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Pollen Deposition Patterns in a Temperate Mixed Forest

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

Rates of Quercus acuta and Effects of the Fall of the Male
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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 ST°W
Inclination (%) 5 3
Soil type Brown forest soil (Be)
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
DT 190 TR R sTER bRl S hie. Bizo y;] i&
riEBid, AR T AMROIERTLHDLh, &
HOBBEOEMEERIEL BN P . HELBOD HAEM

¥, BHEEEFLIRDLILESNE @,

MAIC B 2 EhMEBIER 0BT X5 &, &
KIEB R 9 — v i3, BTEREHOFELVWE -7,
BAFEE L IS & 2 RITE L OB OEARE, RTY
y—HREIC LA ~RFADE -7 D320 SRS
TV, KRTOEEERE, 79 7IKED
FORARBEDIERMERE & 2 ORITEOBEICKE { BB
IntcEnI,

@8 OHFRIEHAOTEM R Ic BT 5 Cl, Ct O
BEWARWT 5.

ZDO—HT, HAROKTEZ MY L COTEMBE I
ELL T, ZOBERKRANEIET 5 Cc DRI,
Tauber DB P L bF - EBNEENE S Y,
M O RSB IEH & SRR S A O BLEREAE & D%
SR, o, HEREIER OB 4 5 il A O 28 ] G
(Relevant source area) (&, #FEHREUHED SER
Bt ~HEmoBATHE T EMPLMIISN
2@ UL, TOMREBADORETSILBRE
(Background b)) &, 2D 40 ~50% icf s &
L‘ 5 (10-12) i

IO LI, BMRICBT ATERMERORRE, #F
MEERBIEREEDIS T H 2 DD THEETH 5.

ZOPETR, $FEAAEMOBLEO—DTHS
7 A v OTEMHERERR U S s A720ic, 1997,
1998 FEDBETEIAAML T, 1) THH Y OREIEFE
T4 ERE, 2) BIEHIEE L HILTF 0% TR
B, RU3) BTHEEFCEET /MO 3 st
WTHBELLDOTI ZIKHET 3.

R, SAHOILERHN 0km cfiiET 5, &
e+ AR ELN O TAL G5 1,176m) TH 3
(Fig. 1). TAHILDOERS 1,000m &2 5TE ETH,
THHY, TFREOLERIC, £, YH, £/ F
REDREHEMMRER T IEFEZIAEL > TV
3@ W RBRREEETEELF v — b2 TE
L L, HEBREENENEZANBEN TP (Tablel).

AEOAEE, 1) TAWUEED» SIEEFRANOT
BREMICAIEL, ¢ CICHMIMERE L HEOLH
S Eh@HETe v b (ST 5 1,100
m) &, 2) B SHE oy MW Bkk
BV OER E R GERAC; #51,000m) TfT-
t- (Fig. 1). #&E 7o bOFEEHREGS" &, &
PHBHEEL-TVE. WEBOES I3 12m T,
HEARDEEFE &<, HICFHEARDOT MR
DS - HAEREY. FWEEE (no./0.06ha) &EE
RO ED2HEE, THAHY (64K, 46.43%) »
BLEL, #ofic T+, aNUFOAIF, sV
FREDRERPFIELERBELLE>THD, =
I, b F, VARBEOBRWHEMOERLTVS
(Table 2, Fig. 2). MEICRY V¥ & IMEL,

FHAARCOREBZ, ST LT 5 & HEEEMK
<, MED S -BEHEY. ABcEETATAAY
(44/0.06ha) 3L, FAAKRKC IHATHEFL
TV, 12 STICH~NB L KOS IEE L B

BHEARB EClioVWT, AEMIC IO E®RI T %
BRI L T2 OERBAERALIZE A, Bz hEh
634F, 694ETH -7z (Table 3). FEKR A dki®d
OHLERDEENT LT W3 O TIEE R AR 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 ef 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
Ilicium 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) 2 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 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 58 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 67.2 104 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

Year . . )
tree  grains per anther (p)  per male flower (a) flowers per male catkin (f) male catkin (Pc = pra*f)
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 327050 (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
C 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.

(a) RUHIER 1 b0 0 EIRE (F) %K
Wiz, I5ICTINSD T 2 —FIEKOVWT, BEEF
170D (Pc=p-a-f) ZEHL:.
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DT, VF—t+ 37y 7ickod, WKRICETF LB
FAEERV R,

7oy rTREBAA LB, FhZho®o
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~7H278, 199844 5H5H ~6H 29 HoMM
S
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7. oy 5 — L[EEE, HERFOE PREETET T
LBV, BEOBL SHARICRD > TLEWVICHE
D35, BAFE TROBREMESIZIFERICES
Bt TORF TR OBIEF I, SEABEELLLD
tEZOND, Li-T, SREROMEFIc&E T L
1L OA TZOAEEE RN T 5 &, @/

HERNMH B, % I THRIEOKR» SZDATEXET
OEFHE, SRARORSE T O HEX OB TED,
BHEXOHEIEFEE TRIc- LabElk. TH5LTE
HEhrMEFOAEX S - b OBIEFEE TRk
RTEFHLT, TofEixdbEiclhadbfzh O
TEREtEdE (M) 2EHL .
SET~xikIi, TOWETRYSI—+5y 7
& 59, MEKICHE T LTERF 2 EEEM L 2. %
THFER, BTRTCTETYICL 3NS5
shaéaohsd L LBELDOMBIEN T LM
5, ROFAEHE TRERICHEL, HIERENSH
KL HEFRREFRVWbOEEI OGNS, BE T
EBEERE - 3 TERY I & 3B THAILF O _IRIE
WmebEZOSNBY, TITRENLRIDHEVEDLELT
EZRE LIS - 1.
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T H Ay ORELIRBIRIEFE AR L, E#HoEb D
CEBOETES . R, CoOBEFRAHEES
ZDFFHEFTS. LicH->T, lhadbicth &R
BAOTEMAEEE (P) 11, #iEFH 1 o1t
W (Pc) LHIERFAEERE (M) I THEL
72 (P = Pc+*M).

4) ETHIEFOHROREME & BERTEF (B
B hofETER

1997, 1998 4FiczhFh b5 v &7 + AB ({HL
HERKAOBHETOSD) & C THRIRL LEEF%:
BU, s THETNUNOTFICHBEL 72,

S EFHEERCHOE LT, £ohoRER
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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 B1, 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
em X 50cm was counted.

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

Y Sample t
ear ampletree Ay (x10°no. ha ' s yr-') (P =M=+ Pc) (X 10"no.ha ' +yr )
A 2.13 = 0.88 2.27
1997 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 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, 7.13) 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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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 454 (12.63) 6.61 (16.31)
Cryptomeria 3.82 (10.62)  5.67 (13.99)

Pinus 2.89 (8.04) 4.27 (10.59)
Casrpinus 3.26 (9.0 365 (9.0
Fraxinus 3.54 (9.84) 2.714  (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) 153 (3.7D
Abies 0.94 (2.61) 0.56 (1.38)
Tsuga 0.56 (1.56)  0.77 (1.90)
Others 1.03  (2.86) 1.71  (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) BERAKROTCHYE ERE

HitFoLrEEE (M) &, COWILFEERE
RUHILF 1 o120 OTEMBICE W TER L 7ok
43 Lha H7-0 OFLYEERE (P) % Table 5 IR
7.

1997 D M (X 10° no. ha '« yr ") &, KA
A, BTZh®1 213, 1.8 TH» 72, 1998 ET
EBH & BRIED 1/ 20 BEICRZ B L. 1998
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EORBARC DM, 1997 FOBKIAK A &131F[H
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d) % Table 6 iZ/RY.
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N7z, BRI TORIZ, A, C LM% TH-
7. BAEHARIATW, A, CHRAL b r i c-> TE
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BoTH228HEIC2.85 X 10° &b, C (199846 A
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5) 168 b 5 v TR OBEHERETEMEK

L5y 7THOERBAOBFHRIERE =
Table 7 I2/RT.

HEK A ORET, BEAICEEL 59, HRIED
KI7A 7 vEREsRLE L, ThEh 10.59 x 107
(HRBIEME DK 29%), 7.42 X 10" (#18%) M
Th-Te.
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T AN v OBIERE & TR O T

TAAYRICB Y BEREEEE I >VWTIE, &
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5 FERIC R IBIHEEND 5. OB TERE & HE
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LV, HEORILFROTREERE T, B
Licifin R - 8@ ok, UTicEDl
Sk THhTEE L,

OIS E LT, H1Ebk0 OREERE (p),
HEFE 1 M 72 0 OFEHEK (o) ROBAET 1 b7
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BRx, 2FICELVHESED > LB oINS,
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Z D dEFD ) OB (Pc) P00
otz 1998 FEOFEEAR A, BT, a @A ®
RUBA D 19T EOMBEUANTOREUETHER
St pefiEbICREEDLE.

—F, H&ESE LT, £9EMAERE (X 107
no.ha ' s yr ') 3, Kk ©5EMOEEED
7.2 CThH-1-DICK LT, O TR & EFERE
DOREM-7 1998 FEOFHEARC TE R 2.35 L/h&
ool EBBIFONS. INEMEE THIEF DLEE
HEICELVWENDL IO TH 5.

x50, 2AERIDBEREAS S 1997 ikt 4 5 1998
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XHED SNz T EH, R EGRL > TV,
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1/218ETH5. (ML EREOE L WEHE, &
kP OEAHILFOEEREDORDICE » TE UK
B, Tx OFEBE TREF OEERE OB S TR
<, HEIEFF 1 b7 b B OB I bIKEFEL T
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FEMOBERER @ 242005k 5 1C, B
OREBEHOT A A YHRIIEESFE L TIRZ D LRI
$1:% (Tablel). ESGEAEY, SfEEIIC L 3
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UhEBHOoNT. FBRELT BTHEEOEXIRS
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[REEGBTEHR, Z20E, EHIcEZ 3 EENT
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BE 5 EEFLERTAT L BAOHRAE B -
1o &9,

IO ORI, AhiRoRy BlAEESS
KoY OkE, E - BEOBMER, RLEYORE
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T A H Y OHEIEFF DFE T & TR
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b oo E BRI X VBt sh B, LF
BB 5 0 7E LTHBREL, K&EhERET 3
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5.
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HEICEFLULBEFIClem® 720 11.1 AEOTE
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TRHFH LB OVTRRICE » TOIER B Oh, BT
IAE L TORIER RO h, FOHRICD VTR
ShTVEL,

COWETR, THHVERRELT, TOHILE
DETIRE, HIEOHNICEET 2 ENEKRUHETERF
KRBT AT E S 2BEER(LTH LD TEL

Figs. 3&40k5ic, K+ %7 FEIcETL
LRI, THA VOB TOAFERTELLS
{, #ORIEOE»OHN S EAMIIELT S Eh
5, BERHEO Y 4 Xt LU THEER IR L T
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B OBNICEAET 2TERROEIEE, p 2ER
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TR, -t RICE S OBETESEETER H S sk LT
TRELTH, R0 HMAMARLICHRET 2 L bN
3,
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