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Recovery of Tree Species Diversity and Biomass of Degraded Evergreen
Broad-leaved Forest in Ailao Mountain, Yunnan Province, Southwest China
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Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla 666303, Yunnan, China; 3. Ailaoshan Station for Subtropical Forest

Ecosystem Studies, Chinese Academy of Sciences, Jingdong 676200, Yunnan, China)

Abstract: In order to investigate the changes in tree species composition and biomass storage of degraded forests,
we selected the evergreen broad-leaved forests in Ailao Mountain, Yunnan Province, southwest China were
selected as the objects, and the forest community structure, tree species diversity and biomass changes were
compared at different succession stages. The results showed that the number of families of tree species decreased
first and then increased from early successional stage (ES) to late successional stage (LS), while the numbers of
genera and species gradually increased. Moreover, the Margalef richness index, Simpson dominance index,
Shannon-Wiener diversity index, and Pielou evenness index all increased with succession process. The tree
biomass showed an increasing trend, which at ES and middle successional stage (MS) were 9.87% and 65.98% of
that at LS, respectively. Furthermore, the tree diversity index had significant positive correlation with the total
biomass at plot level (P<0.05). Therefore, it was suggested that with the succession process, the growth of trees

and the tree species diversity were the main factors affecting tree biomass storage, and the forest restoration in the
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Ailao Mountains was relatively slow because of moist and cold climate.

Key words: Ailao Mountain; Forest succession; Community structure; Plant diversity; Biomass
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VIF I E S EA A ? (2) LA A&
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Bl [FRF, WA R R AES KRG R Y
BAEZERN, FNBHESRENIKE 5 EER
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L1 BFRXAEAR

B 58 DX S 7 T 5 7 L R R 2 AR R X, M3
HE A 24°32' N, 101°01" E, K 2 450 m. %X 4E
PIREKEN 1 931.1 mm, T WZESH, WES H—
10 H)FEKE S 85%. fFHSIR 11.0 C, H&AH7
RN 153 C, &AHA AR50 C. £
BRI AR L AR, RISRME, AVURE
N 5%~9%, TIRAHEEGELN 5.03%, AEE
29°540.35%, B S 2407 0.07%, Hi S EL1 0.37%17.
LRI A JR AR 1 L B i AR, R
R L 5E B (Fagaceae). #&fl(Lauraceae) LA F}
(Theaceae)- #% 75 £(Rosaceae) F 41 % 1. £} (Ericaceae)
YN PR FZG JETHRBEARMR . AR
AR LR P SR R AR JRAR ARAR T 20 tH4D 90
FARINNERAR S KRN DL K 7 B a8, 5
P UL JE TR R AR (Alnus  nepalensis) 9 311 JE A
IRFEARIR,  RIF A Fh A58 22 58 - KM 20~30 a,
WA RIS B, TE 20 el 50~70 SFARA N
A K EBEIR JF G BRI JS , HSE R AR A BIR
W[ (Lithocarpus xylocarpus)~ 5 ¥ K ff (Schima
noronhae)~ {HM HERA{E(Rhododendron leptothrium)
SENT IR, BEF TR 50~80 a, HIAN
S . o LR SR RO S A I AR,
HE R E 2, TPRZE 20~25 m, HIPIE N
95%, fLAM N CHE(Castanopsis wattii)~ FGTHEAR
T G161, 2 A REIE>300 a, ATHEE A M.
1.2 FEREMAETTE

FEARA DX A 71X P B B B A AR
FIMAI B, 4218 Center for Tropical Forest Science
(CTFS)brEsr 2 3 20 mx20 m FIREEN % 54,
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Table 1 Summary of forest plots in Ailao Mountain at different successional stages

BRI A WA S ST MRS E. &
W 5 RS FEBE B LR D,

. BB R B P HE AR
ﬁf’lﬁ% Early stage of succession Middle stage of succession Late stage of succession

ESI ES2 ES3 ES4 ES5 MSI MS2 MS3 MS4 MS5 LSI LS2 LS3 LS4 LS5
A Area (m?) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400
F#I4% Mean DBH (cm) 4.7 5.8 6.5 6.9 7.0 8.0 7.7 6.6 7.3 78 113 6.7 104 82 105
B K12 DBHppay (cm) 282 269 233 267 255 603 628 622 589 394 1102 1385 1607 845 62.0
SFH4#4 i Mean height (m) 46 47 54 49 56 63 6.1 59 65 72 76 49 6.1 5.7 7.0
B R Heightg (m) 1.5 141 144 155 138 23 235 244 255 198 26 26 25 23 23.6
SR BA (m¥/hm?) 198 128 138 98 181 273 294 344 423 330 778 765 1165 783 957
SR Density (ind/hm?) 2650 1125 1525 600 1525 1350 1425 1750 2075 2125 1775 3350 1975 2750 3600
1 Number of family 10 10 12 8 10 9 7 7 9 10 10 13 8 13 12
J& % Number of genus 10 11 12 8 12 16 11 12 17 14 13 17 16 20 20
Fi# Number of species 11 11 12 8 13 19 13 14 18 17 18 23 22 27 26
SR AT Y 2 2 2 2 2 2 2 3 3 3 4 5 5 4 5

Vertical structure layer

1.3 EERERTHE
Z M Curtis S AT HEHEE: IV (%)=
(RD+RF+RP)/3, AH, AHX}% FE(RD)=CEFEYI
AMEE 2BV D) x100%;  AHXT AR (RF)=
CGEMAE AL/ BTG B (R A9 FE 22 F) > 100%;  AH %
33 L (RP)=(3: PR 4 1 g sy B T R A/ 4 3508 e 1
= T T AR 2 FiT) % 100%
1.4 VPRI ERTHE
Margalef £ & £ 5 %2%: Ma=(S-1)/InN, Simpson
B EFRREPY. poy _igz , Shannon-Wiener % £

i=1

PRSIy _ S pinp » Piclou 51 FEHEH): =
i=1

H/nS, X, S NEETT NIIFE, N NFETTRTE
PIFANMRE S AL, PN N/N, NN i R MREL

K2 FERZMA A ETT R

Cody FFMEFRHLY: g=(atb—2c)2, X, a Al
b 73 e A FIFEHL B FI0MPEL, ¢ 2 R
IR
1.5 EYEITHE

WA 2= e 5= 22 L AR AR AR S R 40 [ K B AR R}
LI 57535 2 ST PR 2 b DR e () A ) ALY (3R 2)),
I3 AT A A &R B AR A E
SR TR R A&
1.6 HAELERHT

5, HHR R T7 2 50 T (ANOVA) LA AN [A]
TP BB VR 40 B ZFEME A E I R
HR, RH Pearson AHIEo Hr R FEAL BE & AW &=
SRV 451 MR 2 S B0 A OO . B
H1 ] R4.2.2 (R Development Core Team 2022)1%]
HEAT

Table 2 Algometric equations for calculating biomass of dominant tree species in this study

AER BE AR P
Life form Organ Biomass model
Hifir 2 7% AR High bud tree T Stem W.=0.0747(DBH)>428% 0.01
B Branch W,=0.0228(DBH)>3%° 0.01
B Leaf W=0.023(DBH)!581° 0.05
Hb R ¥4 Underground W,=0.0431(DBH)>2642 0.01
NEALZEFRAR Small high bud tree T Stem and branch W:=0.091737(DBH)*6! 0.01
R Leaf W=0.013777(DBH)?*326¢ 0.01
Hb R #4> Underground W,=0.022155(DBH)*2 0.01
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2.1 AFENEE B B8P 4 R B T S A AR AL
AHFTILHE B BT AR M 24 B, RIET
16 £t 20 J&, FEHEW/RIEAR. B K& (Ternstroe-
mia gymnanthera)~ i M(Vaccinium bracteatum)Z54.
J(F 3): BT 28 B, SRIET 14 Bl 25 &,
FE M DGR RN =BG (Vaccinium
duclouxii) S4B BRI 41 F, FET 19
B30 &, FEHTOEH., MERT. FHIESER
(Camellia forrestii) 4 il . MEHE AT, IREMTF
ARBEVR (P Fh 2 B A2 W R AR Ak
BRI H/R AR EEG N 37.9%, J&[EM
Jili BFi(Diospyros kaki)s B ¥bk(Juglans regia)%s
SR K, MOARRM . FHIESSR. 2HL0L
(Symplocos ramosissima) [Ty & HHHIOLHA M, HE
BUEIE K . 2~ FIMG . ZLIEARE (Manglietia insignis)
AT T A O A, B R IR T S R A
MEEER R, N 13.9%. BEHE. FEEARR .. 5
HIESER 2L, 2 B 1) ZE AR B R

(cm)

DBH, .,

mean (M)

H

ES MS LS
AU BE Succession stage

B 1 LR FE B BRI R AR R AR Ak . ES: (R MS: R E P LS: S KW, DBHuean: P45 DBHua: 3 KH4%; Hinan: F
IR0 Hinae BRI R0 4 AN 2 BER R 2 57 .35 (P<0.05). TIH

DBH,,, (cm)

H,p (M)

BRI ERFRIL A, S (Stewartia pteropetiolata) Fd
Y MEAE (Eriobotrya bengalensis) iz & & N AR FALL
A, AR B I ELE R (Machilus yunnan-
ensis) ~ AL 1L WL (Symplocos poilanei) « =~ Fd ¥
(Eurya yunnanensis) LM F .

BEEE B R, SORE EEEWIE R, TR
g R MR Z BTG R, ARSI, Iz R
B, PR SR EFES, BN IR K,
HEREHS ., KINEREZEE 1.

2.2 ANFREEH BEY L R

SR o B IR HE AR TR R 1) Margalef 3= & i
fe4. Simpson fL#EHE%L. Shannon-Wiener £ ¥
PEFEHL. Pielou $5] FE4BEE LR MG &, 7
Zo g R KW, Margalef 58201 Shannon-Wiener
FREE 3 N Bl 22 57 i 35 (1] 2), 18 % FLHI Sim-
pson F5EUH Pielou 48405 H AR HAM) 22 72 B35 (P<
0.05). ¥ & 1 5 rh M 3L R AP A 10 F, Cody
FHFRVEFRECN 16 15 B H 01 S5 OR WAL A B Mg 9 F,
Cody 16 %°0N 23.5; & 5 K BISLEBARA 19
fift, Cody 580 13.5.

ES MS LS

Fig. 1 Changes in diameter at breast height (DBH) and height of trees at different succession in Ailao Mountain. ES: Early stage; MS: Middle stage; LS: Late

stage; DBH yean: Mean DBH; DBH,ax: Max. DBH; Hynean: Mean height; Hyay: Max. height. Different letters upon column indicate significant differences at 0.05

level. The same below
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Table 3 Variation of composition and importance value (IV) of tree species during succession in Ailao Mountain
FrEt Stage %) Species IV /% FrEt Stage T4 Species IV /%
W) Early  JEW/RIA Alnus nepalensis 379 i Y4l Ligustrum delavayanum 0.6
JE R E Ternstroemia gymnanthera 14.0 Middle BRAE Lyonia ovalifolia 0.6
FaIl Vaccinium bracteatum 7.2 SN G 5E Heptapleurum shweliense 0.5
KRR Lithocarpus xylocarpus 55 ZWHIARZET Neolitsea polycarpa 0.5
ZIEHL Symplocos ramosissima 5.2 FRATF llex gintungensis 0.5
¥kl Diospyros kaki 5.0 A Late ARAE Castanopsis wattii 14.6
WMk Juglans regia 4.6 FIVEARST Schima noronhae 6.6
FEELIR Camellia forrestii 34 FHIERK Camellia forrestii 5.5
LIS Litsea cubeba 2.1 VEIEME Machilus yunnanensis 5.0
RS Rhododendron delavayi 1.9 Z LB Symplocos ramosissima 4.9
Kt KIh57 Mahonia duclouxiana 1.9 FHAES Stewartia pteropetiolata 4.5
AAEAIE Manglietia insignis 1.8 ML Symplocos poilanei 4.4
W#I Pyrularia edulis 1.2 ZMMAS Vaccinium duclouxii 4.4
PR LLILZE Camellia pitardii 0.9 =M Eurya yunnanensis 43
= MRS Vaccinium duclouxii 0.8 FALAE Eriobotrya bengalensis 3.8
WL Symplocos sumuntia 0.8 AR Lithocarpus xylocarpus 3.7
Z kA&7 Ilex polyneura 0.8 L Symplocos anomala 3.7
FHEMAS Eurya obliquifolia 0.7 O Machilus gamblei 32
TIHEAR Cinnamomum pittosporoides 0.7 ZICER Michelia floribunda 2.7
fai G ILAESE Polygala arillata 0.7 FRAT llex gintungensis 2.5
Tz B4 Styrax perkinsiae 0.7 ZWHIARZET Neolitsea polycarpa 2.5
KWL Symplocos glauca 0.7 T FeH Lithocarpus hancei 2.2
ZIE % Michelia floribunda 0.7 IACASE Manglietia insignis 2.1
PR 2 Rhamnus xizangensis 0.7 BARIHL Symplocos dryophila 1.7
ey B4R Rhododendron leptothrium 13.9 KACI\F Hlicium macranthum 1.5
Middle AREH Lithocarpus xylocarpus 11.0 Wir-E e Machilus salicina L4
LT Vaccinium duclouxii 8.0 RFEME Lauro-cerasus undulata 1.4
FHELTR Camellia forrestii 73 JREENE Acer campbellii 1.2
FIVEART Schima noronhae 6.6 HAKLFE Elaeocarpus japonicus 1.1
ZI WL Symplocos ramosissima 6.1 JE 7 Ternstroemia gymnanthera 1.1
AAEAIE Manglietia insignis 5.7 L 4RAE Rhododendron leptothrium 1.0
A5 Lithocarpus echinophorus 53 MK T Tlex corallina 0.9
O Machilus gamblei 43 EILWZE Camellia reticulata 0.9
AHE Castanopsis wattii 3.8 Tl 27 Styrax perkinsiae 0.8
JERi# Ternstroemia gymnanthera 33 M X Quercus stewardiana 0.8
JIHEA Cinnamomum pittosporoides 2.9 BE¥AE Lyonia ovalifolia 0.8
BRW Actinodaphne forrestii 2.6 KEW Tetracentron sinense 0.7
MR Acer campbellii 2.4 TR E Skimmia arborescens 0.7
FHEZS Stewartia pteropetiolata 2.4 KAE+KIh% Mahonia duclouxiana 0.7
PEFLLII% Camellia pitardii 1.9 R HIN Gamblea ciliata var. evodiifolia 0.5
WEFERT Lithocarpus hancei 1.8 YL %7 Ilex manneiensis 0.5
REWAERE Lauro-cerasus phaeosticta 1.6 MR AR Lauro-cerasus phaeosticta 0.4
Pl B4 Styrax perkinsiae 1.2 ZI&WE Lindera thomsonii 0.4
HMAEHIZ: Prunus napaulensis 0.9 BRI Aucuba chinensis 0.4
FWRLAE Eriobotrya bengalensis 0.8 AW Neolitsea chui 0.3
WHEA Meliosma kirkii 0.8 H3# Daphne papyracea 0.3
FIEMH#S Eurya obliquifolia 0.8 £t Total 100

2.3 ARBEBH BT AREMEZRL
BB AT, FRRR YR BRI EES, W

T BRI 3t B AT T A BRI N
T 3). T ZEMNEREN, HE RS
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WL ORI Bty b BAEMEZEREE  (P<0.05). FHEEFIHIARN A BRI >
(P<0.05), FHEARMSHW. PHINMEEEZR oW, B8R ERIUOIN >R >,
BF(P<0.05), AFEPrEE TAEMERHEREE  AFREEENBEDELRIDH A>T Y.

1.00
0.75

/2 0.50

= 0.50

0.25

0
ES MS LS ES MS LS

B B Succession stage

K2 A LA RS B BORMR R AP 2 . Ma: Margalef #545; D: Simpson f2# £ #545; H: Shannon-Wiener ZHEVEHEES; J: Pielou #5) 4R %. TIH

Fig. 2 Species diversity indexes at different succession in Ailao Mountain. Ma: Margalef index; D: Simpson index; H: Shannon-Wiener index; J: Pielou index.

The same below
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2 2 =
500
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THE 1 Bt Succession stage
K3 322 A RS B B BORMTE B . SB: WEF2Ei; BB: BUORAEME:; LFB: MAEYEE; AGB: i BAEY) i BGB: N A&, TB: BAYE
Fig. 3 Community biomass at different succession in Ailao Mountain. SB: Stem biomass; BB: Branch biomass; LB: Leaf biomass; AGB: Aboveground biomass;

BGB: Underground biomass; TB: Total biomass.
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24 FIREYMES ZHEMRERR

Margale & £ 840, Shannon-Wiener £ 14
fa 4. Simpson ML#H FEIRE S AV & B R E
FH2C( 4), Shannon-Wiener 2 FF 14 FE0 1 AH O R 4K
H =, Pielou 5] FEFRES S A E S B3 EAHK
(P<0.05), M LA E 5 A& S IEMHRRR, H
SRR MEA 3 (P>0.05).

3 SRS

3.1 VFh AR AR SRR B S AR AR
AHIFLERERY, BEHEEER, ARG
FECEBIE %, HREAN A JEE %, X530
SEROTRIIT T 48 SRAH R o 5 5 L SR Aot A 58 B 2
EAEH, MEREANRAWER R, HYEAM SR
ANBTEAN, (B [ AR SR SE S AN, AR
DA E, DBUHRAESMRSHFHEEL, K
Jee AR R E (I 3, FEREAT AR B9 AR S AL B A
YORh 2 FEVE W] S WERE TR 454 . R B BURN AR 2 2
FECT, AR FTr, ANFE B BT AR
B B, SR WY EREEH T, W
W RN TRE v 45 ) TR SO R 2R K7 TR R P20,

R T T R T8 B R IR AR [ BOT, g 5 A ) S e b
JEVAZRAEA o 5 (%) B 90 34 R W 93 557, JHG A i B[]
P RSB KR, (E M DATE 8 85 P 4R R O 34 0B W
WBY, RRYIRR AT R AT, AR AT A AR
EHESS IR AR, BT AR R B AR S K
J& . BEAETHE HERE, BRI GIE S A AN g 4
LRARE RPN, FUWFIE 3 AN B A L
(B . =G, IARES), HEFEA
A FEA—F, HATRe il o 5 o R B AR S
P DL R B B SRR R, 5038 A 17 S O BV SR
PR i e R B T SR,

REVE SRR AR S R G FE A FEREBY, T 45
IRARMRTEE MU R . AHIF 70 R BURE K T T
ARHIAE B AL BRI R, 52695 43460
SiR—3. EERALSWAT, HERIRESER
A 22, T JE BB R BB 5 2 1T LUK R B 4~5
Z AR R E AT 15m (TR EZ, /N 10m
IFEA L 81.72%, /NF 5 m )k 42.16%, HEJK
TR 78.80%A1 40.40%, FHIEE AW E0
FERE, wEAWAKRFER, ACHET R, R
I PRI AR R A 2R T3 . T 432 A A B
AR E T RN A ok, (P FheETE 5842 .

®ES ALS mMS

R=0.48, P=0.073 2000 F R=0.71, P=0.003 2000 | R=0.71, P=0.003
2000 F
A A
- | ]
1500 F 1500
k= 1000 |
S 1000 1000 -
m
[
500 5001
0 -
or oF
1000 2000 3000 0.7 0.8 0.9
De (ind./hm?) D
2000+  R=0.75, P=0.001 2000 |
A
1500 - "
€ I
£ 1000} 1000
m
=
500
0 .
0 L

H

1.5 2.0 2.5 0.7

0.8 0.9

K 4 R DA R BN BRI AR LD EMZ R R R . De: SIAEL,
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