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£ dAFolM e e 7150 A5 s AXNFQ] SHUR(Camellia japonica Linne)2} F-AA}
T (Castanopsis cuspidata var. sieboldii Nakai)ol] T3t @AS}E0] 9 Fe|HLFo17 EAL glogH|o| A5}
skt AR Y] FEjsha] A= SHASHE 7H (identification) &) 523t 4] 8 Ax(criteria) 2 S-8-¥|H 3}
A BFTO) v FF-Z 58 Hoh st ALE AFE 7HestA g o s - E 25 |Ayst
2 2TAI A BEAE ARgsto] Fatdn| A B4 o] == gl o w (TR 25 JRA, ARV 25
WA, 2 Z == (equatorial-oblique view)E 7|F2.2 x1,0008&0l| A sHE2] Fel(shape, P/E ratio), 2
7)(size), EHFE|(ornamentation), 2]¥ %7 (wall thickness), 2] (exine structure), ST+ (apertures)
o= S5t 2 A7 AR tE FHAEY ARE AT A0, 55 YAGE R AV E &
HE L 52 ZF A Gujrt thas Ao|atA e, £3) e dehA| oA Y5t FuhR e FAZRUR
9] -2 F7|HojA] ThE FHITo| v|F] A1 {2 BEHAE 717 waka] shEe] FEF E o] 2|2 H
EE A aQlol S L=AE EARIE avt vt FF 5T AR AR ] whet A 9IS
sto] U o2 A Fol A 27HAQ1 AASHE Y] FEiEhE Q1 v AS 423 T A olct. o7t B4 7|5k 2}
R 3 EE Gt A9 o) Z2A| B A W e ATl f-851A &8 Ao YZrEt

FR01: AYshE, MR FEEH B4, 7150 AXF

Eunmi Lee, Sangheon Yi, Kyoung-nam Jo and Yongmi Kim, 2017, Modern pollen morphological taxonomic
characteristics of climate-sensitive species in Korean Peninsula. Journal of the Geological Society of
Korea. v. 53, no. 6, p. 833-844

ABSTRACT: An identification of species level in Quaternary pollen analysis is strongly requested to reconstruct
more reliable vegetation history. The precise morphological analysis of the modern pollen plays an important role
to taxonomically identify the fossil pollen grains. We here have built the database of detailed pollen morphological
taxonomic characteristics of climate-sensitive species such as Camellia japonica Linne and Castanopsis cuspidata
var. sieboldii Nakai from the mother plants in the southern part of the Korean Peninsula. We quantitatively analyzed
all diagnostic features including shape, size, ornamentation, wall thickness, aperture and so on by Light Microscope (LM)
and Scanning Electron Microscope (SEM) observation. 25 pollen grains of each 2 species were morphologically
analyzed in the equatorial view. Especially pollen size of Camellia japonica Linne and Castanopsis cuspidata var.
sieboldii Nakai in this study area are a larger and a wider size range than that of these taxa from the neighbor countries.
In the future, it will be necessary to carry out the morphological comparative analysis of additional modern pollen
in different areas of South Korea under the same experimental procedure to figure out whether pollen morphological
features are affected by geographical or environmental factors even in the homogeneous species. The results can
help to improve an accuracy of palynomorph analysis enabling the species-level identification. Therefore, more
reliable reconstruction of paleo-vegetation change and climate history based on species-level palynomorph
analysis could be conducted from the Holocene sediments of the southern part of South Korea.

' Corresponding author: +82-42-868-3135, E-mail: shyi@kigam.re.kr
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ZA SRS WA o] ARt 222 &Y (spor-
opollenin, CooH142027) 0|2 B3-7-7]12 ZAA=Z K]
Qo] A& U BEo| £o3lth(Brooks and Show,
1978). Wby HEZomne 224 5o 27
248 A A4 9 71550 F-83 XA RKproxy)
2949 & k. S8, ERek BN 519 F
9 (species-level) ¢] 7 (identification)2 3L
e AmE AhEste] Ho A4 e 1A
A4 9 7|5} RS AR 5 9tk o] 97t
AERLe] Yes ATl BB 40 Fa
3t 4 8 Ax(criteria) 2 S-8-E|1 344X 159 H
3 FE5S o Hoh At Ui A T
a7 g,

B AFoIAE S ek Mele) 3 B
A Eke) A4 9 7158 Belska s o vot
7H 3R 99 7|EHste] mE AEEdeEY &
AN oL A TA BTk o2 98] B
AAA L ATHO FaAd "R 71 EAE 2§
gk 3k oAt 11 AT 7] E=A 71%-A
£ B4 B A Aoz ke el
$4 GG o 8170 AFmo] HAES
St webd B R4 29 aste)
FehR R 242 ekl 3 A B 9
gt AR AL EA, A2 Aoe FF g A9
o] Zoj |2 g o] SAIsHE BAJo] BHEetnA Tk,

AR C = Figt Aol ASA7IE @AY
Y] S % 885(1067) A1R)S Ak of
Fhed 71U AERAS ANF SR
(Camellia japonica Linne), F-AARIE(Castanopsis
cuspidata var. sieboldii Nakai) 2o i3t 3t& &
€83 EX(morphological characteristics)= ©]©]
el g} shgitt, S skt Westd Ams 1
22 AESAE0| o3 vhEolXl YR S
(¢, Chang and Rim, 1979; Chang, 1986)5-°l] =3t

Ew, o] 3 AAIGE FE|H £ Fol 7leHA &
o} Uzt AR A o &30l & ol B
o] ick.
wEba] & Aol A= SRR Addt vl
AR S 2% FEjERSHE §4 5ol B ARE
A o2 A8t} gt} o]F S8l AF7HA ¢
AR od 3 AxFE0) distq T 99 &
o7 2ol Zhsela o= A 5 Aul7 BT ol
£ 7Jiko 2 o AHolel 7 s B ee] AFE
£ %9 % e Ao v,
2. X g Hi
2.1 SR U201 ASEso MEEx §M
Shte 9 AQEZE FA4 1) Fafiehe ot
EE5HL Qe d_2d ASEASY, 2) EE 1
AR ot A F4d, 3) 1)32) Abo] 2o ¥
gYd VAR FET 5 Qok(Yim, 1977b). A
TFA G &t FRA Y et ASEFrE
< 591 36° o], 57 126°~128° Ato]of JFH o
Folieh AFE, 5% 5 2 BAAY E §ehkl
A AbHol| Fazskal Qv A4S He] F ok
o= A7} Z7Fatel ufet 245H(Choi, 2012)
2 97} okl me} g w7 Algkoln, A
| 7hs e S alE R Wolkith. EH ST HS
9] T 32 A Hol et & Zpol & HojEeh W
oA daliet A FoA F thFdol &2 wH,
AR A A= AT S5 =N 7HE *2
S o] BxgtcH(Koo et al., 2001; Choi, 2012).
T o] 2335k Ql5te] et A=Y
0] A E o AR FEa Qick o7
3= AFH R A5staL oy 7| F AT A
WS Eo]7] f1RE A7 27| ohekRt EokollA &
5] A= @it} Yun ef al. (2011)2 G20 A4
S, B2 JFE FE= 71T 802 R
£ =01, I FollA = F3hd A 7](TMC,
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mean minimum temperature of the coldest month)©]
z9 goloz 2-g3itin B 1ElIrHPark, 2016).
Zra0lo 2= EATEHPRW, winter precipitation)
BotE 35HAI733F(PRS, summer precipitation)©]
o 27 2881 Koo et al. (2001) ] Q72 3ol
HE B2o] 29 A2 A8l JE 0 B 4
B22 gafo] 27 A o) o] S
o] BRL gt Blo] ek B ISRt

TR, FWEE W 14870 713 HSa0 ARE &
g2 28X 4(WI, warmth index)2} 3H=IZ]4=(CI,
coldness index)E A8t Z=A|SH A}, o]F9]
= Y 5709 =8 b A YA)sh= Ak
S B oh(Yim, 1968; Yim and Kira, 1975)(2¥ 1).
o] E3h L= X|43(thermal index)7} $HE= U] &p<d
A E2 5 A4kt Sa83 IS okl 22

Yim, 1968
=
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o 2= 1A FHH(Yim and Kira, 1975). 3], A77]
o9l 2 (warm temperate forest zone) 2] &
Z AA= Y242 -10C -month ko] 52| A} 2+
QA|SHes), ol ALY 29 5 FAR47} T
HhEo] et S Eel4Ee] A2d B2 B
£ FHsioe W BAY 98-S BoETHYim,
1977b). T3k, Koo et al. (2001)9] ALATpol| A=
ShkEo] AASHE Wi g S 2
Ze= 23 7120 F2 g A= AR Y
B, 1712 270219 H#7]2 4C, 14 H+t
A7) -9Colck

=] ASS AL SR Machilus thun-
bergii Siebold & Zucc.), 7V (Cyclobalanopsis
acuta Thunb.), F-ABRIYE (Castanopsis cuspidata
var. sieboldii Nakai), 53U Camellia japonica Linne)

M E: subarctic forest zone

M A: warm temperate forest zone

M D: cool temperate forest, northern zone [
C: cool temperate forest, central zone
M B: cool temperate forest, southern zone Il w100

Bl Wi <55
L wi 55-85
=== WI 85-100

SEEE CI>-10

Fig. 1. Modern Vegetation map of Korea showing closely in correspondence with the thermal zones (modified from

Yim, 1968; Yim and Kira, 1975).
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Table 1. Main plant communities of warm temperate evergreen broad-leaved forest in Korea. DF: Dominant Forest,
F: Forest.

Climate-sensitive
Biological Indicator
Species (National

Korean major plant in
warm temperate evergreen
broad-leaved forest (Choi,

Korean major plant
community (Yang
and Shim, 2007)

Warm temperate evergreen
broad-leaf species in southern
most parts of Korea Peninsula

2012) Institute of Biological (Yim, 1977a)
Resources, 2010)
Machilus thunbergii D.F. Machilus thunbergii Quercus acuta F. Quercus glauca Thunb.,

Q. myrsinaefolia Blume

Castanopsis cuspidata var.  Camellia japonica Castanopsis cuspidata Q. acuta Thunb.,
sieboldii D.F. var. sieboldii F. Castanopsis cuspidata var.
sieboldii Nakai
Cyclobalanopsis acuta D.F  Daphniphyllum Camellia japonica F. Machilus thunbergii Siebold
macropodum and Zucc., Actinodaphne

lancifolia Meissn.

Neolitsea sericea Koidz.,
Cinnamomum camphora Sieb.

Quercus glauca D.F Neolitsea sericea Machilus thunbergii F.

Actinodaphne lancifolia D.F 1lex integra Thunb, Euonymus
fortunei Handel-Mazzetti var.
radicans Rehd., Camellia

Japonica Linne

:*Evergreen broad-leaved tree are selected only among 44 plant taxa
Evergreen broad-leaved forests are selected only among the total 17 major plant communities

SO SAISHA et o] = g wA R o 2
A=A AR ARIRES HRITKYim, 1977b).
ol FELHTHY 2FA e} A4 3he
WOl 747+ 85~180C ‘month, 0~10°C -montho]H,
E3A A = e g Sfete 2 B g vl Qlok
(Kira, 1948). ¥H4 0 2 S22 Bar|&2
AR F 712 11~15C, 3tz -10~-15C ‘month,
AT F 7442k 900~1,500 mmE 2 QK Tatsuo,
1976).

22 715012 MBEXS RAIS ME U MSSN

AAAA 2 FEEHSTH SoIoL 5, &+
ANE, 14, Fomezt 9 dop2)zt 5 2 9
= 30°~40°9] 24 583 d2df 71§ R Yol 2A
Exalal lti(Wang, 1961; Song, 1988). o] 72|
FEO oL 2 A Fof &8h= A2 e
Siok Ao, Y& v o', = B Sl AHe=
F2 FEIEE Canellia), T-AARPSE Castanopsis),
7S Cyclobalanopsis), =3-5-5(Lithocarpus),
=1NLauraceae) 50| £33 HKira, 1945).

3t A G| AA o) A= AEE e
61 13220]tH(Koo, 2001).

HEE ook Ul 2 BEst Qe E
O AESEAs-HY 8 e £ 19 Zh o
29 o= 2010 =/ RYEAFITHNational Institute
of Biological Resources, NIBR)-2 7] 3 3}of| izt
8 A%l 24 Bei7t Bag 1058 271715
HERYEX] 35(CBIS: Climate-sensitive Biological
Indicator Species) 2.2 XA}t A7 |2 =}
A A& 33,253%(NIBR, 2008)< tjato 2 s&x71
(FRT A A BE2GS Hole= F, T4 &7
2 A7 A e F 71T g A
B EE B} BAE /Gl (TEe] &olFt ¥,
MAG7F Ee SRS olF= F), AHE-BA-&
oA F23% F) 59 7S GAEE Hest
gt % 2F At o] 7heH FEhETE A
At B8-S 7H= 7|1 AER R E2A 7MY
2 s T

SR = G2t AE2A SolA e
2 Q2 £EXFS 7 LY =7HR] F3E3TH(Lee
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Table 2. Collection information of modern pollen specimens.

Taxa Collection date

Collection site

Camellia japonica Linne

Castanopsis cuspidata var. sieboldii Nakai

March 22, 2016
May 4, 2016

Yudalsan Botanical Garden, Mokpo
Wando Arboretum

and Choi, 2010). 3F|TF 2|2 7| Euista I8 A
Z ARYEFA |7} AhEe BolT 22 (35°38'N)
(Cultural Heritage Administration, 1962b)j 4] <1
A LAZ =R BAIATKLee and Cho,
2010). 0] <ol BRI} BT HE 2
ARFAA = 27t e SR N T
2T 3t B 2ok (35°11'N) R K Cultural
Heritage Administration, 1962a, 1962¢), &+ 21
AN SRE AR o)A A2 A7} Bl
St (Lee and Choi, 2010).

2 AFoAE Falet A W dides &
0] A5 o] FHA A AL FolA 7| SAIE
24 o] 285 SuREY Machilus thunbergii Siebold
and Zucc.), SHUIF(Camellia japonica Linne), &
ZFX W Cyclobalanopsis acuta Thunb.), -3k}
W(Castanopsis cuspidata var. sieboldii Nakai)&
e FRA Y 7| $AAY AESHS ANFTL
2 AASHATh o] 4F-2 FF Falgt A9 2o
EAES o83t IAFE 74 Al T8 AXNFTL
2 &8stz 3t 2 =wollAe FuuRel
AR 2% tfgt SHERFEE 24 A
ZEERS

23 A= ¥ oy

AR E FABHL(E 2)2 FrE B4 918 10%
S FAREES(NaOH) A1, 52418 sieve),
OFA| EAHES]|(acetolysis), B42-8(dehydration in
Tert-butyl alcohol, TBA)G-2] A¥ +A = Z3P=
oo 7+ el R 3aH A
10% &&= FABIEE WH3-A 2o} o EARRS) T
Ao A= 90°C 2] F&7](warm water bath)of| A 4
£ 5% EA 5L, ot EARE S THA oA = of
M| EAF F42E(CyHOs, acetic anhydride)3} 4
(H2S04, concentrated sulphuric acid)< 912 42
e 2 YE 4~5 mlE =Y 259
24|52 3k 3 (LM) 3 A AL ] 2 (SEM)
S AFgato] Festal 24jo] o|Rolzict. Fekan]

7 TS A% A Al BA| (mounting me-
dium)+= A 2|2 2 Y(silicone oil) 7+ S A|A A=
(glycerin jelly) & AMgslFon AgZ o Bt
A% A3t vhge] 59, 7v] ek (cover glass)
7P el whebe YA (paraffin wax) S A&
TPAF A E 292 FEA- Ao g &
/0] 3ol EnA wE Al AW STHLAEAE &
Zo|H ShE-g thfet Aol A Yshe 791 B
A 54& HEY = = Bl e SRRt gt
Al B4 A A 292 SAI- Ao v
3 2 sF=E 7HA7] wiiol AUd A &
e skt ofEeol Aok mEke 2 A
A= =dAd A BFAIE AR5t Fedn]
7 A4S sk (FHuT: 25 JiA|, st
SRR 25 JRA), 2 A= E(equatorial-oblique
view)& 7|& 202 x1,0008]&0l 4 Felj(shape, P/E
ratio), 37|(size), EHF-L]|(ornamentation), ¥+
7|(wall thickness), €]¥7L2(exine structure), S
T Hapertures) 52 ZH3IcE AR T
22 9Jah A RS U} 28510] HEW(vial)o] TBA
oF 3 Hstlon, o] & 571 5¥(gold coat-
ing)5to] BHA-S A|2F3hgict

3. &A1} g9l E9|

3.1 XABQ Mz 9 32 HEEREE 53

31RO Fefshs] £ =A| =27|(size), Feli(shape),
SrEFH(aperture), 28X (exine structure), ¥
H Y (ornamentation) 5] gloH o]= F5}tE n]
7 Aol SR A, F08 B8 7120 LS
Hrh &4 SRR HEH §4& 11 20 29F
3fof A4 Bhck

3.1.1 Zule

3K Theaceae) FHUT-L3(Camellia)of] 4535}
= WY (Camellia japonica Linne)= =W A=
Y 38 F T R T2 S AR] 9
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AEgshe =0 oF 7 mo AEZ P E(evergreen
broad-leaved shrub)o]tH(NIBR, 2017b). jol=
AYEE SFEeh g ik 4 5ol el o
B, 20| BxgithLee ef al, 2010; NIBR, 2017b).
2 AEEES 7R LA 97HA Rt
YT SR 7IFAREE F A ot
(Ohashi et al., 2006a, 2006b; Chung et al., 2011).
F 25700 gt Fuivhre] ShE FejehE] &
A 23}, 37 SHoE doln i olth (2
g 2). 45 == P (polar axis)T A== E (equa-
torial axis) Zo]= Z+Z} 36.3~55.4 (47.5+4.57) ym
x 34.0~45.5 (39.6+3.27) um=, S5o] T7|2k Fe
< e Aol 22dTHH 3). 7HE w2 HlE
BEE wolk F23 AEZ T 27} 45-55
yme} 38-42 pm 2 Vet 1 3). SR Fe
£ S x(polar view)o A= AE(circular), o
F(semi-circular)o]™, ZZ=H(equatorial view)
o) A= Erdtman (1952) 7]&9]| wh}t H-E (oblate-
spheroidal, n=1), A% (prolate-spheroidal, n=10),
oF&g (sub-prolate, n=8), &3 (prolate, n=6) & 4
M9 FEE BJAtH Y 2). HEHA= tri-colpo-

» Pollen size classes

ZTAL. 22|

late2 AT FHFY = FEEFFE(rugulate)
= BoAn] AT A A AolA] B =
51A| BT 1E 4). AP A-H(Chang, 1986; Park
et al., 2000)°l 2J5t, FHLHTo] FHF Y= YA
T-Z(reticulate) = $AE7](verrucate) 2 Bl
HAARL & AT AofAe ok S FH
o] FERY FH= HEHU-

AR AellM S o Tras T 49
o] Yehdt. 9¥2 2]5(sexine) ¥} Wi S-(nexine)
o2 FAE=H(TE 2) ST 93 e
vl FAR BEE S BAE TR vEhd
tH™ 4). Z 39 4olE 34T 2 (& 3), 95
o] FAE WSkt v FAA e - 59
FAE S5 FIoERE AES BEoR S5
] ZpopA| = e HRAth(2d 4).

3.1.2 BT

K Fagaceae) TUAMNIESCastanopsis) o]
&5h= AR Castanopsis cuspidata var. sie-
boldii Nakai)= 3131 200~700 me] 2 It & A7)
oA Rek= AEEHuE(evergreen broad-leaved

(kremp, 1955« Orientation in pollen 1 Sporoderm stratification
Size class Length of longest axis Polar Equatorial i {Erdtman, 1952) {Faegri, 1956)
— n -
Very small < 10 pm /.r " Ektoserine e
Maodel A S |
Small 10 - 25 pm 2" . m
Y E/ \ Seun [
- - = Columels [0 m
Medium 25 - 50 pm pole Endoses g
Large 50 — 100 pn /7\\ 77N .
Tricolparat_' _ \I e e ks
Very large 100 — 200 pm =7 1y e " -
Gigantic > 200 ym Polar ares (Traverse, 1935) Structure .c-f =‘c- = Wa
+ Pollen shape classes (Erdtman, 1952) + Exine arnamentation
shape classes (PAJED) * 100 <Palar shape> (kuyl ef al, 1955) Maare of 2, 1991)
& Per-oblate < 50
B. Oblate 50-75
C. Sub-oblate 75 - B8 Circular Circular-lobate Semi-angular Inter-semi-angular
D. Oblate-spheroidal 88 - 99 <Equatorial shape> /
E Spheroidal 100 1 \
Verrucate
F. Prolate-Spheroidal 101 - 114
A B C D
G. Sub-prolate 114 — 133 ¥
. prolate - O O O O O \ .;
. Per-prolate > 200 E 3 g T ] Scabrate

Fig. 2. Morphological characteristics of pollen grains.
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=, die, k=, AEESA] o
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o
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© o ° . ° g o) ©
P () ° o ° g @ -
Q - o [Py o g -
00 o i o~ o~
o o
o | r T T T T 1 L B S S B |
> ° 35 40 45 S0 S5 60 34 36 38 40 42 44 46
P (m) E (um)
o
T T T T T T
34 36 38 40 42 44
E ()
(b) (b)
L= e T T [ N S 4{ 3L -------------------------------------------
39/18 4528 47)17 5124 55(35 37/28 3024 41[35 45/46
T T T T T T T T T T
40 45 50 55 34 36 38 40 42 44
P (un) E ()

Fig. 3. (a) The size distribution of Camellia japonica Linne, (b) Boxplot of the values of length of polar axis (P, um)

and equatorial axis (E, um).

Fig. 4. Camellia japonica Linne. (a)-(g): Light microscope photomicrographs, (h)-(k): Scanning electron microscope
photomicrographs. (a): Equatorial view, (b): Polar view, (c): Oblique view, (d)-(f): Wall thickness, (g): Rugulate

ornamentation.
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oo AEes Fhed) BR824 ha), F
ZAAUE(L711 ha) THEO.2 We BEmA (1311
ha)& AR5} glom Aol REALE A%, A
e Ag €22 Yehdt}(Korea Forest Research
Institute, 2014).

% 25710l oiet Ak ) S e 2
A Ay}, 37)e agos dEon iy FoloH (1|
2). 459 == P (polar axis)¥ A=% E (equatorial
axis) Z10]= Z}z} 21.3~30.7 (25.8+3.08) ym x 13.23
~19.4 (16.8+1.40) ym O 2 3}Eo] =719} = o}
e W 2ExHaE D). M 2 REEH
ol 5T AES 1 27 22~24 ime} 16~18
pm=2 UYePdth( 19 5). M9 = = H = (polar
view) | A= ¥ & (circular) 0|, 2 =HE(equatorial
view)oJ| A& Erdtman (1952) 7|&of wel o4
(sub-prolate, n=1), & (prolate, n=24) 2.2 tjF-&
A% (prolate) e ol th( a9 2). EH/F= tri-col-

polateo|H, FARARIA DY Aol A BHFHE= &
S FE RS (coarsely rugulate) 2 THEE AT,
FerdnF oA EHEFYHE WEs7|7E o
oHH 6).

TSRO QRS A E T, 213 (sexine) Tt
W3 (nexine) &} A= F35HA WEETHIH 6).
7t 39| dolE 4% ATH(& 3), THuHR-et upit
THIE A FAe WSk vk A 2 5
O FAlE =5 REo2RE Aes HdoE &
£ o Zopx| AgE BAtH 6). o] £
2 FF AL2A4S 3l AA 7 5 Abeld] FAAL
o7} EAsH=A] F-2 AH|F Aol o] 2EE Aol
X E &1 & F a7} Sl

»

2 FHTTO| SHEHENET HDSA
a9 72 B dpdniel Fuel o
SoznEol YU Bl Fejsty

Table 3. Wall thickness of Camellia japonica Linne and Castanopsis cuspidata var. sieboldii Nakai.

Taxa Wall layer Polar area Between P and E Equatorial area
Camellia japonica Linne Sexine 1.104+0.11 1.071+0.13 1.011£0.12
Nexine 1.071+0.11 1.050+0.12 1.020+0.14
Castanopsis cuspidata var. Sexine 0.815+0.14 - 0.736+0.13
sieboldii Nakai Nexine 0.797+0.15 - 0.734=0.14
s [@ o @
P (ﬂl: | ke ’ ° ° g ;D :
) AP L e R Sp S
[N S o e ° o P (um) E (um)
13 14 15 16 74 18 19
E (un)
(b) (b)
o1z 2339 2538 2fa T aoes| | 0 ° 1alze. 1es a7jos 116 1ol
22 24 26 28 30 13 14 15 16 b 74 18 19
P (um) E (um)

Fig. 5. (a) The size distribution of Castanopsis cuspidata var. sieboldii Nakai. (b) Boxplot of the values of length
of polar axis (P, um) and equatorial axis (E, pm).



35 v wgh ARo|t} Z+ 2| Qo] upat o] F7]
9 FAHFL] 52 FYAY o Zpo7} gl Fl
UFe] AR 39 St & 2|92 2 d1E
o} o FERFFH Z HRE XN gkt =
A G2 2 Pz, /=718 H(verrucate) 2
Tt ASIERS] 79 A A oA Y] S
Fe= g} Y 25 o~ (sub-prolate~
prolate)o|w] EHFY] EFF PAL R} HRECH

71 & 2ol st F7]oltk. &, S53 A
E=59] Zo|= 2% 257 2 AR guitt o 24
Uepdth RS - 2 A7A| 9 S
7} ok 2 A Gof| vlsf 7P 23 W B g Hel
CHLE 7a). of|Q]F o2 F=t AR o o] Fujp
o] Ar 20| HFL 547 umZ 39.6+3.27 ym2)
B 7= FEZA G vl3| At

2 AFAY(gx) Y AR S53 4
E20] Zo|x zbz} oF 21~31 ym, 13~20 yme] &
3Z HHE ERlrh ofe Hlaf Y& 374 X|Fe of
g AR RO S5 A 59| dol= 42 ¢k
14~21 ym, 11~14 yme] BEEZH =, F7]HA &

Of
e

>~
_\(')L
Hr
10
0
m
HI
n
1o
jEd
Alm
0x

841

=AY 9| sHEI= 35 FEETHIE 7). 9
QAo w Y& erlopx| Y ML) A Fol=
13~18 ym= 2 A7 AT} Blgh FaL 3 Helr)

dutA o2 3HE0) 37]= AP FollA g5t
A AAE Be YA, @28 Foll o3 9F=
k= 7o 2 o)A Qlth(Meltsov et al., 2008). wh2}
A SHEFHIE v T A U 22AEE
Aol wet ARTE SR Aol WS F2s
o 2 AT Aol s LA ARES BE 22 of
AEAF E8f A2 S SEAE A BdAE
AFgaHch T S R O Ao aE &
7H o2 Qe SRS FU AF AL wf
o} gejstael v e s e ST et Uk

4 2 E

ke Z)FZA ABAS A2 St
o} TR 3k BAsHLe) Fa Yeji
Fpe 54 e A,

HePdE SO AT TR s 2]

Fig. 6. Castanopsis cuspidata var. sieboldii Nakai. (a)-(f): Light microscope photomicrographs, (g)-(h): Scanning
electron microscope photomicrographs. (a)-(d): Equatorial view, (e): Polar view, (f): Wall thickness, (g): Oblique

view, (h): Coarsely rugulate.
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(Fujiki and Ozawa, 2007) (Zavada and Wei, 1993) (Huang, 1972)
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(Fujiki and Ozawa, 2007)
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(Shimakura, 1973)
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Fig. 7. A comparison of pollen morphological analyses. (a) Camellia japonica Linne, (b) Castanopsis cuspidata var.
sieboldii Nakai. LM: light microscope, SEM: scanning electron microscope.
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