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Abstract; In order to understanding how the community structure, species composition and diversity differ between dif-
ferent forest types, we investigated and compared the community structure and biodiversity for one natural forest type
(i.e. broad-leaved forest) and two types of plantations (i.e. Cunninghamia lanceolaia assemblage/stand and Camellia
oleifera assemblage/stand) in Gutianshan National Nature Reserve of Zhejiang Province. The results were as follows:
(1) In general, broad-leaved forest held the highest taxonomic diversity, followed by Camellia oleifera stand and Cun-
ninghamia lanceolata stand. With respect to different forest layers, broad-leaved forest held the highest species richness
in tree and shrub layers and Camellia oleifera stand held the lowest; C. oleifera stand held the highest species richness in
herb layer, followed by Cunninghamia lanceolata stand and broad-leaved forest. On the other hand, species composition
of the top five (according to species importance value) species differed greatly both between forest types and forest
layers. (2) At the single forest plot level, difference in o diversity of the three stand types was mainly in tree layer,
shown as broad-leaved forest held the highest o diversity and Camellia oleifera stand held the lowest; no difference was
detected in shrub layer; whereas C. oleifera stand held the higher species richness in herb layer. (3) As for B diversity
between forest types, the greatest difference in species composition was between broad-leaved forest and C. oleifera
stand, followed by between broad-leaved forest and C. oleifera stand, and between C. lanceolata stand and Camellia ole-
ifera stand, in shrub layer; species composition between broad-leaved forest and Cunninghamia lanceolata stand had
more differences than between C. lanceolata stand and Camellia oleifera stand, in herb layer. The results imply that each
of the three forest types hold its unique community structure and biodiversity, which contributes to the landscape level
biodiversity, and testify the influence of human disturbance.

Key words: subtropical zone, broad-leaved forest, Cunninghamia lanceolata stand, Camellia oleifera stand, o diver-

sity, B diversity, species abundance
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Table 1 ~ Summary of the 24 study plots
[ -
Fes s vt REVE T S S o A
. . f Elevation Slope Aspect
Plot Longitude Latitude Community type Crown closure o o
(m) *) *)
G0006 118°7'37.9" E 29°15'4.7" N I -k 0.95 550 10 210
Broad-leaved forest
G1406 118°6'42.8" E 29°15'36.3" N i Ak 0.92 663 5 250
Broad-leaved forest
G1549 118°4'58.4" E 29°10'14.2" N Jid] bk 0.96 823 40 270
Broad-leaved forest
G1573 118°5'33.7" E 29°9'11.2" N i H- R 0.95 720 32.6 215
Broad-leaved forest
G1588 118°6'10.8" E 29°9'48.6" N ¥ AR 0.92 875 14.7 189
Broad-leaved forest
G1551 118°4'55.6" E 29°9'46.1" N [ AR 0.9 650 40.5 10
Broad-leaved forest
G1550 118°8'5.6" E 29°16'1.2" N [{E] A 0.88 722 30 198
Broad-leaved forest
G1559 118°8'23.3" E 29°11'20.8" N [RE AR 0.8 351 30 220
Broad-leaved forest
G1429 118°7'3.4" E 29°14'32" N FEAM 0.85 558 37 336
Cunninghamia lanceolata stand
G1431 118°7'8" E 29°13'34.2" N AR 0.75 407 29.2 321
C. lanceolata stand
G1434 118°7'29.6" E 29°11'45.5" N AR 0.95 317 23 341
C. lanceolata stand
G1448 118°7'25" E 29°10'50.7" N % N 0.94 272 0 219
C. lanceolata stand
G1570 118°5'0.6" E 29°6'56.5" N AR 0.84 300 30 166
C. lanceolata stand
G1572 118°5'31.2" E 29°9'40.7" N A 0.7 431 14.5 45
C. lanceolata stand
G1678 118°5'30.8" E 29°7'28.6" N AR 0.8 323 27 31
C. lanceolata stand
G1679 118°5'28.7" E 29°7'26.8" N A 0.75 275 22 12
C. lanceolata stand
G1422 118°6'15.5" E 29°13'3.9" N PN 0.98 278 31.2 80
Camellia oleifera stand
G1582 118°6'6.1" E 29°9'15.5" N AR 0.7 396 30.1 250
C. oleifera stand
G1669 118°5'3.8" E 29°7'17" N THASHR 0.68 347 21 270
C. oleifera stand
G1677 118°5'32.6" E 29°7'58.8" N THASHR 0.5 410 31 55
C. oleifera stand
G1684 118°6'4.3" E 29°8'35.5" N RPN 0.7 449 10 234
C. oleifera stand
G1685 118°5'43.1" E 29°8'7.1" N THASHR 0.7 510 26 342
C. oleifera stand
G1686 118°6'1.8" E 29°7'58.1" N THATHR 0.68 352 17 325
C. oleifera stand
G1687 118°6'00" E 29°7'48.7" N PN 0.78 279 27 46

C. oleifera stand

talum chinense) . 74# ( Castanopsis sclerophylla) FIAK
i s EARJZ LIRS AR HEA 8 2548 45 G L 3 A 2

PLS H IR AT M ( Lophatherum  gracile ) F1 fi)
( Woodwardia japonica) “FFEY) 5 EH, AT
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Table 2

Information of the Top 5 dominant species in importance value

in different vertical layers of the three forest types

JER AR KA

Ak

Layer Broad-leaved forest Cunninghamia lanceolata stand Camellia oleifera stand
ToARJZ KA Schima superba (0.161) ; F2AK Cunninghamia lanceolata (0.669) ; A Camellia oleifera (1.000)

Tree layer &t Castanopsis eyrei (0.109) ;
FRH AR Daphniphyllum oldhami (0.081) ;
[N Cunninghamia lanceolata (0.057) ;
2148 Machilus thunbergii (0.044)

WEARE 251 Eurya muricata (0.099) ;
Shrub layer #&hi# Castanopsis eyrei (0.089) ;
A Schima superba (0.054) ;

HERAE Rhododendron ovatum (0.046)

HARZE  BWMEN Indocalamus latifolius (0.477) ;
Herb layer 42 585% Parathelypteris glanduligera (0.12) ;
SROKFE Oplismenus undulatifolius (0.088) ;
TH Dicranopteris pedata (0.076) ;
ZEHL Carex spp.(0.073)

25 Eurya muricata (0.089) ;

2K Cunninghamia lanceolata (0.085) ;
HEAR Loropetalum chinense (0.084) ;
INHFFIR] Cyclobalanopsis myrsinaefolia (0.047) ; BN Machilus grijsii (0.061) ;
2% Camellia oleifera (0.056)

TEH Dicranopteris pedata (0.527) ;
¥H Woodwardia japonica (0.152) ;
IRAPTH Lophatherum gracile (0.099) ;
[EEBEEETETR Dryopteris championii (0.039) ; 2R Odontosoria chinensis (0.065) ;
H 1 Diplopterygium glaucum (0.027)

LN Pinus massoniana (0.096) ;
Aff Schima superba (0.029) ;

FiERk Lithocarpus glaber (0.023) ;
Tk Castanopsis sclerophylla (0.022)

HEAR Loropetalum chinense (0.098) ;
MZAS Camellia oleifera (0.083) ;
258 Eurya muricata (0.08) ;

&85 Rubus hirsutus (0.063) ;

KK Cunninghamia lanceolata (0.052)

TEE Dicranopteris pedata (0.271) ;
IRV Lophatherum gracile (0.075) ;
SROKEE Oplismenus undulatifolius (0.066) ;

SLHEBE Lysimachia christinae (0.046)

SR FIRe A oL/ IV EE -3

Note: Values in brackets are important values of species.

RIZHAMMA—F ERJZ AR A HEAR A A
RS R JZ DTS GRPTIAE H IR (F2),
2.2 BB S EE
NIRRT AN 5] 45 8] 2 UK 1) 4 o 22 5
FFRT WM MTE A2 A 88 A4 Fh, 41 HL Ho At I
Fh MY Fh 2 B3 R 3 5] AR 2 T 10
AP G R 58.32% , LT | FE R R | itk 4
WL R 3 ARMTE AR ZH RN 30 4>, DIZ R
R AT Z R 75.91% ; MBS ARY Tl Bp— | A5 i
A—Fh, BREARZME , WA 85 Fl itk A& 24
2R K, ZEHEF AT 10 MRS B ZER
53.85% ; K2 AMRA YR 79 T, A2 K 2 B fe K, AH X
Z 15 10.89% , Z FEHET I HT 10 MR i a2
1) 63.32% ; A A Y Fl 68 i, 2 B HEJF 1Y AT 10
YR Z R 60.36% , BRRARJZ N, AR
YIRhECH 9 i, o rh g it AT AR X 22 BE 2 45.00% 5
AR T AW A 17 Fh, LS 3 M £
JEH 60.42% ; ZEME A Z YA 47 T, 2 B B &

HTEFE G MR 25.18% (& 1,3 3) .
2.3 YIth i

XF=FEHE AR o ZREEEAT LA, TR Rt
Midpe i, LR AZ AR, T AR IR A ; TR 2 F AR
JZ o ZREMELE = RIRET 2 R 1 25 S R AE A
TR IR Z YR EEEiE R THE
PR (K 4) .

REPE AU E] B AR BT s . AT = A2
[ 2K A R AR5 T 2 bR =2 ] 4 o 2 i 25 55 de
KSR HAD PR b ZRARIE BT LU 319 22 5 A
3 ISR AR MR HE AR JZ e D A AL - F Ay
G 1N DO @t Al 7 NS A N o N L o S T P o
25 5, AR ZE SRR AZ A MR I 4
FCAFRLRE Bz v, FLUR Ay ) e R o 28 K T ) P A
MR Z B 22 ek (B 2), AR Z4ERE
AIHT R < AR S T A AR 95% A5 X [H] % A
B, IR YR L R 2 R AR T AZ AR bR 5 A
PRIy B, BT HA T A TS AR
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Fig. 1 Species abundance rank of each layer of the three forest types
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Table 3

ZTHRNRBEFARZER RS EHER 10 (47

Information of the Top 10 dominant species in abundance in

different vertical layers of the three forest types

R LN (2NN RlIIPAY S
Layer Broad-leaved forest Cunninghamia lanceolata stand Camellia oleifera stand
FiARJZE KA Schima superba (0.128) A Cunninghamia lanceolata (0.759) THAE Camellia oleifera (1.000)
1Tarvi§ FEREAR Daphniphyllum oldhami (0.111)  5EH Pinus massoniana (0.058)
k% Castanopsis eyrei (0.083) HEA Loropetalum chinense (0.02)
2K Cunninghamia lanceolata (0.07) ki Castanopsis sclerophylla (0.02)
£T4# Machilus thunbergii (0.05) Afuf Schima superba (0.02)
W24ty Eurya muricata (0.042) LE Lithocarpus glaber (0.018)
THBE Castanopsis eyrei (0.031) #H R Cyclobalanopsis glauca (0.014)
JESAALES Rhododendron latoucheae(0.027) ¥4l Dalbergia hupeana (0.011)
JNHFFX] Cyclobalanopsis gracillis (0.025)  ¥41) Castanopsis fargesii (0.011)
IS Camellia oleifera (0.017) S Quercus serrata (0.008)
HEAJZ K Castanopsis eyrei (0.115) FZAK Cunninghamia lanceolata (0.109) M&AK Loropetalum chinense (0.115)
?z;ﬁf H6258 Eurya muricata (0.112) WA Loropetalum chinense (0.099) S Rubus hirsutus (0.087)
2148 Machilus thunbergii (0.055) ¥625#8 Eurya muricata (0.092) ¥&25% Eurya muricata (0.078)
AKAwf Schima superba (0.049) P2 Oligostachyum lubricum (0.064) KM %48 Rhamnus crenata (0.074)
YR AE Rhododendron ovatum (0.046) S B Trea omeiensis (0.062) A Cunninghamia lanceolata (0.06)
JMZE Camellia oleifera (0.045) JZE Camellia oleifera (0.054) 111%§ Rubus corchorifolius (0.049)
BAEELZ C. trichoclada (0.039) TG Machilus grijsii (0.049) WES Camellia oleifera (0.037)
LU Acer cordatum (0.031) YikE Castanopsis sclerophylla (0.047) FEMNEHBLT Lespedeza formosa (0.036)
FERAH Daphniphyllum oldhami (0.025) X Cyclobalanopsis glauca (0.029) 1525 Lindera aggregata (0.036)
HZA Cunninghamia lanceolata (0.022) 15,2} Lindera aggregata (0.029) W&F Gardenia jasminoides (0.032)
AR FWWEAT Indocalamus latifolius (0.45) 2FE Dicranopteris pedata (0.604) T Dicranopteris pedata (0.252)
1};;2}; SROKFE Oplismenus undulatifolius (0.183) IRV Lophatherum gracile (0.13) YRITH: Lophatherum gracile (0.109)

4R Parathelypteris glanduligera (0.133) JJ& Woodwardia japonica (0.12)

B Carex spp. (0.067)
H

#

L Dicranopteris pedata (0.05)
ZAETERG Polygonatum cyrtonema (0.033)
L% TE R B Mazus caducifer (0.017)
4G Polygonatum sibiricum (0.017)

L HESE Viola yunnanfuensis (0.017)

S8 BR Parathelypteris glanduligera (0.021)
R EHR Dryopteris championii (0.021)

BR Preridium aquilinum var. latiusculum (0.016)
BER Odontosoria chinensis (0.016)

F1TE Miscanthus floridulus (0.016)

EETT Carex spp. (0.01)

etk
Polygala honghongensis var. stenophylla (0.01)

355 Stenoloma chusanum (0.078)

SKKF Oplismenus undulatifolius (0.076)

I BRE Lysimachia christinae (0.044)

T Miscanthus sinensis (0.036)

TR Crassocephalum crepidioides (0.033)

Wk Preridium aquilinum var. latiusculum (0.028)
—AFFE Erigeron annuus (0.028)

FIWEEEEL Carex pruinosa (0.027)

T S NIRRT 2

Note: Values in brackets are relative abundances of species.

VL BHPEAE#)1 ( Miscanthus sinensis ) B b5 T3, 2 i
TARZARMRBIAR A R B IR A8 5 . =2 IR &

PRYI L BT, A2 AR 1R D0 540 8 5 af LA 4 45
SR 1) R TR SRS 2 R AR (bR
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Table 4 Comparison of a diversity indices between each layer of three forest types
o ZHAESE R PN AR EHAZ

o diversity index Tree layer

Shrub layer Herb layer

YrFh 4 T B 20.63/9.13 "/1"
Species richness

Shannon-Wiener f5 %1 2.43/1.03 "/-
Shannon-Wiener index

Pielou 44 0.82°/0.46" /-

Pielou index

24.63"/22°/20.38" 3.14"/4.25 " /17.75°

3.07/2.81*/2.77" 0.76"/1.14"/2.34*

0.98°/0.92°/0.93" 0.85"/0.85°/0.82°

Y+ F PR R AR BE 2T 8 ANREHL o ZRERERO I (A, I
BRI WL A 5 122 5 (P, <0.05,

Sy BRI IR/ AZ AR AMBTHR
Wilcoxon BAIKG S, £ HALH) P {HiE 1T Holm I IE) , BN JC I & 25,

C= IR TR . B LR

Note: Values indicate the mean diversity value of the eight forest plots of one forest type, in order of “Broad-leaved forest/ Cunninghamia lanceo-

» W

lata stand/ Camellia oleifera stand”. “—

significant differences (P,,;<0.05, Wilcoxon rank-sum test, P value was adjusted using the Holm method) ,

(W EREEX All layers
a b a

0. 30 0. 30 4 -

0.25 4 0.25 1

0.20 4 0.20

0.15 4 0.15

0.10 4 0.10

SarensontB{NE B %)

Sorenson similarity coefficient

0. 05 0. 05 - i

Sgrenson FE{NMH ZR%h
Sorenson similarity coefficient

(B)EARE Shrub layer

indicates no value. Different lower-case letters on the upper right side of values in the each group indicate

else no significant difference.

(C) EARE Herb layer
b a

c a b

1.0 1 -

0.8 A

0.6 1

0.2 A

SerensonfE{iME R
Serenson similarity coefficient

——

0.0

B.vs.Cl B.vs.Co Cl.vs.Co
IR Forest types

HE: T MEMRST AR R
JA(C) .
KIE) ,

B.vs.Cl B.vs.Co Cl.vs. Co
FRIAZEA! Forest types

B. vs.Cl B.vs.Co Cl. vs. Co
IR Forest types

U —AF, =R ARBLRE 3% () 7R A2 AR ML 22 53 EEE T BT AR & TR T2 R (A) JEARE (B) FIkEA
P PR EIR B 7 i B AN TR R A e R 22 5% (P

<0.05, Wilcoxon Bk FI¥5:56, P {Hi# i3 Holm J7ik

adj

BN R ELZSR, B vs. CL=[EMHM vs. ZARM; B. vs. Co. =AM vs. MIZEM; CL vs. Co. =FZARM vs. MMATHK,

Note: Tree layer of Camellia oleifera stand owns only one species, which prevented the computation of tree layer Sgrenson similarity coefficients

between forest types, thus only the results for all layers (A),

the boxes indicate significant pairwise differences (P,

shrub (B) and herb (C) layers are shown. Different lower-case letters above

<0.05, Wilcoxon rank-sum test, P value was adjusted using the Holm method) ,

else no significant difference. B. vs. Cl. =Broad-leaved forest vs. Cunninghamia lanceolata stand; B. vs. Co.=Broad-leaved

forest vs. Camellia oleifera stand; Cl. vs. Co.=Cunninghamia lanceolata stand vs. Camellia oleifera stand.

K2 =FhERMaETE A =

[AJZW FEARJZFIEAJZ Y Serenson A R EHEL

Fig. 2 Comparison of Sgrenson similarity coefficients of all layers, shrub and herb layers between the three forest types

FFEgA 5 e, 2001 ; PANAIESE,2015)

XPFIMAS AN T, AR L8 S a1 I
U NG N = P N T B T N P I S I S
— Bl BVF R IR AT AR B AR P BEAIG , RCR OB IR AR 1
B VER Z BRI AT AN, BT 3 8 AF BH A
(AT, 1999) 5 FACZ DL FH M A9 15 3 IR AT

SEPIRR G OL e, W PR WD T 5 A PR
o MR DL 2R AR T E O B AR ) 2
PEAERF HA B X (IS, 20165 skHEESE,

1999) ,
ABIFTE =k AR A V5 10 ) b 22 B2 HE v 25 2R
7 AN JZ YRR B A B b o e H
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10
1.54 o [@MH+k Broad-leaved forest
o F¥27K#k Cunninghamia lanceolata stand
10 A #%H Camellia oleifera stand
o
& 0.5
=
=
N 0.0
&
(%2}
2 -0.5 1
=
-1.0 H
-1.5 4

T T T T T T T
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
NMDS%d1 NMDS1

T W9 B A TP TR B 9 21 95% B XA
Note : Ellipse includes the 95% confidence interval of

the composition of a forest type.

B3 = MR v S L R AL A A 2
ZYE R o Hr i 2R
Fig. 3 Results of non-metric multidimensional scaling of

composition of the three forest types

RN B A RE L 3D 33X 5 At b X 3
O3 i WAL ( McGill et al,2007) , ASBFFE A A 7R
MBI KRR N Z BEHEL T TR & a2 B
A EL B4R T 50% A AR 25, WP N AR
DR R S TR Ty s £l NS B N i L o 7
P B, e R 3 5T B OR 2 R AR
SR E , = Fh R AR R 2 0] 19 25 5 = AR B AE W)
M BRI R AL T T, W) R 2 R HE Y 4SS
Pielou $8 BOR G , #4525 (B 2K b, R[] R AR 7
Z IR 5] BE A 3 25 s A5 B W Rl T e RE R
Shannon-Wiener 8 8URE , =M MBI T AR ZE 1Y
Py == 5 BE 3R I R AR S A2 AR S Tl S b TR
JZRhE R B 25 RN W Y R A —
225 R B RE R LR R Ry A 9 ok O 3
B BUAEAZ AR AR A 2 bR 5 il 5 bk AR 2 1 W Fh
TR T I AR S I AR AR T )
N A EEm A LU i R R YY), 2 RIRAT
g AR AR AR | AR AR Bl AR A RO R R
Bk A SERRZSAE ), W AR BT R AT

AW 5T DA HE 75 ) T 4L BRI 2 B R AR 25 G0
B, P AR ALY Z I AE e B 22 . T
AAR=FZ AR~ il b, ot L P 4 DX S 26 X 3] %

SO DX AR PRRE A B AR T PR B R T B 1
PEFE, AR AR, RS M X R A Al A
Tivf B A 400 328 3 30 AR, N T Ak 355 4 ol ) G 3
T TR, BHEAE S 0 He 320 7 B
32 BEYMESEN

ARWFTE =R BEVE AR o ZREPE S B R
MRSTHESIRS AR R B ELAASR L, s i AR 7
B o ZREVETE B RIUHEARZ STEAZ >HA
J2 5 T A B ] RO AR A A R
FIF ZREE R R (B4R AT, 1998 T IEARAE
2003) , X AT B I THEAZBR T HEARFI 2840, 84
TTEZTAR R ML (R R,
2000; XIREFEKEE,2003) . AZARMFIHZEARD) o Z4F
PHWHER IR TRERTRAZ, EERSE
(2000) XF 54 W LLI AT D) BE T 0 Bl 2 RE PR 2R A T R 2 5
KATEE (2012) XPEBHLIX N T 2= B A RE IS AN T
R RIS (R Z AR R EAT T A, W Fh =F 3
RIAMTZE ST ARZE, R W b X AR AR
) 20 FE PR A 1 2 25 IR I 2 TR )

ARUFFEHE B ZHEPE &, W8 AR5 I 2R AR
PR 22 S e A, T T () T A )2 90 o L 8 1) A0
P 25 5 B 8, A2 A BRI A5 M A AR A e s, o
PRI MR A AR L SR I, = R 3 ] B AR S22 )
Tl 2 5 1 R AR 2 S B S, A2 R MR I % bRk 22 ]
B FR R 5 v, I PR R AR ARZ AR b 22 i) %) AR AR
i, MATFBEE EEXEINESEIRE, A
ME MR ES KL, & W ILEYRM TR £,
MRS IS AR B S, o S R AE g
A KR W T R T YR B O BR L M T
FITETR ELA S AR 0 b A AR AL (AR 7S %
2014) X 5 R YR 2 0 o0 BT 19 25 5 02 — 20
F2 AR AN 3 25 WAz 1 b N AR, X6 1 7ty B oL
X B4 22 B A — 8 BTk, JF BB B X
BRI o83, — B Y MR R 8 @R T
MREYZE AN N TR 25 5 e bR sl B R TR A2
MR T R

4 i

Sl I N TR -t [ F o WAL U L7
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DL RO N B 55 45 T )OS TR], 1T RE R 3 T HE TS 4
BB AR RN AE ) Z R O T 25 S, A HERY
I LR DX R AR A2 AR I 25 bR =
FhBRMAE V5 70251 25 M 2 IR BE VR 25 i FnAE ) 2
FEVEZ B b A& B L, R AR B R AS A ) 22 Bk
b 3 1 T LA P D AR RIS AL X X R ) 2
PRAP AT B EAE N A2 AR RAE T N TR B R A AR
(1) 38 Y B B, R 22 A P A B e B — e R
THZRRT AR 2 Y Fh B — | F2 BRI AE X 5O oA
T YR Z RV AERE . DT 2SR — A2 AbR - i it
A, T EE LR B XS B X B A% 0 XA 2R AR B 1A
P T PR FE AN W T 3 A sk R T R s () B
Z 5 5 PR DI,

FARME F Z4F 5 T4 8, & 278 M 5 R
SEARTT ] A, Y O 4FE BT A2 AR 1K 52 I T bR
VST, — B 2 A R 58 2 i e i N TARI &8,
[ NGO 7 o B o 7 N o W R v N L R
B TR SS A AN A 2 B A AR B R AR A, Syl
Lyt XA B VKA H b 0 B 2 A B S8 AE . % 08
PN T MO M 2SR Stk S 2 A —E B
S PR DA ) AR RS B A AR S KR SR I B
BLLEA RS AE S AR SR TR (R
KB ,2001) B X TMRORT R SR AR FE f0A H M
D B B B = i

Hif Wi XFEAE BB AFFRAFLS
FINAE K FINTF A, BEAR B AR SF IR
15 S B SN R & TAE AT R F 35 3, 45 s Bt )
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