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MEEHSNAERECREMNNEERREN SARRSNAEEMAREER KR E RS AE RN LK, H5E
TR ERE, ik 10 MRSk RBAHXF] 81.9% A& THEMNSI 5 MU F, SDI 75 BB B 11 1L B ( Symplocos
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Population structure and spatial patterns for the main tree species in Castanopsis
carlesii-Schima superba community in Tiantong, Zhejiang Province, China

YANG Yong-Chuan'*?, DA Liang-Jun’*, CHEN Bo’  (1.Key Lab. of Three Gorges Reservoir Region’ s Eco-Environment ( Chongging
University ) , Ministry of Education , Chongging 400045, China; 2. Faculty of Urban Construction and Environmental Engineering , Chongqing University , Chongqing
400045, China; 3. Department of Environmental Science , East China Normal University , Shanghai 200062, China; 4. Shanghai Key Laboratory for Ecology of
Urbanization Process and Eco-restoration., Shanghai 200062, China ;5. School of Life Science , Hangzhou Normal College, Hangzhou 310036, China). Acta
Ecologica Sinica ,2006,26(9) :2927 ~ 2938.
Abstract : Population structure and spatial patterns are important characteristics of plant communities and they can reveal ecological
characteristics of the species. This study was carried out in the evergreen broad-leaved forest of Tiantong (29°48’'N, 121°47'E)
with Castanopsis carlesii and Schima superba as the most important dominant species. The floristic composition and community
structure were investigated using quadrat method and every-tree measuring method, and then population structure, spatial
distribution and spatial association of individuals in different layers for 10 main tree species were analyzed.

The total relative basic area( RBA) of the 10 species, including the 5 dominant species of the community, was over 81.9% .
The size distribution index( SDI) was negative and relative low except for Symplocos heishanensis which had a positive value. The
species occupied different vertical space, however, C.fargesii which distributed in its northern boundary lacked the sub-tree layer

to some extent, while Lithocarpus harlandii, Cyclobalanopsis gracilis and C. nubium whose most suitable sites located in the mid-
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mountains showed obvious stunting characters in the studied area.

The spatial distribution varied among intra- and inter-specific cohorts in the different layers and showed complex multilevel
distribution patterns, but most species had an aggregated distribution or had colony as the basic units considering the total number
of individuals. There were differences in spatial associations among intra- and inter-specific cohorts in the different layers and
spatial scales examined. Distribution patterns of Castanopsis carlesii and Schima superba indicated that they were more adaptive in
the whole section, while €. fargesii was distributed in limited habitats. The spatial associations indicated that €. carlesii and S .
superba were strong-positively associated, but they were strong-negatively associated with C. fargesii at the scale less than
100m . The positive associations among cohorts increased and the negative associations decreased as the scales increasing. When
the scales analyzed were 25m’, 100m® and 400m’, the number of pairs with strongly positive associations were 5, 26 and 60,
respectively , while the number of pairs with strongly negative associations were 110, 73 and 47. The result implied that the critical
factors forming the observed spatial associations varied with the spatial scales. By occupying different horizontal and vertical space
and having different life history strategies, the main species of the community could exist, resulting in rich biodiversity in the
studied community .

Key words: evergreen broad-leaved forest; population structure; spatial distribution patterns; spatial associations; scales
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MEEHENARES HEMANHESHMAEERY W, MARBERBIERBENZRES ., Rit,
MEBEMBEA AR BEEASHE AR EHENE A AR EHSHENARERAFTEER
XU WAKSAREEFRNEERE, ZYUMEGHEDEHE FHEH EH XU RBEEN/NR
BrydtFEgm, T UARSGEESER EH TGRS DL R Fp Z B M E Y ¥R E, T F 5
HERRK-SREREY, HEXKERARYHES A A EWHEELXEE EFXEHBEEENERY
WTYREIRMIIRY , EEYBEEETRD HEAXKNNE S HEEL RS NREES
SHFEHAREAERENY, MEMES¥ASEL SHBRANREFWAERX" , Wi R FEAMFRE
BB FAR MESAXKESHEITRRENRAETRE"  E N EE NS RmshAR, MEMS R E
EHEE, Bl IREYHE N FEARM MBS 2 EE R AT R, X RIS
PLHEAEENELE L,

DAFESHRE BERL L 2R R 00 30k B o T AAGHE 3 4 I I ARG T A b X S R A T A R R
FUXERFERERTH XA RKBH R, £ LW 200, F X REEZRATA, NEY X ZAH%
SREEH MERAESEIENEAAE REMMEBEEASSAR FHEXRRUCREFEHT T KEN
BT’?L‘”“O“]Z] o [HRXHFFERTFLIBER( Castanopsisfargesii)Mﬁmﬁﬁ%%fﬁggﬂ , T XY DAY 47 5 2% 1F
MR EEREFZ —HKRAE(C. carlesii) IR B FABEARTBELT HHBEATYMHSE LML REX
BRER MR Ko A SCLIKEE- R$G (Schima superba ) BEVE AMN S IR H FEABMMNEN S H S HEE
BREERFRE TR LK, DHANFEAEBYRARE S WD 5 58 AREEE N R A % RAFE R H
ERVLH IR ZEYM SRRV SE T ER,

1 HREERAE
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ZHBMRERRERT, BT A R LR Kb SR AR REE., SENREHEN LRSS
RS, FELHKEN16.2C, BRAXT AL, FHRENB8.1C;EAAN1 A, FHAKEBRHN4.2C; K
F 10CHERIE N 5166.2C ,Kira WEBIERE 135C- A, BLHEHE -0.8C- A ;EREKEN 1374.7Tom, £
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1.2 WHEIZE

FREILFRIH (NE30°), R EE 370m &4, AN ILBE LB A FTE T, RE R 20m, K 100m, & &R
2000m’ BIK ARETT , FEMLIR E 25 ~ 30°,

F 2001 4, S HFEBEBRL 1.5m WAZHEYHATTEARE. BELEHNEHREYHTE, NE
Bg42(DBH, cm) B E(H, m), U T AH LANES WEHKEETANLIRMLE (x,y). MEHEEL
1.5m B‘JEﬁH(Spmuting stems) W [F B ZE1E 7% T M4% .

1.3 BELH
1.3.1 WRESN BEOREMORBEMIFE"VHE. 20T

d = l/N{;(x,- —x) 4 ;xj},

K,z %Tﬁﬁ'ﬁ*ﬁxigiﬂsﬁfﬂ(w/i,%)Hﬂjéﬁ/J\ﬁFfﬂﬁgﬁﬁfjﬁWW(Top species) ] RBA {8, x 9 LA #Fb
BB B 2R B A8 F 43 b (1deal percentage share) , x; 9% 42 % ( Remaining species) K1 B 73 teo N A EFE
MBEHELE 1 MEER, MWEBRFROEET SN 100%, WRARSEEF, WEMGEET LR
50% ,WNRA 3 MEEF, NIRRT R 33.3% , KKK

1.3.2 SHMHER B ECR A Shannon-Wiener $8 511

D, =- 2 P.log, P, ,

K, p, A i MR, S REENDRHE.

R ETHERNE 5 HE(RBA) KRS ML EE,
1.3.3 FMBEMW  LIK/NE$E B (Size distribution index, SDI) 7 B {i B F B¥ Mg 2 70 77 W B P AW R K
( Coefficient of skewness) ,#u%%ﬁﬁﬁﬁﬁ%ﬁ&@i‘ééﬁﬁ“ o HEARN:
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SDI = W;](x,. -0.5)°, K x, = d./D
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1B, MR BN, TR BE G54 e R B R BE G2/ NE MK ] SDT R IEE, FFAEXT R K.
1.3.4 FEZESAHER PROSEISAERERA nom kU, 0778 R T8 N S BTk, 8
B RUTEIR T R 0 70 5 B W BRBG L THBR T AR R R X 23 (8] 43 7 4% JR PR AE R W, T EL BB Dk b B a5 1] 4 AR A
REPLRI MRS MERPoIRERRES . BHiL, A20 L 70 FRAFHIFH, AERRBBRASEN
R RAR BT T R R AR R B Lk R N AR R B O A A R B ST R T

SR F 2 52 5 10 B9 BE 4% K/ (Mesh size) HHEE A FBER) mem KB, EIEFT BN
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2.1 BEEYIRNE LR S ARAE

BEE R B 62 1, BELARE ALY 26.8m’/hm™? , LB 45 $7 (Shannon- Wiener index) 3 3.68(bit) . F¥&
R Z IR FH L AL, LUKAE ( Castanopsis carlesii ) KT ( Schima superba) JFEW (€. fargesii) M F 85 ( Lithocarpus
harlandii) T BB ( Symplocos heishanensis ) L HF, 29 h H R EM T AR, R RBA BT 69.9% . BETEWN
RBA #33 1% WFAE 13 1, BRE AR B ( Carpinus viminea ) . % ( Castanea seguinii ) HIHE K ( Sassafras tzumu )%
3IANFEHEAR S, HAYAEREANME, & T3 MRS AR CERH EBEPNRELVE
RAZRME SFEABEF T, 8 10 > F SRR OB I 3T 52, 3% £ ffr b 2 o (8 2R 36 % 4 A o R 0 36 22 48 AU
PO RB RBA HAE 81.9% (R 1) TEX WA, EH I ( Camellia fraternna ) MMEBER £ 15 299 #, HK
J Wi L% K 2 F ( Neolitsea aurata var. chekiangensis) , 7 208 ¥, MR Fh , K NMEBB L, 8 77 #. FH
AR BEA B KM E AT KE, 25100 49.5em F1(18.5+7.9)ems K/NRIES B LIS K, 4 0.003,
HemyRiE.

HERARRAILUGAIR  ATELAFAEABBE IR . ERARBIBRMRAR(ELR) (A
Do BFLEASmUT , BEREATE 2 ~4m, TR HE KL B (Eurya rubiginosa var. attenuate ) 41 1% H &
(E. nitida) . E R HTILH KE 7. M W B ( Symplocos anomala ) . W (S, sumuntia ) T4 )WL B (S.
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setchuensis ) 14 ¥ i BUER A ( Distylium myricoides ) % ¥ AR LA B BE ¥ (R H 0 KB KRBT R A K M- A B E M4
MWl FNEN 4m IF , MEEERMTAARN 10~ 2m, TEH AN KR PEE MR BLILAME

MAEHR. £TERN 14m L, MEBERK T AR 14 ~ 16m, EZ d AR KEEFEREM A

1 BHEIZERANAARSY

Table 1 Population parameters of main evergreen tree species in the community

WY 2B HEa®EE TEE RNRIEH BAREE (cm) FHEE (em) M EBE(%)
Species Species code No. SDI Max. DBH Mean DBH RBA
P3: M CAC 38 -0.029 35.5 16.7 % 15.0 21.6
KEF* sCS 77 -0.048 49.5 18.5+7.9 21.1
BH CAF 23 -0.038 37 13.2£12.9 11.3
KofaiE” LIH 32 -0.047 33.5 9.2+9.6 9.6
Bl SYH 23 0.003 23 12.7+4.3 6.2
HILFAZET NEC 208 -0.026 10.5 4.9:1.6 3.57
/et R NYG 7 -0.019 33.7 12.5£11.7 2.79
=WEKN NYN 14 -0.045 29.5 7.4%8.6 2.53
BEX CAF 299 -0.011 4.5 3.0£0.45 1.63
AR MAT 22 -0.074 29.5 3.2%6.0 1.47

PR (% ) 4R B Fb 4347 25 (Ohsawa, 1984) i 848 3 Dominant species ( * ) calculated by the dominant analysis ( Ohsawa, 1984)
CAC: Castanopsis carlesii ; SCM: Schima superba ; CAF: C. fargesii; LIH: Lithocarpus harlandii; SYH: Symplocos heishanensis; CYG: Cyclobalanopsis

gracilis ;CYN: C. nubium ;NEC: Neolitsea aurata var. chekiangensis ;MAT: Machilus thunbergii ; CAF: Camellia fraternna

BENMREZERBR LRI B AR KRFIE, FeAF
KBRS L BIMERES, MELIEMEEER
DA KHABMZLERNNAE I ERENREH;
BULLASE I RIMERES /M F XL EERE
KHEABNE KPP ERELRMEBEBESE 1
B MAMAE 1 M EFEASD R EARRAFHIT
FAZEFHEINMBHEALIR(E?2).

2.2 MEEESHER

AEFHLULRERHARBRZERAEETEREHED
AR (R 2). LS MEEEE, K. AR FK et
A AR B RE A AARR MEE BT H &
BoMKMHABRIENSN R, B/ IHEFER.BLWL

WOMIIHAZTRESRAIER 6, BEREELELRR Fig.1

oo

¥ 4% Height class (m)
=

1 i i

]

B e mAAs R ERRES A E

5 10 15 20 25 30
™ME# No. individuals (ind. /100m?2)

35

Tree height-class frequency distribution for all the species in the

FEBARRE SRR E R, Bl B TR communiy
AELTHEERANMEH. ZIWENMLRAE T 00, E/TE R RS A MERE, TR E BN E
AT RERMARBRZBEHEAERKBZERN, ki A AHER SLEX LM BFLHAEZFOES
KHFE LERINSHAMMRAN TR SHE ] ZENAEHI G BRESGHELRSRETH#
AL,AEEE, K ABRMRLLASE T E0 5008 IMEBRAMENBEARABSM S 46 SERPFHTE,
METRAENRBENE, E- 0T B R BRI 5070, FA B4 W ey AR A

2.3 FhEEZS A1 KEE

ZRXK () ERARYH BRURZRRE EREEK(RI) FARHENRZH M EGHERST
BAEREE, XM BT 25m” RE K ATAERNENBREIAE, EX—-RETF,AELTFARH
JZ UK R IR A B 2Z e T e HE R L s, BBz B e 2 F . EEENERE AR, kM
AMES N RE LRI TERE K IERD, TR 5K AR Z0H, £8 /D RE (25m”,100m’) - R H H
B ARK. HILFAZTHEERX 2 MM TRENMRELRIAKECYR B LB, MERKRE
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L EUARGHWIEXEK, MESRREEM, BEBEE N R B0 mIEXBERE M, 4 25m° .
100m’ M1 400m* RE FHRHHB /D o H( < -0.30) R 2510 110.73 F 47, LU 2HF (0 = -1.0) K
B EBRLENHE, MERHBK o E(>0.30) T X258 5.26 #1 60,

£2 TEMMZES KBRS

Table 2 The patterns of spatial distribution of individuals > 1.5m of height for major tree species

i =34 M3 ik g EExR o BK/p
Species Layer No. Distribution pattern Basic units Clump size{ m*)
Total 38 Random Colony 50
KB * CAC I 18 Random C(I)lc.)ny 25
I 8 Random Individual —
il 12 Random Individual —
Total 77 Random Colony 50
ABF* SCS I 35 Rax'ldom C(')I(’)ny 25
i} 30 Uniform Individual —
il 12 Uniform Individual -
Total 23 Aggregated Individual 200
H8 " CAF I 12 Aggregated Col(')ny 50
I 3 Random Individual —
it 8 Uniform Colony 25
Total 32 Random Individual —
KHEH LH I 16 Uniform C(.)I(.)ny 50
I 13 Aggregated Individual 50
il 3 Uniform Individual -
Total 23 Aggregated Colony 25
=L SYH I 3 Uniform Individual —
I 18 Aggregated Colony 25
il 2 — — —
Total 7 Aggregated Individual 200
AHER CYG 1 3 Aggregated Individual 200
I 4 Aggregated Individual 200
Total 14 Uniform Colony 50
=R CYN I 10 Uniform Colony 50
I 3 Random Individual —
il 1 - — —
Total 22 Uniform Individual —
£178 MAT 1 21 Same as total
I 1 — — —
Total 208 Aggregated Colony 25
L K E F NEC I 207 Some as total
I 1 — — —
&% CAF Total 299 Aggregated Colony 50
1 299 Same as total

MEES W& 1; Aggregated : £ 3 ; Random: FE L ; Uniform : #9 ; Colony : /1~ 44 2% : Individual : B2 8k X : Species codes see table 1
pe:

3 itit

3.1 MESHER

ERSNEHYMBRLERNITHERN, EEMERESRET FERABRTERIH, EBRHF
AFXEMNALEK FEURESEHNEEAHFBELESROGERD?, RAnt, & TFEBRAPARE
BFH B FAR, MAE R URENE FERAANARMSAER, IEMAMMATESURFESE
BAREAE ML RSSO T FhBE B9 — RO R AL

MR FEFEAM AR EEREM S HRBORREZR, KEHH T BH R, nEHkE ( Castanopsis eyrei) o
Kbl W LB (C. hystrix ) FIT5 X ( Cyclobanopsis glauca ) ST K BIK F IR ER G, MM TAERRE &
&, S A A, B ET R B AR NN A, A EEUNAGERRY , EXBRR S,
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FER R EF RS RN SR —E R 47 B FRAE, LU R b B A o B4 T 48 R D SR B
S, EFRLE MBS HERRRSHEN, SN ERR S CRE R EMAER, B RRMERY 537 88 R 7T RE
RER MILEENSN, MEA RSN AR, KEAME8 5 TRV, B -8, mAMEE
WA FTRE R FEAL O R FERN' . B, WHESH EREREAMHN,

BEN 2 ANBRIEBENMEMABEMAR BE LRI UNMEBRAIEEB SIS AER. EEE
1B BB AT R AR —BERY o KK A IX Fh 43 A 48 5 5 B B R R 2R 2 B 807 1 & 8k B B A 0%, T IS B ) R AL
AR B (EDRRBE MR KBNS ARER , XU RAEIEX MR LR ZEME. KK
R R RE S B EH B, AN EERERRBR TN BERED  ERE KA ETHE
R RERFEBAFOREEREEEEILS . BEXEN B M ATHESE, & T8 9 M EE 4R
WERREH, FEEM0%HNEAR S B M RB RN BBRAE, 0782 N 4 55 BEAL 2 76 3 e 29 5 40 76
A, mAsER BULLRA/NEFERORBREBEGENZSE 1 BE) R UMER A EA B B 5 2 s L
MENBERBFNERSHRR, XA/ RARTREENERZ S, KHGHEAz LERK S
AR EMGMGT ZENEMPREKRBRNESH/ O RRYE, LMEYR N LU B A 540 83
S4F R T XN EBRIFAENE. HERZWIILHAZE FREERRIN UMEEE A B4
BERSAER, EMERTERBEEAT AR AR KBABENRT, RERBAOMHH,
AREREZ MR A, TRRANERFEY# LR FEIRARE R ZEK LB, ARSI RRAR
BEMEEER ERMFHARZTENEZEREEZR
3.2 FEEas A CHK K R OB

ARy Ff LA B 8] F AR R] 2 K (8] A B 22 8] 36 B HE A R) 9 28 (8] 50 2R, 3X &6 SC BK FT BB R A Rl 1938 B S & 44
URFERMER ., BEZEMEXRKAEREEFREMUN B RELE, RN, EMNZEHES X RS,
25 (6] S B BE R BE 9 A5 4k T A8 4k , 22 B 15 ) 25 TR0 JR O G S IR 7 T RBRE R BE T AR 4L A9

7 25m’ REE, MERA = B REKATRER B T XM EE A BN ERRXER, B FERBEMKEE ARG SR E
MNFFRAZHNE MR 2S m® EH(MDAUE), MENEKBYERAHALES BFHSBTAEXMR
B FR AR, X T —if A ss R, Bl g, AL T 7 57 A2 808 K2 8 MR X 7E 77 K 2 d
ZFERF AXMRETF, BAMNAXRKEELRAERAZSEFAREHMEARREZE,

FEB/PNRE E(25m",100 m*) , KAE FAR S BB B EXREK, MBS %M ERH B 8K 78k, #8
EMNZEEAEELRETHE. X TAREYHENS TUARITREZNREMEEE—E, B OH
ZHARSEEREHRAMERSZW A . 1554 SEAE AL AR, B A 25 % B (Equivalent species ) , Xk
R Z AR S, R ERE B L, RA ML R X 2 N, A TR ETUR M AL, WAE/DMR
EEXASLTTREHMEAARIERERBRE SRR aHE WAGRFVELES (B 2), &
EREHIINBEED, EREAXNMFERAERBMEFNE, FEREMHMEE UER IR IBARFAERE
PR BN, FER BRI, MAZ B IERBKERMGER, XA REMAREZGH LI EERRFR
R IR I T TR E L MR
3.3 MBS EER

BN S LB BRBILLES, SDI AR FE, HAHXN BN, REXEMWEFRESZN. (FRE
BEHRBM REMARESBER EHREEY, MAERNES D Z ERAL - EBEHBER(EX2). X
HMOBIEE5FNEESEMNRE LHAHRF , XRAZHAEBCRMWHE. MAGHNEIRZSENEZEES
MREZEEZHFG, BAXMHEFIFAEZL, WS KEAERENRE (25m™) ERBIAHERFH, WA
50m’ f1 100m* RE L, BSHEF B (R 3) . KREXHRE KL RIEE BR, BB SEREFHFAEEK HTF
ABRMEHRUAZEMETMFE, MRSHRREMNMERET KA LRSE . HRAER TR & S E A
MEERAMZ — MR AMERRE, EARE D, HE [ Z6RE LR NME R 2 RHR TR A
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W2 XEREMROERAR" . ZHERENHAALR TRREFENEHIBL, PRRE
ZERRNFAMER,ERESHOWIUARBRN B E S, BRIEXFHEREPREFEE(E 2). FAH
MR AOEMZLERNAE I EAEDE HBZREL , NELBEMBEAEDR, DT ENEERE T
GHALED R, BN FEERAHFOHEFRAHREH  ERERESARALBEBHES T, EH
ISP, RAW T EAKRE™ , i THERMH Y, S SERERRBAE, RIN /DT AR
. BB B E &R, FEMERTFE LR FFEXTEREARET"Y , HEBSI B RBIRSH
HEEBRRE, SAHFHELIEMEDZERABRMOEXREK, RUENELEREN E—BH MEEHRE
BRBARE T, b THAOWHGRER, ERERGT HHEHFHF. B IMEEFTE LR, ZHHWAEF
—EMEYE, KPR MEAMEHES  BERE TRHRENERRER B 7B, Bh SXE4%, B3
IR, HREH(DANE), AEKPFETELZH, RIANEAFHIFME. HWLFAEZTHEESK VAR
MR T HER HBE X FRBFETHEZ .

BRLAE ) T B L B AR T EOBOA N R or
MR AEALE T R ED . BB 10 MRS, .
TEEE 20 LRI LR RS, ki A2 Kot E o817
AR N ER BIHAZF EEXEMOEALR u
WAL (B 2), An, B X AE S HENTE. £°° —
T AR LR AT P48 70 F , 4048 MF 1T 8 A 2 F A B 1L 1 Em B
PG REEMT, BARBHBHHE, BARANE W
BUHIS R 0 T o XM B S
SN AR —ERERW . W, RS =
Lt RBEYFHERERET M-I EEEMY . LR .
W SRR T RERE R T T T
ERIR,ABREPBURE, SR THESNEAEY X § gzﬁ’;ﬁs’f’gx:}ygxﬁﬂaﬂﬁ
FEHE I TE B FR4E £ 4 /NHHER Cyclobalanopsis gracilis

: 5 XHB& Castanopsis carlesii

PR S R K e

10 NESETRMERERSE T AR g ?::ﬂ%g. gr:folgslo;nz::’ﬁ?::sfn
P BRBINLBUSN, ERM B EFEHWNELZWRERS 10 A#§ Schima superba
#, TAE R B2 A) L, A0 &5 48 7 R IR i 2 (6] , B 2 b B2 L
FAAKALFHERAEEERR LR —E RS, Fig.2 Ratio of sprouts to main stems for the main species

TR ER SRR A8 =L E XD F RS

EESETHAERERERAL BHBUFE, ERKEZELYHRALEBRESHHHFE, EEMRK
AR ORAE AT AAE I AL R A A, AP R RIS A BB T2 &R, A i SR E
B RE I, AR oM TREEEREZ P, TRXKEARAYH BRUREZRIRE EREHAREK,
FARBMER N ESMEFE S TREMEAKREK, B/DRE £, — 84 FARRZ R 6 R F R 4B 2 645 @ T
WHHEF  BXEMER A FBORMERAES . ERNBMHAEMAFTEL MRELBRERIL THRIFHIEX
B, MAs W 55X P E Z A /AR E BRI IRFUE R B, K -2 8] b i 485, (45 © 17T 68 4 B TR B9 3t
fii, FEEZEREREM, MAERFNEMNREIARTROYHRETERTOESOMES, #15
FRBBADTIERKE I, SEME, ERYFED 5 BAR B KFFEE S0, RBOR R KA E B33 K,
ERETRULE, SR THERNEY S HERTE AR
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