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Abstract: To explore the composition and spatio-temporal dynamics of seed rain in broad-leaved Korean pine ( Pinus
koraiensis) mixed forest, 150 seed traps were set up in a 25 hm’ broad-leaved Korean pine mixed forest plot in Changbai
Mountain. Seeds, fruits, anthotaxy and other in seed traps were collected, identified, and divided into four types,

including mature seeds and fruits, immature seeds and fruits, anthotaxy, and others (e. g., seed capsule and seed
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fragment) . They were counted, dried, and weighted by types. From June, 2005 to November, 2006, we collected 47
different types, belonging to 11 families, 12 genus, and 20 species. Total number of seeds and fruits was 121,291,
including 23, 147 mature seeds and fruits which accounted for 19. 1% of the total. Tilia amurensis and Fraxinus
mandshurica , two species with the most seeds and fruits, accounted for 90% of the total. Seasonal dynamics of seed rain
from May 2006 to November 2006 were analyzed. We found that: there were the most number of seeds and fruits between 15
July and 25 October, but it was composed of immature seeds and fruits. In the middle of October, mature seeds and fruits
reached their peak, but immature seeds and fruits still accounted for high proportion. When analyzing the number of mature
seeds and fruits in each seed trap, there were 91 traps that contained 100 —200 mature seeds and fruits, and 1 trap without
any mature seed or fruit. When looking at the number of species in each seed trap, 7 species were the maximum species
found in a trap, and usually 3 or 4 species were found in most of the traps. The spatial patterns of mature seeds and fruits
of 6 dominant species were analyzed. We found that; mature seeds and fruits of Tilia amurensis and Fraxinus mandshurica
distributed in the whole plot, while Ulmus japonica .T. mandshurica .Acer mono and A. pseudo-sieboldianum distributed in
some parts of the plot. There were significant relationships between spatial patterns of mature seeds and fruits, and their

parent trees, indicating that their mature seeds and fruits were not dispersed far from their parent trees.

Key Words: seed rain; seed dispersal ; broad-leaved Korean pine ( Pinus koraiensis) mixed forest; Changbai Mountain

MY BREE R RN BT AR T SRR R TRk A
KR KEBEFRE SMAEYESE, NI HATE NS MER, RE WA EFNERKME
W, BRTEASNETRTY BB AL B, A KT TR B 4 2 B B 6 A0 28 1] 33 9 Bk
B R M MR BE AR X P T B R L 5 IR T SRR A R R

ARTH, B FI BB R — S REMA R, BFI BN RRZE P T AN BN ETUR
BRI R Y B, AR5 B R T RS AR SR R AR 2 B AR R B LA BRI B A AR A, X 2
7435 SR S AR R 28 IR RN K B ) R B B AR RE e ™ o LA : (1) X TF BB MR AR 239
MR RRTE X RBENHENT T BE R, HEREMBEDHN, FEERANBHXRE, XlE
RTHTHNHEEES, SESEKRRDREERERDY . Q) REEMAM THEEERBHNM TERNS,
BpfpF X/NE, B, 7R — 8 TR — R4, G AR REARRE, B8 3458 7 iR B A M
B, (3) B — YRR T BOR AR R A A RS K iR, I A S YRR AT B R — R
AR . FTY BRI B RTE 1 B P A A YRR R RO BT IT , N BETR S ALY
FRIFERT I B BA LB A R G

2 E P T AREESE H.0 (the Center for Tropical Forest Science, CTFS) M 20 42 80 4E R AU, HEEED
Barro Colorado 5 ( BCI) By FRAKEE 2 T —HRER 50 hm” B9 1 WA REH , ST REIB N BT 2 = Lem BR
AYIHAT T WA AL, 258 5a K& 1 K™ 1987 4578 BCL B BLER T 200 MR F IS,
BT F SR, 13a BTSRRI, 314 MRFF D LG 3 MRTF R BEE 2 PR RS H I, 88%
B RP RPFIRE TE AR RS T I 3R, AT T bk b B W R A 72 B 7 1 U PRl , R 24
PITR HA T BRI BN AE" . KRR E ER T E TERNTTRE, IR T LRTB SR T3 BUA R
B AR RS B AR T EEME S A RS R R R TE B BT, T AR AR 4
BE5EFSANBERF O,

Z IR CTFS P MBI R AR B ARG, P ER =AY LR R ST 2004 FHE T HEZME
YRR M4, 76 P E A B BIHL A E EARARKBIEE ST T 4 3R 20 ~25 hm” B ZRMREEH, & H 1L 2R
(Pinus koraiensis ) BRFEHIIE 1 M 45 o B BB T LR B R , B 3X 5 Bk iR s X ME— B —3k , 2 B EiR
e DX TH AR B KB — B B 3
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W I ZLARAR R A L3 X ) 0 H AL, W BB AR O B W] LA W M LD AR R 37 T SR R 2 B R
WAMB KRB R NP AKIE, IR T RN MBI, EFZEEPEARR . TIFEERRER
AR RS ARSI S S B T S8 TR T R X — ZRAREE B L IR A RO BT
TN EA %L, BAE AW (Pinus koraiensis ) | 8 Bk #k ( Juglans mandshurica Maxim. ) | 7K #f #)) ( Fraxinus
mandshurica ) F1R T (Acanthopanas senticosus) F FFRHY—BeAE S HRAE ™ > 7, ARBFFTLAK FH 1L LD R
25 hm’ B LR & , B X REH Y 150 MR FIREE R TR E BN FF FRIET R L, FSE AT
R 151078 -9 = R IR L A K 72 s R A S e R
1 HARRBFAEHARFTZE
1.1 XL

BHFE A T A W B AR RY X AR R LI bR, B B O 42°127 N, 128°32" E, Bl X SRR
FREREMAES KSR, A FERTEK, EZRBELHAEE ™™, £ FHKE\R3.6C,1 A
(B B) RN -15.6°C,7 A (A ) FHREN 19. 7C4EFHRKEA K 700 mm, HEE P
H %, 452 480 ~500 mm, £ FEMRMEPRK, BHKRIFAK, LN IR ERAL ™ . ZH%E
KBIPILTHS etk ( Tilia amurensis) | 3% i ¥ ( Quercus mongolica ) . 7K BAINFI €8 AR A ( Acer mono) % X EF##E
P MR EE S, 2T B R IRSSH
1.2 FARFE
1.2.1 FEHigsr

2004 4E 5, $5 88 CTFS ZRARSIAREHAG BB, ZE K HIL AR K NS T —H 25 hm’ (500 m x
500 m) B IR R M LIAAMEE D . I RE MBI B O 42°237 N,128°05' E, ¥R N 801.5 m, FEHYIFHLH
B, EEEHERY B, AR 300a, EARERA N 20 ~26 m, RAMBIWEZRRA, FIHLMWEGEREA
FEHL AP 625 20 m x 20 m B9EETT, B~ 20 m x 20 m fRES 0 16 15 m x 5 m B/MNEET , TAE DS
NIRRT ERET Lem BPTA RAMBYIROFPAE IR AR08, FEn o M pe ™ . E— R 2
GERFY, E R IR T 38902 BN, 4R T 18 Bl 32 JB 52 B, A HE T R M- LD A AR B R ER 43
MR,

1.2.2 FriEHRRE

2005 4£ 6 A, % M BCI #3H Tk 50 hm MRS T 400 |-
WERSR BB I A E 1L 25 b’ IR LLAAK
BB, BT 150 M TR (B 1) o MR ) 3
BB T SRk T LA AR IR 45 B BT 8 T EE Y
BRI RSN BT AHBNNE— &, 7
MR A GEARBWES, B % s, RIEF o
EREZER BT RN KBRS, WESHEN S84
RN T BCI LA i 2 $it T ARFE L H BEZE /D KA o,
HTHFIRERA R, FFIREHSER/NTS cm x 75

500 - -

200 + *®

——> B[R4 West to East

em FIUREREF R E | mm BRI RIE R, IR EH JUE Scale (m)
TEERS N 1 m, BN ME ALY 0.56 m*, JBJ2 MR HS
BEYRAE 25 cm,

Bl 1 KAWL 25 b’ BRI AL E R

Fig. 1 The location of 150 seed traps in a 25 hm? broad-leaved
Y =1
1.2.3 ﬁ?mmq&%‘émgﬁ% Korean pine ( Pinus koraiensis) mixed forest plot, Changbai Mountain

FF R ROBEM 2005 4 6 AFF R, MTFRALKE A BEFERE— RS, 150 4 KRR S R 2
ﬁ*mé\ffﬁ%1¢, ﬁ@@] 11 H Lﬁ?ﬁ%ﬂﬁﬁ?yﬁ R % 2 515 One black square stands for one seed trap. The lines are contour lines
S A IE WS RTFIR B, 2005 FIUCR 6 Yl P
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2006 45 A1 HEI11 J 8 H,EMAIKE 1 %, Il 12 K,

B EEFFTIRH B R T R U — R TR R oy B, TR E . B
REFGHRARD A 4 2O BRI Q R ;@ RERFTH A RHMBY (RE F R AF) 5
@ F. Hi,O~Q HEHMEE, 2REEST KT 80°CHIMAE T TR 12h, RIGHHE T RIFFE
HTE HHE0.01g,

1.2.4 BEEDHT

NT T RN E]_E R shAAE AL, FER B R AR AR (14 d) Sy 8 IR IR BB A Rom. |
FHRARRE(CINRTE) A REEAE R RS , SBOREN B L BFAE %, EETHEIZIE, X
SRR AR 4 LAV R D SR O B , B

BHRARMELEE(RER W) = LREREINMFIEE (RER R/ LREERE <14,

2 BRESH
2.1 FFFFREIRFPE AL

M 200546 A1 HZ 2006 4F 11 A 8 H 3Ll ER 11 B 12 J§ 20 FiFr T R HEEEBERE(ED,
FLIERBPEE 15 T R BGARISE 16 B, ZEFF 9 B, 8 2 B, LB TR KRB Y 5 o Hb,4 Bk
BB AR, X 4 PFRIERUR MRS AEE Ko BREERREPIA-ESL, HAts 10 RHERUA 1 A
BB WREHBER 7 AW MR R FIBR PR B 20 31A 2 R, HARPHBE RA 1 T,

£1 KAWLBHORARNFRAHHEAR
Tablel Species composition of seed rain in broad-leaved Korean pine mixed forest plot, Changbai Mountain

P # WEHE R 1R i
Species Families Mature Immature Anthotaxy Other
M Maackia amurensis TR} Leguminosae 1 1 0 1
AR Tilia mandshurica 18R} Tiliaceae 1 1 1 0
$18 Tilia amurensis 18R} Tiliaceae 1 1 1 0
FI¥E Betula platyphylla HEAR P} Betulaceae 0 0 1 0
WAL Betula costata HEAR P} Betulaceae 0 0 1 0
E4E Corylus mandshurica HEAR] Betulaceae 0 1 0 0
Z2 MR Quercus mongolica 53-8} Fagaceae 1 1 1 1
JKB#i Fraxinus mandshurica ARJBP} Oleaceae 1 1 0 0
B 418, Acer mandshuricum AR Aceraceae 1 1 0 0
AR Acer barbinerve AR Aceraceae 1 1 0 0
1B 2,18 Acer pseudo-sieboldianum AR Aceraceae 1 1 0 0
HHEAR Acer tegmentosum AR Aceraceae 1 1 0 0
&R A8, Acer mono AR Aceraceae 1 1 0 0
ZEAM Acer ginnala AR Aceraceae 0 1 0 0
R Acer triflorum AR Aceraceae 0 1 0 0
I T F Malus baccata F#%E} Rosaceae 1 0 0 0
ZT# Pinus koraiensis 2%} Pinaceae 1 1 1 2
KF ¥ Populus ussuriensis il Salicaceae 0 0 1 1
FE Wy Ulmus japonica 1} Ulmaceae 1 1 0 0
BB Phellodendron amurense &P} Rutaceae 0 0 1 0
R4 unknown — 2 1 1 0
Bit 11 15 16 9 5

“O" RARYMER—REPEA N, 1" For B 7ER —RE PN, 2" R ERYHEL AR B P IR TR, “ R A%
REH B FHELTF, “Hib” wFEME REEHEHKEY  “0” means that no corresponding type of the species is collected, “1” means that
corresponding type of the species is collected, and “2” means that two sub-types of the species are collected; “unknown” in the first row stands for the

species or anthotaxy can not identified; “other” in the last row stands for seed capsules and affiliated things
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FIARER BT 16 MBI (R 1), 08108 S8R K SR8 A0 B AR B ( Ulmus japonica) K
& (T. mandshurica) . 1A ( Maackia amurensis) . I T T ( Malus baccata) .25 558, (A. ginnala) |, 2 4= 18, (A.
mandshuricum) R ¥, (A. pseudo-sieboldianum ) ., & H& W, ( A. tegmentosum ) | 37 i W, (A. triflorum) F1 B B
( Corylus mandshurica) o 3X 16 NMHFHFET 9 B9 B, WHARBEMERE B 7 R, BREHRIER 2
AR, HRPHURE RA 14 0F,

BAE AR R BT 13 AMERN (R 1), 20308 8k K 22 53 20 B R R LU T
T BB R A AR I AR BW(A. barbinerve) . X SR Fp5FET 9 B9 &, H b BARRIEE F
EEE,H5 M,

PR BT 9 MR, 53510 : et MR B R LA . KB (Populus ussuriensis ) , 85 ( Phellodendron
amurense) \ A#E( Betula platyphylla) WHE(B. costata ) Fl—ASRENYIF . MR R 5T BRFP A A BT
A, KEY A SHEAARMEER RS R BIE Fp M i R B b BUR 52, X T RBJE Hy Trax S Fp RSk
ANINFRIBE R

R B TR SRR, RESF T KHM B IR B T AT ZEE AR ES
4 MR,

£ BRI 20 AR R 4 MRRMUERBIERT 3 ANRR CIF AL R A B R ) CURE B R B
FpSE, 12 MR B T BRGFIR SRR SE, 3 M B (ZLAA SR MR AR ) BRI R BURR S2 DL B 7E Fr R IR
£33,

2.2 MFHEEBEHR

MECE B, SR BIRSE 121291 i, Forb iR S 23147 i, o TR RS B MEE 19.1% , FpSE
R 2RISR, UK, PIRR MRS G BRSO 90% . 7 R R b, AR
BEBBERE , HA S RN EER >, NEE Lo, L BE RN 2685.35 g, HPBBAMLAEER
705.245 g,1526.3% . SRSEBEAME , FBRAKME) SERHRER, HKEZEHHE,3 MK B E
BLHTAMEEERK 94.4% . XEEEWMHSELER X, WEMEHR/DERRERSFE R,

S F BRSO, MBI Z IR R, o BRI L BB 69. 2% , Hk K Hi At . S dR.
T F BB AR ) BRVRD S o L BURD SE R LU B AR/ N  RR AR 52 AR, BRb SR8y 1721 i (B A&
2 AT, FRHEIRE,TEES 2006 4F 4 A TAHKHILRAKE ESRIE, EH T R BT EE X, 5
O E, BN SFER EEAR BRI L, NREEER FRE, FRAUVKINE B& <, R EHIR
ML, BB ER Y E BN EIRRUOY S8R A8 R ST AL T 7

R ER B EANE R KNI 5 B SRR E, A RBBAR R M SR ENEE EH
B2 T HBBME,

9 FIRIFPHIIEF B E RN 2745. 808 g AEFE BB RF SR, HIKRLMA LR,

2.3 MTFEEETIHE

MR BREZTET LR E (Kl 2a) ,A20064E5 §1 HZE11 A8 H,MLAE7 AFAIZE10 ATH
HEMK,ER A Lh A | K\, R R EA . 7810 B A i aiss 2 Wi, Sk
AP SEER G T — W ), 11 7 LA, M a Rl TR, 1B 82. 5% BB,

L E B S E R R REAMRE (B 2b) , 729 AIRZEN, EELKRBBAR I N E, FLEL
HH A BTE 10 A ), ARIER,8 A LA Fpsoi B BECA B 5 B B A IR (E, 33 =2 B 120 ) B Ak
HEHIFPERZ R T AR B SE 8 E BB/ BB L

MRFPLE B ERFE (K 2¢) ,7E5 B 1~15 HALER] 4 FRFPEIRISE, 205008 St K 0, RN
TF, HEAEi—FE AVEBEREN R L, 5 ATHH 10 A LAFEDKRBBAMLAE, Z£10 AFTF
A, BRI R R SE R R ECER A B B KA, BB SE B R FP RO TR B 52 , ZLAR FIARAR U R B R
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AR, —x— BT AR Al
AFIA LB IRR BT AR , [ S AR R e

1B KU EAMAE I 4 DR RS 2 50 | ‘
ARSETE 10 1, TR MR SEROE BITE 6 TR T 2 soovo |-
o BAET AT AT IR, R ELR R 5 15000
MR, 9 B L AIFFH BRI Bk R B 10
B IEB, KIIAE 6 b BTt Rs 8 B [ L™
AT B R SE, 10 A A An 3R DU o 506-1506_3007-1507_3 108-1508_2909-1209_2610-1110_2511-08
¥, SEHET APATAHBFEE 9 A kd s,
AABIEAE, (B TR RE 2006 SELPRA 2 |
BB, MM S B T AITFA - BAS:,E 2
P10 B LA M BB, 10 A T Ak, § 4or
BEMAS A TATFRHIMNSG,E7 ARamsi— 5 |

WEfE , (BERSEAR BRI SE, 10 A T A) BRI R B R h 5K
AP BRI (E , HBGARH SR E R TR BRI
2.4 HEAFPERE R R E S ERE SRR

ERAF TR SR 2 R S B4 1T, 2005
45 A F 2006 4F 11 B, B2V 232 78 100 ~200 2
R R B R R &, 3591 4>, KT 200 Bl R4 3t 39
A1 AR B IR BT R (B 3) o

R MRS EI W RRETT(E 3) kR
R LB 7, 01 7 RS RO 3
4 Fi RS R L

IR 6 A~ B o R SE AT TR W SR A TR
FEY T AT AR H (1B 4) |, SR K sl s BURARH SE7E
BAFEARA A, A R AR SRR B SR R 7E
o i B JR A X SR SR 2 AP SE o AR SE Y 25 ) 43

35
30 -
25 -

20

U2 233K No. of traps

Y% No. of species

L L
07-31 10-25

05-15  06-30 0820  09-26
06-15  07-15  08-15  09-12  10-11  11-08
b | | 1 | 1 1 1 1 1 1 1 ]
05-15  06-30  07-31 0829 0926  10-25
06-15  07-15  08-15  09-12  10-11  11-08
B 1) Time

B2 KOl Lsie T RKES s

Fig.2 Seasonal dynamics of seed rain in broad-leaved Korean pine

mixed forest, Changbai Mountain

i

50 100 150 200 250 300 350 400 450 500 550 600 650 700

REAFIEEH No. of mature seeds and fruits

50 -

40 |-

30 +

U2 233K No. of traps

e L Hﬂ

0 1 2 3 4 5 6 7
gL No. of species per trap

B3 TR AR B B SC R SR AR A

Fig.3 Relationships between number of seed traps, and number and species composition of mature seeds and fruits
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W Tilia amurensis (DBH=20cm) FE i Ulmus japonica (DBH=20cm)
500 500 F T a . . - .
. l" % B 4 [ ] a
‘I ) ’ . n % * - []
400 N . . -
" i me .
* N (4 [
.
300 300 « ‘a.om -
ot . .
200 200 L] .- .:‘ .n m
P .
*m. i : . * . *
. * a L ] a
100 100 + ‘a .
LN - bl ) :
., a ) .
0 0t " 4" i 1 ' I
0 100 200 300 400 500
$E Tilia mandshurica (DBH=20cm)
500 500 [
400 400 |- .
n .,
300 300 |
200 + 200 - "
P
vt
e
100 100
Ll .'
0 - S % - 0" 1 0L 1 ! ! ! !
0 100 200 300 400 500 0 100 200 300 400 500
@AM, Acer mono (DBH=10cm) 1B AW, Acer pseudo-sieboldianum (DBH=10¢m)
500 500
400 400
300 300
200 200
100 100
0 ke :"I ‘. "I: '..’.'.‘1"|. ‘..t-fl"." | 0 -
0 100 200 300 400 500 0 100 200 300 400 500
e [ P[] 25 West to East e [ Y ] 5 West to East
R Scale (m)

B4 6 EEMMRBMLKERSHEREES IR

Fig.4 Spatial patterns of mature seeds and fruits of 6 main species, and the relationships to spatial patterns of their parent trees

REFTRFRZEMFHHARBF L RESNZR S, KERA KT R ZHNHERMEZ 57 Black squares stands for seed traps that

collected mature seeds and fruits, while gray points stands for the spatial distribution of parent trees
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75 5B 4 23 1) 40 A BRI A B B AR et o SR K 0 B4 R R TR B M RE IR AT , A IR AR
AR B 23 ) A0 A AR b5 RS S 25 IR M AR 36— B, AR eI X B o X R S Bt b G
BRI BA B B R T R B

3 Zit5itie

AT XHE LR LR 25 hm® BEHBIA 1 4R L0 Fp T FR B MR BRI 0 , 7T A% B : K P 0L N P S M Al
FTHRRERMEEAES EREREST LD, RERRAFSEE 6 BHEIES, HALARFE
FHSZ REREHTE 10 AL,

Fh TR LIS 16 MR RRI ST, B R b R P AR 1 om A ERERRE0(52 ) 19 30. 8% , 3F H AT #%
THREHPULA EE RSB MR 3253 KB B A @A) R T A BTHRCER BB LA Rl b S2 iy
WEKE , S0 S HH B AR R S B I AR b S AR AR R BUE Lo

ARG, K HAIZE 25 hm® BEHL LA 681 I3 1 em L EBAME™ (BRPSZB A BIK, XS
BB A 75 SR %, RBVR T HE IR K R BRI PR G B &, R A S b Y R R
WHFEERERIER. HE, CRTERMNA 2468 BI072 1 cm DL EEAME, BHLE B LR 23R %2,
TREHL N LI 45 S B A D, T REFTE P 7 T A IR B, — AL AA IR b SEELVE Hr g2 1] HL I, WiC AR e i)
B , RIS SITE R b R — 6 B KA 1 2 s BT B i 4% T, LT K BMIR A B R T
BRI B LR T Et— T

xR T2 B MR M R TR B, R ZHOR R A 1A T BB B R T i Ty . X S S5
FIEB RT3, BN, B SR E B 3 FAR U AE AR K H0 RS T BRI R B, K8 K i
WFh T4 P R TR R , 3 BRI R LM R TR A . W IBT S0, B8 215340} J BB B o S B0 1 1
BRAIRS 2 B S, SUA R B 58 R A FUR R B, R 8BS W™ >, B, 7E M
AR, SRR SRR A K AR € AR A R SR G PR B A ZE R IR O BR B , T 7T BB o TR T BEE
BRRE, REHFTHRIREEREHASERN R, B4, EBNSFEHNMLTIERTRER &
o K BIA AR RS E ER RO EE . — Rk, XU & T LR e Bl Enm e B ™, BLrE B
SAFT B R LR 5 R (R ST B B, A S A8 07 R A B AU (B 75— 40 o

ABFFE I A X R LD AR T R AR R T shAS I 40T , 1 B N L AR AR B b T Bl ol — A
T HIAR , T AR F R B RABIR AL TR TR R — S8 | HEARSE XTI M MR F I
SAWE , VR H P S SR B ShAS A AL LR B R T B R T B B ST A L R R, W S B R R
BT HEM . 3T MK E SR BTS R E R R E B LA R A TF AT S Tk MR e T R AR
EHHINENE . REISRR— A RS ER  BRh T4 7 R T8 TR TR A AR oA
EPLS RN ER AT RERIE U E, B RRMN B AR B K E TR, B EIMEERAEE
PR R R BB 2 AT , AR 7S B - LA SE BRI AE St R N R R
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