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Abstract; The variations in flowering phenology and pollination success of Sinocalycanthus chinensis were investigated in a
field survey, which was carried out on the Daming Mountain, Zhejiang Province, China. Three populations of S. chinensis
were chosen. Population A (523 m a.s.1.) was in the edges of broad-leaved forests. Population B (520 m a.s.1.) and
population C (840 m a. s. l. ) were located in the broad-leaved forest. For these three populations, 26, 21 and 25
individuals were randomly marked in 2006 before flowering, respectively. Flowering and fruiting per plant were monitored
weekly. Flowering onset, median flowering date, and ending flowering date were recorded. Then phenology index and
synchrony index were calculated. We analyzed the difference in flowering phenology between three populations, the
correlation matrix between phenological parameters, the effect of flowering time on the pollination success, the correlation

between phenological parameter and pollination success, and the difference in pollination success between three
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populations. The results were as follows ;

The flowering duration of S. chinensis populations spanned from early May to late June. Temporal patterns of flowering
of S. chinensis were very similar at the population level , with a well-defined peak and marked synchrony.

Within each population, the phenological parameters showed no correlation with fruit set and seed set. But among
populations , onset and median flowering date had significantly negative correlation with fruit set. Ending flowering date had
significantly negative correlation with fruit set and the correlation was extremely significant for seed set. Flowering time
conferred a marked impact on fruit set (F =15.960, df=3, P <0.01) at the individual level of S. chinensis, but not on
the seed set (F =2.358, df=3, P=0.073).

Although population A and population B appeared at similar altitudes, habitat types had different effects on flowering
phenology but not on pollination success. Population C from the higher altitude had significantly lower pollination success,
as compared with populations A and B from lower altitude.

As an endangered species, S. chinensis exhibited a so-called “ Mass-flowering” pattern, thereby increasing the
pollination success of individuals and the dispersal of pollens within and/or among individuals. This phenomenon does not
seem to facilitate to disperse pollens among populations and would pose, to some extent, self-mating and inbreeding
depression, thereby leading to low genetic variability, high genetic differentiation. These traits may, to a larger extent,

explain why S. chinensis is readily endangered.

Key Words: Daming mountain; flowering phenology; pollination success ; Sinocalycanthus chinensis

AR YT BB R 23 T Mok 2 X, By AW BN S RS E MRS %
B TR R RS B A E Y . TR RR B T LR A YRR D R A SR
BHENGEE, AT UM AR RN R R REE" 7,

HEYIR YRR R TS TR TR E R R R R E R
YRR ERFETEMARK SR ES . 40: Tarasjv BF5E Iris pumila 5 AFERKFF LY BRI, FFIED
157 22 54 3 ( contrasting habitat) (4236 FI3ERE ) FI8AE 55 (microsite ) H1 2% 5 8.2 ; Blionis % 3 N4 & /B
( Campanula)9 MYIFPEIBIIE K BL , REMEHRBERE BB AL, BEVR RO FTAERR G20 1) AIAE 5 At & AR 3 s 6T
Olsson %%} ZAEA BEAAEY) Lythrum salicaria AR 45 B BRI R K I, BEE 4 BB UA R BRI 9 FF 289
BHEAEBENER",

FAEYE S &R A F 2 B A EAE R B RIRE B, e R AG RS B R
BB A RRAE AL RIS RS RIRE" s BN T S8 F D7 RIR R B & A7
#3 TEHR- L AR ( donation-deposition ) 7R %2 | 5B 2 W BLIH 164 | B i 9 7 38 o6 0 I EE 23R ol B 55, 1>
BRI SRR LT ERSERAERNESE" . BIRAEZ TRMEE D MY ERSEEE
e R SR ST AR 3 R K PR — B T R R S I EE R T,

B w45 (Sinocalycanthus chinensis Cheng et S. Y. Chang) 4555} ( Calycanthaceae ) B W15 /& ( Sinocalycanthus
Cheng et S. Y. Chang) ¥ MR, BULAMRZERNT A IE LT MR G BB/ NEE N, BAEYR AR
ER2 Gy, B, BXESERAERSEYE" BEME B TAREE " Bk LR 2h
P S AT T BV, (B B M A T BT SR AR

W B S IR YRR B LERBI AT, ARG : (1) B 4818 B RARHA W RER; (2) FF
BB S M BB 5 (3) MUK T TR R IE 8 [ 3 B A ; (4) A F R BIFF AR
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1 HEE5FZE
1.1 #8

R AEAEIEPI M AR THEES , AL TRA: , TR URAIIE R, R EAE , FEHH7E S ~6 Afy, BIEERIVHR,
BRI, RBVE SR TURAR, F AR T, M FEEEERE S, BEEE4EKTEIR 470 ~1200m B0
W FEBCHRORIE IR AR KRR, SR R4, DR WP S5V 3B X M AR T B, A
FEMEMAAT AR R R KRN TR,
1.2 B

LA WG LT KW L B A R A K 2 — , B i K SRR R B RS 4, RIAB A HaE
2 KA UESTE ILA PRSI R 22 Rk T 3 N R SR Bk A, %83K 523m, 3 7] NW70°, 4
AN TTRRHRH , U5 A 5 58 v 3t 43 70 7E ARG AR , 2 DG AR 107, FEAE RPN R R ( Hamamelidaceae formosana
Hance) .55 M1 ( Cyclocarya paliurus (Batal. ) ljinsk) .3 A ( Rhus chinensis Mill. ) 28 ; B4 B, ¥k 520m, 3§
6] NW70° , B RS HFEL R LI A TR ZE R AR T, B4R B SRHE A L T AR R, A AREE 30m, HrH A —
S W AERR , EEAE R A WE T8I EL kA X ( Cyclobalanopsis glauca (Thunb. ) Oerst) 5 ; #f
& C, 4K 840m , 3 [7] EN4O° , B U5 45 5 BE ML M0 43 75 76 W M ARAR T, 2 B2 A A2 R R 2 SRR ( Emmenopterys
henryi Oliv. ) . #E%( Rhododendron latoucheae Franch. ) ,/RFf ( Schima superba Gardn. et Champ. ) WAE%F,
1.3 HHEit

2006 4 4 J , 72 KB 3 A EEA TR IR BSB89 SEBR B 0L, HEAT T BE DL BURE IR AR 1T, BT B
AR T ARIRANAE, SRR PR MEB R RE L 1,

F1 FEGIFCEREE
Table 1 The characters of the sampled individuals

Bk [z SRR FRin R4 PR AR FRic AT IR FRic A B R
Population Area(m?) Cluster number Individual number Height (m) Crown size(m?) Sucker number
A 5000 >100 26 1~3 0.8~6 3~12
B 10000 >100 21 1.55~5 1.68 ~15 2~10
C 21000 >200 25 1.6 ~4.3 2.55~20 1~7

TEFEAERT, B X AR G R B TSR . RN IFIE A, B X 2T 5 45 R WL . 1T
BITAAMRR S LR AR Y BB FFAEE ER LR BB R EG TSR . R BT/ R
BRE T WK BRI A [F A6 B ) S B S S B, LA R D B, 43 BT B R i 45 S R A 4
2R,

SFENEEEMMED BT B LT WG 40 1646 H (onset) (F—RIEFH B H) . FFIEHEH
(median flowering day) (iZeAtik S0% FEFF 9 H ) ™ (& 76 H (end date) (BJG—2AETF89 H #1) s A XI TF B3R
J& (Relative flowering intensity ) ( FAEMR KA XS FFAE SR BE S5 TR AL T8 H 7= AR AR5 I RHA T R AR
FLFF AR A g BRI B b ) Y AR BB K ¥ ( Flowering duration) (45— 2B FF BB /G — 4%
FETT I 6] ) A1 35 78 3K B 5 F 39 7T #E 9 98 (mean flowering amplitude ) ( 5437 i 6] B9 T FE %0, F 46
Bo-b - dT R,

PSR B e MR B R K HEA TR , AR B W8 B BT bmin i 23R MR I P TR, H
Hr G B 38— ANMEMRTITAE B 38 BEAOK SR 20 5104 5% B9-MRBOTAE IR R 1646, 50% B9k B T B
AR S B ) B R U , 95 % BOME MR T AB 25 W BE AR B B 5 o ™

FFAE B 251848 # (flowering synchrony index (Xi) ) (2],

X = (n 1- 1)(%) 2 o

j=1
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R, e FRAME L 1 AEBIEBAE () (20) fFaE i FFAER BEE (d) ,n FRBER AR BB
YAMRE T ) 2 EBN X = 1; 4RI TR 2248 X =0, — MR Fig Mk X 89 F 1
H— BRI T RIS % . RT3 BT, ¥64% 2006 4E 5 A 1 H A1 R(3TH 1) ,2006 4E5 A2 HE
%2 R(3HH2), LI,

1.4 $iEgt

{7 One way ANOVA K36 T RIEIBEA I FEAL YR 22 5 , 3R F FAE YRS B/E T Pearson £83%
{4347 s 76 One way ANOVA AMHTANATE 75 I 18] X543 B D0 B B2 M 2 B, SE 5033 HE4T arcsine VA 35401
(BERE S5 ARBRSEAEIFE, BRASE, BIEES 58T A) ; 2 55 FE MR 55 18 R 2h
YET Lt EIHSMT ™ s 5 )5 I One way ANOVA 4347 TR RIBER 2 [AEM I 2 5. AN TR N
SPSS11. 5 #4444, #EE B Origin 6.0 S,

2 HR54H
2.1 FFIEWEH®
2.1.1 FFAEARIB S TFER B AT

WP 1 T, B 3 MRER I AR HERR AR 2 B R, B A A C 7555 1 AN B BB TR B B R,
ZIE TN TR, SHEIRVEIRES B OB A AR L, BEAR B B R06 1 IUEGR , (B RAE SRR R, Bk C,
T EYE IR, 1675 B U B85 TR IRAR . 0 1L B AT SRR FFAE Bt 2 ) I3 BRI Y | WA
MBS AT, BIRE, EEEHESIAK, 1 MR AR,

45 -

] B A
[ B
35 E=sc
i ——A — bms
g - —A—2B z
w2, S~ ——c 5l
22 o ' e < - DMS S
ﬁ: = \ 1 2
Q 4 — F é-\\ =3
H'qg 1 ,’*_-_ \.I o ‘Bﬁ 18 b
rE o AT 8 K
& g e 5 \ﬁ.\
S ol A —_— -~
= ol
1 1 | 1 | 1 | | | k
05-04 05-10 05-16 05-22 05-28 06-03 06-09 06-15 06-21
WL H # Census date
0 HTE—BZZ’ =
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B 1 FEESHIT R s AXOHERE
Relative flowering intensity
Fig. 1 Flowering amplitudes for the Sinocalycanthus chinensis

A.B.C A5 3 MAR# M, DMS REEFHE (TR
A, B and C represent three different plots respectively, DMS

B2 X T AR T AR B A I B A AT FE SR R ) 7R

Fig. 2 Frequency distributions of individual plants of Sinocalycanthus

represented the population of Daming Mountain ( the same below) chinensis with respect to relative flowering intensity

FENE 3 DRA R SRR IR SR 4R LA 20 AT A, ZEREHOKF R BB AOKF |, B
HEA AT A B AR T TR rh AR FE BB AR R ST AR5 AL, 0 I (B 3 i1 BRAE 20% ~40% Z ], RIAKRZ
BOR AR BRI X ITIE R
2.1.2 FENNMETT IR 1

3 AERR S MAR TR RS HOE R WIE 3 FI3R 2, W40, BAEEON 5T TR 4R I8 i 2B 39 LI
A R FEHE C Bo/bs FP BRI A Bk BRAMA B B/ TAE AR S2 I 18] I LARRIA C Bk, BRiR A
/o

B AT YRS $0 70 5 RECTT A0, R[] B Pt BRI AE SR St [R) 2 40, S LATE AR A B8 53 oK
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B3 REFKE SRR R G B A B AFFEHER
Fig. 3 DPlots showing individual variation among plants of Sinocalycanthus chinensis in flowering duration and onset, end days, and median in three
plots of Daming mountain, 2006

LB FHITHEPE R ZZR R E N AR T R R, A R ER AR T R4 Solid dot showed the flowering median date;

Values to left were relative flowering intensities, and values to the right were flowering synchrony indices

& B ZIFAEYESE P IRTE B (A48 H FIFFE A H 728 REBEMAR C X, HEHMEXR/DN
2.1.3 BKRRIFIEDENE RS

3 ANEER R EEASANMARR AL WA B 3, H—B ST TR, Bk A B - MEIRIE H L AEH
B BT C(F=189.751, df=2, P<0.01;F =117.603, df =2, P <0.01) , Wik &= A R A 3 A
HIBER A F1 B Z 2R ABE ;3 MERZ M NMEAEREIFFERENZR, HPLEEK A BR,
PR B, %E3 B8k C(F=113.373, df=2, P <0.01) ; i MEFEHFES(F =0.213, df =2, P =
0. 808) AMAFIHFFAERTEI(F =0.138, df =2, P =0.872) JFFEFE %M (F =0.017, df =2, P =0.983) fiM ik
S FFAEIRIE(F =0.480, df =2, P =0.621)7E 3 MHAZ HZFARE,
2.1.4 FFILYRIEE AR T

FHRAE AT R, MR EA7E B SR B AT AL F 25 24 B 2 A B E W IE A 56, 5MK BAE SR
FrgLmt ) 2 B2 W A BIEE Siv S A £ R B2 W IEAE 36, 5 L R 251 S AR B3 B SR O s T fp 2 i
B 5 FAEFREEER B ERNRAHERX(ES) .
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2.2 JHEMBES R B RN
2.2.1 BN RSB 8 BEH R M

MR 4 WAL EARAN , BT BB RO R 89 B B A B, BR T #E44 B H 9 Rl Meda 4
B8R FA BENIEM X AR 55T RE BE NN, RESRE R BE K,

£2 3ITRGEERMATHRSUNDHENTRRAMLR

Table2 Comparisons of means and CV of flowering phenology of Sinocalycanthus chinensis in three plots

I H Item A B ¢
H Mean BREAHKCV IH Mean ERRH]CV 3{H Mean TREKCY

BEAEB Total flowers 37.462 0.788 34.905 0.604 32.320 0. 657
[F) 25 35 ¥ Synchrony 0.822 0.102 0.818 0.069 0.821 0.109
FFAEIRNE Flowering amplitude 1.722 0.602 1.567 0.447 1.470 0.500
TEHA#p4Rt H] Duration(d) 19.538 0.227 20.095 0.239 20.200 0.257
#71¢ B Onset 0.324 0.305 0.152
24t B End date 0.136 0.129 0.076
FF4EH{E H Median flowering date 0.217 0.172 0.099

WAL R AL B AT E P E B KRR RYPUREDE BMRELE, BB R0 T 0 ~ 1 ZEKHMETTHEMA  The variation coefficient of

onset, end date and median date was calculated from a series of numbers between 0 ~ 1 by standardized the date value

=3 FRPEEHOELES T
Table 3 The correlation analysis of different flowering phenology parameter

X R WA FAEFEA Po¥ic 8 EsE=2a |
Correlations coefficient Onset Median flowering date  Total number of flower Duration
FrAEH{E H Median flowering date 0.869 **

BAEB Total number of flower -0.253*¢ -0.065

$r4AfE] Duration -0.243*% 0.045 0.654 %

Fr#E R Synchrony 0.262° 0.008 -0.6507F -0.889*

# % FRFRMAR BE  Correlation is significant at the 0. 01 level (2-tailed) ; * FT/RFFXEEE Correlation is significant at the 0. 05 level
(2-tailed)

F4 BRENFEZUESEXEHRIIMNNEERRER
Table 4 The results of linear regressions of the effects of phenological parameters on fruit set and seed set

%R FEH XTI FAEFER

I H Item ﬁ(ﬁ;i::e? End Total Relative flowering Median flowering Iﬁé;ﬂj‘c%ji?
date flowernumber intensity date
ZERR A(n=26) R? 0.033 0.070 0. 000 0. 006 0.053 0.057
Fruit set P 0.3766 0.1930 0.9477 0.7145 0.2595 0.2383
B(n=21) R? 0.030 0. 000 0.044 0.052 0.015 0.197
P 0.4526 0.9407 0.3629 0.3225 0.5938 0.0438
C(n=25) R 0.115 0.014 0.018 0.019 0.116 0.040
P 0.0968 0.5749 0.5175 0.5162 0.0955 0.3407
R A(n=26) R? 0.021 0.011 0.017 0.044 0.010 0.004
Seed set P 0.4766 0.6177 0.5291 0.3053 0.6308 0.7712
B(n=21) R? 0.039 0.091 0.117 0.194 0. 000 0.033
P 0.3921 0. 1840 0.1282 -0.0456 0.9289 0.4285
C(n=25) R 0.004 0. 005 0. 000 0.001 0.003 0.024
P 0.7619 0.7481 0.9850 0.8722 0.8011 0.4557

2.2.3 AR FEITTAER RIS R B RN
R MARTT IR Rl BRI 0 1 A, Bl ow 5 A, RER - IMARTT BT BIZE 3 ~ 4 28] AN IR b (8] 77
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XM BIA BRI, Hrp SR UE | HER, 82 G TR, BSE 1 ARAEREER , \E
3 AT RS SLRIT 0 & TRE(F =14.945,df =3, P <0.01) ; MAF R BRASE 1 RS BRE 1 5% 2.3 A

ZRAEBBENZFINBE 2R AW (F =2.475,df=3,P=0.063) (K 4),

2.3 RHAMEETTIEY RS ES LR BR LB i

HIE SA T, BEAR A BIR AR R B R BlA T E
Huf R, MRHA C VR KR M, 7L H T
B H IR TE H 80 B 895 TRAA A el B, H
H, RERAER C LU [FR I ARE SRR A B 16 7E
H¥ita T 12d 24 , MAARS SR RER T 3d 24 (B
5B) . JFAEARIEAEAA B > BriR A > A C(JE 5C)

XHEERBUEN ROGE 0K, BE A FI#H
A B 4R RIBA RS, MHAE AB S8 C NG
LR B0 AR E MR ERZER(F=14.945,df
=2,P <0.01) , 7T I, R¥ERAHA A B &SR BER
R R IREER Co G RIE 3 AR BB 2R
ABE(F=2.279,df=2,P=0.081) ,M# —$HLE
HHBRM, A B SHA C X EFERENZR (B
5D). AL 3 ANREMR, ShSE RSk RIGLUFEA C &
%, MR A FIfHA B ZRIAFENBE R
2.2.2 BB YHERTLR B RN

M2 5 W, FERE IR R R S T I RS B
FEHSGERERBERAMR, RIEH 5ELR. G

100

H 42 Percentage (%)

Y] 4533 Fruit set
HHF AR Seed set

3
JEI 5L Weeks

4 5

B4 AEARREITIER EER B R AT

Fig. 4 Difference analysis of the pollination success in different

flowering time at individual level

HRE EWARKR NG FELHRREF BEAKEDN0.01 7
0.05;n K {EB (T R) The different capital and small letters
above the bars meant significant different at 0. 01 and 0. 05 level,

respectively; n was individual number (the same below)

MEIHERBEMBERNAMER A ITTEPED SEXRUERBENIMER. MNP RSHSHE

LR G RZIABAFE R BRI

£S5 BABRFTHRSEIEHNIIAHZEERAR

Table 5 The results of linear regressions of the effects of phenological parameters on fruit set and seed set of intrapopulation of Sinocalycanthus

chinensis
L5502 Fruit set(n=72) ZEFFER Seed set(n=72)
I H Item
R P R P
446 H Onset 0.179 -0.0002 0.041 0.0898
% End date 0.160 —~0.0005 0.073 ~0.0220
FF1E L Total flower number 0.001 0.7608 0.007 0.4830
FEXtFFFE5R B Relative flowering intensity 0.016 0.2958 0.021 0.2264
FF4EH{E H Median flowering date 0.209 -0.0001 0.033 0.1253
[F) 25 35 ¥ Synchrony 0.003 0.6253 0.001 0.8333
3 g

EIEAGRR I TF L R R R EARE (B 1), X BIRE AL LR R AR X R A
BA I MR AN T LA IS 2 S A R 2 B B R R By, B e T
RS VTR LB A FEAE A, BREFF IR ALt R itk ™ o B REAG IR I AR XS AL SR AR R F E 4
TFEBAREI A X IT 58 B AL, R R 8 RA DR MA R R RUITIE, X 5 Buide Xt B4EEFA Silene
acutifolia™ F1 Herrera %t 26 i ¥ 52 M A 9 BF 55 45 S AR 0L, 155 WA £ ¥ M 9B K A IUAE A ( Disanthus
cercidifolius var. longipes) N[, FpZR BN T 8 RBIFHFF L3R B 1 43 S 3s ™ o AR FF L8 BE RO N A
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FHEEH
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Fig. 5 Phenology and the difference of pollination success in three plots of Sinocalycanthus chinensis

(DMedian flowering date; (@End date; @)Onset
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