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Pollen Deposition Patterns in a Temperate Mixed Forest

on Mt. Kuishi, Southwestern Japan: 1. Pollen Production

Rates of Quercus acuta and Effects of the Fall of the Male
Catkins on Pollen Deposition
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We investigated annual pollen production rates of Quercus acuta in 1997 and
1998, and examined effects of the fall of the male catkins on pollen deposition in
a temperate mixed forest on Mt. Kuishi, southwestern Japan. Annual pollen
production rates were based on the number of pollen grains per male catkin and
annual production rates of male catkins. The annual pollen production rate ( X
10¥ no. ha ' * yr ') for sample tree A was 2.27 in 1997, but was only 0.04 in 1998.
Similarly, the value for sample tree B was 1.78 in 1997, but only 0.06 in 1998. Al-
though the annual pollen production rate for sample tree C was not measured in
1997, the value in 1998 was 2.35. The annual pollen production rates for sample
trees A and B changed conspicuously from year to year. For sample tree A, the
number of pollen grains remaining in anthers that fell with the male catkins was
6.40 X 10° no. m *+yr ', and the number of pollen grains adhering to the male
catkins was 6.38 X 10° no. m *=yr '. The pollen grains that fell with the male
catkins comprised less than 10% of the total pollen deposition to the forest floor,
excluding litter deposition. However, this pollen influx during the flowering peri-
od should be considered a local or gravity component (Cl) of pollen transfer in
forest areas, because male catkins were deposited locally under the canopy of the
source tree.

Key words : Male catkin, Pollen deposition, Production rate, Quercus acuta,
Temperate mixed forest
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Fig. 1. Index and location maps of the study sites. ST, Study plot. C, Sample

tree C.
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Table 1. Topographical, pedological and meteological characteristics of the study sites

Study Plot Sample tree C
Altitude (m) 1,100 1,000
Slope aspect S38°E ST7T°W
Inclination (%) 5 3
Soil type Brown forest soil (Bg)
Soil material Chert
Annual mean temperature (°C) 10.3 10.9
Highest / lowest temperature (°C) 21.2/-0.6 21.8/0.0
Annual precipitation (mm) 3,082
Warmth / coldness Index (°C * month) 63.8/-14.1 70.4/-11.9
DOETIR 190 TR R SE s s e, Bz w bl ik
72AEE, fhticEEB T AR chy o h, @
J ORFE DL BRI E L BV @ [EER O BEkewiul

Hid, BREBFLIOBDLIEENS @,

M H 1 5 ZEchiREd b OB A ic & 5 &, ki
ARIEM OHER Yy — v id, BlfEEoFE LV E -7,
BHfEE %I hs % 2 b Lo 5B o B, KO
I —HRIC LA~ KO E -2 D 3 2h Sk
nTnic Y KN TOIRBMERNE, b5y Tk b
ORI OB ERE & 2 ORibE O 1o K & G
EX NN

CP DRI OTEBHERTIC B 1 B Cl, Ct D
BEMZRIET 5.

ZD—JT, HRIRDRHEH A KW L T ofby i
FLLCO T, ZORERWKANEEST 2 Cec DL,
Tauber OEFfE ' L b LB Lansg ",
RN D &tk & SRR R 58 D BRI & ot
ISR D &, HERTIERY O S 9~ 3 fill A= o 7= [ AU
(Relevant source area) (&, abfHRIS D S5
Bt ~HAmoMHATH L ENPELMITEN
o Ui L, OIS SR B (B At
(Background fE¥1) (%, (KD 40 ~50% 1< f 3 &
W 4

oL, FHEICET 3L ORI, &
WEAEBTEREEDETH & 2 o THEMTH 5.

oW T, IAHGHOE SO > TH B
T A OIEBHERTEE A W] S s 4 BT, 1997,
1998 FEOBEMA@ELT, 1) 7HH v DAL &
LB OAPEME, 2) BAfEINIE L 22 JETE T 7% PR
RE, MKU'3) % FHEER ICAET 2B 3 Hic-
WCHELIOTI JITHEd 5.

AT, SR O L 10km IS 5, &
AN e LR o Tl (B 1,176m) Th b
(Fig. ). T A0S 1,000m 52 STE TR,
THAY, THEEDRIERMS, €Y, vH, e/ F
15 E Ol g A5 IR K 9 B AR & 1 - T v
2 0 R RRAGE A TR S F e — N AR
EL, THIRHEEOE 2ADEN PP (Table1).

Ao, 1) THUTEE» SIEERA A~ T
BREMUCALE L, 3 CIcaEmaiE A & HiEo bk
St ENHAE o o b (ST £ 1,100
m) Tk 2) BN SHE T oy MW Bk
WV o E R GHEAC 2551,000m) TfT-
fo (Fig. 1). #H&E7ow P OVEEMEI S &, &
OpERINE L > TV, HWEBOES I35 12m T,

D5 > EEV. HAEE (no. /0.06ha) & ALK
ko Lo 3850, 7HA4AY (164, 46.43%) H%
KbE<, Z0Muc 7+, an~wFohF, s
FTREDILIEMMNEELMKEE T -TED, £
I, /%, vyAREOTWHIERSOER LTV
(Table 2, Fig. 2). HKICiR Y vy F I BE 0,
FAARCOLE, ST &4 2 & ff AT %
<, Mt - BE &V, HPHIcAEET T 27 h Ay
(44 /0.06ha) 3075, HEKRKC EFHEARTERL
TW3, F72 ST It~ EHREROREH EE L <KL,
HEAB & Clconwtg, AEHiic koo 7%
L T2 OEMBAERA & 25, BiliREhEn
63 4E, 694TH -7 (Table 3). FWHK A 2HtH
OHLERASIEFT LT W5 O TIEMSEE R AU TH 5
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Fig. 2. Crown projection diagram of the canopy trees in the study plot, and

locations of sample trees A and B. Shaded areas show the transects investi-

gated. This plot is part of the study stand explored by Miura et al. (1994),

Miyake & Nakagoshi (1998) and others. Abbreviations of species are listed in

Table 2.
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Table 2. Species composition of the study plot, and DBH (diameter at breast height) class distribution

and basal area of each species

No. of stems / 0.06ha Basal area
Species (Abbreviation) DBH (cm)
0-10 -20 -30 -40 -70 Total (m*/ha) (%)
Evergreen species
Conifers
Abies firma (Af) 1 1 1 3 0.85 2.57
Chamaecyparis obtusa (Co) 2 2 0.21 0.63
Tsuga sieboldii (Ts) 1 1 0.12 0.36
Broad-leaved trees
Quercus acuta (Qa) 4 4 4 3 1 16 15.41 46.43
Lllicium religiosum (Ir) 2 1 3 0.34 1.03
Deciduous species
Broad-leaved trees
Fagus crenata (Fc) 2 2 1 5 4.47 13.46
Acer sieboldianum (As) 12 4 1 17 2.07 6.22
Carpinus japonica (Cj) 8 10 2.02 6.10
Clethra barbinervis (Cb) 3 7 10 1.46 4.41
Carpinus tschonoskii (Ct) 1 1 1.26 3.79
Stewartia monadelpha (Sm) 2 3 5 0.91 2.74
Lindera erythrocarpa (Le) 2 1 3 0.82 2.46
Acer micranthum (Ami) 1 1 2 0.50 1.52
Symplocos coreana (Sc) 2 2 4 0.46 1.38
Styrax japonica (St) 5 5 0.41 1.23
Fraxinus lanuginosa (F1) 1 1 2 0.31 0.92
Betula grossa (Bg) | 1 2 0.29 0.88
Rhododendron weyrichii (Rw) 3 3 0.23 0.70
Euonymus oxyphyllus (Eo) 1 1 2 0.22 0.66
Magnolia obovata (Mo) 1 1 0.17 0.52
Enkianthus cernuus (Ec) 2 2 0.17 0.50
Others” 10 10 0.43 1.31
Total o8 36 9 b) 1 109 33.13 100.00

*Acer mono (Amo) + Cephalotaxus harringtonia (Ch) + Neolitsea sericea (Ns) + Pourthiaea
villosa (Pv).

Table 3. Dimensions of Quercus acuta sample trees

Sample tree DBH (cm) Height (m) Crown Area (m*) Age (yr)
A 67.2 10.4 22.1 150 <
B 27.0 8.0 10.3 63

C 28.3 6.5 15.2 69
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Table 4. Number of pollen grains per anther, anthers per male flower and male flowers per male

catkin,and number of pollen grains per male catkins estimated from these parameters

Sample Mean number of pollen Mean number of anthers

Mean number of male  Number of pollen grains per

as tree grains per anther (p) per male flower (a) flowers per male catkin (f) male catkin (Pc = peaf)
1997 A 3631.05 (20, 1033-5883, 1367.06)  10.89 (27, 5-21, 4.01)  27.04 (23, 12-39, 7.92) 1069219.32

B 3270.50 (20, 897-5569, 1178.71) 12.86 (29, 4 -24, 4.72)  22.88 (25, 9-34, 6.88) 962301.45

A 2186.63 (16, 781-3768, 957.76) 10.48 (21, 5-16, 2.96) 20.14 (7, 7-31, 9.49) 461524.82
1998 B 2680.88 (17, 864-4062, 1026.20) 13.50 (20, 6 -21, 4.52)  19.11 (9, 14-26, 3.98) 691626.83

Cc 3762.05 (20, 1136-5891, 1397.76)  13.21 (34, 5-23, 4.17)  22.65 (20, 8-34, 6.21) 1125629.81

Values in parentheses indicate the number of samples, range and standard deviation in that order.
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Fig. 3. Deposition patterns of male catkins that fell onto transects AB, Al, A2

and A3.
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Fig. 4. Deposition patterns of male catkins that fell onto transects Bl, B2, B3

and C. 'At transect C, the number of male catkins per 50cm X 50cm was count-

ed.
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Fig. 5. Number of male catkins that fell onto transects throughout the flower-
ing periods of 1997 and 1998. " At transect C, the number of male catkins per 50
cm X 50ecm was counted.

Table 5. Annual production rates of male catkins and pollen grains for sample trees A, B and C

Production rate of male catkins Production rate of pollen grains

Yes S le t X )
ear s e (M) (Xx10°no. ha ' = yr'") (P=M-=+Pc) (Xx10%no.ha '=yr ")
i A 2.13 + 0.88 9.97
o B 1.85 + 0.89 1.78
A 0.08 = 0.05 0.04
1998 B 0.09 £ 0.05 0.06
C 2.09 = 0.71 2.35

Pc, number of pollen grains per male catkins.
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Table 6. Number of pollen grains remaining in an anther, and of pollen grains adhering to a male

catkin, and percentage of remaining pollen grains per anther, calculated based on p*

Sample Mean number of pollen grains Remaining pollen rate per Mean number of pollen grains adher-

Year Date tree remaining in an anther (r)  anther (R =r+p™" X 100) ing to a male catkin (Ad) (X 10°)
June, 5 446.00 (40, 4 -3394, 689.88) 12.28 -

1997 June, 21 A 91.58 (43, 0-1064, 197.18) 2.52 =
July, 5 34.00 (35, 0- 465, 88.36) 0.94 6.57 (8, 1.81-15.57, 4.67)
July, 28 5.65 (34, 0- 29, 17.13) 0.16 2.85 (8, 0.69- 8.67, 2.59)
June, 15 496.07 (26, 27-2008, 584.10) 13.19 -

1998 June, 6 C 114.64 (39, 0-1052, 189.18) 3.04 =
June, 20 10.03 (34, 0- 56, 13.61) 0.27 1.71 (8, 0.41- 5.71, 1.88)

"See Table 3. Values in parentheses are the same as those in Table 4. p, mean number of pollen

grains per anther.
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7~ DFEKICHE T LI HEEFR R, ERAROKE O
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15 HOMTdh - 7o, 1998 FEOFHEA C DBHIERLE A
25 Hb5~9HOMT, #HAESoy k4, 5HE
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Fig. 5 D& 51T, HEIERF 0% T BEER T < Ichh
205, BHER 10 H@AZASABMICHEMLT, 20
%D 1 2 HOIC2EOK 80 ~ 90% ASMHIKICH T L
T, Btk 2 » A TORHEFE TEdED N 5 v
7 bED, FLIREDLTOLL

Table 7. Annual pollen deposition (X 10’m™?)
of major tree taxa in May 1997 - April 1998

Taxon T T,
Cyclobalanopsis 10.59 (29.45)  7.42 (18.31)
Fagus 4.54 (12.63) 6.61 (16.31)

Cryptomeria 3.82 (10.62)  5.67 (13.99)
Pinus 2.89 (8.04) 4.27 (10.54)

Casrpinus 3.26  (9.07) 3.65 (9.01)
Fraxinus 3.54 (9.84) 2.74 (6.76)
Chamaecyparis 1.36  (3.78)  4.62 (11.40)
Betula 2.61 (7.26) 0.98 (2.42)
Acer 0.82 (2.28) 1.53  (3.77)
Abtes 0.94 (2.61) 0.56 (1.38)
Tsuga 0.56  (1.56) 0.77  (1.90)
Others 1.03  (2.86) 1711 (4.22)
Total 35.96 (100.00)  40.53 (100.00)

Values in parentheses represent percentage of
total pollen deposition. T, inside canopy of
sample tree A. T., outside canopy of sample
tree A.

3) Bkl ek A B

HEAEF O FERE (M) &, C OREIERAEPE S
KOHEAETF 1 12 b OTEBMBUCEES WTRE L 7ofk
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7.

1997 %D M (X 10° no. ha '~ yr™') (&, &FAK
A, BTZhTN2.13, 1.85 Th - 7chs, 1998 4T
B & bHFED 1/ 20 FREEIC K & b L7z, 1998
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N BEMRHicoO RIZ, A, CEb3% TH-
fo. BB TR, A, CRHE b ridVie - TE
{, TORERR 1% K&K 1872,

Adid, FEAKA (1997 ) TRHEIEFO%E FD
E—s@ELTH L HIC6.57 X 10°, B oK
Wo7TH28HIC2.85 X 10° &7b, C (199846 A
20 H) T, 1.71 X 10° &7 -7z,

5) TE¥I b 5 v T OWBERERIA L B

TE8 b 5w 7RO KA O @ AEHER LR B %
Table 7T IZ/RT.

AER A ORE T, RBEACED 59, HERIER
H7aAvii@EhrRkdE<{, ThE0 1059 x 107
(HERETEM B O 29%), 7.42 X 10" ($18%) fH
Th-ic.

% =

T A Y DR & RK O L R
TARHICB T BB EERE ICOVTE, 7§
7K O OHEEEN OREFEKIC B 1T B 1988 ~ 1992 4E D
5 RN R SEBHAE S H 5. MO TABISE & 7
K OFEBYEEEEOE WAL ERdT 5 T & iF
#HL WA, WEOHETEF R ORI <, B
L7ciRoy LRI - o siBd ot LRicznl
sikonTHinTBE /L,

FOUSE LT, $1bko oEEitnKk (p),
HEFE 1 b 72 0 DI (a) ROHEIERE | & 72
D ONEEHEER () i3, 1998 fEDFAA A, B %
bR, SEICE L OHEDSS P - 12 2EREF 5N 3.
HC a IC3E TARERAERZEAD SN -7z,
£ L, pliidEc OFARRO S H—H L TES,
Z DD LTS 72D OIEIEB I (Pe) Eoed
ot 1998 FEOMEKR A, BT, adifk®
KUOF 42 D 199T FEDFER ELENT K ERBET AR
XUhbotkds, plflde bickE <DL

—J7, MESE LT, TSRS (X 10¢
no. ha™' «yr ') (&, 7K ® O 5 EROFEEDS
T2TH->1-DITH LT, TOWETIEIHKE S AEFEERLE
DREM -7 1998 FEDOFEAKRC TEZ 2.35 L&
Moo TEBBFONE. ThRBME THIERF 04
HEICELVWELS 122D TH 5.

51T, 24ERIDBHSASS 1997 Hic i3 5 1998
oL EEETE ORI, FHEKA, BEhEh
T1/60, 1/30 &7y, fEMAESEICEELVE
XS Sttc T &A8, K LERE-> TV
Mk T, TEMAEEEOESRbRE -
1988 4FE (9.7) &ixb/hNad-1JE (5.0) DHHEE,
1/2BETHL. (EMAEEREOE L VLS, #
7K O DEGEHEALTF OEEEEE ORI L - THE L2
s, Bx OPE TIIHEER OEPEEE DR TS
<, HEFERF 1 7o b o ORIC bIREL TV
b

A OB @ 2 A2 0B L1, KA
DWEHD 7 4 A Y HRFEESG & LTIEZ O LRI
Ht:5 (Table 1). BEiEzE%E &Y, Hfilkic X 2
Yo BGIT 4 B ALY O g R - MR & 2 R0
oWz > Wi, (e EER7Z TR
{, FiTofEFERIC>VLTHDEL

BT OfRFERIIOVWTTH BN, =2a—YV—5VF
D Nothofagus solandri ¥k *" T, @EEEEH O K
SCIHMEEEE I LT, SFoEEhsED L, &
PN 3RS & BRIEEED DI E b 22D F —
INED LN, FERELT, BTREEROENIEE
el TR DM IcE ot E N3, ZOHEKNELT,
SREADTEFIERK, Ry, Bhc5 2 5 EENS
OIS, FEEIETOGIBRAE T L 2o g (&
TEIC BB BERERD 12D DOER) 2B T3,

W@ ® g, WEliEo+r4vysEvIiconT,
Z ORAT O TS « i « B TEARE, BRE &
SHD PR & MR~ Oz E S B IT D LTI NT VB,
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BAa IR 2 FEMo7— 5 Lnia <, Ficfiby b
WS THAGTIC W 7ok 2 A2 BTEE LTV
DT, ZOFMBASHOF— 5 OERER > TEES
BMEND B, For, FEH O GBETHERMBKE L TS
DFHEHITHIZEZ LT &, RIBNEIELSES T
ﬁﬁ/wmmriggugtwﬁaiﬁﬂWbéné
CERIEBEREEVZV, ADEORERE, FHAMA T
ﬁﬁywﬁﬁiﬁuﬂmztﬁéﬁtéﬂﬁﬁﬁwﬁ
(LRG3 2 2R 2 b L,

Rt D221 & 2 HETEFE B O BR) O AL FESEE D 3\ I
2VTIE, AEAR A OB LM L, KZH
HATORIDIRGFTEY, ChbSBROBEELT
mE .

T H A ORI D% T &b HER

HEFERF 0 F% T~ 28, bR oMtk & Lc, @
TdH B AfEME R T TICIEMShTVw3 0. Fbb,
HAEFFthofbk 0%  dalic X v i s a0, by
AAELIER b5 v 778 LTHEEL, K&RhERid 5
It =g s, HIEFOHK & & bicz OfitAR
Ot M T EEm AR S 2 b LHffEs T
3.

Alnus glutinosa T, T OBfEREHICBLT
i ¥ LHHERIC Lem® 720 11.1 S ofE
BBfELTOWIZEWS @ Lal, IRl
TEI LS W THPNICTEE - TO B i 0 h, HEfER
A LW B on, 2Ok W T iR
ENTWVII W,

COWMETIE, THAVENRELT, O
D FIRKE, WL 4 2 BB Ol
WG 2 E H A REER{LT 2 LN TEL

ng3&4®¢6u Broves b RICETL

TS, TH AV ORTETOLEXTELLE
<, ZORHEOHD SHN S &AL T 5T Eh
5, RERHHED Y A Kz U THEIERF @HER L Tuv
5T WD B,

HEFEh DN RAT 3 A TE B O EIE W, p & EA
BucLrcs %, BfEomTc3E A A, CLb
2% R E L ->TBY, HWNOIER B5E2 I
ENIWVIRIETH P4 2 EF RN Eh -7 £12
FE o g d, B L uwelhid L7z B &k
HOoNED, TNEEHALTE D 2 ~5 % FBE
TH ot WEARA OBA, BEWOIN, &b&ETF
T BUALFDZh - forplfl], KR OBHTRIREIN 3 %
B bR E 2N EN 12%, 2.5%, 0.5%, BHIELH)
Wk 2 KHFHEFOE G2 3% 45 &, K
FAEBHEEE (BHE T D) HIEX & 7o v 4FEH 6.40 X
10° & 75 5, ThFalRAR A »AERE L2 En K
(HETER? 1 b 7 0 DR B X 4ERIHEIERE 7% T3
2.27 X 10° i) @ 2.8% IcHM4 3. TOWHETI
# T LB rth O B AR EBIC > W THA L s -
7o s, HEAEDBiK 37075 < & & BBt & T (383
TlEir -t % < OHEEDSHEIERF 2 & Iid% LT
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3,

S o1, WEEK A OB IC 3 L 2 fE i % 3
T&E LT, WHETD) HEXS 2 OFERBEER
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e 2R <) W AL LTI 10% Iig/c /s v
729, bR SRcRETEBRshiEERkEV L
DTEE,

Z OIS BN AT LB O B HINEE), o
WA T O 1S RARTER) DTRIEBENREIC S W T O F Ak 3
3, RELIFETHAE L.
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%) T, HEEF IS LRI TE T3 2 BBk
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Ik AIEMHERT I, MRERIcEES 2 21EkE () v —
7 4 = MIC K BHERIER 2R <) iextd AR E LT
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L LTEETNELEEZEZI SN B,

OB LT, TLEZNG, JPEEER A 12 Lo,
EAIARE BRI R o SR 3 R T BB A T o
Wiz Wi nwt, T TICBECRSEL, BrLEL E
3.

51 A X

(1) Tauber, H. : Differential pollen dispersion
and the interpretation of pollen diagrams.
Dan. Geol. Unders. Ser. @O 89, 1-69
(1965).

(2) Tauber, H. : Investigations of the mode

(3)

(1)

(5)

(6)

(7

(8)

(9)

(10)

an

(12)

13)

a4

(15)

of pollen transfer in forested areas. Rev.
Palaeobot. Palynol. 3, 287-290 (1967).
Tauber, H. : Investigations of aerial pol-
len transport in a forested area. Dan. Bot.
Ark. 32, 1-121 (1977).

Andersen, S. T. :

pollen deposition in a mixed deciduous

Wind conditions and

forest. II. Seasonal and annual pollen de-
position 1967-1972. Grana 14, 64-77 (1974).
Krzywinskii, K. : Different pollen deposi-
tion mechanism inforest : a simple model.
Grana 16, 199-202 (1977).

Raynor, G. S., Hayes, J. V. & Ogden, E.
C. : Particulate dispersion into and within
a forest. Boundary-layer Meteorol. 7 ,429-
456 (1974).

Raynor, G. S., Hayes, J. V. & Ogden, E.
C. : Particulate dispersion from sources
within a forest. Boundary-layer Meteorol.
9, 257-277 (1975).

Jackson, S. T. : Pollen source area and
representation in small lakes of the north-
eastern United States. Rev. Palaeobot.
Palynol. 63, 53-76 (1990).

Jackson, S. T. : Pollen representation of
vegetational patterns along anelevational
gradient. J. Veg. Sci. 2, 613-624 (1991).
Jackson, S. T. & Wong, A. : Using forest
patchiness to determine pollensourceareas
of closed-canopy pollen assemblages. oJ.
Ecol. 82, 89-99 (1994).

Calcote, R. : Pollen source area and pol-
len productivity : evidence from forest hol-
lows. J. Ecol. 83, 591-602 (1995).

Jackson, S. T. & Kearsley J. B. : Quanti-
tative representation of local forest com-
position in forest-floor pollen assem-
blages. J. Ecol. 86, 474-490 (1998).

=55 @A T AL O #RA. @ HIR
(HARST) 12, 1-4 (1963).
P05 @I DRI &R, AREFLT

HISGH, @A pp.27-34 (1978).
HhE R e PSRRI - PERTEC
LA AR ORI & fEE.
R 21, 89-121 (1994).

e
FEATA B



26

= e Al AR -

(16) #EFFRMIFT © LU FEA A — HE - KIEih

an

18)

a9

20

@n

(22)

(23)

H-+tUl«> (E%D. pp.60 (1966).

Miura, O., Miyake, N., Yamanaka, M. &
Ishikawa, S. : Pollen analysis of forest
soils from Mt. Kuishi and distribution
pattern of pollen grains in soil profiles.
Ecol. Rev. 23, 57-65 (1994).

(ep =58 « BN+ - A)IMEE : TALOHE
HHREZMRIT B 2 FRAR T IE O TR T AL
FEATRERACEE (AEWrYD  16/17, 45-56 (1996).
= ANMES < ARSEIRA - thlEFD -
BB 1 2 EEREAALK O @ L4FERMIc b 72
BIEE SO, ESFHRELE (YT
19, 5-14 (1998).

=5 oPEUER] - FRACEECHERT L 7188 -
o D RAFIREE. A SEDI9E 6, 15-30 (1998).
THASLK @ 7 A A v HRIc s T 2 T A FE R
1bkyss 40, 117-121 (1994).

Saito, H., Imai, H. & Takeoka, M. : Pecu-
liarities of sexual reproduction in Fagus
crenata forests in relation to annual prod
uction of reproductive organs. Ecol. Res.
6, 277-290 (1991).

Kira, T. :

tion of Japanese vegetation zones. In A.

A climatological interpreta

@4

(25)

(26)

@n

28

Miyawaki & R. Tuxen (eds.), Vegetation
Science and Environmental Protection.
Maruzen, Tokyo, pp.21-30 (1977).

Allen, R. B. & Platt, K. H. : Annual seed-
fall variation in Nothofagus solandri
(Fagaceae), Canterbury, New Zealand.
Oikos 57, 199-206 (1990).

WHBET « P - WHIRA « BERRA - A
BPNS KR BICO>NAMWNS K B BBH. 5B
45 M HAAREYE 2R SMHMHESSE p.130
(1998).

WHBET « M 7 - WA - BERRA A
A ¥ 7By QYA © BEET & BB O
O, HE46 B AAEREE S RAHHESE
p.201 (1999).

Andersen, S. T. : The relative pollen pro-
ductivity and pollen representation of
North European trees, and correction fac-
tors for tree pollen spectra determined by
surface pollen analyses from forests.
Dan. Geol. Unders. Ser. I 96,1 -99 (1970).
Rempe, H. : Untersuchungen iiber die
Verbreitung des Bliitenstaubes durch die
Luftstromungen. Planta 27, 93-147 (1937).




