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Biomass of Forest Communities at Different Altitude Regions in Yinggeling
Montane Tropical Rainforest, Hainan Island

HAO Qing-yu, LIU Qiang’, WANG Shi-quan, ZHONG Qiong-xin, WANG Ya-chen, RUAN Chang-lin,
YAN Ting-liang, DU Shuang, HUANG Yi-cai

(Ministry of Education Key Laboratory for Tropical Animal and Plant Ecology, College of Life Sciences, Hainan Normal University, Haikou 571158, China)

Abstract: In order to understand the biomass dynamic changes in tropical montane rainforest with selective
harvesting at different altitudes, fifty permanent plots of 10 m x 10 m were established to investigate the biomass
of forest communities in Yinggeling montane rainforest at each area of high (1063 m), middle (899 m) and low
(473 m) altitudes. The results showed that the biomass of above-ground and tree layer in Yinggeling montane
rainforest was only 152.6 t hm ™~ and 142.6 t hm”, respectively, which was far less than that in natural forests
of other areas in Hainan Island. The tree layer biomass of sample plots at high altitude was higher than that at
middle and low altitude, amounting to 197.6 t hm >, 112.2 t hm > and 117.8 t hm°, respectively. The ratio of
biomass allocation was in the order of tree layer (94.22%) > snags & fallen log (2.9%) > litter (2.88%), while that
of tree layer was in descending order: trunks (72.63%) > branches (15.35%) > barks (9.23%) > leaves (2.79%).
Due to selective harvesting, number of large and extra large diameter trees was small, therefore, the ratio of
biomass allocation in small diameter trees (5 — 19.9 cm), middle diameter trees (20 — 35.9 cm), large diameter
trees (36 — 47.9 cm) and extra large diameter trees (= 48 cm) was accounting for 35.89%, 26.24%, 16.01% and

21.86%, respectively. After over 30 year’s natural restoration, Yinggeling montane rainforest was still in the mid-

s EER: 2013-02-28 BESZHE: 2013-05-14
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* i iHAEH Corresponding author. E-mail: hnsylq@163.com



530 PGHT Ay 2 )

F214%

successional stage, which indicated that it would have a great potential on forest carbon sequestration in the future.

Key words: Biomass; Altitude; Yinggeling; Montane rain forest; Hainan
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F 9 A FEF A ARAERERL AR I 67 b S B/ VR
TN &Y, PR i E, IR 150 ~ 300 g ff Hafy
] 52 5 2 PR, THI I TS R B . A
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Table 1 Parameters in biomass regression models for tropical rainforest in Hainan Island
. Fi% Model
A I I ] v
Biomass
a b a b a b a b
w 0.045691 0.960662 0.040213 0.97268 0.113121 0.840652 0.042086 0.970315
Wt 0.031134 0.961226 0.022816 0.992674 0.097049 0.827354 0.022178 1.005174
Wbk 0.005354 0.908143 0.006338 0.902418 0.004412 0.943871
Wbr 0.00399 1.037314 0.005915 0.999046 0.006702 0.959917 0.011633 0.892514
Wi 0.005765 0.761225 0.005979 0.804661 0.018616 0.658202 0.007247 0.750386

D BRIl LR A TT: JQUAEI AT L1 M AR RIS AR); T - JRIGIAHAHT ZERIbR; IV« ¥ g S i LU R bR, W b b 3083 B bk A=
i W A4 Witb: A8 R R A= 4 1) SR Wk A6 A= 4 ik Wor: BEBZE Wi WL R, &),

I : Limushan tropical montane rainforest; Il : Jianfengling montane tropical rainforest (virgin forest and regeneration forest); lll : Jianfengling tropical
monsoon forest; IV: Hainan Island tropical montane rainforest; W: Above-ground biomass; Wt: Stem biomass; Wtb: Total biomass of stem and bark;

Whbk: Bark biomass; Wbr: Branch biomass; W1: Leaf biomass. The same is following Tables.

4 2 WGFEHIF LT BRI A5

Table 2 Habitat characteristics of Hainan tropic montane rainforests

A bR Sl (C) ¥4 W e R (m) B AREEHB TN Plot area ' fR4%4% Clear cutting %% ¥ Density
Region Type Temperature Rainfall (mm)  Altitude of clear cutting (m®) diameter class (cm) ~ (ind. hm™)

FBF1L Limushan 20.5 3727 680 ~ 700 1500 >55 1126.67

JRIEIS Jianfengling JAf AR 19.7~24.5 1600 ~3000 850 ~ 900 300 >5 2133
Virgin forest

IS Jianfenglin - T HTAK 19.7~24.5 1600 ~3000 850 ~ 900 206.67 >5 1839
Regeneration forest

IS Jianfenglin - ZEFRAK 24.5 1634.3 400 ~ 500 20 >75
Monsoon forest

WHHE Yinggeling 20 ~ 24 1800 ~2700 473 ~ 1063 - >5 1650

INEAR 5 ~19.9 em; HAEA 20 ~ 35.9 ecm; KA
36 ~47.9 cm; FERIEA : = 48 cm.

L, AR T4 X T A JZ M 35840 09 A W o L ) 48
155, N 96.84% , (HAH {5 A A= W 18 (1) EE A9 341G, AR
0.62%(F% 3).

HERANI AT

31 R B ENEEEMENRIT

32 FAREEREEMENSE
MRAEAE YA IV |, AR A TR A 1l 5

MR A 4 H A5 A (IV ) FIVRE 3t 9 R} G 3 1 6
U4 PR LU b T MO [ 3 s BE A AR i, SR ER
A - R 5 90 1 0 i RO 7 R A 0 e B4 I VA A s
FR) P £ T 8 0 5 2 VA4 X 1 3840 A ) e ik
218.6 thm ”, IMFRIAEHR X () EAEHEAUA 121.6 thm 2,
TR VA DXL H ARV X 1 A 43 i) 15 85.81%
F179.71% 5 A )2 L3 4 A= 4y 2 b b3 43 A
R AR, A0 94.22%, WTEYIIR Z, A0
2.88%, A EIA MY LLFIAR/IN AL 7 2.9% ; 5 i iE4K X

BHGE T H S R4 PG L1 3 R AAOAS [ 7 8 B T A
R E YR, SRR AERAZ Y,
DT a2, B0 72.63%, IR Z, F
I 15.35% M4 B2 A =47, SF-34 i 9.23%, #i A
Wi /N, YA 2.79% ; T4k v BE X TR K 2 4
EAEY RN SEA —E W, 5 R X
AR EE, v 4 X A A= o BB A s, oAt 3 4>
B AE Wy LA A A AR AT R TR 1 25 2
B A H R TG A B 25 (R 4).
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Table 3 Biomass (kg hm ) of above-ground at different altitude in Yinggeling tropical montane forest

WHRIX Altitude region TR Tree LA Snag fEI7K Fallen wood JH754) Litter LU Total
1= High 197634.5 7823.3 7992.5 5135.6 218595.9
% 90.42 3.58 3.66 2.35 100
mh Middle 112243.0 978.3 0.0 4416.4 117637.8
% 95.41 0.83 0 3.75 100
Ik Low 117795.5 553.2 206.9 3078.4 121634.0
% 96.84 0.45 0.17 2.53 100
V-3 Average 142557.7 3118.3 2733.1 4210.1 152619.2
% 94.22 1.62 1.28 2.88 100

RESEAE Y AN S I A a5 AN S5 AR 2 5 B2 AN 35 E AR IR

Snag and fallen tree biomass don’t include leaf, branch and leaf biomass, respectively. Total biomass didn’t include bush and grass biomass.

F AT ARE I EEY (kg hm %) B SHRL

Table 4 Biomass (kg hm ) and allocation in different organs of trees

WHRIX Altitude region w Wt Wbk Whbr wi Y Wi %2 Error
iR High altitude 197634.5 146619.9 16037.9 25926.6 4396.3 192980.7 4653.8
HZIE{H Correction value 17647.8 28529.2 4837.6
% 100 74.19 8.93 14.44 245
FhiR Middle altitude 112243.0 80360.5 9342.5 15807.7 2971.5 108488.2 3754.8
HZIE{H Correction value 10589.6 17917.9 3375.0
% 100 71.6 9.43 15.96 3.01
I Low altitude 117795.5 84939.6 9755.9 16365.8 3032.7 114093.9 3701.6
HZIE{H Correction value 10994.6 18443.6 3417.7
% 100 72.11 9.33 15.66 2.9
XL Average % 100 72.63 9.23 15.35 2.79

S Wi = Wt + Wbk + Whr + Wi; iR = (W - Y Wi).
S Wi = Wi + Wbk + Whbr + Wi; Error = (W — Y. Wi).

33FARERBHHNEYE

Peshfp S HAS 2 B A LA R 3R A
[ 4 o BT S 2 A e R ) 2 Sk, Bl A V4R
FEETEE, 8 PLRAFH Y B A A s D,
7 81.60% . 78.85% H1 66.01%(F 5).

3ABBRFEVERENE

FRAE A 4 e R IR IV R s B 8 11 1 G T 0%
FRGHT 1L b RRTAPRAS [ T 45 15 B 45 12 2R R ) RS0
APt 25 R R B = B R, 20 em DUR
(R /INR A LA 38 0 0 2L, AR X1 92.21% 328
W B TR X 84.07%, 20 em ~ 35.9 cm HR A
(14 LU )20 25 1, ARG DX 1) 4.84% Y4 m &) &

TR Y 13.05%, 4K X 48 em DL R KRR AR
G A= e R A% 1 S P 8 & W NG
T RE R AR A S AR B L AL, RP BE A
1 B T ANE AR A Y BT o L L
AW LI Z BN . A4S PR b, A AR
TR R 2% (HRR B AR AR AR K, R /MR AR Y
B 2URIHE I, 25 SR ET) 88.48% ; KARAHI
B RIEARBI IR 3%, AW Hm ik 37%, M
INERIAYEAUH 35.89%(F 6).

3.5 BEIS LIRS EtmREMERLE
VR S 45 AR IS SRR ) o Ge i SRR
JRUEMRTTAZ A Y i, hy 492.5 ~ 625.4 thm 2,
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Table 5 The biomass of dominant species in tree layer and biomass allocation for each organ (kg hm™)

) ‘@*’i‘? ﬁﬁ Sk ) ) @E S % Wt Wbk Whr Wi S Wi
Altitude regions Dominant species Density (ind. hm )
T High F & Cyclobalanopsis 66 36.74  72607.0 57408.1 56072  8210.8  1042.6  72268.7
W& Lithocarpus 238 9.13 180463 126548  1524.1  2644.6 5232 17346.6
LAZHBE Syzygium 250 6.95 13729.5  9569.9  1165.1 20423 4176  13195.0
araiocladu
LTI Syzygium hancei 164 4.08 80722  5620.1 685.7  1204.9 248.7 7759.4
KZETFJ& Litsea 162 3.26 6433.9 44240 5517  986.6 213.1 6175.4
JIM AL Engelhardtia 16 3.15 62342 4681.1 499.9 784.3 117.6 6082.8
colebroodenne
528 Michelia 16 1.63 3229.1  2327.6  267.0 4444 78.0 3117.0
[ Acronychia 24 1.07 2106.6  1500.9 175.8 298.6 56.0 2031.3
pedunculata
A1 Total 66.01 130458.8 98186.4 10476.6 16616.5  2696.7 127976.1
i Middle FHIXJE Cyclobalanopsis 82 3527  39585.6 29606.7 31837  5024.4 764.0  38578.7
FLENA Pentaphylax 592 2320 260454 18194.6 22082  3870.6 800.3  25073.9
euryoides
TiA Schima superba 92 4.92 5518.6 38972  464.1 800.7 158.5 5320.5
IR Elaeocarpus 124 4.87 54709  3765.6  468.7 836.3 179.1 5249.6
LA Lithocarpus howii 84 3.97 44551  3067.6 3814 6793 143.9 42723
S AL Engelhardtia 52 3.05 3421.6 23753 291.1 512.4 105.1 3283.9
colebroodenne
BRI AZE Litsea glutinosa 88 2.42 2720.7 1847.4 235.5 428.7 97.0 2608.5
RUENTR Machilus 60 1.14 1283.0 881.5 110.2 198.5 44.7 1235.0
monticola
&1 Total 78.85  88500.8 636359 73429 123509 22927  85622.4
fik Low 58 Syzygium cumini 68 38.06 448333  33670.6 35933 56283 833.6  43725.8
FYWL Lithocarpus howii 686 2713 31959.0  22103.1  2728.1 48357  1018.1  30684.9
W Liquidambar 10 8.04 9473.6  7409.7 7367 10903 140.0 9376.7
formosana
KZFJ&E Litsea 112 239 2820.1 19259 2433 440.8 99.9 2709.9
T TR} Sapindaceae 48 1.81 2135.9 1488.1 181.4 318.7 66.1 2054.3
R Meliaceae 18 1.62 1913.8 13583 160.2 273.0 51.4 1842.8
#2EK Cratoxylon 96 1.55 1822.7 1218.1 159.7 298.0 72.5 1748.3
ligustrinum
F3)E Elaeocarpus 10 0.99 1167.7 821.3 98.4 169.6 32.7 1122.0
&1 Total 81.60 961260 699951  7901.0 130544 23142  93264.6
F 6 BIEYBRIARN A 5T
Table 6 Biomass allocation in different diameter class
"H R X Altitude region Sy
Diameter class = High % rh Middle % {I% Low % Mean (%)
/)y Small % Density (ind. hm™) 1404 84.07 1414 89.16 1562 92.21 88.48
A4 Biomass (kg hm %) 54349.57 27.50 44493.05 39.64 47737.8 40.53 35.89
' Middle %)% Density (ind. hm?) 218 13.05 130 8.20 82 4.84 8.58
A Biomass (kg hm %) 60902.85 30.82 31690.85 28.23 231742 19.67 26.24
K Large % ¥ Density (ind. hm %) 24 1.44 32 2.02 38 2.24 1.90
A1 Biomass (kg hm %) 14710.87 7.44 20913.37 18.63 25850.71 21.95 16.01
F¥K Extralage %% Density (ind. hm™) 24 1.44 10 0.63 12 0.71 0.93
£ Biomass (kg hm %) 67671.17 34.24 15145.77 13.49 21032.79 17.86 21.86
S F0 Total %)% Density (ind. hm ) 1670 100 1586 100 1694 100 100

A4t Biomass (kg hm ®) 197634.46 100 112243.04 100 117795.5 100 100
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o R R AR A A= 1 LU AR e 3k 43.45% ~ 60%,
2 W IV 25 TR A A9 A= 40 i A A1, A 125.8 ¢ hm
T 3085 B U 2 (T PR 1 A 0 i v T AR U 0 ZR R
M, R 142.6 t hm ™, LA T-AQUEIE 15 1 SR T8 bR
(30 4F)fY) 256.5 t hm ™5 %5 BF U4 111 Hhy RN A ) A 9 i
376 4K T 5 24 VG I $AGHS W T R AR(391.0 ¢ hm %)™
L P8 AT R AR(264.0 t hm )™ BRI %€ B 8 1 R
(295.0 t hm )L PG XU 4 5 BHAAGHT 1L B R AR
(302.1 t hm %)™, BbAh, WoFIA 0 8 75 4 A4 9 i
FERARA: Wi L B AT AR AR AR (R 7).

3.6 AEIEMERBNREE EY BRI
P AL T ~ VISR AT T By
e, G5 RAH]  TR A2 AR Wy DA B A I AR T

J R0 R LR A BRIV, 142.6 t hm ) 22
BELJEAEARBE AL T, 141.4 € hm ) 0408 5 1)
HiL T PR BG PR B MOBE (T, 139.2 t hm) |
AU IA Z R ARAERI(M, 101.6 t hm2), A DLRE AL T |
I0 TS5 14 A 4 AR SR RS R IV 33 B A1
T —0.78%. —2.33% 1 -28.76%. T R&LEEHW
i AW TR R B B ST AR Z A Y
ARSI —2, BV > 1 > 11 > T1L, B A it
(WhIOBERIF IR IV > 11> 1 B4 A4 (Whr)
KERIIFTE R T > 1 > IV > I, A2 (WS
RGBT AT > T > IV > T AR T8 AR R A
P A gy A S v AR R AR IV S5 AT
A A R T AR R T R AR E A
Yy 5 N A (5 8).

T W BT AR P LR
Table 7 Biomass of tropical rain forest in Hainan Island
Hhai T2 TIARZ IR FERARAR L]
Region Tree layer (thm®) Subtree layer (thm®)  Litter (thm®) % of extra large diameter trees
BB R IAHK Limushan virgin forest™ 4925 13.9 - > 60
RIS JERAHK Tianfengling virgin forest™ 625.4 12.6 6.0 43.45
JRIEIA TEHTRK Jianfengling regeneration forest™ 256.5 10.2 6.0 0.00
JREIAZ=FR K Jianfengling monsoon forest!"”! 125.8 59.1
WERFIA T B AR Yinggeling regeneration forest 142.6 4.2 21.86
- JeHdlE
-: No data.
F 8 AFBIT R A)Z 4 Pt (kg hm )
Table 8 Biomass (kg hm°) of tree layer calculated by different models
557 Model W Wt Wbk Whbr Wi Wi 5V Compared with model IV (%)
I 141445.2 96884.4 10255.5 25318.9 3025.3 135484.0 -0.78
I 139231.5 95151.1 11537.0 26182.3 4585.6 137456.0 -2.33
I 101563.5 77751.2 17094.2 3659.8 98505.2 —28.76
v 142557.7 103973.4 11712.1 19366.7 3468.8 138520.9

* Wt Al & Whk, BRI S UL 1,
*: Wt include Wbk, and Models see Table 1.

4 BEERHE

(1) #RFIA 1L T ARAE 80 4F AR B A7 3 Rl
PERAR B BEAR S AR , 223 30 Z4FERY SRR, L)
HEAERWIE N, (BT A2 1 E AR 112.2 ~
197.6 t hm?, FEAKF 5 Py S HAth b DXEAGHT T AR A A4
P (250 ~ 300 t hm *) S M ERIA (1) 1l TR AR

Yy AR Y FEEJFE PR R AR th AR AR R KA AR
MR D BIFST 2 R 3R B BT T MR e R
INFEBEHRGR T R AKDBH = 45 cm)si 45 K2 AR
(DBH = 60 com) A&, — M2 1% I R AR BURE
KA, HAEY R TR 2 S AE YR 25% ~
32%" 7, BRI AN [ AR 5 B R KR R (DBH. =
48 em)BREL 113 LE AN 2 1%, (B AR 2 4 A=



536 PGHT Ay 2 )

F214%

Y EL B E IR 22%. XRITCIS R REE
MR 2 IR RIRIR, KAR AR BE R AR AR 2 A B
R ARAE B AR S5 A, BE VR R T
P Ve W) RV ST AR A ) 1 S i EE Iy a3 /IR R
(1A= 40y fe: LU A28 st s, AR AR SR R AR AR | EE 19
W2 ST HE TN, 3K B 238 SR B AN [R] 4 150 1 Ly B R
MRAL TSR A B . o AR X/ MR AR
IR Z , RIS AR A UL IR A B4
AN R i A TR I B B A S, TE e
P MR PARAR R Sl E AR B A
VY 2, UMY A BB T iR ], Moy 2
B R 0 BT B B, (LI B0 e TN B B i 7
LSBT i), PR Ry A s A I T I P HAh S s BT
[0k

(2) HEERU L M FRART S A2 AR P i o b AR
1Y 94.22%, H WA Y& AR ES A E A
Pyt i 72.63% , HA5 SRR BT AR K I AR AR 158
Gy e Al AR Y B R, ARSCTRARW T4
2 HU A 5578 LR 4N FAGHT 1L H AR A A T A ) o L
B Y (LBRANTT HLEER 4) , 23— 1L Ab 2, 43 1]
h 80.02% F1 76.34% , BRI B Wi BT i L A5 A5
WIS R 16.91% Fil 21.63%. X AT REEA
() FAHT T AR i 2 B S R AR T S R IR A 25
(ETEE

(3) M5 BF 0 1y Hb WY MROAS [A] 9 R DX Y I A
FRAEY SREFAENREZS, HE2EEKXE
(Cyclobalanopsis)f K 2 ¥ J&(Litsea)td ¥ 73 A1 #¢
J7o TR IR X LR I XS AR R AR
Yy 2 T AL IR, o 36.74% ; gk IX 5
XU BT, v 35 [X] & A8 4 Al 19 AR (Pentaphylax
euryoides)i W) 1 43 il i 35.27% Fil 23.20%; 1%
TR DX Al 52 U 3R, e rp B 35 (Syzygium cumini)
FIBL M (Lithocarpus howit) B A=W d K, 43 3]
38.06% F1 27.13%. k& W %8RRI PRAT 1L AR AL
T A SR RSB A I B B, BB R T
o TRV R A I AR A TC AL TO R, —SEAE P M
DLSE e B, R, — @ FREE LR TR A4
p iR e

(4) e FHAS [R) A5 YAk 0 A A ) d AT — ) 22
Sl ABBE R TV RS T Ak 0 A 26 25 S /N (Y
R —0.78% 38 A X AN [F AR Ak 0 %) £ ek A 7 %
LA AT, PR3 2 B SR 5 e A ) A B T AR AR
Lyt W MR 25 R AR 7R Ak 0 %) A= 4y 1 2 S B e, T

PRI 223 30% ; [F]— Bl AR REY (LRI AR) ,
B GRIR R RSN AR RAR AR L] 55 2 S A
R AEAN )R RT3 1 ) A ) 6 22 S BN, TR 28/
T 3%; I3 AN IR I 2 (] 1) 22 57t i R AL A 4
AR e L AR T AV A et A i f1
o, ALY IV A I A A A e L s e LI, Y
LA V-SEN VAN v iz SICH | WISE PRS2
IR e R BRIV

(5) HH T IRA R AL J80 L 1h7 A= 6 4 AR
BT AR BB (3 ) JE A ARG ), ) 2 R
PR RARA L %05 A= Wy B A B2 MRl R T
v BT [ BOGE W AR I L B A ATIE 2 A5 e
AR BRARI TR B BE(RI A0, 3, ThUAR ), 044
U R RAR A S A W i A, g 2 3%
Bt P R AR AR Wy A 0 PO RS 2
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