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J7 V& R AR B G A A7AE 22 S O A 45, 2015) .« R ]
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(Pinus taiwanensis). #i#Z(Cryptomeria fortunei). %
i 2 (Symplocos stellaris). #:JikA(Rhus chinensis).
L% (Camellia japonica)fl1+#:(Dicranopteris ped-
ata) 55 32 B MG HONBAL R, FE A IR R
i GRS A b AR B (Liquidambar
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(Smilax sieboldii). ¥ Z£##(Toxicodendron succe-
daneum)F1EF & 2 48 % (Onychium japonicum)Z54)
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Table 1 Importance values of the main tree, shrub and herb on 92 plots in ecological service forest of Rui'an city in Zhejiang province
Layer Number Species Importance [Layer Number Species Importance
value value
Tree 1 Pinus massoniana 30.1251 48 Syzygium buxifolium 2.6616
2 Cunninghamia lanceolata 19.1471 49 Camellia oleifera 2.6044
3 Cryptomeria fortunei 11.7255 50 Pinus massoniana 2.4924
4 Phyllostachys heterocycla 10.4433 51 Camellia sinensis 2.3143
5 Schima superba 6.4891 52 Pleioblastus amarus 2.1880
6 Lithocarpus glaber 2.7277 53 Smilax china 2.1092
7 Liguidambar formosana 2.5786 54 Smilax sieboldii 1.9226
8 Cyclobalanopsis glauca 2.1817 55 Mallotus japonicus 1.8279
9 Castanopsis sclerophylla 2.0855 56 Liguidambar formosana 1.7230
10  Castanopsis eyrei 1.5263 57 Litsea cubeba 1.6368
11  Symplocos sumuntia 1.4795 58 Schima superba 1.4864
12 Myrica rubra 1.0891 59 Rubus phoenicolasius 1.1355
13 Eurya japonica 0.8298 60 Cyclobalanopsis glauca 0.9140
14 Pinus taiwanensis 0.8262 61 Symplocos stellaris 0.8884
15 Machilus thunbergii 0.7395 62 Rubus buergeri 0.7625
16 llex chinensis 0.6225 63 Camellia japonica 0.7053
17  Toxicodendron succedaneum 0.4550 64 Castanopsis sclerophylla 0.6913
18  Cinnamomum camphora 0.4451 65 Toxicodendron succedaneum 0.6529
19  Litsea cubeba 0.3609 66 Trachelospermum jasminoides  0.5940
20  Vernicia montana 0.3327 67 Adinandra millettii 0.5748
21 Ulmus pumila 0.3149 68 Dendrocalamopsis oldhami 0.5642
22 Camellia japonica 0.2716 69 Cryptomeria fortunei 0.5083
23 Elaeocarpus decipiens 0.2526 70 Lindera aggregata 0.4966
24 Loropetalum chinense 0.2059 71 Rubus xanthocarpus 0.4675
25 Ficus microcarpa 0.2039 72 Quercus fabri 0.4185
26  Mallotus japonicus 0.1838 73 Myrica rubra 0.4185
27  Cyclobalanopsis myrsinifolia 0.1728 74 Lespedeza bicolor 0.4092
28 Eucalyptus camaldulensis 0.1678 75 Pinus taiwanensis 0.4092
29 Diospyros kaki 0.1445 76 Rosa laevigata 0.4092
30 Rhus chinensis 0.1296 77 Rhus chinensis 0.3742
31  Albizia kalkora 0.1260 78 Neocinnamomum chekiangense  0.3602
32 Paulownia tomentosa 0.1199 79 Osmanthus fragrans 0.3509
33 Machilus leptophylla 0.1132 80 Glochidion puberum 0.3101
34  Adinandra millettii 0.1109 81 Ulmus pumila 0.3019
35  Quercus fabri 0.1099 82 Gardenia jasminoides 0.2985
Shrub 36 Eurya japonica 13.5139 83 Vernicia fordii 0.2845
37 Rhododendron simsii 7.6406 84 Toxicodendron sylvestre 0.2553
38 Loropetalum chinense 5.6483 85 Eucalyptus camaldulensis 0.2437
39 Phyllostachys heteroclada 5.5905 86 Diospyros kaki 0.2437
40 Cunninghamia lanceolata 4.3673 87 Dalbergia hupeana 0.2145
41 Symplocos sumuntia 4.3183 88 Photinia serratifolia 0.2029
42  Brachystachyum densiflorum 4.3177 89 Melia azedarach 0.1655
43  Castanopsis eyrei 3.6525 90 Phyllostachys edulis 0.1655
44  Vaccinium bracteatum 3.3764 91 Pinus elliottii 0.1655
45 Lithocarpus glaber 3.1092 92 Machilus leptophylla 0.1364
46 llex chinensis 3.0220 93 Lindera glauca 0.1073
a7 Smilax corbularia 2.7980 94 Phoebe sheareri 0.1073
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1 (8) Table 1 (continued)

Layer Number Species Importance |Layer Number Species Importance
value value

Herb 95 Osmunda japonica 60.1798 105 Boehmeria nivea 0.6881
96  Dryopteris fuscipes 6.8201 106 Dicranopteris pedata 0.5281
97 Miscanthus floridulus 6.7660 107  Juncus setchuensis 0.3454
98 Cyperus difformis 6.5565 108  Onychium japonicum 0.2944
929 Imperata cylindrica 4.9332 109  Pteris dispar 0.2816
100 Miscanthus sinensis 4.0732 110  Carex brunnea 0.1684
101 Polytrichum sp. 3.7467 111  Woodwardia japonica 0.1472
102  Pueraria montana 1.7609 112  Boehmeria spicata 0.1472
103  Diplopterygium glaucum 1.4828 113  Yucca gloriosa 0.1387
104  Chrysanthemum indicum 0.8028 114  Lygodium japonicum 0.1387

2 WITLEG A AR/ FEHL XS N 73 W (CCA)HEF BT 4 R A S IR R 71 K R

Table 2 Coefficients between the first 4 axes in canonical correspondence analysis (CCA) ordination and environment factors
of 92 plots in ecological service forest of Rui'an city in Zhejiang province

Environmental factors Axis 1 Axis 2 Axis 3 Axis 4
Elevation 0.7595* —0.1964 0.1744 0.0626
Slope —0.2506 —0.6853* —-0.1253 0.0902
Aspect -0.1357 —0.1096 0.6827* 0.0054
Position 0.3322 0.0569 0.0666 0.5886*
Eigenvalues 0.2900 0.1980 0.1110 0.1070
Species-environment correlations 0.8200 0.7410 0.7000 0.6500
Cumulative percentage variance of 41.00 69.10 84.40 100.00
species-environment relation (%)

* P<0.001

R 5 2 A0 B, o3 A A2 S5 LR 2o ], B e )b 3= T RE ST o

B AR IR BUR HOG LSS R B b . AEHE 7 B,
W A2 5 55 25 S M o U [R5, HVSCCARY
2P AR B REAL N E . Hi4E(Rubus
xanthocarpus). /K77 (Phyllostachys heteroclada).

TEH A3 (Imperata. cylindrica) 2540 R /3 A7 £ 55 240
BN, 7 MR BCBE Y BR 8 AE K T AT A% (Casta-
nopsis eyrei). 7 fi#(Castanopsis sclerophylla). 1%
(Osmanthus fragrans). 4/ &% (Polytrichum sp.) 1%
JE 8% T 3% (Dryopteris fuscipes)Zs#fh IAH K, /AR fE
25 A, B X e b A KO R R
RV A K AR B 22 A B b . K (Loropetalum
chinense). 5 £ ¥x(Pinus massoniana). A1 (Schima
superba). #It2. #FKF(S. china). 11X (Litsea
cubeba). 1 (Vaccinium bracteatum) X il 5 R 2
J#% (Pteris dispar)&& #7047 B 6, 32 4R 5
TR R T I SE M B/, B Se b B B A

3.3 TWINSPANS 2
FRATTH 5T X 924 4% 77 14T TWINSPAN %5 4% 43 2%,
FHR92ARETT X 73 A3 HEA(1812).

FEAL B -TE MRS (Pinus elliottii) 41 B +44 A
(Eurya japonica)%h i + 11 5% (Rhododendron simsii)-
4 H (Osmunda japonica)+ A HEMN, 25,
46155, iZHF M KAEHEKR600-750 mAt, i L
e, P EEEEEIN20°-40°. B 1L 2 TR E AL,
A D EZRR, BRI R YR HEAR =
AR, BARZ AR, o EER M it
RS AN RMESN T, SEHE R AR AM, I KRR
WOk BR . LY T (Miscanthus  floridulus) A1 7
(Miscanthus sinensis). 1%#f MK 05N, 22194
R, HBFAFEFEO.BLA R .

FEI: MIA2+4 Kk (Lithocarpus glaber)-#4 K 4))
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Figure 1 CCA ordination of 114 dominant species in ecological service forest of Rui'an city in Zhejiang province
Species number see Table 1. ELE: Elevation; SL: Slope; ASP: Aspect; POS: Position

B ALY+ S R A - RN, SR 14, 33,
39. 42170, i%HE N5 FifE4K X [7] Jy300-850 m
N B3, RV N 25°-40°, M2 B TR E L H
B, FEEAEFOR ARG R, BRI EERE
B A, F A KB A R B AR &, 0 2 AR 4
WRER RS, BABKERKE ), [FIFRS 2 %
FEMEARZ ) FEE AR, RHEREARRNHF, H
FEAL R HE R SR TR R A
(Cyperus difformis). Z# A 161 E50.6-0.8,
LR, KRR,

FEMNLE WIAZ+35 11 Fa-iH %5 (Camellia oleifera)-£5
HAREMN, OFEFEH32, ZREN L 70 Tk 1 000 m
(f b3k, SREFELO° KA, HBPHEER0.7. FRARZ A Fh
MRS ANB LAY R e EARZ IS A, A
AR ZNT . PE Y H F12% (Camellia sinensis); %%
HREARBZNHAF, HEAERLS, 12N
KIZ PR EEEDM . ARSI
77, WNTEARZHMRAFFIRERZ R FEEFE, 8N
e ] P ) A B2 5 o

FENIV: HIAZ-HIAZ 411+ 475 (Ilex chinensis)%)]
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Figure 2 Dendrogram of TWINSPAN classification of 92
plots in ecological service forest of Rui'an city in Zhejiang
province

Ninety-seven plots were surveyed, and the data of the plot 1,
2,19, 41, and 71 were missing.

HHKIT-RHHEMN, BFEFE31. 58, 75178, 1%
DAY i R 6 BB '500-900 m, MU A B3, Hi %
YA 20°-25°. MItZRTFARZERIMAR, SRR, &
71 (Phyllostachys edulis) f1# LAy T B4R A F, £

PrA NARAR; MIR2 400 A5 i REAR Z L3 H,

FEAEAEMOAERE LT . RS R4t
A%, REREAZMRAM, FEAEEM AT
RN B WE BB % B ARG AR A FEN0.7, BN

FENV: BAT-BATH I+ ARG - H+ 7 95
EREN, BFEREHLT. 28, 657166, 1Z%EE N AL
$£200-700 mrh R, SR T DY 15°-40°, #Rr
A H R 90.6-0.8. BT ZIAZHIMHF, FEMLE
Fhje 5 B IA A A (Cunninghamia lanceolata), %
WIEARCHE BTN BITHHFRAR Y H AR E
PIOLER, FEEAEFOTRES) S KT, &
KT LN RIS, RN 3 AR A R TR
S

FENVIEE EAR+BAT+ 5 B R -35 47 (Pleioblastus

amarus)- s My R+, USR8, 59, 6941
74, ZFE N AERR500-750 mir) b3, 3R e
20°-35°, MRAOABPIEENO.7. AR, BT Bl
TR Z RS, WA 2 EZ AT, BT AR
R EARBMAFONELT, FEAAEFNZ R KR
4H . SR AR, AR O R RS AT,
T EAEA M R R -

BEAVIE 2K+ 5 B -F R B H+12 KRBy + 1L
WL(Symplocos sumuntia)% i - 45 i+ 2 e i B R,
AFEREHI3, 4. 18, 34, 37, 53F172. %A A
(IR X (7] 9150500 m, HijE Ay 13, 35 R v
N15°-45°, R L AL IR BRI H TN, il
(Myrica rubra)f17# [ (Cyclobalanopsis glauca) & ==
BN BRRYIE . ARYIE ALY R EARZ
IR EAF, FELEAEFORTE . AH YD R4,
EARBRAF I EHA R L EERIR, TEAEEM R
KEE, RAIBEFAS . BN EZRE IR, HMA
TEAREHI AR Tl S REAR Z LA A AT LLE H, A
[Fa) 1 ] VR S AT B A 3

BEAVILE 2R+ BN+ K12 KRG+ R4
HHER-ZHREM, 20, 24, 35, 45, 48,
737184, ZHE M AAENEIR 150700 mi¥yh Ba, B
FETEEIN15°—40°. 2R, LREMAEXZTAEM
PR, A A 3 B FE MR TN, AR ACA R, 2
RYIHE . ARG FEFIMEAR R FEARZ RSB, F B
AR oNAEES . 247 (Rubus phoenicolasius) fll 4 #k
AW BARBMBMOARE, FTEEEMAETE
(Pueraria montana var. lobata). H [ (Diplopterygium
glaucum) Al F.75 7%,

FEMIX: T-4EA4 (Vernicia montana)+ig st ia-7K A7
+E - SRR, AR 43183, 1A A A 1
R IX [7] 150-250 m, HuJE T aE, SEEN
20°-35°. TAEM AR FA T A Z AR, FEMAEL
i A FEF A (Mallotus japonicus var. floccosus),
AR AR B K T B4 EARE LA A K AT A AT,
FEAEEMOGEARI S, EARRNAM NEE, TH
PEAEFCA AT TR E 5 o B PEARZ AP A 2L
FERERRIRN, A TR ARM T4 .

BEX: ARG+ A2 AR - B + 42 AR &)y P - 5 R,
AAEFEO. 22, 27, 29, 30. 36163, i%#EMIIAR
(R X 7] 9150-700 m, Huftehy b3k, SR TN
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15°-35°, MRIFHRIAIEED90.6. A FIAZ AR T A JZE 1Y
DL, EZPRAR O AR, FEA RIS

ALRSAIRS AR, T ZAE AT B AR SR AAZ R 4

BRERAFI LI, FEE R AR T
T2 AXBE IR B R B IR BT BV ACHR, (H AR Z AR
PRI E W, A [ R R B .

FEAXL: AR 2 AR+ IE B -2 40 40 1+ 5 8
Faghyimi - H+ R E BRI, BAERE6. 7. 21,
23, 26. 44. 47, 49, 50. 51. 54. 61. 62. 64,
68. 76. 77. 80. 82, 86. 88. 91. 92, 93. 94
97. MG 1K X (5] 5100600 m, 3
910°-40°, MRI-HEF R 90.5-0.8. TR AR Z LTI N
LRFA AARMMER, FEMEM L. F XA
EiA HEAR B AR M L AN AR, E
BRI AR LG SO A AR,
PEAM M EALR, FAZILH Ay 5 H A R L
B, FEMEEMANTAT

FEAXIE Iy AR+ AR -HEAR + K2 AR 4 i + AL RS - 55
FREN, GHEFEHIS, 10, 11, 12, 15, 16. 38. 40,
52. 56. 57. 60. 67. 79. 81. 87. 89. 90. 95
96. 1ZHF I A K X 7] 950-600 m, i EEE A
15°-40°, MRArHRIAEE H0.4-0.8. B AN FIA A /& T+
REZWRAFN, FEAEEMAER. AR FZARFIR
T EARBNHBM AR . FARL ARG, %
FEAMCON SR B . ERIEHYE . A FHLH MOk
W, SRR, FEAEM YT
GAIR s ZICE

FEMXIIN: i #4 (Ulmus  pumila)+ 2 % (Cinnamo-
mum camphora)-#% £ (Trachelospermum jasminoid-
es)+ 4 -4 Bk (Boehmeria nivea)+%FH AN, 1
FEREHL8E . X RE S AT AEHERA0 miF R, BN
18°, MA-ARIEN0.5. TeARZ A MR A E AT,
FEAEERONTT I (Melia azedarach) 13 18 (Dalber-
gia hupeana); #EARRBERFHAF AL AMBB S, F
TR AR Y A E YT, FARZ A
NPERRATER R, AR ORI R R AN R R 22 ==
(Yucca gloriosa).

3.4 EERYTSHEMN

3.4.1 AEEELBNUIFMSEMY
B2 REHHE AT TWINSPANZE 25 43 2815 5 1338 BEM,

WSS WL B 2 2 s MRV S5 S L S A RO G 503

T AT VIR Z AR RO B, 5 B BRI B
ZREEFR R A I EBFT R . IWEIZFTLLE Y, 1X134
B F1Shannon-Wiener#g£i(H). Simpson#i£i(D)F1
Pielouds) 5] B 48 (I) 75 &M HEVE i i S 30 HE 0 R0 A 4
AR—F. BEXIE T I 55 R A R 2 A e %
DR EL(64N), FF AN BRI B LA i 1T 47 ol
Hospe /D (TFR) o BE I3 5] B f 151(1.2600), BE VT
Y51 % /1% (0.6867); BEMIL VIL VIIRIXI 2 FEME R
7 (X 44 M\ ) Simpson/Shannon-Wiener 35 373 5l
“44.100/0.912 1. 3.755 1/0.841 0. 3.688 1/0.872 3
F13.578 0/0.841 0), iX4AHE M5 53 A7 1E ¥ 4k 200~
800 m¥ISE P, FT bR A4 B 2 R 1) b3 sloh -
e, A BUFRIK S WRE RO, BT YR
Koo BEMNFVID P2 4 M4 2R AR (Simpson/Shan-
non-Wiener#5 ¥4 7| 2.312 4/0.591 4£12.025 4/
0.718 9). HEMVEENI, W TFHEAFEALZE D,
VIR —; BEMNF S LM, 4> Akl 000 m,
BIRYE BEEAN, AR ERER AN R I S 8O T A R AR
AR, PR 2R AR BRI

3.4.2 BERREIMBZHEM
I 13T A ) Al BLJZ IR 2RI 3R 22 A 1 F
AT Z o, 4R (K4, R3)EW, TAREK

50T

40

w
[=}

n
(=}

Diversity index

Lo e v vE VIEVIHE X X X X XN
Group

m Shannon-Wiener index ® Pielou index = Simpson index

B3 WG 2 A 2R LA RE M P 2 FE M Fa 4

Figure 3 13 groups of species diversity index of communi-
ties in ecological service forest of Rui'an city in Zhejiang pro-
vince
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Figure 4 Shannon-Wiener (A), Pielou (B), and Simpson (C)
index of the 3 vertical levels in ecological service forest of
Rui'an city in Zhejiang province

WEK 2 Simpsonti £, Pielouy 2] i 45 ¥ il Shan-
non-Wiener#§ £33 {7 7£ & % 7% 5 (P=0.017, P=0.02,

P=0.022, P{HJ7£0.01-0.052 [f]); #EAKJZE K EAZ
] Simpson 45 % . Pielou 14 2] J& $& ¥ A1 Shannon-
Wiener 45 £ 35 17 7€t 2 % % 5 (P=0.001, P=0.000,
P=0.005, P{{¥J/hT0.01); FrAJZ K HAJZHISimp-
sonfi%t. Pielouts) =] %1 Shannon-Wienerg %1
%= B % (P=0.506, P=0.172, P=0.8, P{4 kT
0.05); 3/ HJZ XA 2 FEIE SRR A ER
JESTEARZSHARZE . DL RS RUH, X NEARZ
YIMFR R Z HB R, BARG T AR ALK AL
KB, TeARZ IR H s LA o —, 2R,
FEAR R VLSRR A2 AR R 5 BEAR AR
WA, HAETARZ T4 1R, R R4
BN T IRARE, BOERERAB S
ZREEIREL

35 HEARERXMFNEIEKL S

2K AR BT AR B SR 2 AR R (R4 B
5). 2R WoR, IERBFXTG 44X, & S0 411166.7%,;
ORI XA 22%F, A7 AT # 1 33.3%; 1E 57 K Ik EL
N2, B (EFENE ) N18.2%, I3 IEAH G I Ff
P WA B0 o i, AR B L L, R X M i
ERERTT X, AREEARR, REE X, F XA,
O RE, XIS, (LA, AR R
S AR P B RAA X AR o

VER JZ MRS Fh 2 (8] (56 & (35; El6): 1EX
MO A 1150, o5 S K 41.7%; 57 G RN A
1415, A X H51.1%; T RERFRX 3%, IE AR
L A0.816; W3 R (LG 2. 35) N3.99%. &3 IF
FHIR PPN T ZXT kA, FRRxs SRR, A ERR G
M F(S. corbularia), AARXEAE, AERATHAS, HE
AT AR, HEAKE S 323, LUK SRR, Stk
BIXFVTBR, ALESXHEA, BARITAZAK,

TR E MR AT (856 & (K6, ET): IEX
A A 15X, 5 X H41.7%; FOCEMXT A 21
X, B H158.3%; 1EfORELLEA0.714; BER
(ELFE A 2 ) N8.33% . W35 IEAH GRS A7 B 2 f%
BN G EE, RIS RN SR EE, ISR T

3.6 it

VIRMEREVE 1) 7 ATAS JR 2 0 5 2R AR LA (K 45
R, AMUEEB I T L IR T A E VIR,
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:T3  WHLHZAMMIEAZ . EABSERZ N Z R
Table 3 Difference analysis of tree layer, shrub layer and herb layer in ecological service forest of Rui’an city in Zhejiang pro-
vince

Index Shannon-Wiener Simpson Pielou

Layer Tree Shrub Herb Tree Shrub Herb Tree Shrub Herb
Mean 1.885 2.871 1.460 0.548 0.759 0.491 0.832 1.114 0.815
SE 0.257 0.298 0.159 0.066 0.050 0.054 0.098 0.062 0.075

T4 WITLHG A SR ES RIKTR AR KR I7 K50 K I 45 R B(AC) ML R i B A 43 % (PC)
Table 4 Chi-square test, association coefficient (AC) and percentage co-occurrence (PC) in tree layer of 13 ecological
associations in ecological service forest of Rui'an city in Zhejiang province

Test methods Positive correlations Negative correlations None correlations
e P<0.01 0.01<P<0.05 P>0.05 P<0.01 0.01<P<0.05 P>0.05 ad=bc
X°-test 7 4 33 0 1 21 0

AC AC=0.60 0.20<AC<0.60 0.05=AC<0.20 AC=-0.60 —0.60<AC<-0.20 -0.20<AC<-0.05 -0.05=AC<0.05
AC values 2 17 10 3 11 5 18

PC PC=0.7 0.4<PC<0.7 0.2sPC<0.4 - - - 0<PC<0.2

PC values 0 4 30 - - - 10

— FARTHEE. —indicate no data.

; RS VS B RS VA I DB VS RFR A WIR RIS EI N v

a2 [0 1 5 ZR I, 7 7E 35 4 425 545 A SR 7 AR (1 5 00
Alw]s Sk 2 T B 2 ) D 1 TV B — B 0 01 DR -
Ale|o] TR 1 25 AR 1 T SR 2 1 PR R B3
o[ x|m|als TR AR A 10— I 7 ) GO 4%, 2015). ]
s wx|xfa]e UG, AT TT Rl 5 M 26 R 2 190 5% 2 LA B
alalw|xfofal SRR P K, X SEIX 24 2 MR VK HE4T CCARE
Alafafxfafafxfe J¥~ TWINSPANZEZL 5325 W Z AP Fia B0 SR Fh
afafx[m]o]m]a]x]s (VLA BT, F1SRNE TR T ARV 4 0 S
ol almlwlafalalalw]nw SRS F

mlafwwfoafmfalw|w]aln PRSI TR RN 500« 25K DA STV 1 2
s fafols|afola|alololm|e  Jrm, FUIRERFEISELM XL RA R

R RHAE, 2015). DMEMAFFTRM, £ RRE
e AC20.60; A 0.20SAC<0.60; m 0.055AC<0.20; % —0.05<AC X3, S A A A R e A S T B AR VS T A A 1
< 0.05; 0 —0.20=AC<-0.05; A —0.60<AC<-0.20; o AC=-0.60 g%‘f(WOOdward and MCkOO, 1991), ﬁzﬁ‘xﬂ-ﬂ:ﬁ%
BES R % A 3 AT AR RS R4S R (AC) /N RBEIX 358, S A0 - 9 2 P 55 0 Y o 23 A

# & ZJH K (Henriques and Hay, 1998; Clark et al.,
Figure 5 Association coefficient (AC) of dominant species 1999; VLS AEKH I, 2000). AWFFER X N
glh;;igla;){izlilnnceecologlcal service forest of Rui'an city in 92/|\Eﬁﬁ?ﬂlﬂﬁfﬁE@ll44‘ﬁt§%‘ﬁ($%ﬁ>0.l)iﬁﬁ

X R T (CCAHER?), 4hARRM, 0 Ai sz 2
W2 BIWIRP LS 2R VE AL S AR R R gk, BRI A X 3 MU T DR - I e . YRR B
Mo FEDMEXT BRMBEE SRR o, WRBRE S b B 5522 R i) £ B R 7 (I A%, 2002). Wil A it
BE R 158 2 (BR8] 58 22) 1 R B HEAT 20 B o 451 MFRREEEYIFN B0 JEPE PR 3, i TR X
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5 WIVLHT A SR LS KRIBGHEAZ KR I7 R0 S I 45 R B (AC) 3L R B A 43 % (PC)
Table 5 Chi-square test, association coefficient (AC) and percentage co-occurrence (PC) in shrub layer of 13 ecological
associations in ecological service forest of Rui'an city in Zhejiang province

Test methods Positive correlations Negative correlations None correlations
e P<0.01 0.01<P<0.05 P>0.05 P<0.01 0.01<P<0.05 P>0.05 ad=bc
X°-test 4 4 104 0 0 141 20

AC AC=20.60 0.20=AC<0.60 0.05=AC<0.20 AC=-0.60 —0.60=sAC<-0.20 -0.20sAC<-0.05 -0.05=AC<0.05
AC values 0 22 44 60 46 29 55

PC PC=0.7 0.4<PC<0.7 0.2<sPC<0.4 — - — 0=PC<0.2

PC values 0 1 22 - - - 92

— FARTHEE. —indicate no data.
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e AC=0.60; A 0.20=AC<0.60; m 0.05=AC<0.20; % —0.05<AC<0.05; o —0.20sAC<-0.05; A —0.60<AC<-0.20; o AC<-0.60
BE6 WLHG 2o s MEAR R LS A TR S5 R H(AC)

Figure 6 Association coefficient (AC) of dominant species in shrub layer in ecological service forest of Rui'an city in Zhejiang
province

IR RATUE, KPBONTERE, MOZMBERZAAE S KSR A TSR 1 55— T
PEIX 3 TR A AT, I BB AR, il RN, BRI E BRI E R, #ILE
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F+6  WILHT A JEAMR LML RIKTEA R K -R 7 R0 S I 45 R B (AC) ML R B A 73 % (PC)
Table 6 Chi-square test, association coefficient (AC) and percentage co-occurrence (PC) in herb layer of 13 ecological
associations in ecological service forest of Rui'an city in Zhejiang province

Test methods Positive correlations Negative correlations None correlations

X2 P<0.01  0.01<P<0.05 P>0.05 P<0.01 0.01<P<0.05 P>0.05 ad=bc
x-test 2 1 12 0 0 21 0

AC AC20.60 0.20<AC<0.60 0.055AC<0.20 AC=<-0.60 -0.60<AC<-0.20 —0.20=AC<-0.05 -0.05s<AC<0.05
AC values 3 6 5 8 4 6 2

PC PC=20.7 0.4<PC<0.7 0.2<PC<0.4 - - - 0<PC<0.2
PC values 0 0 3 - - - 12

— FRTHEE. —indicate no data.

(> O |O|0|>
R EERE BE BB RS
O|0|0|0|0| e
(% m ||
O(P|D|o

6
Ol 7
A|NE |38
o A @ @ IA|OIO|O|S®

e AC=0.60; A 0.20=AC<0.60; m 0.05<AC<0.20; % —0.05sAC
<0.05; o —0.20=AC<-0.05; A —0.60<AC<-0.20; o AC=<-0.60

7  WrLEG 2 A KA E AR I EE R E(AC)
Figure 7 Association coefficient (AC) of dominant species

of herb layer in ecological service forest of Rui'an city in
Zhejiang province

WA KR IR ROV R ) ) R (MR EEAE, 2006). IR,
b R 0t 4 P A K B, R,

TR RIR R, B SRE)  A. GOERE .
WA G R B SR SR . IR R 3, MO S
IR R AR %, TR TS REAR Y A R S
M R 517 20 A AE 3 FE AL BE A

76 N F CCAHER: 20 B T WF 58 X B V& W b 5 1
TR AH B o R A F, FRATIEIE FH TWINSPAN%E
3 FVFAE I T X P 924 ] e Mt U A b K1) 43S 134>
FEMNRAL, SE MR R BV SR AL 90 A 5 M T 2% A 2 1]
IR R . BRI 2 REVE T HOnT S VR 1) (A
J%(Rad et al., 2009), Jf H L/ #r FI T V& 4 44« 21

SRR 53~ V5B R J B B DA R R IR L 55 (L AR 4%, 1999;
FEMESE, 2002; EHASEE, 2003; HRE S, 2006). &
TR 43 243 B0 L3N E A 4 R AT W0 b 22 B 1 4 4
M, 25 FRI: 134N Fh 2 AR KPR s
AR+ BT+ R Aa - 1T - B USRS
NV B AR HAZ AR+ IE A - IR E A 2 B+ 1 R A %))
B - S R B A (X)) . MRS+ RS AR+ LS
+ 5 PR - SE () FIAZ AR+ 1 BB AR - AR 4 P + 42 K
241 ¥ + LB ) P - 5 T+ R 8 B TR A (VI I 2 A1
KPS R, R R X e 45 A 78 1 $K 1L00-850
m. BREN10°-45°1) B Eit g, S, LEERK
FAFR T I EHEN . XL AT A Z B3R 2 Z
AR DRI MMIAZEE MM, BB BRI
P dhsh, HARNEAMBMEEE, 25 mR
AEERN Eo NI e Ly g S s T AR S i N il
AR T WAL

BEIE TP AL A S T R A AR,
SRS I EAE . PRI R B SC AV R 68 T L
L s BV IR e P s BRI A8 B o B DL B P
IR H G R, NEFE S RBEABENESE XL
(RIFERE, 2000). AHIFFT X A HE VA (193> 2 B I 32
BN Fp (EZAESL) PP AIOCER S R EoR: TRAREIE
HORHKEE 92.000, H#EARJE B IESCELEEH0.816, B
KEWIEFCBE N0 714 BRI B, 1EfREREL
B, FEVR S RS E (A Se 4, 2000; KBRS
2006), ] WAVLER 22 2 i AR5 IX N RV R AR
E BTRARZ R EE R T HERZ o [\, vk 342
HZ R 2 PR U RBONEE v R E>TF
RIZSHAR)Z . BERZVIFFRAN R 2, Hh KZ 2
TR JZE I 350 Ao (e e o) 4 1 DA R — 28 ]
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Vegetation Structure and Internal Relationship Between Distribu-
tion Patterns of Vegetation and Environment in Ecological Service
Forest of Rui’an City in Zhejiang Province

Nuonan Ye', Naping Shen?, Tiangi Shang®, Hongdi Gao®, Jieran Guan®, Lita Yi*"

'School of Forestry and Biotechnology, Zhejiang Agriculture and Forestry University, Lin'an 311300, China; *The East China
Institute of Forest Inventory and Planning of the State Forestry Administration, Hangzhou 310019, China; *Ecological
Management Center, Forestry Department of Zhejiang Province, Hangzhou 310020, China

Abstract With the construction of an ecological service forest (ESF) in Zhejiang province, the ESF has provided many
ecological and social benefits to humans; thus, the number of studies about ESF has also increased. This study describes
how to analyze the vegetation structure and the internal relationship between distribution patterns of vegetation and en-
vironment in 92 permanent sample plots of the ESF in Rui'an city, Zhejiang province. The vegetation structure and the
internal relationship between the distribution patterns of vegetation and environment were studied by using canonical
correspondence analysis (CCA), two-way indicator species analysis (TWINSPAN), biodiversity and interspecies associa-
tion. (1) The elevation, slop aspect and slop position were main environment factors in the community distribution. (2)
Combined with the results of CCA, the 92 plots could be divided into 13 groups by TWINSPAN, and the associations of
Pinus massoniana, Cunninghamia lanceolata and Cryptomeria fortunei were the most constructive species. (3) The di-
versity of vegetation was high, and the groups with P. massonian, C. lanceolata and C. fortunei as dominant species had
higher diversity. The species diversities of different layers in the community were in the order of shrub layer>tree
layer>herb layer. (4) The stability of the community was not high (less than 2), but the tree layer was relatively stable
because the lower ratios of positive and negative association theoretically implied the instable vegetation structure.
Therefore, the internal relationship between the distribution patterns of vegetation and environment and the dominant
species association could be explained by a combination of all methods; these methods could provide a scientific foun-
dation for the classification management of a regional ESF.

Key words ecological service forest, canonical correspondence analysis, two-way indicator species analysis, biodiver-
sity, interspecific association
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