHRWEHIHAEST B2 &, Betula papyrifera DEE TIIRBREAILZES £ 5
ARETHRWRHFET D L &R 72, KD 37 FORERADL % M6 THEDT T,
ZOREHEE W2, TR, BECEBEROEAE, B, £ROBIL, iz T BNk
DEER Y & OBME RS & EHERET 5 %ML, HEORIC L MBS LT Mk (L),
FiEe e MR ORBUC T THEZ 5 b & L7z, LOWERTS 5*? (1 Yellow poplar O &
it (BW®ROEAIICE 3) 2HX, HEEOBHEBONYM LEENBIFICO>WTHEL
72o U EDE 5 IcKBOMEICHT 5 RtitHic TH ), ANRHBEICLIHETH->TH,
FOFHE (RetE, CATE) 20, FoHECL )R> 2GS FRENS, L2rL,
INLDONRHIEEICE, BT IHBLECHFEL T3, HFICL 5 BEB~OKRILLZ
FMROTIR, HERORLTHORMBOREM, Fo—ARENMOTRWENHUR, HEN
B/ MBI & 2 BMROBEEE T L & TH 2, 0o DEBOELHEERNEBREE & EHE
boTW3BZ LIZHENIEY, FDORIGEIILRBEOROMBNBNICL - TRE-T( BT
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L FHRINE J.

BONSEN &4V {3 Dutch elm |2 E %358 § 2 = & T, barrier zone » ¥ 28 H» BB T
5L %FL T\5, MADAR & LIPHSCHITZ® i3 BIC & 29%%F (BIER) %#%iF724 b x¥
DMBE TR, FDERE L NBEERIER 6L 72, B IC 31T 5 necrophylactic periderm
DR, HEB I UARBOBML w2 o= nER, FEENRDL Y ICHAT KL - FHMb,
fihs - 2 fES MBI & Th 5, LIPHSCHITZ & MENDEL*Y 3 A 4 5 A0 L B8 %22
\} 72 Pinus halepensis DA% AREMABELBEL T3, 2oL DERIT, EWHHER
I & 2EEN, AGHBEO—ROBREOBREHL L L L, PRRYT - 2RKRL &
HERAIGITRENDEZ L 2RLTVWE L ICBbNS,

AHETRER7Vy 7BLUEZDRE L 2 HRBEBILRIC OV TERMR 285
LEREMELTEL, 2L T, 20BRTHLEL EN2ERHEBICK > THEEZIT-TET,
ZNEKRTIE, EAT7V o 72BAROBERIGE L TELZ21HONERIIC L INLH >
2o LHL, FOMBBRENER» LHESNLZDIEZ, CRA7Vvy 7REERGE LT3R
EBERLLDTH->T, BARICE > TdiZiTRETRBER-> 22 3 (BRBEBHLEHSE
BZruK) TbNBRTREVRENVIZETHD, borbF— I REBEELT
WBRlizH o7, L L, TNHMBRERDI— I FARBMBERL D Z LI T TICR~Z, =
NoNFZ— I FUMBILEEERFAICR(ERI L, 2L T, 77— I RE#» 5
DEEF ADRBNEICETITIZ, BRBIEHOERITILBNBBICHREINE Z L%\,
FO—2R T LBEWENELETLLDLH - 720, FRIEIEHICERT IR EZLNYL
ot EEFANNELIIEL LRETHEEL 7255, R L L TEEHEB~ORIELRL 2,

INLDEBEEZRALTHNT 3L, BEREEILANSRIC L 2EEIZ, BARCE-> TR
RRCBLWIEHELZ L > THAT 235D TR, A DAZERETHAENRS 5
LOTRZ VD EEZLNS, L, XTI, BRELT, ZhsnBREHELaL
FOEEELBHAL ZERLORVEFOF TCIORFENHEEMANL L TELNIEHH,
ROBEICHT 8L WIEFEZRBTIUL, BEZ 6 BBUBBILE & ) Rk R BT
RRETBHBIN—TREE L L -7 THH I, 212, BREB *RETIRACE-T, HFEN
EHEEARTREICT 2 L) 2B, BCHLDEF*E»TIL L LT THS,

N icBARYE N LBHEEIG 2 BILRICH L TURE v alc iz ZBEFEZ LN
%, 1 OREBROMoONMNREREICH 2 EBbs, ZhsnBIlandhhiz, KRICTSEE
B 2R T—IREYIC 10~20mm TH 5, 25, BRIZEVEVW 1 ~2 mmizr L% { REIC
MEV, ZHZ ki, LK BEBICNTIBEEWENICHEC LT3, Sdick 2 ERE
BADBAD BRI A TCERRIC L INTWEZ L EZ 505, BIZIIHEB~KEL S
A=V %520k RIBRFENEET 505 Litkv, HAGEN & CHABOT*? |3 &M
OBAE DO EITEI D ED AL (FENMERILY) L BHEICEEL TSI L
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ERLTVS, EX7Vy 70OMBBRENHER, TONEACARICHEBEROWENTFET D
ERMETERL:, INLNREICOVWTIREHELL TEWY, ZOWENHEREL S
5 , INHBRMICHBIZE > TELNZRE EEMBE DR L ), BERED 7R
BItEI N2 T THMLREEL L TREEL Tvw23or i Lk,

Table 2 m#EFRb 5, BHEICL Y R 7V vy 7 OBBMI O BEE R B DA FSHE Ic %
BAHBHZ EEBRNT, ZHT LI, BITEZ UL, BILBOKBIINT 2MAORIGD £
2XLBMEICE > TRE - TWBEZEERT DL Lk, BREEBILANEEH T L
(Opostegoides) TRIL I N IBDH T IN I, =270 Ii2BWTER 7V y 7 BB0OMEN
BOSHEASE ) Z &, ZHZEERLTWR LI ICBbND, Z0Ad bbb, EX7Vv 78
AOMBNEL, EFEHE~ORFEEROBMEIC L 2BV 2R LEFICEL Tw302b L
N, EX7V0y 7 BUOMBOELDP T, BicEEFMOBLIZEEE NS, $EBHE
NERMDENIFECE L VLD TIE, BBRMEBE L > TRl BT TR, 2Nk
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Summary

The anatomical features and morphology of pith flecks (macroscopically large ones) and
their surrounding tissue were examined using light microscopy, in 20 species of broad-leaved trees
grown in Hokkaido. Wood samples were collected from 5 sites in Hokkaido (Table 1). Speci-
mens were taken from the outer sapwood at breast height of each tree. All specimens were kept
in F.A.A. until slides were prepared. Transverse, tangential and radial sections of 10~15 xzm in
thickness were made by a sliding microtome, and stained with safranin. About 10 transverse
sections (several macroscopically large pith flecks were contained in each section) of each tree
species were prepared for examination of the outline of pith fleck.

Judging from the results of the observations of transverse sections, it is considered that the
outline of pith fleck (macroscopically large ones) corresponds to insect species. That is to say,
the outline of pith fleck caused by Opostegoides is an irregular circle~semicircle (Photos 3 and 4),
while that caused by Phytobia is generally stripe-shaped (Photos 1, 2, 16 and 21).

The results of the observations of pith flecks and their surrounding tissue in 20 tree species
are shown in Table 2.

The parenchymatous cells composing pith fleck were generally divided into three types on the
basis of their cell wall thickness. In Salicaceae, Juglandaceae and Rutaceae, pith flecks were
composed of the thin-walled parenchymatous cells (Photos 7, 10 and 14). In three tree species
belonging to Betula, pith flecks were composed of thick-walled parenchymatous cells (Photo 8).
In the other tree species, the parenchymatous cells composing pith fleck varied considerably in
terms of cell wall thickness. The last type is considered to be about moderate in terms of cell
wall thickness (Photos 9 and 11~13). These results:correspond to tree species, but not to insect
species. '

Morphological changes of the surrounding tissue of pith fleck were recognized in view of the
changes in radial and tangential directions.

Radial morphological changes were found mainly as disorganization of cell arrangement in
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adjacent tissue (bark side) of pith fleck. . The degrees of disorganization of cell arrangement in
the radial direction differed among tree species, and were generally divided into three grades (see
Table 2). In Juglans ailanthifolia, three tree species belonging to Befula, and Aceraceae, disorga-
nization of cell arrangement in the radial direction were severe (Photos 16 and 17). The most
conspicuous disorganization in these tree species were considered to be whirled cell arrange-
ment?® (Photos 18 and 19 and 20). In Salicaceae, Pterocarya rhoifolia, Alnus hirsuta, and
Vitidaceae, disorganization of cell arrangement in the radial direction were slight. In the other
tree species, disorganization of cell arrangement in the radial direction rarely occurred (Photo 1).
In the last group, the occurrence of whirled cell arrangement®® also rarely occurred.

Tangential morphological changes were found as the occurrence and grades of the terminal
-like tissue (see Table 2).. In Betulaceae and Pterocarya rhoifolia, the terminal-like tissue was
prominent (Photo 26). In Salicaceae, the terminal-like tissue was seen, but unclear (Photo 27).
In the other tree species, the terminal-like tissue was rarely seen.

It was considered that these results of morphological changes of the surrounding tissue of pith
flecks and of cell wall thickness of the parenchymatous cells composing pith fleck, indicated the
characteristics of tree species for wounding caused by cambium miners.



Photo 1.

Photo 2.
Photo 3.
Photo 4.
Photo 5.
Photo 6.

Photo 7.

Photo 8.

Photo 9.
Photo 10.
Photo 11.
Photo 12.
Photo 13.

Photo 14.

Photo 15.

Photo 16.

Photo 17.

Photo 18.

Photo 19.
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Explanation of photographs

Transverse section of Prunus maximowiczii. Gum-like deposits are seen around pith
fleck. Outline of pith fleck is stripe-shaped. x 74.

Transverse section of Salix hultenii var. angustifolia. Note the occurrence of tyloses
(T) around pith fleck. Outline of pith fleck is slightly swollen stripe-shaped or
semilunar. X 74.

Transverse section of Befula maximowicziana. Terminal-like tissue (large arrows) is
seen on both sides of pith fleck. Note several lumps (small arrows) within pith fleck.
Qutline of pith fleck is irregular circle. x37. '

Transverse section of Pterocarya rhoifolia. Terminal-like tissue (arrows) is seen on
both sides of pith fleck. Outline of pith fleck is semilunar. x37.

Transverse section of Vitis coignetiaze. Outline of pith fleck is stripe-shaped. x37.
Transverse section of Fraxinus mandshurica var. japonica. Qutline of pith fleck is
irregular circle. x93. ‘

Transverse section of Pterocarya rhoifolia. Note lump (arrow) within pith fleck, and
substances separated on inside edge of fleck, or among traumatic parenchymatous cells
composing the fleck. x370. ) ' :
Transverse section of Betula maximowicziana. Parenchymatous cells composing pith
fleck are mainly thick-walled. Note lump (large arrow) within pith fleck, and sub-
stances (small arrows) well-stained with safranin within parenchymatous cells compos-
ing the fleck. x370.

Transverse section of Acer mono. Parenchymatous cells composing pith fleck are
about moderate in terms of cell wall thickness. A parenchymatous cell is found also
in vessel within adjacent tissue (pith side) of pith fleck. x370.

Transverse section of Zanthoxylum piperitum. Parenchymatous cells composing pith
fleck are thin-walled. Numerous starch grains (arrows) are seen. x 370.

Transverse section of Prunus maximowiczii. Parenchymatous cells composing pith
fleck are round and uniform in size and shape. Uniform deposits (small arrows) are
found within parenchymatous cells. Gum-like deposits (G) are seen around pith fleck.
Large arrows show septum-like substances. x370.

Transverse section of Prunus ssiori. Parenchymatous cells composing pith fleck
include larger cells without deposits. X 370.

Transverse section of Vitis coignetiae. Parenchymatous cells composing pith fleck
are about moderate in terms of cell wall thickness. Note substances (arrows) well
-stained with safranin within parenchymatous cells composing the fleck. % 185.
Transverse section of Salix sachalinensis. Some starch grains (arrows) are seen
within parenchymatous cells. Tyloses (T) are found in vessel within adjacent tissue
(pith side) of pith fleck. x370.

Tangential section of Betula platyphylla var. japonica. Note axial succession of
several lumps (arrows) within pith fleck. x93.

Transverse section of Acer mono. Note severe disorganization of cell arrangement
in adjacent tissue (bark side) of pith fleck. Wood fibers and vessels are oriented
tangentially in this area. Arrows show septum-like substances. x93.

Radial section of Juglans atlanthifolia. Note wavy disorganization of cell arrange-
ment in adjacent tissue (bark side) of pith fleck, and septum-like substances (arrows)
sharply separated fleck from adjacent tissue on inside edge (pith side) of fleck. x37.
Tangential section of Juglans ailanthifolia. This section was obtained from adjacent
tissue (bark side) of pith fleck. Note whirled cell arrangement, and vessel (arrow) with
round shape. x93.

Tangential section of Acer mono. This section was obtained from adjacent tissue
(bark side) of pith fleck. Note whirled cell arrangement. Heavy bending of vessels
occurs. X93.



Photo 20.

Photo 21.

Photo 22.

Photo 23.

Photo 24.

Photo 25.

Photo 26.

Photo 27.

Photo 28.

Photo 29.

Photo 30.

Photo 31.

Photo 32.

Photo 33.
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Tangential section of Acer mono showing whirled cell arrangement. This section was
obtained from adjacent tissue (bark side) of pith fleck. Note heavy bending of vessels,
intervascular contact through radial wall of vessel, and occurrence of short vessel
elements. x93.

Transverse section of Prunus ssiori showing tangential arrangement of vessel in
adjacent tissue (bark side) of pith fleck. x37.

Tangential section of Pterocarya rhoifolia. This section was obtained from adjacent
tissue (bark side) of pith fleck. Note slight bending of vessels, and occurrence of short
vessel elements. x93. _

Tangential section of Prunus maximowiczii . This section was obtained from adja-
cent tissue (bark side) of pith fleck. Parenchymatous cells composing pith fleck are
seen at lower side of photo. Note occurrence of short vessel elements, and gum-like
deposits (G) in vessel. x185.

Transverse section of Salix sachalinensis showing occurrence of intercellular space
-like structure. Enlargement of Photo 29. This area is situated in adjacent tissue
(tangentially outside) of pith fleck. x 370

Transverse section of Vitis coignetiae showing occurrence of intercellular space-like
structure (arrows) in adjacent tissue (pith side) of pith fleck. x 370

Transverse section of Betula ermanii showing terminal-like tissue. Morphological
change of this tissue toward bark side is relatively sudden. x185.

Transverse section of Salix sachalinensis showing terminal-like tissue. Mor-
phological change of this tissue toward bark side is relatively loose. x185.
Transverse section of Salix integra showing the occurrence of tyloses (arrows) in
adjacent tissue (tangentially outside) of pith fleck. Pith fleck is located at right side. x
185.

Transverse section of Salix sachalinensis. Note occurrence of intercellular space-like
structure (large arrows) and parenchyma-like tissue (small arrows) in adjacent tissue
(tangentially outside) of pith fleck. x93.

Enlargement of Photo 29 showing intercellular space-like structure (large arrow) and
parenchyma-like tissue (small arrows). x370.

Transverse section of Betula maximowicziana. Two pith flecks uniting. x19.

Axial succesive section of Photo 31. Judging from relative positions of small pith
flecks, this photo is reversed from right to left. Note remaining effects after dis-
appearance of large pith fleck. x19.

Enlargement of Photo 32 showing area of disappearance of large pith fleck. Several
lumps of parenchymatous cells are seen in this area. x93.
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