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Species diversity with natural restoration in slash after control of

pine wilt disease

WANG Guo-ming, ZHAO Ying, CHEN Bin, LU Zhuan, CHEN Ye-ping, QIU Hai-sheng
(Zhoushan Forestry Institute, Dinghai 316000, Zhejiang, China)

Abstract: After a 17-year natural restoration period on Zhoushan Island, a resurvey of seven typical pine
plots of masson pine (Pinus massoniana), Japanese black pine (Pinus thunbergii), and combinations of
broadleaf and conifer forests, set up before occurrence of the pine wilt disease, was undertaken. Results
showed that sample sites evolved to conifer-broadleaf mixed forest or broadleaf forest types with diversity of
the tree layer increasing. Ranking of tree layer diversity was as follows: succession of pure masson pine for-
est to deciduous broadleaf forest and mixed, evergreen and deciduous broadleaf forest = succession of
Japanese black pine forest to deciduous broadleaf forest >succession of pure masson pine forest to conifer
and broadleaf mixed forest > succession of a mixed forest of Japanese black pine and broadleaf trees to de-
ciduous broadleaf forest >succession of a mixed forest of masson pine and broadleaf trees to evergreen and
deciduous broadleaf mixed forest. Also, in the mixed forest of masson pine and broadleaf trees, diversity of
regeneration layer and shrub layer decreased, in the Japanese black pine forest diversity of the regeneration
layer increased, other forest stands changed little, and diversity of the herb layer decreased. After natural
restoration, diversity of vegetation types exhibited little similarity. Based on the dynamic variation rule of
species diversity during natural restoration as well as conditions on Zhoushan Island, species diversity
should be enriched and the landscape improved with island native zonal vegetation. [Ch, 2 tab. 21 ref. ]
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Zhoushan Island

FHILE 5 F 1992 41 e 16 5 5 & WA 28 9 Bursaphelenchus xylophilus . 155 % 19 AR F
SE, FEAR R A FEECR B R R b, 7R TR) B G T AR AL B Lk HUR R IA G M, R
1A PR AT S 04 2 8] S0 AT RS SRy, ELEESZ RS AR B BERR , WS BOCY MR Y R 24
P DRI A A28 R [ () S i 2 AR AR A T P A X AN TR 9 A Rk AR T B B i W Rl 2 R
Pz RGNS, IR R B B SRR S AR T W Rl 2R R BT R X R G | KOBE I M S G
TRA B L HU R VA 0 M SRR S L R W Rb A AR AR BRSBTS L, AU FARE LR U AR
J A [ AR 0 558 B2 X 5 BB AL Pinus massoniana SRAEY) 22 FEVE DL KOO MREE V5 | 10080 F0 2 SR A2 8 AL 1Y
5 W) BIF 9 A5 I8 WA b 2 U I 2R T A PRI R B S, (H AR R S B E, ORI AR AR
SRR EE XSS I 17 a HETIBCE 0 SRR L 5 A A BT A M e e R AR T S
BRI, BN P thunbergii ZEAK K AN TR SR Fh 2 FE 1 19 B ALAFAE , AIFSE b P L 20 5
Mo DRG0 B AR R S 3 B rh W R 2R R S A AR, T TR SRR R AL, X4 SRk
LA P o R B A A PR R S

1 BB E BRIk

1.1 BHHER

AF 58 3t DX A7 T WV S L LD 5 A4 5, 4T 29°567 ~ 30°15'N, 121°49 ~ 122°15'E, LA 250
m DLNEE R E, S EgaRe, K 503.6 m, 4FFHR0R 16.5 C, &HAH (8 H)FHAIR 27.3
C, &A1 )RR 5.7 C, Mo m <R 402 C, Pl <E- 61°C, =10 CFHRUE 5120.8
°C, AW 251d, WH 150.1 d, 4FFEKE 13513 mm, FHEZXKLE 14704 mm, HIRE 79%,
Fr Bz (b + 3w TR FOH A £ 28 T Ll S AR B R, R i R AT s rh R e Rk
& TS RS o ] PRI IV e ) ) L P R AR AT AR X (IV Adia-2) " SRS S A AR B O AN R AF
T, B 1 Fr b L b R 4% 58 358 20 BB M AR MRS, DABRAHERAE | AR 0 vk A I e AR AR AR 32, H L
1A WA Liquidambar formosana M, 1 ¥k Quercus variabilis ¥k, FAKE Q. fabri BRI W Az 55
WA M MANATEE B BT X Cyclobalanopsis glauca MHERE Castanopsis sclerophylla FR5
1.2 MIRAE
12,1 AN ERRFE RIS R SUBRMERARZ W ELERTEHT 80% Walitk, oM SR
HEMEKRTHT 50%, X/NT 80%, ka8 2 K T 55T 20% /N T 50% 5 e T 28 AR X
Ay RN, CREAS A 2k HUR K A TR A LU S AR oy RS GlbR . SRARGIAK | H R A R AR TR 3SR
B BN 5 R B IR SE AR 4 FP2S AL LR TR TS T AR L S ARARIW R [RI 28 (] A 30 A B B T8RS 1w 1) 43
Br, SEBERE T ASFE LI AN B LG R R A TS AR AR DR A TS Ml A TR AR R B — A 100 m
DIF, b Frhde = N, AR EY 1991 4F (MM U A AT 1 a), K ARE Y 2008 4, bR
H L BN AR, IO AR, WA 1,
122 #H¥RERGFHE RN A L, FHIEH 20 m x 20 m, FHRI5H 4 4 10 m x 10
m FEAKE FHIG, SFEHLA AR AN . AARZE 10m x 10 m, HEHZHEARIZE 5 m x5 m, HA
FE1mx 1 me FEARBICEITAME=5 cm FHAORREC, & B, WOARFISE B, T 200 5% T A Fl i bk
B, mEMSE, EARZMEARICRIAMNZE, MEMBEE . WAE SN A Z RN EE
i, Hrb, FRARZENEEME = CHXTE RS + AR M e i A + AT )/3, BB 2 2l = (4
PR RE + XS W+ AHXTAREE )3, BEARJZ M E B = (X5 B + MIX AR )/2, A2 B2y =
(AEXF 25 B + AHXTARRE )2, S, AHXTEERE = (1 AP AR A R SR %0) x 100%, AR X B
e T AR = (1 A b g i s e T R T A R ) S S T T AR ) x 100%, ARA 55 B8 = (1 AN Fh i) 55 B8/ e A
P SR BE ) x 100%, AHXHRE = (1 ASFP 045 B2/ e A R 43035 22 F ) x 100% .,
123 AF SRR RO ™ SRR AR YR 2R BRI 150 B T8 BOR A i R
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Table 1 The basic characteristic of pine plots before the pine wilt disease occurring and the succession results

5 r’fi}]&/ jﬁ(%/ %r?/ el AR AR e T R R Yﬁiiﬁif%

1 80 15 N h 0.8 M4k R 7 Il AR SR

2 45 21 NWIS ' F 08  DhEFM o 2 A 3 L I I IR S AR ;2 FEL

3 60 26 E h 0.8  H MLk SR B R 22 bR TR, H R
T, N W TE R LD TR VIR

4 0 2 W hF 09 ;Mﬁ A e ems ;jf i Zz% i

5 80 36 E ok 0.5 B4k A 7 e i Ak WA

6 100 22 EN40 Ly 0.7 RARGIRK BAYIN ¥ Il AR b

7 75 27 WN35  H1F 0.7 RN, R BN, W 75 I i) ik Bk, WA

LA, WM EE MR = S, Y 2R M55 (Shannon-Wiener 3880 H' = — O, PInP,, ¥5) 1%L

(Piclou ¥ Joy = (= D, PInP)/InS, Hrbr, S hyfg—ReEs b i a5, POl i B9 TRZEAE N, 5 BT
FEEAE N B ECH], B Po= NN, 2B R B SRR 0 AR PR B TR g

2 HERE M

21 MMERFELXEMARRKERNYH S HE

ZREPEIE RO E A5 R AR 2, TEMMF I R AT, DRI IR AR ARENEEE LA 1 ~
3, YR ZFEERR RO 0 ~ 0.630, WAL T HFRHR AR 9 ~ 10 L 1.774 ~ 1.874, J3Aii th LLST R 1R 22
IS, FRIARSPREEARA Tl 20 BT, R PEA I, ILG 3K Albizia kalkora, Y18 Dalbergia hupeana
TR B AR S50 ) ] it A

BEORZ R ZAEE R —E 22 5, X G AE M AL A AR BE AR AR IR AT OGS ) B 3 R )
], Hoh 6 ShE BN ERAR, FHERA 3, YRS EC 0.585, 1 5/ 5 SHHM S REMR
FRAR ISR, FEEE N 8, WP ZHEIRBO N 1.476 M1 1.693, 2 5 M 3 SHEHLAY 5 HA 2l
M5 4 -SH T SR T AN RN 5 R i RIR SR R, FEEN T 11 ~ 13, YR R IE RO
2.090 ~ 2.371, A LIEIRUE, 6 SR Y AN MG IR T RO I R SE B, B0 IRARARIE 4 TR R
AR, MR B, AT LA BN ER A H, ALV AN Celtis tetrandra ssp. sinensis, Wi
Ulmus parvifolia B9S2 AR, BAT HADRE SR RO R A , ZREPEIREURAR; 1 5 5 SR A FA AR
BT REMER BT, YGRS T, FRRM D RTE LB RR SIS, AR Aa R,
18, A Platycarya strobilacea 55, J5# DAL E HGULH, fEAERRE | LA AR SE; HAbL 4 1D
T WA L W E RN, E2AA LT 2K, —2MbZaa, abk, FAERGEREE, Rit
— AW BIRIN, BREER . PSR G, B8 TRZE KX, WL Symplocos setchuensis
ZF llex purpurea %5 % LRIA MR FIARAE, 40 2 SHEHL; IR S7 MU AR BT, TR B SO A 2 1Y i i AR A
U, EE ZAEE SR AWRA, MR RIEPUKE , W5 3 A REH R WL EAR, A, R ECER,
W, %%, ¥4 Diospyros kaki var. sylvestris IRk Kalopanax septemlobus, 3 5 Hl 4 ‘S UL AR
Cinnamomum camphora M5k, 4 SHEHLHE WKW AHE Lithocarpus glaber F1ZE UK Symplocos stellaris 55 .

3554 S HEHTEAR R B9 F B A AR, S0 13 A 12, 15 RS SHEEGE, 50k 16 A
15, 25 6 SH 7 SHEME R, 18 ~22; HAZYM MR BUEA —En B A, [HER L
Bt , 0T 2319 ~ 2.815, FrorAn R 2 k) A bE ) 2] WRl , AR Loropetalum chinense, K
Eurya japonica, %M Vaccinium bracteatum, F€WH§ Styrax confusus, 11 Symplocos paniculata, B1l]
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21 Rhododendron simsii, 8 #L¥ Glochidion puberum, *%4:4 Ardisia japonica, .J&%¢ Premna micro-
phylla, WaZ54% Eurya muricata, H AYFHE Mallotus japonicus, % Rubus parvifolius, Fi¥ Elaeagnus
pungens, FFPHFE Euscaphis japonica FINE+ Gardenia jasminoides %

TR T W AL 5 SR (24), WIF ZREPEIRE2.605; 15 6 S 7 SHEH F 5
MY F 2RI BOL I, FEER 17 ~ 18, ZFEPEAEECN 2.576 ~ 2.664; 2 5 M 3 SHMKZ, F
HEEARROMI N 11 A0 12, SRR B 2.053 F12.198; 4 SREMRAR, FE R 4, W
ZRETEAR B 0.944, XJE T 5 SRR BERAR, AT SER R FIHEAZ 0 35 B WA e e B bkt
FREARB PR, I 4 ST H Dicranopteris pedata #5578, /A HAh AR {7, 75
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Table 2 Species diversity of community layers before and after the pine wilt disease

Yymh A Shannon-Wiener 15X Y5 R 5L
B 4t 5 |23/
R HE T KRG KT RER KA HI KRR
T K2 1 11 0 1.852 0.773
TR 2 8 8 1.476 1.717 0.710 0.826
: AR 16 21 2.400 2.769 0.865 0.910
A 17 3 2.576 0.796 0.909 0.724
ERENA 2 14 0.440 2.233 0.636 0.846
TR 13 11 2.249 2.040 0.877 0.851
? HEARZ 19 22 2.627 2.706 0.892 0.875
FA 11 6 2.053 1.605 0.856 0.896
Fe A= 3 6 0.515 1.471 0.469 0.820
PP 11 11 2.156 2.295 0.899 0.957
’ HEAZ 13 14 2319 2.284 0.904 0.865
L NP 12 6 2.198 1.618 0.885 0.903
F NS 9 10 1.774 1.954 0.807 0.849
TR 13 7 2.371 1.676 0.925 0.861
) HEA)Z 12 9 2.354 0.947 0.979 0.829
B 4 1 0.944 0 0.681 —
e AR 3 6 0.630 1.787 0.573 0.997
T2 8 7 1.693 1.591 0.814 0.818
° WA Z 15 14 2.400 2.361 0.886 0.894
A 24 14 2.605 2.136 0.820 0.809
T A2 2 6 0.306 1.591 0.441 0.888
TR 3 7 0.585 1.632 0.533 0.839
° AR 18 20 2.506 2.839 0.867 0.948
FAR R 18 8 2.583 1.727 0.894 0.830
EIN= 10 14 1.874 2.406 0.814 0.912
W 11 10 2.090 2.144 0.872 0.931
’ N 21 22 2815 2.745 0.925 0.888

B 18 11 2.664 1.939 0.922 0.809
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FUABRE M b bR 3 T HE A B IR AE T8, AR AT AR R 2 A K, SRR B0
H =,

I IR BB T, A2 F RS Y A 2 B RS B R A S AR — B, T
Yo R HONA R, ) AR HEE NS R RO AI XS 2 B2, S5 EEBOR, e R A 7 PN 45 ) o ) A
MR, IR Z AR, DIRAREIMR IR AR, FFRR SR NM R L, Wo i, HAZ
WBR 6 S HEHLEHZ (0.533) 1 4 S HEHLGEAZ (0.681) 1945 2] LR AR AT , HR#R LR B
22 MMEHRFERIATHMEARRETEPYMESEEHEE

FONFARF e iUl R AT, SRR AR M AT L A SRR ST, M s 1 5T A bR B 38 O el
AR B ER , AR BT HEAR R A4S DL U i, it 17 a B9 AR, 20 DI i 1 &t I 1R 2SS ARk AL 2%
PRI RE AR (R 1) o & JZA Y FD 2 HE R R A AR A A | AR b A= 2 5 2R 35 2 e M R s b 2%
(G N I R SR 2 VA
22.1 HEMMGHAT S AR T DRMAMNED 17 a WG, TRBENFEFE ., W2
TR A W R, JFIRR AT, oAl S O A, v R 0 R v I bR B bR 22 R AR
bW, FREEEMN2 3 14, W ZHMEIREON 0.440 3] 2.233; 2 B M MR AR S RZ, F
WAL R 11, W ZreEiEEON 0 B 1.852; I B4 IR AR 2B, FEEMN3E 6, ¥
T ZREVERE B 0.515 2 1.471, MR 2 T UL 45> Rl ST )22 e R 2 09 2 RE I8 BB AN 2 AR K,
LA RP I A 5 ORI o T AJZH 5 P 218 508 LR, 1 SR s > i (2
%, RUFAKZRIER, W BEBEY, XHEARZZmE R, JFk A RKTEMM i — B RA,
ks = Wk ' 48 %8 Aster ageratoides var. scaberuleus, .3k 28 %5 Aster turbinatus, ¥ % Eupatorium
japonicum, ¥ B H-H Hedyotis chrysotricha, T Miscanthus sinensis 11— 4% 8 1€ Solidago decurrens % i
TABKSZE MR, HZ W THREMAARE, T W2 N Z 5 Carex spp., BEEIK Dry-
opteris spp., IRFTTWM Lophatherum gracile, 757 % LN Ainsliaea fragrans 14z BBk Parathelypteris glan-
duligera 75 |
222 FANEARG AT S AL LA RAA AR BT R A, AR TR A R 2 A
TRECAH P, (B K D BRI S5 R, BRI 2, 3 B 6, WFh 2 AR IERS BN
0.306, 0.630 #| 1.591, 1.787, JFORALTFrAJZ B SRR RAR D IR K, — 24 R BRSUFRE R R
(Y SRR T A BIREARBEA BT AR, W | I A 45, EALREAR I, A 5,
5 SR EERT R FIREAR)Z BARDL 5 B RARAEMRAL, AR AR, MAEZRMAERA, 1
2 JE MM R EAR GRS ISR BUAR R, T 6 o R L ISR ST R AR A 2D, SRARRG S JE BB AR A AR R A
PRI Z2 REMEAR B, B AR 2 32 BE R P 2 AR M8 B0R i/, (B R 2 R PR TH 22 T B A 4l bk
TR A SR R, 0 1R T AT SRR AR AT B AR LA SR IR T B LT B, MRk — EUR B A ) 58
S, B, BR TSR E AW RS, R SR A SRR S, I Deyeuxia
arundinaceae , %%, KZ K Farfugium japonicum, FJBH Salvia japonica, B H Oxalis corniculata
FIRAKEL Oplismenus undulatifolius 55
223 LEANE AR ARG AP A AL D A AR SSRGS 17 a B9 AR B EH S C R
B W eV R R SR Br . WHIRP Z ARV, TR ORJZE I F RN Rh 22 R 1 45 BOAT /D i 8
HYFh AT —EIAEA, RO 5O 5 RIR ST SRR AAMET I, FhlAlsE e as , Js0kAb T 5082
M AR, IO AT SR 2 ik ATTARZ, i RS A I/ SOE M S N, &
W At ] T SR o) 2 6 o] P bR D7 1) R AR R, BECE PR A N T SO, — S TR AR b
M, AR BRSO R, Ok 5 AR AR e B R, AT SERT 2 o LA R o 4 X
PeFhe, A DU LB A — SR AR R s [R) A — L BH P Y E K A SE A KL T Lespedeza formosa, Hh4R
1t Rhododendron ovatum FI H A< HF 4 55 o i iR th M 28 AR 45, S BOE AR 20 F 5 MY Fl 2 R PR 45 5L
TR, T BT . AR LA UL W] e, S5 RIS EE AR A B R R SS ARG ZRE
2, RN RFEAMY AR, HEEEREAE S, A SWAEFEE, BEHRT 7 HAb
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A A
224 EANECTAGR ARG YA S AT BN R IR SR C R B VR o AR B, NI Rh 2
FEERTE , TeR)Z T & R R 2R BN BN, ORI AR)ZE SR H 0y B TR kR, 2K
WilEE R, FREZ, S EEY), SR AVNE AR BT RIS RE, nwAE | L FEILAE R
PR 2548 45 (HEERT R FIHEAR R M S EEAC A R AR AR A, IR 20 23 WIIE | 495 . k. b
. HTRE O BRI RIMCRIARAR A, FEARJZ TR, MK, BErRAIE Ficus erecta var. beecheyana,
Bad, GIELS, BT, W& Rubus corchorifolius, FHE, ZIRFR ARG, H AT A 4 +E
FE IR — K, 22D R i T Bl Bl 50T AR B9 SERT R R AR A, BE R AT O AT /Y L
Fir, BHIG, PR EIYERRIFORMRE ;. BAZ I ZRMEA I, th TR EINART , IRk RETE ST RRTR 58
M AR E AR T B WIH R, BB ERR Dryopteris spp., WiAREFK Cyclosorus acuminatus , JiH
Bk Woodwardia japonica SFBRISHEYI M ZE R | WK RREL | IRAT I AT 3 G )L RUAE T B B A

X FARIK I AR B R T A AL . S5 EAT AT, A T R bR Y BE B4 RV R 2 0 b A TR
AR T W AR ASE , DNTBRY P AR B R B B R i s S ML, gl = 130 S WA s A 3 R ] 3 25
B R Vs AR, MR R I A RN R SR S R A G, BUR BRI R 2
F R WIS IR B A K, DL — Wl 5 X R H i L E A I
3 itib

FARF 2k BURG BRIA M3 3 17 a (9 B RIS, i Ay 7 D ASAREE 3 1 52 B B IR S bk | v it
W] I PR e v o AR AR B B, RV, TRRZ RN B, SRR TR, S R ARAR
B S AR G R, TR YR T R 2R AR B A B B S TR] 1 B g m e, HoAl
JERWRE %, T2 A MMRAE TR | R S DL RIEE R e 45 R AH R EE B Be i 2 RE RN B AT
FARIE, 225 W35, 0 B AR R A7 40 B BEORE Vi 1 W b 2 A AR R B B B e i A e 245 4 K
A WTRARJZH Aol J0,  Hy B AR SR I B v i o] YR S ORI it R bR, B
(VN R s N =i A N o N o NN /A i L I R ey N = A R e ) R R
ZRERCE R, T S R AN AR A AT BTSSR, PR AlAR T BB v i I R A R 2 R
PE DU AR B5AIG o 0 Aol 175 100 s e 1Y J 255 S AR e e 30 R ) ] L /0 2 R R R, D LR A A e o
Z, BEAF TR RIS FIDIRE MRS, W2y 7oA SR e M2 R e — 2D e, B, A
i S 5 M PR AL P 2L, B SRR Ml AR R ) R R RO SR andE X, e hE, ABR, Z0A
Machilus thunbergii UL XS+ 1L R ZZF Neolitsea sericea, ¢ Cinnamomum japonicum var. chenii, 4=
LA llex integra MERATT I rotunda 55, {2 JE 5% 3= YA IS 2 FEPE

H TR v A SRR b 2l R R AT A A TR A R WA A IR A S5 R D E EAE T, R
Wi AR B A AR R £, D, B TR R R IAI R . A (AN T 5 em) BRIAE S — R ——FE
JRREAT ZREVE T, AT O BEA T A RO ST O P B R R T SRR R 0 3h A A BE R T U A
ARA A PRFNZE B, 355 Ja] R v R U5 A Sz b 2 A 8 DIAR G
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