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Changes of species composition and diversity in the restoration processes of

ecological public-welfare forests in Zhejiang, East China
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Abstract ; Public-welfare forests contribute many evological benefits for the human community compared with the commercial
woodlands. The vegetation of Zhejiang had been havoc in the 1950°s. The composition and plant diversity of six major
communities in ecological public-welfare forests of Zhejiang were analyzed used the sampling method. The six types are:
shrubs contained more young pine trees (SMYPT), shrubs contained more young evergreen broad-leaved trees (SMYET),
pine forest (dominated by pine trees, PF), mixed coniferous and broad-leaved forests contained more pine trees (MFMPTI) ,
mixed coniferous and broad-leaved forests contained fewer pine trees (MFFPT), and evergreen broad-leaved forest (EGBLF).
In this paper, because evergreén broad-leaved forests are the zonal vegetation of Zhejiang, they are assumed as the target
vegetation In the recovery processes. The results showed that the SMYPT and PF were usually distributed on degraded
habitats in which the soil was thinner and poor. The woody layer in SMYPT Ell"ld the under-tree layer in PF were mainly

composed of sunny species, such as Rhododendron simsii. Loropetalum chinensis, Quercus fabri and so on. The dominated
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species of evergreen broad-leaved forest in Zhejiang were occasionally found in these 2 communities. So, it was infered that the
rate of naturally restoration to the zonal climax vegetation (evergreen broad-leaved forests) would be very slow. The SMYET
communities distribute on thicker soil, the dominant species include above species, and Schima superba, Cyclobalanopsis spp. »
Castanopsis spp. were found frequently. In the wood_y layer their important values and degrees of presence were higher than
those of the above shrubs. It will be restored quickly to the zonal climax vegetation. The species diversities were established
through Gleason’s, Shannon-Wiener’s, Simpson’s indices and the Pielou’s evenness indices. In general, the indices of EGBLF
are the highest. The indices of MFFPT were closed to those of EGBLF. The species diversities of SMYPT and PF were the
lowest. The results also showed that species diversity decreases trends from under-tree layer, tree layer to herb layer. The
investigation results showed that there are three restoration routes of ecological public-welfare forests in Zhejiang: 1.shrubs—
pine forests — mixed coniferous and broad-leaved forests —>evergreen broad-leaved forests; 2.shrubs->mixed coniferous and
broad-leaved forests—evergreen broad-leaved forests; 3.shrubs—evergreen broad-leaved forests. It indicates that it is not
necessary to go through the pine forest stage to recover to the evergreen broad-leaved forests in this area. The reasons which
impacted the species diversity were analyzed in this paper. If the evergreen broad-leaved trees can be fostered and cultivated by
supplements in better habitats, the vegetation will be recovered more quickly, and the ecological benefits of public-welfare

forests can increase in a shorter time.

Key words :ecological public-welfare forests; species diversity; vegetation restoration; evergreen broad-leaved forest
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R I EROE AHENERRE. AL ENAKRL E6LE  ZRR TSR EHIRAE 15.3 F)18. 5 CZ1E;
BEAUAMBHER2.7~7.9C, BN EBIK; BB HIE 27. 0~29.5C , KHEER. AN =10CHER X H 4, £
FE5 000~6 500C ., FEMEKE 1 000~2 000mm, BBHRA R FEREEE., KREERFH,
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Table 1 Leocations and amounts of the sampling plots in 7 the six ma jor commumty types of the ecological publlc -welfare forests m Zhejiang

A

B o A Shrubs P Bk Hi? fotkdhf;::dcfo?:::z N LR ait

_ , Evergreen broad- Total

Locations ARENGH FBREHEFET  Pine forest TEEN CLA ¥ leaved forest® Amount

‘ SMYPT® 4% SMYET® MFMPT® MFMPT®

$i M Hangzhou 1 3 5 2 3 4(5L9-111) 23
# M Huzhou 0 2 0 0 0 4
" ##1l Zhoushan 1 0 1 0 0 0 2
T # Ningbo 0 1 1 1 0 0(32073) 35
28 ¥¢ Shaoxing 0 0 1 1 0 0 | 2
4% Jinhua 2 1 2 2 0 0 7
&M Quzhou 3 2 4 0 1 1 | 11
& M Taizhou 0 1 2 2 3 0 | 8
B 7K Lishui 5 4 2 0 3 2(12010-121) 28

B M Wunzhou 3 1 3 2 0 3(7t8) 19 -
4 it Total amount 15 15 23 10 10 10(56) 139

1) SMYPT, &% Z#41% 8 ¥ M Shrubs contained more young pine trees; @) SMYET,

il

S L EFEH 4 E ¥ A Shrubs contained

more young evergreen broad-leaved trees; @) MFMPT, &% £+ 4H BB 3 M Mixed coniferous and broad-leaved forests contained more pine
trees; @ MFFPT, &8 /M4 B H Mixed coniferous and broad-leaved mixed forests contained fewer pine trees; @ #ESHHEHER B

W #k Values in parentheses were from references

2 ZRESW

2.1 WiLEED AN

H VLA B BRARER T AR 7 X BASH , 2 20
i X 3, A A AL -
(A+BE,FTRD, L EB#E; 5 —EKRE SMYBT

B B EKFE(H<0.01)(F 2,

7N RBETARE Y AT E

-1 % 53. 5cm, MFMPT

(3 187 #k/hm?) tt MFMPT (2 022 #k/hm®*) h K, M EE R B & (K 2),MFFPT Bk 5/

R BRI A ROR O A SR AL
42 50
"ERENGT B . iR E T
,;Ef:?’f::%ﬁ; BEHHET ,

EARETHWENZED, 5 MFFPT HILZRABZ(FE 2),

2.2 BV 48 Kk X 38 S
WERMEITAREALA

Sformosana) & H WH £ 4

BB R RS

2k 7R NN TR

PHER, R HEMRA

- EX R ABE MFFPT T ABEE

FREHGEIN KRBT, BRIRGEKE AR 502, ERH A ET LA
?EM %E% SMYPT, E-——Eizﬂgﬁ 43. 5ecm

FTEEHK 74. 8em HWEREENN T ERBEERRE

I ZH BT RAENREART IR PE . FREZ IR K MFEMPT) . & 8 D 8 1R 32 AR
(MFFPT,. A—E HHIHEZARFESEHA) S EAESREMHREGBLF )FE 4 MER, EfINEEEHET A ILE 2. PFRHLE
+EFEEH R 4. 4dem, AEFEREE., MFMPT M MFFPT +

Ny

EEDIBHAR N E . BRI R

WMA MRS, UK EARENHGHEE., SEMRAENEF(ERRELE DEAXR.BE
EH@WW%%W%N (Cyclobalanopsz's SppP- )ﬂ*ﬁ (Schima Superba) ’ 'E'ﬂ]'_ﬂ:.%jti@;ﬁﬁ?ﬁ ’ ﬁigugig’ﬁﬁﬁ @J%% ,EYK%
¥& (Castanopsis fargesii) ¥k (Lithocarpus glaber) .5 (C. sclerophylla) . K& (C. carlesii) & (C. eyrei )55 (R 3) . TEH Ak

R (FE 3, FPAREH

FRELELVEBHEMTH— 5 B (Pinus massoniana) M1 §2 K (Cunninghamia lanceolata) . & W W & (Liquidambar

DB R B E B 20 FF (RO ARE YK IR BAAT EE R (Camellia fraterna) 3

K (Symplocos stellaris) . & W & M A ¥k (L. harlandii) . KRB R (Ardisia crenata) (IR ZE (Smilax china)  fk /R (Loropetalum
chinensis ). 5 4 & (Rhododendron rozratum ). B8 B 4 (Trachelospermum jasminoides) . #7 1L #t K E -F (Neolitsea aurata
var. chekiangensis) . 1 B (Symplocos spp. ), ﬁ K I\ (Stauntonia spp. )\ 8 P+ K FE F (Litsea elongata) . B WLl £I (Rhododendron
simsii ) ¥ (Eurya spp- )+ ﬁE(Dalbergia spp- ) KKBE . ERE., BRAEH

(Woodwardia japonica). 8 E Bk ( Dryopteris spp. ). IR T W (Lophatherum gracile). 8

A R

= 10 ﬂ"(%)% & B (Carex spp- ). &

us-u

3 (Diplopterygium glaucum) ., 1=

(Miscanthus sinensis) .17 ¥ (Dicranopteris pedata) Bk (Pteridium aquilinum var. latiusculum Y. E o B B (Arachniodes spp- ) Fl
8 I Bk (Plagiogyria spp. ).
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Table 2 The characterizes of the sampling main types of ecological public-welfare forests in Zhej Jlang
Mixed
RSN Stru.cture backg.rfmnd of 4 Shrubs . H PR coniferoif‘sﬁizliﬁbfa?leaved forests Evfgiﬁﬂ:;ﬁad-
the 6 major communities Pine forest
SMYPT*  SMYET MFMPT MFFPT leaved forest

Ft AR Tree layer

S ¥ M 12 Mean DBH (cm) 10. 72 10. 4° 6. 2b 9.1°

1% B Mean density (ind. /hm?) 1 761" 2 022" 3 187° 2 147°

IV of evergreen

broiii:rtﬁi%)ﬁ g <30 17~65 16~51 >70

FABEZEA{H IV of pine trees(%) 73~100 16~53 <15 <18

S 8y 57 i 4E # Mean stand age(a) <10 <10 22 24 18 23

AEXBREEENT IR T ABFEZHEHMH,P) Woody layer (in Shrubs)or Shrub layer(in forests) ‘

-1 BE Mean density (ind. /hm?) 25 7002 28 274° 19 959° 20 835* 18 894* 24 083°

-1 %% ¥ Mean height (m) 0. 69 1. 24 1.15 1. 43 1. 85 1. 52
¥ A2 Herb layer

W35 B Mean height (m) 0.4 0. 48 0. 44 0. 45 0. 34 0. 35
-3 + 2B Mean soil depth (cm) 43. 5¢ 74. 8 53. 5% 74. 4° 71. 226 81. 9
SE W48 Mean altitudes (m) 490 400 330 250 370 460
P46 BF h_/Ean slopes (°2_ 26. 3 28.5 24. 2 25.3 31 31

*» S5 EBUFFE 1 The symbols are the same as table 1
X3 HIKESABHREERBREVUNEABRNFTARAEABEAETEY LR

Table 3 Comparison of the dominant woody species in shrub layer and tree layer of the 6 major communities of ecological public-welfare forests

in Zhejiang

£ B IR A2 #k Mixed coniferous

and broad-leaved forests

S A

Evergreen broad-

% ]\ Shrubs A

Pine forest

Yo #F Species

leaved forest

SMYPT - SMYET MEMPT MFFPT

FTEAR B FP Tree species A7 JZ Woody layer # K = Shrub layer I+ K ZE Tree layer
# [ Cyclobatlanopsis spp. 6.7(35/51)" 26.7(12/4)  33.3(10/8)  60.0(5/3) 90. 0(2/2) 97. 1(1/2)
K Schima superba 33. 3(9/8) 20.0(17/14)  12.5(25/18)  50.0(8/5) 90. 0(3/3) 94.1(2/1)
¥ Castanopsis furgesii —% — — = 20.0(22/8) 47.1(3/3)
£F1 8% Lithocarpus glaber 6. 7(4743) 7.1(49/55) 8.3(44/48) 10. 0(83/85) 30. 0(15/14) 44.1C4/7)
R A8k L. harlandii - + — — — 39. 7(5/10)
g C. sclerophylla — 42.9¢7/9 8.3(45/49) 80.0(2/2) 40.0(11/13) 38.2(6/4)
KKt C. carles: 6. 7(61/61) — 8.3(40/40) 10. 0(57/55) 10. 0(62/63) 38.2(7/6)
¥A Pinus spp. 80.0(2/4) 40.0(9/16) 37.5(7/10) + ¥ 20.0(23/10) 36. 8(8/8)
W& Liquidambar formosana 6. 7(45/48) 20.0(19/18) 12.5(31/41) 30.3(15/20) 60.0(6/9) 32.4(11/12)
FHEE C. eyres 6. 7(48/45) 26.7(13/10)  4.2(54/54) 20. 0(22/18) 60. 0(5/5) 29. 4(14/5)
W Rt Alniphyllum fortunei 6. 7(40/30) - 12.5(26/23) — 50.0(7/4) 17. 6(22/41)
B ¥k Quercus fabri 40. 0(7/3) 60. 0(3/1) 54.2(4/5) 50._0(7/4) 50. 0(8/6) 10.0(33/23)
$2 K Cunninghamia lanceolata 26.7(14/42)  46.7(6/6) 16.7(20/17) 20. 0(34/50) 100. 0(1/1) 27.9(16/14)
¥¥¥E Toxicodendron succedaneum — — 33.3(10/7) 4. 2(56/62) 40.0(11/14) 70.004/7) 8. 8(52/93)
b Bk AR Rhus chinensis 26.7(12/15) 46.7(5/5) 8.3(42/44) 30.0(14/10) 10. 0(46/33) 5.9(74/+)
¥ A8 Dalbergia hupeana 13.3(21/41)  20.0€20/22)  37.5(6/7) 20.0(28/30) 30. 0(21/40) 13. 2(30/40)
L& F Litsea cubeba 40. 0(8/7) 26.7(14/13)  20.8(17/25)  30.0(18/36) 30. 0(17/18) —

BE AR # b Shrub species |
Bt (1) 2T Rhododendron simsii 86.7(1/1) 80, 0(1/2) 83.3(2/1> 70. 0(3/6) 20. 0(40/57) 4. 4(89/+)
WA Loropetalum chinensis 53.3(3/2) 73.3(2/3) 87.5(1/2) 100.0(1/1) 50. 0(9/23) 5.9¢75/+)
B K eurva japonica 53.3(4/5) 40.0(8/11) 33.3(11/9) 40. 0(9/8) 10. 0(62/59) + (+/90)
L3 Smilax china | - 46.7(6/9) 33.3(11/12) 54. 2(3/6) 60. 0(6/7) — —

ODESHAFEFEUIE A AN FEEMFRERHEHZMNUFZH, EHWEUF?/EEE[EZ?HQF? The value before parentheses is
the degrees of presence (frequency) ,the value in parentheses is the sequence of frequency/the sequence of sum of IV 2R M7 R & P Kk Hi B The

species is not found in the investigation, QZMEEEP M. HFEREEME B O FETE 100 2 )5 The degrees of presence or IV of the
species is behind the 100th species
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WFKHIEREA THEDER BREA BENEMNERETH AERTHENIRREEKE A THEZE . HHIEN
BMEEERE MMIXEEREIRE, TREFET N ETREERR) MEMNBLAEE R IR RM 765 58 AR
FEEMBT,NERTREMEEAGEHRFIHEERBE) . _

A 3 TTLLE B ASHE A DL FH AR B9 WL AP 2T 8K AR (Quercus fabri) R T, HERAM FTFAME AR, A LM
TR EERYE R BRXFHEAEAEARREAERATHRTERRERK. LR SMYPT, L ZEH,. ¥E&EH T
KW EAER E AR, B X A58 R A T 3% G 0 57 AR 8 K B0 A 4 5 (B 4 B0 LU 0 7R 5, 50 BT 40 b 200 W 05 R A1 -+ 388, T X
Besk K, SMYET g @M FFA S A B0, 45 B R BB # LB SR AT , B AR I e R AR v 4 2

MFMPT $ 5N . 2 AMESESEARE  EFRRENE N A AN E KA TR, SR A REHRE, i E 0
MW S B (35 3). MEMPT i ABRMBEER/N (G 2) M ERE, BN TERMBR LD A . ABNRER R
3), MFFPT 1, XS E MR ERARFHRENEEASEFR TR R ENAEHEALR BFEARS BILL AR
BWAYH) AR BN S8 MO HEALR BN X2B AP RAEH RS EREERANIE, BB EIEL
EABRE . W E X IE MG E IR AR N EEGE (R 3). |
2.3 T EESABHITERZYHZHEENTH

YR EREREYREEENYRHAGHOENSSEA. B TEENBRETRAME LS, Bk B i4 KEHXEMS T
B.TFTAR.BEAR3IEAMERTMNMEBREDS KX RN, KbYRHEEERGC R, HibWhB¥4H H D,
SP. SRS J SR,

2.3.1 BEMEZHEHEIR | |

(DTFTAREREZS LERXBAZE,BRTHOFHEBHERK KEEHSK D EFHRS, BHEERRZE SMYET

(EEYH SMYPT(+ )RS HFRELER LB E(E4,%5),
B4 BIRESABHTIERERWEIERN S MBS RSN

Table 4 Indices of species diversity in three layers of 6 major community types of the ecological public-welfare forests in Zhejiang

& B 7% XK Bl Major

types of the communities

b =]

& - H Sr. D J

FZAKE Tree layer

PF 0.30+0.18 0. 2840. 32 1. 2240. 30 0.86+0.17 0.51+0. 24
MFMPT 2.08+1. 21 1. 9640. 41 5. 764 2. 34 0.2140. 075 0. 78+0. 065
MFFPT 3.43+1. 44 2.51+0. 45 10. 24+ 4. 50 0.1240. 056 0. 844 0. 051
EGBLF 2. 824 1. 00 2.3240. 41 8. 76+ 3. 80 0.1740. 14 0.8340. 071
T AE Shrub layer
SMYPT 4.0541. 28 2.3340. 30 9.7943.10 0.1240. 033  0.89:£0.034
SMYET 4.43+1.18 2. 4840. 30 11. 62+ 3. 44 0.1140. 047 0. 90+0. 049
PF 4.20+1. 01 2.3340. 31 9.30+3.76 0.1340. 048 0.89+0. 042
MFMPT 5.424+1. 41 2. 69+0. 29 13.954'4. 96 0. 087+0. 027 0. 9040. 042
MFFPT 6. 08+ 1. 31 2.7740. 23 14. 83+ 3. 68 0. 08140.018 0. 88+0. 046
EGBLF 7.12+2. 29 3.0140. 37 19. 58 +8. 05 0.073+0. 036 0. 894 0. 034
| | B A E Herb layer
SMYPT 1. 7440. 73 0.46+0. 34 1.96+1. 46 0.5840. 26 0.8240. 25
SMYET 1. 86+1. 37 1. 06+0. 55 2.76+1.11 0. 46+0. 27 0. 760. 33
PF 1. 2940. 61 0. 65+ 0. 46 2.0340. 98 0. 601 0. 24 0.75+0. 21
MFMPT 1.7641. 26 0. 9240. 45 2. 8741. 20 0. 4840. 20 0. 754-0. 20
MFFPT 2.24+1.56 1.1740.75 3.464+2.25 0. 4340. 27 0.7640. 26
EGBLF 1. 7340. 86 1. 5340. 55 4.52+2. 65 0.3040.16 0.74+0.11

KPS IEM AT SMYPT ZHEFAEE(E 4,55, MFMPTR THHEREMEEARAK KRB EHEBIEFHRIN &
MBI ETF 2 REARMMK B T OEERERAEE Gleason R ER B E/ . HERBEMRMKM MFMPT [81 £ 3715
ARBE.(FL.E5.

MFFPT 5 SMYET #iH,, Gleason B ER XM EE . H SPERFIFEE HEBBPUERAEZF (R4 K. M
BERZESHERERABREGEK 4K 5,

MFFPT 5% &R AL, SHERERATEE(E HELEREE) (R 4,KR 5.

ETARY . ZHEHBAEREZHA>MFFPT>MFMPT> 1 ARR HEBL M, B SRR MK 'ﬁﬁﬁhﬁ?’é%ﬁﬂﬂlﬁﬂ: ERKNZ




2136 B & F | 25 #

BERE EERBEKT. 5% SE0HHENEENRE MFFPT (K 4,% 5).

(DFABRERBELEE BRFABRTE, ARG KL E RS K, M MEKRE MFFPT &M ERER, €M
MFMPT Ml . KERHEH LB TEREERRBEKL:BESESFAHL.ZRABEF R 4R,

(EAELZHNES BHABRSNEARTPYHBELHR MFFPT, B Gleason I8 R & ; Hib 2R, W0 H' .SP N &
EFEEYTREE B THSEREEERK RE R D EFHRSL, AN SMYPT K& F a2 miK.

s FIMNESABRTIERRXMNTARMFARNYHERHLERNBELLD

Table 5 The difference tesf of species diversity among the maijor communities of the ecological public-welfare forests in Zhejiang (¢ test)

BEIEA R t {H ¢ value
Types of the communities G H' SP D J B

*Z’EE‘(E?&A:J)ﬁ-F*E-(EﬁﬁFF)WODdy layer (in shrubs)or shrub layer(in forests)

SMYPT vs. SMYET —1. 090 —1.591 —1. 893 1.139 0.196

SMYPT vs. PF —0. 428 0. 035 0. 326 —0. 860 1. 779

PF vs. MFMPT —2. 503" —3.164** . —3.069"" —2.936" * —0. 959

SMYPT vs. MFMPT | —2. 502" —3.058** ~2.720" 2.981* | 0. 527

SMYET vs. MFFPT —3. 278" " — 2. 364" —2. 035 1. 517 1.133

MEFMPT vs. MFFPT —1. 090 — 0. 62 —0. 451 -~ 0.66 0.728

MFFPT vs. EGBLF —1.373 —1. 984 —1. 804 0.677 —0. 568
FTAE Tree layer |

MFMPT vs. MFFPT — 2. 086 —2.763" —2. 659" 2.943* " —2. 315"

MFFPT vs. EGBLF 1. 701 1. 378 1. 146 —1.110 0. 309

*

3 B B ¥ The difference is significant (p<C0.05); * * ZF W E F The difference is extremely significant (p<<0. 01)

2.3.2 BEABKRZANSHEELE RERAS .RESKRBERR O EFHRN EHERKERTAR>STAR>

EAR,BEHZ-RTARTRAHEELR, XEAFEFANSIN , X5 XMEIER -8 . EXENEHABERK.ZEZRHTHARRE

MTEABEWEHAERS BE TEMNHS A, NRERENER, MKE IS KAEXRBMAE FT;MESZAMHKRTEAEEE NN
R ) ' -
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e A R TR S MR /s B R U R DR T K R B B R R AR B 0 0 R R A E L AT LR
Bt LA KA B SR 8 A B RS R T AR TR AR RS R, — MR AT LUE S A 800 5 S R
AR R MR, — BBl T S A 0 45 K B 2T R B K%, BE  S RV  . B LB AK 10a J5 . B B 1Y

EHEEREHBREENKE.
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ERABE) MEN TR OEE ., HRFAREEE.
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MR RN, SRR ERREE X, VS5EHBE(FABR ) YFHARRERKETB AL REE
MK ELEBREN. ENUER . SE UHEAR EBEHREARBENLEI, NARTHL REERREMNNELS-E.
R SCHER S G AT R A — AR B L 70— 2 A — 9 B A — & I BK (R AR ) — T B R S Ak 5 R AR C )L B

WYL A B AT BB BB 3 4

(1) @ — B - EEA > FEEHK |
(2) M — B — BEA — S HARGAR) — §F R IRASHK — %5 E Ak
(3). HHL— EM — BB — ) EHRHK - %S5 |

(D) EEAFERETHNEEEBINFHHHRE M HEERENERKEAHA, MAXFHIREE KA T LH
MM, — SR BRENEEAES, SEMNEEMAN N 10.65, MESEATHPEREIMKT 79(HPREH
44.37, HHER 17.65, AN 17.32), B SRR AL IERMM AR A EBESER M N AFH EHFEREY
B )U19) b e e ] MRS X KA R A SR BB E AR KT N £ EE WA NN EA. BEIRBMERT, ADEH

FIAEIS B B LU AR T SR B K AT RSB R A (X BORERARD K RN  RA TRER A S BMA ERE . T

KR T AR EEEN . XABA"BAR TR TR, TE G RBEE . REA AN B, ERA A R4 I R Ak,
B AR A E A A B SR AR A R A D RSB T, BT R B R A T R E A4 (B IR %
= 31 SEP

(2) FRAERRETRET RRAREGRE. St e 2 2 2 0 O A A B0 7 S BB 25 L R R TR
B R A SR S 4 BB T T R A T 5 60 3, L R 2 42 T BB R BT AR, B 325 M — 55 A W 2 A — & B Bk (A )
5t W B AR — 2 SR B A

(3) EEBE R LRWEN, RERA N THRBERBOEE, MEE R FRE, R NE& N BB K
4R 1 T B S S 25 A — W B A — & ) VB S P — 4 B K (3) B — B A — M B A — 5 R B AR (1)

FiRE R B AR UL, 7 5 M A R B M 0 T LR A AR FE R AR BE (R 25 B35 B SR AR » T R i A T4 3 o
B 5 I AR o A R B UG A X 1) A SR S 2 WA A 25 3 25 TT L L B
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