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Fig. 2. sl RHRIUAR
Sampling of an outer layer of Egonoki (Styrax japonicus) on June 27, 2012 in Kyoto

2a: FARHRHOR DR O B BE & 0K 2 $REUNTIE (2d)s 2b: 3R 1 (2¢) B X UKL 2 (2d) OFFHUTIE, 2¢: 3R L0 [if4F
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2a: Bark-stripped stem of the sampling tree and one of the sampling positions (2d: Sam-ple-2).

2b: Sampling positions of Sample-1 (2c) and Sample-2 (2d).

2c: Sample-1 were punched (7 mm in diameter) out around the boundary between the intact bark (right) and the "regenerated bark”
which seems to have been regenerated after bark-stripping in the previous year (left).

2d: Sample-2 was punched (10 mm in diameter) out around the boundary between the intact bark (left) and the "bark-stripping
surface” seemingly soon after bark-stripping by sika deer (right). The "bark-stripping surface" is supposed to be covered with
translucent material with whitish color and a light green tinge, considering a fresh peeled surface ( » ) in the upper left of the
sampling trace is almost pure white.
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Fig. 3. adFl 1-A: 7R O AREBM DA 1 Yy
Micrographs of xylem side of separated Sample-1-A in
Cross section
3a: Hetifg, 3b: 3a LA —HIFOMICH. 3c: Mo T¥4%,
P& 3a DR & A —HHEF, Vi EE EER
3a: Ordinary light micrograph. The outermost layer on the
separated xylem-side of Sample-1-A is a developing-xylem-
tissue with a wider primary-wall-zone (range of double-
headed arrow) and without a cambial zone.
3b: Polarized-light micrograph of the same field as 3a showing
bright xylem elements with secondary wall development and
a dark primary wall zone (range of double-headed arrow).
3c: Phase-contrast micrograph including the same frame as
3a showing extremely thin-walled xylem elements in the
primary wall zone (range of double-headed arrow).
V: Vessel.
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Fig. 4. ik} 1-B: sk URt O R B SR T T by
Micrographs of bark side of separated Sample-1-B in
Cross section
da: Fet1ff, 4b: da L [F— BB O RICG. 4c (AiH G,
Ca: TERE T
4a: Ordinary light micrograph. The innermost surface on the
separated bark-side of Sample-1-B was a rather wider layer
of thin-walled-cells, presumably composed of a cambial
zone and a developing phloem.
4b: Polarized-light micrograph of the same field as 4a, showing
weakly birefringent phloem elements including some
elements with secondary wall development and a dark
primary wall zone (range of double-headed arrow).
4c: Phase-contrast micrograph, showing thin-walled phloem
elements and developing phloem and xylem elements in the
primary wall zone with a cambial zone between them (range
of double-headed arrow).
Ca: cambial zone.
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BRA T ARHRHERE I RIS D > TIRAICHEL 2> T
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P DX YT 5 N TV Tz (Fig. 6). AR OHICIE, BO
WCROEINEZNEYTREIN, FLIRFET. FLH
TIEHE S HAZMEOEAEH O (Fig. 6b and 6¢). T N
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Fig. 5. ad k¥ 2: F X FHZM & VR T FH RO A 115 Y)
B
Micrographs of Sample-2, soon after bark-stripping,
in cross section
5a: Heft{%, 5b: 5a & [A—MHEFOMIEE. 5c: Ik BT
FHONAEGR, V: EEER
5a: Ordinary light micrograph. The current year growth ring
(arrow: growth ring boundary) in Sample-2 was apparently
narrower than that in Sample-1-A (compare with Fig. 5a and
Fig. 7a).
5b: Polarized-light micrograph of the same field as 5a.
5c: Phase-contrast micrograph showing that the outermost part
of Sample-2 was composed of developing xylem elements in
1 to 2-cell-layers with primary walls.
V: Vessel.

THEE DM & AR IC JERE DRI Z N ZE N OAIIE DXL
LT BIEN SEFROM 2K L THE 0., IV I
WeEZOND, VI EENS )V T B E THORE
THb,

JEE & O NSNS R Tdb B, TSR 2 KRk 3~ 2 Al
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g—T, MBI (EEBIAINE ) & EA TR OM
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[EEEDMMMAMN LD & HEIREBLH L TV, mifERICE
RE NN TH BRI HeEN S %,

SR R 3R B2 K O SMATT, FERIIID A DMFIES %, 4t
B DOJE X IR & IZIFER CRETH - 7o WIS
FALLL 72/ DS B B e b, IRYESR T % W /&
BT £ o TR D U B BE S L T Wiz (Fig. 6b and
6C)e T DIE & A L DOMNEANE FZ THaklh & 7z AEREAE D
fifa e Bonih, WEgE T2 < AR 2HEh 2 < H
U, NEIE EZALDHEVWDD >z, ZTITEAY
L LA RHBBIRE Niah - Te. FIEERICEINCHRR
MEEEIN, ZORSERMIRO—ENS5AZ7 L LA BN
Hobd Baiic. FENEINICHEL TRt hizl &
MR E NS,

R R DIRAVEICIE, IBEOICREI N, BNTV SN
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Fig. 6a DI R O TH O, NI O E
EFRIkDOMEESN N SN, BERETRKFEOAZ L LA F
IVEUE LTz (Fig. 6a, » )o FMET R DAL IZ—FIC
JA R V5L > TS, SR NI I Rz I3 E S s o
Too TR LIERRE L E 2 DN HARBE (Fig. 6b) 12 1
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B 2R e UTHIE L B0 RSN 5,
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. FTE Y W) D AR L B AR iR O 13 2 O iE I,
RRKETHAZ M T TEMEH O A DL D - 7=
(Fig. 7Tb and 7¢)o ZD 5 B L{HDOZRAMMIIE, DKL L
Tl 7 I AR A U A & RS U 7o BRI AT L 724t
BaRFEt. ZOIKFREC IS G ML & AR/ MEO B
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campanulatus) ( Bix_E 5 2021), = X (Cornus controversa)
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B XU Itoh et al. (2022 onwards) IZHEDE, MLz, &
ST, HIEAREER « HIBZRAK - RGP HREHEN
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NS NREOILLEER 13 fie 2 J§ Z R Z 7z (Table
1), 4~ X X J& (Viburnum spp.) (Akashi and Nakashizuka
1999) « FF /1< R (Sorbus commixta) (3 5 2008) «+ <
> 7 (Hamamelis japonica) ( % H 5 2008) « ./ U 7 Y
F (Hydrangea paniculata) ( BI#R - {5 1992) - 7 m €Y
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Fig. 6. il 1-B: BifE DR A HBIHE L7 L DN 2 OAR Ty

Micrographs of bark side of separated Sample-1-B in cross section showing the regenerated bark after the previous

year's bark-stripping and the boundary to intact bark.

6a: FAER K2 & Z DA D I A R A B/ INHARIR BSA A DR D Ly DR, 6b: 6a DESIHEK, 6c: 6b & [Al—HIEF

DG, »: A7 L LA R

6a: Ordinary light micrograph of the regenerated bark and the overhanging part of wound-healing tissue from intact bark on the
right end. The regenerated bark consisted of an inner bark and an outer bark isolated by the periderm (arrow). Depending on the
difference in staining concentration, the inner bark is further divided into an inner layer and an outer layer where large sclereids

( » ) are scattered, characterized by very thick walls.

6b: Partial enlargement of 6a, but developing zone (broken line) is not clearly visible.
6¢: Polarized-light micrograph of the same field as 6b. The elements in the outer bark are conspicuously brighter than those in the

inner bark.
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(Lindera umbellata) ({//4#7 5 2018) - 7w U 7 A€ FF
(llex geniculata) ( BAAR - {/:7#% 1992, Akashi and Nakashizuka
1999, £ 5 2008) + 7 ¥ / X A& (Cornus macrophylla)
(% 5 2018) « J1F 2~ F ./ F (Lindera erythrocarpa) ( 77
B 5 2018) « 7 713 (Quercus glauca) ({i[% 5 2018) « X
71/ X (Gamblea innovans) ({f[#f 5 2018) - L1 N /Y
1) 735 (Euonymus macropterus) ( BIAR < fEE 1992) « 71
7@ (Acer spp.) (BEAR - £k 1992, S£H 5 2008) + 7 F X
% (Fraxinus lanuginosa) ( P91R - {iifk 1992, Z5H 5 2008) -
A K ¥ A (Castanopsis sieboldii subsp. sieboldii) ( 7] & 5
2018) * ¥ & 7 )L (Rhus ambigua) ( BAAR « 7% 1992), £
R PR L. NVREE OBMILM IR T, IR D
LI (3 HEMEIRLAT ) F IR M Ak 2 KD & & hvtt
WURME LTHEHE NS, —/. BT,
BREOBIE G X 7ot e iAol & @ U 72Kz 5 -
TV,

PRFERIR~ TR OIS TR DR Z R DAM T,

78. 500 um
=
FHR
7b
Q %@ﬁ
7b 7d
A
A
50 pm 50 pm
A
A
w

TR AEE & BfRE < BRTmic b L
it UCHEEE L TR BUE S NICHEH TIITERE & H
OB ZEM L TVWD EEZ DT ENTE D, KR
HMEHICBOTE, B O sl i Rl e N 1
T HEMEZHE L TVBETTHD,

4.8 %%

41 1EE@MEETDOAHIVA (Surface callus) DFEEITL D
EEDBE

BREIC K o TR DRI & T2 kR D R 12 oD P 7
o T OWFZEHS (B S 2021) TH . —RINICIEZ

OFNUTHER T, HEZZT TORWEFOEKED
MU, #ERMNEE-> TEESN S LBl T
W5, BERE (% 2011) Ich, TRAREOGE, - - -
Bz22 b & O RETEINC X 43 (%%%ii\%l) »

ZVEFEE S T I K> THEIT %, - —RICHME
IETIE. MIEBTEFRIE U, FrEH D 25 Hﬂ%“‘ﬂ%%
I XSITEROHLTL %, - < SMECTE L 72550
REE DML 5755 1)L A (callus) fﬁﬂ%‘é‘ib‘ﬁﬁﬁiéﬂ
B0 NIVAILKXONGNSRTOEND &, AKORERRE
ENSRBHMPEREINEESICKED « « « | &b
TNTWVB, LML, RIRICBI 23/ FORHER
EIBOBAMBIBIE TIE, A S DR Rz MK S PR R Rz D
SO/ NI B DTH D (Fig. 6). BIETE A 1X34 K2
BHEOEYEH A 5N 2/NHIRG REHEENERE N
M (Fig. 7). BHHDZES X5 IHEO L TL 2844
SOV G R I NI o Teizd, —REEIARE

Fig. 7. adfl 1-A (STBIEARTR ) AR Yy
Micrographs of xylem side of separated Sample-1-A in
Cross section.

Ta I AV E 35 K OHTE E TR BRI O R lg, Tb: 7a DI
YRR, FEHE LTI OE (» ). 7d: 7Ta DL,
2 U T- R (S ). 7cand 7e: TNZFN 7b & 7d
DA—HBFORIEG. 7F 7Ta DIFHILKR. Te DU HED
S T RBEDOARIHERE, RC5R.

7a: Ordinary light micrograph of growth rings of the current and
the previous years (arrow: growth ring boundary) showing
the locations of abnormal tissues locating approximately in
the same relative position within the annual growth ring.

7b: Partial enlargement of 7a. Axial parenchyma cell slightly
expanded and deformed ( » ) is apparently fusing with a ray
parenchyma cell and shows dense, small simple pits in the
horizontal wall, and forming part of traumatic parenchyma.

7c and 7e: Polarized-light micrographs of the same field as 7b

and 7d, respectively.

7d: Partial enlargement of 7a. Deformed thin-walled cell ( 5 ).

7e: Deformed thin-walled cell ( ¥¢ ) shows one narrow distinct
bright layer indicating the S, layer.

7f: Partial enlargement of 7a. A cluster of fibers with anomalous
secondary walls having rather bright S, layer in polarized
light indicating a rather flat-helixed microfibrillar orientation,
near by the deformed thin-walled cell (5% ) in 7e.
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P15 IR CIIE E O A Z B T E R0,

R D MG I IS U Te A BRI K 25 FAHRR DT Bk
WAR LB RE O A BRI DWW T, Larson (1994) A%,
Larix decidua & Picea abies (D555 i 7 FEAINC BEA B
%217z Bangerter (1983) O AEm X 25 I H L TRD K H I
LT3, §7abb, MEICKBEFDEREL D
FERE B & ORI ORI EN., IR BRI 5
Mg 2 U TR INCHRR U, 1ERMila » H T
INVARKIZE T S5, D%, IV ARKEOHT
i il sk DRl O HENHE U, JERED
HAET 5, 5T, FEEAEIME DR OB
DIEHSE &dERi U, SMEOHROANEHER L, RN
Bt BFEE LT EFIERER LS T %,

LU, FEEES U IEARER Ly D Bk Y 5 2 7 52
FRWIREETH NI, BIARIC K SHRWT, EFEHEE
TDAIVA (surface callus) DIEKE D &5 BIGH 200
FERTH SHSN TS (Strobbe et al. 2002), T DIRODH
Rk DI E L 2 X 7z Strobbe 5 (2002) (. 6 H i< Tilia
sp. DRFEZ (10 em?) ZHIF L, BREAOR) TF L U BETH
L. 1~ 16 B1ZICH 1 om A O/ N EURZ BRI L | [E5E -
W LUT, JBE 6 um DU B BEMBI IR Uiz, %
OFEHR, HEL % DA Z ISR NI HREE LT Tz hi

4

Jive— |

R

LRSI U, R > To— REET OAES
AR ( FIT AR DAL ) ORI 2T AV AW
RENT Wz, FOBITHDN T, —REER OAREH
Rl Hokd 2 IV ADNT TIEENEE LTz 8 ERL
TW5%, F7-. Liand Cui (1988) i, Rz HlyTmic 1 ~
2 m 252K Uz b F 2 (Eucommia ulmoides) Tld,
B U 7o RBERER (RRIC. G R E NS ) 5
VAR U, Z DOTEB (ARG ) ISR DI KE A7
fkdaZzmBLTWVS, lRES (2021) &, =Kk>Y
11 DH B E TR O AHE XN TE KO/
PEETLZYSY RIX VOB E, HEEBEDKRD
8 HICAHRI Z I L., HIE BEFHORmATICIE, Al
RIS, MM OEAER, THE SN T
Mkt U7z il 24t ., GF R ZTE K L CE R
BIEIERMNME O TZAS R, @E ORI b iz &K
E LTW3, BED (2021) O [HI & Nz A0 &
fhEE - - - B2z f Lic/NMETEA O LM 75 i
LTHED « « - HEINRIEREINMETHE &
HEPTE S, LOBSIEREERIT, BELEAKTDOH
JUA (surface callus) HH THEAUBMEA T % 51 Tld Strobbe
5 (2002) X T Li and Cui (1988) &HmL TW3, 7272
L. BT REOEALE D 71V A DAV )T DR E L4 T

Table 1. Rz H/E kiRl s K THREMMERF RS R D AR AR

Wood anatomical features of bark-regenerating species and some deer-favorite tree species

HEEER
s 4 B (um) FAHH%
common name botanical name porosity vessel axial parenchyma
diameter
g Vav7y Clethra barbinervis Bl <50 ERIR
R 2ASS Stewartia pseudocamellia AL 50 ~ 100 FFERLIR
& g I AF Cornus controversa p MLYE 50 ~100 da T N
£ 2 lime tree Tilia sp. HALFE 50 ~ 100 TR
s hFav Eucommia ulmoides HALME <50 FHERR
% Zé), To/F Styrax japonicus Sl 50 ~ 100 PENHR
£ Yo RoRY Enkianthus campanulat p FEHLIE nb IR
E panulatus SR-D (HGLHE) < 50 PenmIk
AR AR Viburnum spp. Bl <50 TEHERLIR
FFATR Sorbus commixta HHLE <50 da JEHERLIR
<UYY Hamamelis japonica HELE <50 LN
YAPYNES Hydrangea paniculata WL <50 Fiti P BUE
A=E Lindera umbellata D ®HLHE <50 P e
8 7UUYURAERSE llexgeniculata WAL <50 b PeERR
- g IX/IXF Cornus macrophylla AL 50 ~ 100 TR
e HIUF/F Lindera erythrocarpa BHLPE 50 ~ 100 d-c TN B~ A 3K
%5 7oAY Quercus glauca HALE 100 ~ 200 nb e arik
WS &) /YR Gamblea innovans SR EEILIE <50 OO T
§ v )N/ 1N Euonymus macropterus BELE <50 rare EbDTH
HIFIE Acer spp. D witme  <s0 s, Ap-like F bands %&%ﬁ b%’"ﬁ%ﬁ
TARE Fraxinus lanuginosa B 100 ~ 200 a-c ﬁgé%
ARIA Castanopsis sieboldii subsp. sieboldii RO BHLME 100 ~ 200 nb Pk
VS I Rhus ambigua ERALIE > 200 Vs JEPEIR

D: diffuse porous, SR: semi-ring porous, R: ring porous

d: diffuse, da: diffuse-in-aggregates, nb; narrow band, sp: scanty paratracheal, c: confluent, Ap-like F bands: parenchyma-like fibre

bands, a: aliform, vs: vasicentric

Foy
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HBETBHET, TNNHIVADNI & T % Liand Cui
(1988) ¥ K U Strobbe 5 (2002) & id¥7x 3,

42 R BEREDDOKE

Strobbe 5 (2002) D 15 E i £ 1Ak T D 1)V A (surface
callus) I X A EEHAE DR TIX, HEERICTET
ZHE - REL TV 5, BURFIEZICIZIZICHE D ORI
ZEAETEZ T2 TEH, (HHAD TREEN L
TN (Liand Cui 1988), LA L., ¥ HIC K BHEEBER
W NANREEMENCEI D ST, BRERHET S
BIFENY % %, Strobbe 5 (2002) HHAS TS % 200 4ERTH 5 A1
ENTWVREEmEATDHIVA (surface callus) DIEK
E[ARRIC NBNWE T - Tz 8 b s,

AWMZROTI / FORE T, 6 A 27 HOERHURICH
BEESME RV &R Uik 2 o4 R by #HT
fE T BRI RO U EEHOABTH -
Too WERL CEMEZHETZILHED F 27 TR,
HIZ 72 5 RIENHL 1% 24 FEREILINICTERE NS T &
MRS ENTWA (Liand Cui 1988), T/ F DK TE .
HEEHOERIC, HEBHENDOKIET, REBH O RN
RIMICFH L U 7e—REEH OIS 5 77 & N7z
OYEIC X D HHICHE S NI LI NG, 5%D
M- AEICKD, EOREMEDNED XK S GHIFEICH
KT ZHODHSNTIES T 2T %,

4.3. FERB DBERICTR B EEHEBDEDS

EEHR 2R TD IV A (surface callus) DSARE ML D
—REEFOHICHE L T, Z DAV ARICIERE D B
T % L DIREHZHEZ L7 Strobbe 5 (2002) (&, {5ERFIC
BHEDARE & H AR ORNCIZE & A& DOFIflah - KEE
R OISR BB O . HIRE LTHD .,
T DR M DOFLH) % £ o TR S FRF O AR b
DONEICH 2 Ll LT3, B L5 (2021) & [AFRIC,
Rtz SR U T2 SR D AR T2 ORISR B A 5
MOGHEEZF T &) ZRd 5 TEEZMM OF
RS L T3,

AWFED T I/ F DD BFHRITHL 2 4
0L (UK 1-A D BEARTER ) OBISTIE. AIHFEICIEK
ENTAREBITIE BRI HRRIC i 3 2 5 Tk 2
B TE AR o, RATCIX. 2 LI ZMiaie, 2
& U 7 dREMIIL Z U C B /e REE 2 R D ARREHERE D R
HENTz, TS OB - M. N ORI
MEMZEFR CTH O, alf 1-A (HEARE ) DFEED K
BINCO A KB HEBEZZT T OHEIAIEL
AU, mTEO R EFICHIG U G EHMOEY TH
LAHEMENEZ NS, L L. NEEOTMEED 5 7%
2NV AE L IZEEFMME NS HEEHKRE E8 T
%o Flz. HEBEFRHSAKRE AT D > THITIEER KL
il E N MiE A, Strobbe 5 (2002) B _E 5 (2021)
MG R ORI AT ONEICBIZ L RAlah 575 %

JEIRDOFEH TIE /A<, ML L7z LIEDHIETH - 7 FD
BISRERIE, 13 & A8 DIRNL TR BF ORI Z 321
TE ML ORI IER I bz ki Lz T & &R
BLTWV3,

4.4, BEF RS DA RS F AR

IEH 72 TG B8 ORRIE R B IR A U 7o e DS RS
Wb d 2D, REEAFTDO—REEFICE N T TH S
EEZONG, [ AARGRE (X, IMEEE ORELM B
T, ERHRE W LI (3 MIIIELL R ) AR DA R
M Z RO T &Gl U e KM AR ThH b, Z
D &K 5 HIATRAFRIC BV TR T 9 5 BERR IR 2 HERR
I B M. daEAEAD S OIREER R —
REEFC BTG mZlaAOMeEm DT 5 %
Zkicixs,

Strobbe 5 (2002) I KUK, HIEEERICHILN 2 THE
JHS B DIFE & A EMRIMEDAREHALTH D, Schmitt
5 (2016) 1. MEEHmEATOHIVA (surface callus) ZTE
KT % T Dt BEGRTHREME. S RBEZ R TR0
L OAES - MRS K O SRE M O K2 (b AT
MERKCTES T ETHB | Ll LT3, A%
DX d/F T, HEEFERICKRIB LR O—REER O
KL DHIFA N RARRICTHK > TWeZ &b, B
DJETHE S NI=Z N5 OMIEh 5 Hi iz 5 TE 8D I
bLIz e RET 2T LIEZUTH A 5, HERBFRICHK >
c—REER OMIFIE AR b U < Wl 1 Z e~ o 5y
LG DT BN TH O i D K g
HWCEMAMICEZ Dbk L TEELTMET S L5
I, FNDS ORI K B E ORIl 2 TR RRE )R
MR ORI X N, EAE & ARk U 7z kR 2 &
IR LT, TR EZ R T 2 nRettzE5 22 T &
MWTE %,

BEMB RS s & Ol (&, AHARAM B oe =, Uk
Py E eSS d5 K OAEI IS i O i i i 72 5 T U Tz
HiC R Dr. Pieter Baas (Naturalis Biodiversity Center and
Leiden University, The Netherlands) iZ & %, #c L CRE&H D
BRI B,
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Anatomy of bark and xylem of Egonoki (Styrax japonicus)
suffering from bark-stripping by sika deer

Tomoyuki FUJIIY"

Abstract

Bark-stripping by sika deer has often been reported to lead to high tree mortality. Only few species were
reported to survive heavy bark-stripping. Here | report on bark recovery in Egonoki (Styrax japonicus), and discuss
anatomical features related to successful bark recovery. The regenerated outer layer of a stem after bark-stripping
in the previous year was investigated. The regenerated bark consisted of an inner bark and an outer bark segmented
by a periderm. The innermost surface on the separated bark-side sample was a rather wider layer of thin-walled-
cells, presumably composed of cambial zone and developing phloem. The outermost layer on the separated xylem-
side was a developing-xylem-tissue with a wider primary-wall-zone but no apparent cambium remaining. Traumatic
tissue was observed only as small traces in the previous-year’s growth ring. In contrast, primary-wall-developing
xylem elements were only in 1 to 2-cell-layers remaining on the outermost surface of the stem soon after bark-
stripping, and was covered with a translucent substance. Interestingly, wood anatomical features common to tree
species that can survive heavy bark-stripping by deer are “apotracheal axial parenchyma in tangential to oblique
lines or in narrow bands” and “diffuse-porosity with narrow-diameter vessels”. Cambium can be regenerated within
a surface callus formed over the entire wound area for some species. Although traumatic parenchyma zone was
not formed in Egonoki, wound cambium may regenerate similarly. The fact that axial parenchyma cells can form a
more-or-less continuous tangential plane just like a cambium leads to the speculation that cells differentiating into
axial parenchyma cells under the covering substance can be reprogrammed (dedifferentiated) into meristematic
cells, comparable to cambial initials, by the stimulation of bark-stripping.

Key words : regenerated bark, axial parenchyma, cambium, surface callus
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