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RAEYREE SR N (27.311 £15.580) Mg-hm ~*, SFEAERKE N (1.930 £1.091 )Mg-hm ™ a™" , FHEFEHBE N
(2.271 £1.424)Mg-hm %a™"; (2) 3t LAY BT MZERERBAEKE HHRERFAEKER W, HH 20 ~40cm BRRE
EAREKBSEYRGHWEBRK, >80cm BREEYRIEEF/N,40 ~ 60cm F1 60 ~ 80cm 7244 A Yy B 7 A2 1R 3 B oy B £
K., (3)IRIC Eireitbiil b AY BT EAR N2 R R, 7 — 8 7 A R 782 15 B8 R — 8 2 5 ) A R R R A4
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Abstract: Majority of the natural forests in UMR are mature and over-mature. Acturate estimation of the Biomass in the old-
growth forests will help quatify actual carbon sequestration and carbon sink size. The allometric equations of the relationship
between above-ground biomass ( AGB) of various tree organs and diameter at breast height ( DBH) and tree height, which
are constructed on the 4 consecutive forest resource inventory data of 27 permanent plots, was used to explore the dynamics
of the above-ground biomass density ( AGBD) and its temporal and spatial variation of sub-alpine old-growth forest in
UMR. The results showed: (1) the net increase in AGBD was (27.311 +15.580) Mg-hm ~while the mean annual growth
rate and the mean annual mortality rate were (1.930 +1.091) Mg-hm a 'and (2.271 +1.424) Mg-hm >a™' during
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1988 — 2002, respectively. (2) the AGB depended largely on the growth and mortality rate of the remaining trees of
different DBH classes and recruitment rate from one DBH class to another as well. The largest increment component of AGB
came from DBH class at 20 c¢m to 40 cm, whereas the minimum increment component of AGB was above 80 ¢cm. The net
negative increment of AGB occurred at DBH ranging from 40 —60cm to 60 — 80cm. (3) There were temporal and spatial
variations of AGB in the alpine old-growth forests as AGB changed over time for the same sampling plot and AGB varied
with location or sites for the same period. The variations not only reflected in numerical value but also in positive or negative

biomass increment.

Key Words: old-growth forest; aboveground biomass density; allometric relationships; diameter class; the upper Minjiang

River

PR Y BANBEY A S RGN €N BN EG VYRGS, T B RHIRESREENEER
SHY BRI BG5S ELE R o M b A Yy B A Sh AL B R B AR ARG A R4
R S WBRER AR ERAER . SRR EBENRIBBREZ —, Caey AR REN, WHES
HY AR 88 BB T il i 2R 28 R Gu Ak 378 K 2 BRI B B M, B A B R A X BRILE 5 B Z4/E
R, BE B R, R AR BRACR IR o S AR A B R O ShAS BT
A B TRESIRBANSCITE AT EN . HICERARMBIC IR DI EHT R R 22 LR B X7 ki
FHEESZEWRISIARMT Y, MERKEREE YRS ABIB IR BT AR A ST
W, X BRI K SRR AT L T B SRR RIS AR, 3R T LATRI B shRok i & B s . B
&AM RS BN T K B YR RBRC BB L' i 2 e R R G AT K BB E H
HESEZWER LR, FEYEME R ERE ST EFAEYEAS £
HAOF > 53T 3= B ERIBLRSRA—ENEB REOT R . FTUAXEER M ERKE
H= Y18 (DBH >5cm) RFRFEX S, AEHEHR I T EYER D

DRV b 3 R AR B R TP 15 L1 X ZRARZE U 2R L3R 40, T 55 LU B e R R ASAR R Al o 8 SRR Y
HAFRR S HREARDEE IR BRI YR U RS EET TR, BIRRRER
MEIRBUFIT T HERIEBUALLETE IR . A5 IR & 8 bkt b
A YRR A (R 2R ALARAE , WA H A K B 5T 8785t HAE Y B shAEm , T & L X R LR
Mo b AR Yy B BURE R Sh AL 5 ZRARBRIE IR R , WK TP B X RARMRAR 7 TR B PEA SR AL FORER
ESE,

1 WREHER

DRVL Al i B B AR M PR EE — B i 1) 258 BB A Y8 B e LU RS M 3HF (31° ~ 33°N, 102° ~104°E) , %
XGRS BK R R JJI 5 B, BERER K 2.4 77 km’, ZERARSHEAA KM, 1
T L BN R E P R B KV R X B B AR SRR AUK IR AR AE ST BE X, AKX EHRS.7 ~13.5
C,1 R -7.4~3.1 C,7 B3R 14.5 ~22.7 C ,4ERE/KE 490.7 ~835.8 mm,4E7E & & 1100 ~ 1600
mm , SRR E 62% ~72% , HEEHT R L, BRREEHHTERIK 2 600 ~4 000 m &b, HaLUIHAE
WA TREE WA XA KERE, BREH, WEHER, BT XM, TELLMBR AR L LR
BRSO E, AR ARS']E, LK, BB R, BB RMIEGR L =42 (Picea spp. )
FIYAZ (Abies spp. ) N E 19 )1 V6 W 85 1L F 4K 20 BB R AR B Z B A B B 42 542, % i (Laric
spp- ) ~HHAAR ( Cupressus funebris) \#EAR ( Betula spp. ) FlH AR H#25 ,

2 MRAE
2.1 #EDRIR
ORYT b sk 4 IR—RF AR E LB E RO (1988 ~2002 47) IE ZMlk Rkl SR T8 25 B Be ik
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Blo RGMPEER EHH(4 km x8 km) ,TFIN 0.067 hm’ , 43 51| F 1988 ,1992,1997 F12002 4347 [ EFEHE
BAKRRIGS , BIERNS cm, HBARBRKT 100a B RAKEEHAL 33 A, TERU ALK N TS
PP BT B RRE 4T AR B2 B RSB AR 2 B IR0 28 SR KA RE b, 0% 1 27 M RE BRI AT AR IR 9T .
WA B RS R R IS R R IR S S N IR VB RE . AP R B A
8248 DBH >5cm D) EMFEARLEY &, AMUFEERE EREZI T AR,
2.2 EYRITE

Ebs L EA G LR ARAR(D) MME (h) SRAM E X REHREEKELR, W, =a(D’h)’, W N
BREEYE, o b WS HTH HEYRAMGED T, MR R RE I )14 — ok B R b R R R
RITESBIRFRE, BEdERABEEANESSHEENREER TR TBESHEARSRENB AR, R
SRR A E Y EAINEEARN TR LAY, SRV A IS e A&, TAGB (iotal above-
ground biomass) =M, + M, + M, ,M_ AR FAKE M AREAEYE M IR AR, SR BNAEY
EEREAKTREERRAABR M TR EARXRG R, F 1, KA Sigmaplot10. 0 # -4 E 2
Br,SAS8. 3 T it B S 2.

F1 IRT EFFWE LR RHTARM EEYBREAEKER
Table 1 Allometric relationships for the above-ground tree biomass in old-growth forests in UMR

275 BB SWEL RO o LA SHAKIR BXRM - CHORR
Tree Height and DBH relationships Organ of aboveground Allometric relationships ]
coefficient references
WAS Picea spp.  H=45.7974 +% F Stem W =0.0139(D? -h) 1075 RZ =0.9986 [24]
1% Branch W=0.0014( D?-p) 1-053 R?=0.9118
it Leaf D <40cm W=0.0003(D?-5) -20%2 R? =0.9341
D >40cm W=11.506In(D?-h) -74.733  R?=0.7539
— . . Db _ 2.568 2 _
1% Abies spp. h_l. 1286 +0.0161 x D F Stem W =0. 0405D R* =0.9890 [24]
1% Branch W =0.0037D*7%6 R? =0.9450
M Leaf D <40cm W =0. 0014 D> 52 R =0.9419
D >40cm W=29.541inD -63.15 R =0.7574
- _ D - 2 0.7234 =
HEA Larix spp. b= e0a6 T0. 0460 %D F Stem W =0.14114(D* k) R=0.99 [25]
#% Branch W=0.00724(D?-p) %5 R=0.88
i Leaf W=0.01513(D? -h) 808 R=0.91
m* _ D 2 0.7934
Cupressus funebris = 0.7459 +0. 0467 x D T Stem W'=0.0754(D"-h) R=0.945 [26]
15 Branch W =0.0350( D?-p) ®7V® R=0.955
i Leaf W =0.0685(D?-h) 683 R=0.959
D W=exp( -3.684) -
A 7. - =
B Larix spp. kb 10015 +0.0272 xD F Stem (IP -h) 05 R=0.9597 [27]
W= -7.684) -
# Branch e("gﬁ -h) 684) R=0.9765
W=exp( -12.064) -
M Leaf (22-11) o R=0.9620
Oth
ﬁ‘fiﬁgﬁm:’ - F Stem W=0.0097(D*-k) +5.8252  R*=0.9914 [24]
% Branch W=0.051(D*+h) +3.508 R% =0.9825
i} Leaf W=0.0004(D*-h) +0.7563 R*=0.9333

O WIEFMFREEDAER. W)IE—TLAMERK,1980,12,49,82,121,193
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3 ZERESH
3.1 AR RE

3R 2 Bl IRV RiF @ iion BB % B 7E P 1R (1988 ~2002 4F) Zurigm. b B4 E
FEEE R 1988 4F [ (272. 130 +£61.351) Mg -hm 3 1% 2002 4[] (299. 441 +65.543) Mg-hm ™2, Bt &4
(27.311 £15.580) Mg -hm > | P ¥ AR K 284 (1. 930 £ 1. 091 ) Mg-hm ~-a ™' | JE 25 B o] A5 3 28 (L 3 N
(2.271 +1.424) Mg-hm >a ' 3R AK % 4(0.048 +0.015) Mg-hm > a™" R B A (B /5 BAEZR B 21
AR 4K H N (4.148 £0.907) Mg-hm™a™ , WA M HAEYEN T BAEKAE4E, B LAY RN
HmER s FER B TR T AW E B3 , Bormf 4 Y23 kg Eh. AN AR EEm RIS HERN

AL S BB — B, i AR T 10. 04% , BB E AN T 9. 49% , B RAE NI N T
9.73%,

22 ORI ERFRIRER TR FEY BEHSTML

Table 2 Dynamics of the above-ground biomass in mature and over-mature natural forests in UMR

14 48

2% Parameter 1988 1988 ~1992 1992 1992 ~1997 1997 1997 ~2002 2002
Overall 14 years

Hb A48 Above-ground biomass (Mg-hm ~2)

T Stom, M 216.981 = 221.843 + 230. 470 = 237.521 =
e, H 51.048 52.705 54.280 53.812
4% Branch, M, 38.350 + 39.380 = 41.223 + 42.499 +
8.113 8.330 8. 648 8.440
B Leaf, M, 16.790 = 17.318 = 18.225 + 19.422 +
3.012 3.169 3.260 3.415
WEEEYE 272.130 + 278.541 289.918 + 299.441 +
TAGB( =Ms+M, +M;)  61.351 63. 306 65. 196 65. 543
. 6.411 = 11.377 = 9.523 + 27.311 =

B R Net gain 7.425 6.903 11.373 15.580
Hb A B84 Change rate in TAGB(Mg-hm%a"!)
REARERIS 3.613 = 3.984 = 4.848 + 4.148 +
Tree growth, Gw 1.052 0. 993 1.375 0.907
BRAKER 0. 036 = 0. 040 = 0.067 = 0.048 =
Recuitment , Rm 0. 020 0.022 0.024 0.015

1.998 + 1.776 + 3.039 = 2.271 %
AR Death, D 1.543 1.380 2.225 1.424
Y B Net gain 1.652 & 2.248 + 1.892 + 1.930 +
( =6m +Rm - Dm) 1.851 1.379 2.277 1.091
RS Wi R DBHA 49.332 + 50. 406 = 52.404 = 54.015 =
(m?-hm~?) 10.239 10.531 10.835 10.686
TR Volume 541.961 + 554.852 + 576.813 = 594. 717 =
(m®-hm~?) 124.310 128. 862 132.942 131.361
§$R§§§4B$ 3.203 4.392 + 3.581 = 3.732 2
Change rate in volume

3. 640 2.627 4.468 2.102

(m®+hm2%a"1)

(p<0.05,n=27)

3.2 b EAEYERREW R RE

Y ERBEWRIBEAFEREY R G b SAEYERNSBLIA], DL 20em ARERSFRE, ¥ ER
R4 4 <20cm .20 ~40cm 40 ~60cm 60 ~80cm Ml > 80cm FTARET™ , K425 5 b S Y8 KA
BHLINE 1(b) B, 2% <20cm F1 >80cm Fr i b BAYERE /N, AR 3.0% ~3.4%FM4.4% ~4.7% ,
Hfth 3 MNRG A YR T 5 43518 26.6% ~27.4% 34.0% ~35.3% F129.3% ~31.1% ,HH 40 ~60cm
REEWE I G AR 20 ~80cm X[AMAEYE Sl LG RESEVRIN 2% 78 4 KiAEY , &K
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~ <20cm [ 20~40cm 40~60cm B4 60~80cm B8 >80cm
e 2.5 a b
(‘\';: 100 —
M_E 2.0 -
o 3 80 -
T3 >
AE 15 =
o 5 5 60|
< =
jﬁ S0k N & a0 L
S 3 N\ & \
ﬁl a. | \ 7 @ .............
= 05 \ m 20 -
5 N
] N
2 0 g . 0 :
© 1988~1992 1992~1997 1997~2002 1988 1992 1997 2002

B RGN Census interval Ay Year

Bl REEYREHN R
Fig. 1 Biomass pattern and change in the different DBH class

A=A R EIE RSN, BB gk R REEYEARSUANE ., REREVENEKER FAEK
ERMMEZRE., NE 1(a) TLLEH ,RBARSREEMEFRRKEZRER, FHKEERIELE H 20
~40cm,3 YWIRAZ RIFSEIP , 3K 454 1.669.1.979Mg-hm “>a ™' f12.359Mg-hm >a™", HKREZ% 40
~60cm , HAE Y B R4 5% 1. 034.1.010Mg-hm a1 1.244Mg-hm ">a~" | > 80cm RZIK HTE /N, I I
SHAEKERKEMELET 20 ~40em BEK 1.7% ~2.1% , LTI LLE N, 2R KR BARERIMN LAY E
#HE—ENEKR BEERERS 20 ~60cm 2 J8] , HAZRFAA L Y BRI/,
3.3 i RAEYER SR AFE

i EAEYE A FERRBARAKE SR E G EERA N E AR AR A #EA
f RYEE (DBH <5cm) Ti/5#HAE S #EARRTEE MR AERK 3 #HMR, b HAEYR RN 55X 3
WahE, #HAEKEIHENME, MREREKESHEREBESREITE 45, NE 2 TTLIEH,3 Wi
ZEEFBHIN ,20 ~40cm RERBAREYERANEHFEEHE K, 40 ~60cm BEMEHBHR K. EEREEYE
Y B 7T ,20 ~40cm A=) B BN EANE BB, 3 I FI 4. 78.6. 26Mg -hm 1 7. 311 Mg-hm ™, H¥k
B <20cm 2%, HA M H S E 5 1.96.3. 12 Mg-hm ~>#13.43 Mg-hm 2, 40 ~60cm 2%y E G ELE
1988 ~ 1992 45 1997 ~2002 4EHR A MG . 60 ~80cm REAEA A RN IR B AL KB SHIER 24
&, L ARRAEYERPEAERVN, T — M TR, 22K > 80cm T AR H LA,
R A b ENE B ER/N, Zwih EAEYEISThFEEDTFHMRREAK,

H:4K Tree growth BB il 54K B Recruitment EX it Death
r 1988-1992 12

10

1992~1997

1997~2002

i EAYEAEK
TAGB increment (Mg-hm™)

<20 20~40 40~60 60~80 >80

<20 20~40 40~60 60~80 >80
H.1% Diameter (cm)

<20  20~40 40~60 60~80 >80

B2 i ERrSREENEERBERL
Fig. 2 Increment of TAGB in different DBH classes

MR 3 MTLIEH , BB B R, BRI B, A2 A BRREIE <20cm 25
R& , HHP7E 1997 ~2002 4£5 6] 8cm 1 10cm PINMEBMRERREER L , 20 10 #RAT 13 &%, & BASSEAREL
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(70 #R) B9 32. 86% , X VAZL A B BE S A R AREC 125 Bk, P HA2 9 6 ~ 8em SET-HREK & BE SR A K ARBLHY
10.4% . M 20 ~80cm ZRFHEEN/ , >80cm RFMREIH A I F R, tREEMBR AR <20cm 24,
REMBANEZEYEENZREER , EYEEUBRMTHRER, AENMK. b TEVESHTH
(D) MR () KRB, MNEBIRBE LB R L, BRKAEY R/, 35 Hoshizaik #H "', —tk DBH >
100cm % 94 #y &2 DBH =5 ~ 10cm W AEY & 10° BB % , KK BRREEELED B34 YR 04
RK.
=3 HHEEKEITREMBMER
Table 3 Distribution pattern and change of the tree number in different DBH classes

<20 cm 20 ~40 em 40 ~60 cm 60 ~80 cm >80 cm
EH R (3
O me omex)  mm mm oWmE BB WE BB WE W#
Present Mortality Present mortality Present mortality Present mortality Present mortality
( Recruitment )

1988 271 14(71) 251 19 92 8 35 1 3 0
1992 286 252 93 38 3

18(73) 17 5 1 0
1997 298 252 98 40 3
2002 33 B02) 254 A 101 1 39 3 3 0

3.4 i bEAEYREREEEL

WRIT b i phit AR 8 SRR BN, B 27 M AR Yy B 7R R A== (A B2 AR R, R —
FEHAEA R R RS AR R e A R B R A Y B R L RAR R ESR . B 3 /LA i, 5
6,9 BHEME MR RE, K -79.06 Mg-hm —* 5 SR04 YR INE K, K 101.52 Mg-hm ™ ,19 S
AL BB/, AT -0.71 Mg-hm ™, PR 8 (27. 311 £15.580) Mg-hm ™, 3 31 J6] A= ) B 7E 1 25 39 )
H9ZEAL IR FE % 180. 58 Mg-hm ~* , BRIF—HREMBT & , 7R RV 2E B AL A 4 B 8 Ak i AN AR IR, A2 3 I 9 2 4

150 ~
1998~1992 B3 1992~1997 1997~2002 1988~2002

100

50

|
N
S

-100
120

100
80
60
40
20

i BB
Change of TAGB (Mg-hm™)

20
-40
-60
-80
-100

1 2 3 4 5 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27
FEHh Stands

B3 AR EEER
Fig.3 Spatial variation of the above-ground biomass change
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BAERR, B 17 SR 3 W HII A B8 4 B %:50. 805, —5.917 Mg-hm ™ Fl - 68. 406
Mg-hm > 14a BEEE Y - 23.815 Mg-hm ™, A9 B8 (LIB 35 119. 211 Mg-hm ™, R[EJAZEH 4
YRBASHRIERESR,F 12 MEE YRS e RER RN LR AMKE IS, K 9,12 5117 S#
A R AE TR IR AR B M IR K IS . BERANETT b b A YRR R 2 R B A R Y 2
LA —BE, BB REM M AR (R ) e —E R IR A T BRI TR AE K TR o T RE — S 9 28 [R) il At ]
RS, Bkt R (2 B, EER B R 550 B AR S KA Ko 1 ROXRh 28 R
T BB IR B SR , ZE A LR b TR VAR R B IR B R R B R E MK, R KB ARFE o0 A
YIRS, B fE K B et AR E F TRk, 20 LB T AR SER S
TR TR0, s i T AR A 3 B A7 28 2 AR Ko
4 Zit5itie

URYT 1 30 5 LR X 8 Akt A W B e B ST ] Ak SR IR I 2, 3 54 8 A SR AR B IC 2 B
F LS BA R, BRI R E E COMMER ", BISEIX PIREMR B AL b A= B4R B L R
(4.148 £0.907) Mg-hm™™a™", 5OBIRP S 75 0 K 45 8 89 5 KA LAY BT 7 4. 676
Mg-hm ™ a AR, ERTESEES EHEE AN 1222 LR RAR AT 1 6.40 Mg-hm ™a ™" 3X 7T BB H
TRK IR E AR LIS 20 B R ARRb 8 RARBE T bk, IR E 3600m L) _EHIMSY R REARE D,
BRI T AR A A At R . ARSI A b AR W B 3 (1. 930 £1.091) Mg-hm a™' X 5848
SEPIEFIG IR R LB (ER > 100a) PRI A M EEY B SR EF BT 1. 389 ~ 12. 930
Mg-hm a ™' #—8, [EABFL RS Hoshizaki ZEPVE TS 4 A SRR ABBFFc5s SRR R A
PRANK, FERHTHRBSKTEYERYE, RPRED, KT E KRR LR EE — e
P, BRBICTIEE . TSR KEARR FEEY R T BT TAPRRE REH, 51
A BABHE— 25 B FSE , 558 40T SYRHYIRYT b i K IR IR AE Y B R sl S LB I

Jarvis 72U Sy s A ARRIIR I BI69 AR ARBR I VE 1 BA B, TR K T 100a B2 IR AR B BN BB AR
WAL T PR, EAR WL, SR BRMBE SRR TEPE K TARNENERLT
B, FREBRAPARRREEYRE BRSNS YRS RBROBIETRE BEEM, 2k
A B A BRI T RIS di Ak s B AT 8 A 31 . bk B BB R R B ALK E
RAeEKBAMRESE AN XRARET ", MBI L 2RAS BB EY BB EREE, GEKEY
BRI BGR 20 ~40cm, Hyk g <20cm, >60cm B FREE/N, 40 ~60cm B3 -4 Y1 B i e B 7B
LB 2 I TR, 76 60 ~ 80cm BEH , HAEY BT ELER/D, LT —MHEN PES, XFRES
WRFENE FIRE 3 28 A BR T A, bR L2 BRARRZRES T RS, RRPIERBL
( >80cm) ¥ HBUAEIRERSY , (B RBEMA—IAEBR B K ( >300a) , 7 —E A BRFET, HAkEYE
K, T Rea stk b A B AT RN T . BN T RGN E K HICT X B S
RARM F YRS EEE N, ZBRIMER( <200m) WEFREOTZRE W BB INE —EH
TR, TEA VR , B IARTE /MR EOREFERRET & BER A KRB B 19.7% (24. 6% 71 28. 0% , 4 K 24K
B HE LA KRB TE T 3R , X145 B M s i VB A A o B e i R B

PR Y B B S IR RANE W B ShAEALARAE . T b A= 9y B WA ] B 30 2 b E S e B 2%
PRAE T A R ERE M AR RS IRIT B IR AR AR AR R R (2. 271 £1.424) Mg-hm ™",
Ve BRMRIE DI —ER 5, B LR E R E YR, AR T ZAREBIES  EiemitR R R T HE b
BRIHNTE, BERTFLRIA , o R 400 B4R BRI bk A U 0. 61Mg -hm ™a ™", BiHH
EIRARRFEER A3 A R T R,

M A BRI — R B 2 R, BRAMEEM (1 ~3.9.12.17 SREM) ZE R RE R
6], B A MR B A B, A D, EEBUR T A K B SHIRBIH RN . WAV RIS Tk
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BRI B B Y 8 B AL S RO RER, AR Y B i M B U — R s, A R I TR AR b 2
R, ARER B TA R, Bk A=Y 8 7E A RN R R B4 R A M, IER & BLPR O Bl Akt B2
Y& B SR, A RELUE B IR 4 R BEA T IR TR RO BT , BEs ik pk i b A= W B sh BBl R,
IO IS ST S B SE WA M , A BEARIE SR BRI R e o DRYT B8 iAot b AR 8t R = Rl 7 i
e, A R IR A ) 8 22 B AR, (VUK S B R i R HE T — R BB A W B A8 B I 15 BR8P X
& o BRI, AW B A AR R BUBUE R A/, T ELZE BT I8 43 3 b Ak K B s B, T L
BN EX AT E RN E Y B S ME R, B —E R HE v Rk H . Chave ZESEIT EIk M EAEY BB
B, O TN 1L 5, MR R B ALY 6hm” KA T IE", AT AR B BN . 7E—E RS RBATHEIT
TR B 0 S AR KB KR BT B, LA IR B KA B AR . BT, RAZEXERE B
PSR A B S I A B~ YA i B W AR A T B R A R L Sh AR AL LR
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