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Abstract: Community structure is a theoretically and practically important plant community research field in
areas of forest development, vegetative restoration and protection, community structure optimization, and special
scenic spot development. In this study, forest types of Liquidambar formosana, Camellia longicaudata, Podocar-
pus macrophyllus, Cyclobalanopsis glauca, young Cyclobalanopsis glauca, Loropetalum chinensis, Distylium
gracile, and Cinnamomum camphora were selected to analyze their structural characteristics in subtropical

forests of Zhoushan Island, Zhejiang Province. Analysis included Pielou and Shannon-Wiener indices and pow-
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er-fitted curves for DBH and tree crown. Results showed that stand structure and forest appearance were rela-
tively complete indicating that forest types were dominant species and stand structure was relatively stable.
With respect to diameter-class distribution, “L” type forests were Liquidambar formosana, Camellia longicau-
data, Cyclobalanopsis glauca, D. gracile, and Cinnamomum camphora; whereas, unimodal type forests were
Loropetalum chinensis and young Cyclobalanopsis glauca, with P. macrophyllus forest as a “U”  type for di-
ameter-class distribution. With respect to biodiversity indices, the P. macrophyllus forest had the highest
species richness; the young Cyclobalanopsis glauca forest had the lowest species richness, Pielou and Shannon-
Wiener indices but highest average stem density; the D. gracile forest had the lowest average stem density; and
the Cinnamomum camphora forest showed the lowest Shannon-Wiener and Pielou indices. Nutrition investment
in the vertical direction, was highest for the Liquidambar formosana forest and lowest in the Camellia longicau-
data forest (P<<0.05). Horizontal nutrition investment was highest in the P. macrophyllus forest and lowest in
the Cyclobalanopsis glauca forest (P<<0.05). In the Cyclobalanopsis glauca and the Cyclobalanopsis glauca
young forest, vertical nutrition investment was greater than horizontal nutrition investment (P<<0.05); the D.
gracile forest was reversed (P<<0.05). In addition, power curves of tree height fit for each DBH (R* = 0.71,
P<0.01) and crown area (R? = 0.51, P<<0.01) were highly significant. Thus, stand structure in the study area
was stable, diameter-class distribution was reasonable, species diversity was high, and wind resistance was
strong, but some discrepancies existed meaning more efforts to optimize community structure, increase species
diversity, and improve plant adaptation to island habitats were needed. [Ch, 2 fig. 4 tab. 20 ref. ]

Key words: forest ecology; Mount Putuo; community structure characteristics; nutrient investment strategies
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1.1 FAFREE

HRELL R E K SA Pl SR REX, JE#ETLAA LT, A TR | SIS AR p AR, R
TFCR 12.5 km?, Femy W TRILIEER 292 m, P L8 T WG EER AR, 1O3Rsr, S,
FKFEN, FDLIER, A “EREYRET 2P, SRR EREr AR g o m Pl #
SRFE AR TR s BT L Ee S Castanopsis eyrei-AKfaf Schima superba #RIX (IVAiia-2) PR G . 5
Glilih b . B 05 (IVAiia-2U) . H PRI AEIEShA ., IR R ™, ASEBe T =7
FE—HEBLTRYF) 5 SR R MRRIRA | T i, 20 42 70 4EACUS, DssAE R ORI, WA R R SR B, 3R
AT By W5 AR Bl - s i Byl 22—
1.2 #EHEAE

2014 48 10-12 JJ S 7 IR A S AU A oty ) o e 0 PR LA IR AT 1 A T 4 o b i e 45 2 1Y) e
ARERAAY, FET R AR SRR | VR AU I AR L ARV SRR LU Y A X
FRFIREE , DA R e i P T0ULL S VS OB AR | A2 IR AR, IEER SRR AR | BRI SR X 4)
BRI HEZEPE A . e 25 TS Podocarpus macrophyllus B . SEWHRZT AL 2EE
L FEZARAY | AR T PR L i SRR bR | BT RETR AR EHI ARSI R A . I X2 RE L
SR SR A AR AR, S0 A6, ANEHB AR TARRR LB BB, I, S T
BB OB KIARREE S5HRAIE, FRATERE AL T ANl s 75 AR X Sk

X575 2 B4 R AR FEAMRNEEST. 31~ 20 m x 20 m A4S & A 1 (B DU MR ZT 1L B4y
MTERREUN, AN 1 AREHE, R 1) FRIE RN A B EARIE, XM T A bEbR e
(FZRE 10 m x 10 m X 43 ), P-4% 0 36 22 IR 14 B3 A I8 £ 32 3 40 10 S A 1l PN I A7 IR 428 (diameter at breast
height, DBH) =1 em FIARAHYI IR A PR Bt Mte, M BCR e, MR, BOEma, asAk
B, JEXTIR A RS THE AR I, RO SRR PR RRIE , LG HIIE | MOS0 | VAR, B
Wi 5 WA, AT AR TR A ZE A Z -1 e B AP AR AT

&1 HHIEPE L EEME R AFAE

Table 1  Plot characteristics of main forests in Mount Putuo of Zhejiang Province

FEMAL BERE/(°) BEm M *ijz:fnlj\/ TR 1% FoARZE YRR m BEAR)Z AR EE 1% HEA)Z 30 8 /m
M 24 KE EBEUWHR 20 x 20 70 8.9 30 42
10 &R KEE 20 x 20 60 8.5 40 2.8
FHX 15 Fdb REZE 20 x 20 75 9.5 30 43
15 KAt RZE 20 x 20 55 8.5 35 4.0
20 M WIS 20 x 20 70 55 30 2.8
FRGH 20 B kW 20 x 20 75 6.4 45 3.4
13 EWEFE 20 x 20 78 7.8 65 2.7
[ERELIE 8  Adt MBI 25 % 50 80 9.6 20 3.7
BB 23 IEAR EURERMRLE 20 x 20 82 9.5 65 3.2
15 V4pd EURSEEEE 10 x 40 83 9.3 5 2.7
3 KM IEES 20 x 20 60 8.5 45 45
[P 3 KM IE#S 20 x 20 65 9.0 40 5.0
3 Jip E#s 20 x 20 45 7.8 65 4.5
19 HE s 20 x 20 70 11.0 40 4.0
DN 19 &K@ ke 20 x 20 30 13.5 40 33
18 & Kl 20 x 20 70 10.5 35 3.5
REAHK 30 F &I 10x 10 50 35
10 Pl KEZE 10 x 10 10 6.0 75 4.0

LAV /NN 8 &Kt k=nfE 30 x 30 63 10.5 17 2.7
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o, TR IR AT RARRLE, 1A
Jv = H'/InS, (6)
H(6)H . H'+E Shannon-Wiener 1880, S W¥IFhREL,

ARADGNE [ B SR BRI BRI RAERETR S5 — 25T, e TRV 2R K TR
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RURERY:, WAEZ I, BT UBA RE Ty, FEE R RO ANRE I A4, NG AR K R B
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AR Hrh, BT MR N R G B DL LR 0 B R AR s R, SR
TSI AT B TTER T BE L T EAMB R SR, BRI A AR =1 em BYMALL 8 em
BHRXBIGEAEL, AR, 3, HFEERE ., F4%E | Shannon-Wiener $844 . Pielou $4%]
JEFRRATHE— DR FEMA R REIR S5 RRE s BT, IR AR el T AR 3 0V S A ) U [ 7 R0
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2LIlAs . K Eurya japonica FPUJI AR Symplocos setchuensis 55

FEAAMAVRHAFAEIEGR 2)F h, AR . BRBR . BB POJIILBAE o 3, B FRRAR
60.00%; éIUJ%M‘E"JﬁE%ﬁ%J@IUJ%, et Cinnamomum pedunculatum, AR FFEAR Xylosma racemo-
sum, JLPLINZEHEZEIID T 30.21%; MARMAEEFMAEHEA . AR AR Quercus fabri, Hri
AREEE Y 41.23%; DK . B FIIIIR Viburnum odoratissimum "% IAARIPE R, Hp B3
XTEEARIT B TTHR N 40.05% 5 F XMBIILE AT X . % Myrica rubra MAKE Lithocarpus glaber 55,
HE X b7 45.06%; FXEskh, FXEEEER] T 69.02%; AEBEERART ) & EBCREREFIRAL
R Ficus erecta HEAHIE Y 50% VA &, i H XL Machilus thunbergii 55 ; FEA AR AL FFh SR AZRY |
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Table 2 Dominant species characteristic of main forests in Mount Putuo of Zhejiang Province

FE AR ey X R /m SEHI AR fem EEAH/%
RN W 431 * 2.60 6.09 + 5.66 32.37
BEAR 9.15 + 3.69 21.57 + 9.86 27.56

) 13.17 + 2.50 30.02 + 12.63 11.02

PO LB 5.20 + 1.37 10.65 + 4.36 3.77

EARIIPAYN AR 3.96 + 0.77 6.21 + 4.31 30.21
- pe A 5.10 £ 1.65 1331 + 11.48 15.07

(RFN 3.30 £ 0.73 471 + 475 10.22

FEAR 442 +1.48 10.83 + 11.22 9.19

HEA K HEA 2.97 + 0.63 449 + 4.65 41.23
AR 3.55 £ 0.64 6.17 + 3.04 24.09

[EE7 4.46 £ 0.52 9.39 + 2.46 4.59

LSRN /NN LAVEIN 3.61 +3.68 12.68 + 23.42 40.05
TR 772 + 5.46 31.56 + 36.20 16.50

b By 3.09 £ 0.76 246 + 147 8.73

W 5.55 + 3.43 12.31 + 16.24 7.62

XK HM 5.59 + 1.99 6.48 + 431 45.06
FR 5.66 = 2.02 8.48 + 6.15 16.19

HEA 3.60 £ 1.64 321+ 1.94 7.12

T X4k HMX 442 + 1.70 533 + 3.39 69.02
¥ 6.12 + 0.86 12.22 + 4.35 6.51

Vay3 6.39 + 1.59 8.97 + 7.89 5.29

[ERCL R IFN ERCL e ) 6.20 + 3.35 18.44 + 18.99 38.50
FAlFR 3.84 + 1.28 3.66 = 2.15 16.16

HX 6.46 + 1.99 9.77 + 6.73 9.25

AL 6.02 +2.94 11.70 £ 11.77 7.90

TR AR fiv i) 6.42 + 2.81 17.68 + 16.68 37.40
WA 4.63 + 281 7.32 +7.96 7.72

(RFN 2.39 + 0.93 2.24 +3.03 6.53

Fiis, BAERAR, £LILZEAR . IR, GIEBCRERAR , FERARI AR oA i “L” AL, MR, HXI4)
PRI A S SpAT AL, BRI R A& T “U” B, BFRAE 0~8 em 734 MAKUR Z 12
IR (205 Bk), B/DHIERAERR(61 k) M >40 em MABURZ B UMK (17 kR, #EAM . FX
ML T RKIGIME A FAE >40 em BIMAE
2.3 SHEMEHHE

e L S EERR R PR AR R (18] 2), R = & BEARIR R B DURA R > R bk > 3 X bR > 210 1L 5%
RS> RA IR > GBS ICREA AR > MR > 5 X Dbk, DU R 5 K, b 24, BRIk,
105 FERR AT X5 %8 RN T X gl bR > R AR PR > 5 IXIbR > £ 1L bR > AR b > AR bk > 2 DURs R >
GBI, KR E R K, A 1.07 #f-m?, SIS/, R 0.20 Bk -m?; Pielou
FEET AN e/ N AR S ISR 5 XIghbR, 533024 0.84 F1 0.52; Shannon-Wiener $84UR K [
B, Sh 119, F/NRSET RIgibk, R 0.52,
24 YPEEEFEIRE

IR /M A | b e v R B A i s A A A ) R [ 2 B S SRR RN, S5 IR ER (R 3) . R
FRTED A LE K B IR B R (u=1.24, 07=4.26), ZLILZEME/N (u=0.84, 02=0.54) ; B ILFAMRTEAE 1)
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Figure 1

Hi ey AR A 64 AR B e

DBH-class distribution of main forests in Mount Putuo of Zhejiang Province

AR EEFERR R K (u=1.20, 07=4.8), T XIMER/DN (=048, 07=0.22), T KIMFIF XLBHRLEN A K
BRI B ER TR A K E R (P<0.05), BIEBEERMAEE R TRNE L, fin 8 K900
(P<0.05), HAMIIZERE MG A K LSRR Z R A (P>0.05),

®3 FEHRBYE@EFRTRE

Table 3 Nutritional investment strategies in vertical and horizontal direction of main forests

3 s g A% Y 5 T AR B A
FERAY
¥IE () J5 2% (0?) YIME (1) 7% (0?)
N 1.24 4.26 1.15 1.04
EANTIP-Y7 N 0.84 0.54 0.70 0.17
¥ NN 0.88 0.37 0.64 0.22
AVEIN 1.21 1.06 1.20 4.80
T XIbR 1.08 0.36 0.48 0.22
FHX 4k 1.15 0.62 0.50 0.27
[ERCLSEHZPIN 0.87 0.24 1.12 1.52
TR B 1.17 1.14 0.94 1.95

B L AR R e R B] 1) 56 R IRk sR B B AT (3R 4), o, R () S H0%R () T 2 y=2.84
(x-0.89)" (R’=0.71, P<<0.01); W% (x) St (z) BIE LR . y=3.32"® (R>=0.51, P<<0.01),
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Figure 2 Species diversity characteristics of main forests in Mount Putuo, Zhejiang Province

x4 HESHRENKEERENMEINE

Table 4  Curve fitting between tree height, DBH and crown area

EEMA AT Hh &k r

RN W () S 42 («) y=1.52(x+0.27)% (R?=0.81, P<<0.01)
B () SR T AR (2) y=2.35(z-0.11)%5 (R? =0.55, P<0.01)

EANTIPAY N PR () S 42 («) y=5.60+(5.99+4.22)/[ 1+exp( (x+2.68)/5.51)] (R*=0.54, P<<0.01)
W () SR E TR (2) y=5.92/(1+1.14exp(-0.27z)) (R? =0.43, P<0.01)

AR W () S Mt (v) y=2.7(x-1.43)"¢ (R?=0.38, P<0.01)
W () SRR (2) y=4.12+[ (2.84-4.11)/(1+exp((2-5.16)/0.94))] (R?=0.22, P<0.01)

AV N W (y) S (x) y=10.97+(10.97+1.30)/[ 1+exp((x=7.64)/6.65)] (R* =0.86, P<<0.01)
B () SR (2) ¥=2.08+0.33z-0.002z> (R2=0.70, P<0.01)

HXIH R () S MR (x) y=8.41+(8.41+5.67)/[ 1+exp( (x—0.11)/4.10) ] (R2=0.70, P<0.01)
B () SRR (2) y=3.86+0.482-0.0122 (R? =0.40, P<<0.01)

ENEIEN B () S H1E («) y=0.45+0.34x+0.132> (R*=0.59, P<<0.01)
W () SR (2) y=3.73+0.35z (R2=0.36, P<0.01)

BB 5 () SR (v) y=3.12(x-0.94)%" (R?=0.83, P<<0.01)
W () SHEE I (2) y=3.26(z-0.7)°3 (R?=0.71, P<0.01)

R R B () S M4 («) y=9.31+(-584.94-9.31)/[ 1+exp((x+48.16)/11.21) ] (R? =0.81, P<<0.01)
B () SR TR (2) y=2.46(z+0.11)% (R? =0.62, P<0.01)

LS W& () 54 (x) y=2.84(x—0.89)"5 (R%=0.71, P<<0.01)
R (y) A T T (2) y=33:% (R?=0.51, P<0.01)

3 3t

31 FENRBMMIIFIE

FREI R T, WERRTAZ P RERR, #AME N, FOMERARAR R, KER
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U, SPAGTELLSE), ARINIYSI I ATA KRARAIINTT | b | BRERSE, MROTESARRAE ; MR TE ILSE,
MIPEER B — | ZUNPHAEOR, RUETEEE , MMARRHEARZ IR R, DI/, DI
ARIHEARZ FZMRA | RACRAFHE, Z5H58%, BEAMXE R, P OUAPRIHEARZ 2 oA ey
W RIGIHUNEARE N, BARETE, B IEBRA AR T A Z A B fe i, PR 20 A — 2L RAR AT
W, HEARRG D, AW, KA — BRI T2 AR BRI, AR TR 2R, 404
M, BOEEAESN, B XIARIEARZARA R, GIEBRER A/, I KGR LIS XA
F, SRR, MEEBEAREAR D, ke, AWEE0,

Yorp el b, FEARBI YR 5 OB AR R, 8 T B R SRR AR, LASESEB Fagaceae FIARF}
Lauraceae (G L3 5B KRB XA AL, REFZLIRM . AfRF, mESFELL, K
AR KIRIARET, APRARD A6, X AT REIR T8 e LB KRR, JR TYIRE R rYiZ . #m b
by PR AR T RER ], T REMRN TR B BEIL T, AN, BRIl F AR R B AR A U
oA

FEMBE PL AR 2E B, WAL T b, DU AT | BRERFIRER g 325 2L pRgy
MTEILE b, DIZLIgs | SPekE | RARGHIUE | TR MR 32, AR — R SR AN, S AfEsR
TR . WITERIIINAT, MRS, SUXERSS, (HRWSCOREEE; UM TE R p b ; =
REGBDNS . BRI, A AR AR SR IR R 208 s 75 A X ARp e S Fh e 5
X, ARRFIHEAR, B XIFABRRAEARD SIEBRRARAIRF R G IEBCRER, HA 45t 3— P fl
Wi/l s B ARAGIEHAFA R | EFR A,

TPE Il FEMBI A AL LIRS, M 20K BRI, BB, R
oA L7 B, R IR BRI MABOE S NS, BERAL T R, BERESHERE
RN IR KA RIRAT | BRER . Rl BRSSP ARG AR A . TUJIARL, EFE
B MEARSE, AR I/INMER AT T Elacagnus pungens, Ve Gardenia jasminoides, %% Camellia
sinensis, KA, WHIREEL AL, AR TAERKA, AN, FXYMWE TR, RERS/MEHK
IRFh A 2, Sz PRI TTARBOET AR, WAMIEZ, SRR IRERES M, X LBl h T
AR R B  HARPTEZE | MRS, RIS, SR RERE . B DU oA T
“U” B H N RARHEANMER R I AT L, RARGN D LS DU AR R 8 o 32, L30T
AR, WA/ MES AR | TR, I ARFIAR T R AR 2ty 1:3, SRR BT
R Z B E T, WTES 8, T/NEZ, B, — HRBEE R ARZE, BERATIA R
FE,

3.2 FEMERWH S EMEHE

Yy ZHEIE S 7 RETE Th R S R IR I RRE M S A, R RFE A R IE
— o PRI FEARAL | BV R E R, FNAIMEN, OB UMY e | F
R, BERER WL o0AG, HAMN BRI i W2 A A —, 55 K 45
K, FEAEASTOE I b, TR ESE R AESEA RS, B XAk i 5 Rk, &
JELNEN IR SR8 5 2 N IEA) 1 S & NI S R R G2 5 N7/ i T 0T WS = A R £ VL0 S ER N
AOERTLLL, AKR BERZ AR D T XA R R A, ARSI, A A, DRIP4 8
Ko Shannon-Wiener #5503 75 AR 19 0 BORE B, HUE RO, U0 B RE MR 70 SRR BB 57 L 7 KT 4 Ak iy
Shannon-Wiener $8%UiR/IN, FERIARER, UL AR 0 A e B 4, S BT fiR, bR pk iy b o
A5 HAvgn, 5 W) 45 B2 00 R 30 1 S i i AR i Wy i Z AR PEAR FE, R B 1L Y Shannon-Wiener 5 200
3.3~4.2, 1M FE 1L FZAMELAY Shannon-Wiener 164U A 0.52~1.19, [FF:, Pielou $5%1(0.52~0.84) tuAfl
X R 111(0.87~0.89) /N Ui It B A W) b 2 REMEARDO R B, X S HARSAT G, PR RE L 4F
ST, BHh, EHRE L FZARBY R YR 2R 22 AR, DX SEARAL R T L P Sk Ak, R
Py Z2 R L 7 I o] I A ] A 2 5 S
3.3 FEMRBPIPEEEFRARE
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M-21H Pinus koraiensis FREZRFIRE I AN A 520, G52 WoR . BRI FRE, WEmU/h T3
TR R A (P<<0.01) |, RIARST R BRI ARAR, FEMITERM I AR BB RS, RA DK
B, IR, AP M IEMRIE I A FEFRR R R, LM/, FERE A
Phm RIRAE 32, Him AR, RO AN, b E SRR T A4 b LTIl ZspkiA
ELLIL A SR, RIS, AR 0T o BE 08 S 45 0% O . FEAR IR ) A E R4 T
DU, HXIME N, B DWSARUURBRRE R G E7, PUURE A 17 Bk, #IEI7E 300 a
PLE, PRI 51.8 em, FKIA 120.0 em, KRG HAT P REM, RsmgoR, wis
AEIR Y 8~10 m, HAEME ] A K 7 TS FRAX AR, M IR IR, #OEmRE/N, K2
B MBS A, R AR EFREOR BN, R L, PR R IR R E YR, REBHEY) hik
PG, DARE ) AR ARG mE S A RKAE L A A S SRR L R RIS | B
. MR ARRAE OGRS . Mt Wim . WO AR R TE & B IEAHDCOC R o) A Bk | k¥
KPR (4 LU T R B 3 vh AR AR 1) AR K AR S R L AR 2 TR AE 3 A G (P<<0.05) 14
4 FORMTBREIEN T ENTRI IEADCOE R, A F BB IR | W et T AR A3 kA 7 it 2 40
A, PR B R IEAC R (P<0.01), 1A & BU0T LU RS I AR y=an® TR IFHIIL A IX =& [ )
KER(P<0.01), TELFRERAE AT DIE R HIRRL, FORSHRIN SR B Az, o] UAR I H AR A 1% 15 2
PRI A
3.4 ERELFEMRBBEEMNESHE
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AREL I B 1L S AR S B AR ML RURER . REMRBUBR B DUARAL, HAWMRBI MRS E | R a
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