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Modeling stand biomass for moso bamboo forests in eastern China

Abstract: [Objective] Stand biomass models can be used as basic decision-making tools in forest management plannin
g. The moso bamboo (Phyllostachys pubescens) forest, a major forest system in tropical and subtropical regions, represents
a substantial carbon sink, slowing down the rise of greenhouse gas concentration in the earth’s atmosphere. Bamboo stan
d biomass models are important for assessment of the contribution of carbon to the terrestrial ecosystem. [Method] We ¢
onstructed a stand biomass model for moso bamboo using destructively sampled data from 45 sample plots that were locat
ed across the Yixing state-owned Farm, Jiangsu Province, China. [Result] Among several bamboo stand variables used as
predictors in the stand biomass models, mean diameter at breast height (MDBH), mean height (MH) and canopy density
(CD) of bamboo contributed significantly highly to the model. To increase the model’s accuracy, we introduced the effects
of bamboo forest block as a random effect into the model through the mixed-effects modeling. The mixed-effects model d
escribed a large part of stand biomass variation (R> = 0.6987), significantly higher than that of the ordinary least square r
egression model (R%: 0.5748). Our results show an increased bamboo stand biomass with increasing MH and CD, confirmi
ng our model’s biological logics. [Conclusion] The proposed stand biomass model may have important management impli
cations, for example it can be combined with other bamboo models to estimate bamboo canopy biomass, carbon sequestrat
ion and bamboo biomass at different growth stages.
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FRME I S A 1E RS IR SO & AR, TE2E . A MPRRP R R R, JRGn e i
BB  (Yen and Lee, 2011; Yen, 2016; Yuen et al, 2017). FRMFEFEHBRIGIA T R IEHEEEMEN, #
YERF IR R GRS KR = SRR EA DT RAEEA T ERMAIER (Chen et al, 2009: Jyoti N
ath et al., 2009; Zachariah et al., 2016). [, 5 V520 E R & B AR A4 2 1 0000 A0 PP A5 o

VT AR B AR LR LA Al #4s Hi X (Scurlock etal., 2000; Caoetal, 2011; Songetal., 2011; Song
etal, 2017) . ¥ CHEZESLIGRHIEED , TR 641 T AT (A ERREE T FM) 3.57%) , 4
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ETEAERKR, PEE. HIRZSM A (Scurlocketal., 2000; Lu2001) . Be4h, TIMEEEREK
WA B K EAEYEIRES] (Jyoti Nath et al., 2009; Yen and Lee, 2011; Yen, 2016; Yang 2016; Zhou
etal, 2022a) , 3B FIRZEHh BRI 2= SR BT, DRI S A7 AR A= 4 o] DA D VA A1 B 6T
Rl Az 25 R TUR I ZEAKHE (Zhengetal., 1998 Zhou etal., 2022b) . H I, ¥FZ X 18 52 A b j6 B
IR, AT AR TT LU AR B ARG o AT 52 X o A7 R A 42 e i [ A7 30 4T B AL RN A

Ay el B e — TR IS FE I AT 5%, RO B SCBEAAT 2255 L 1240 TR E 4 Re il AT AE = B AL,
XA PR A S (Willebrand etal., 1993;  JEM 2006a: Zeng, 2015; Fuetal, 2016; Zhouetal.,
2022a) o BPEBAL AR MBS IR A RS R AR SR A B 1), &% HIERMRAE =), EFRIER
FBMAS RGO EA . 5 UbRIE, A8 8 AP Y I 7532 O 28 AATRT BR[04 fe /s 3[R )A K e 31 5 %
(R ARLE P A RN AR AN AR B 7 A% (Zeng et al., 2011; Fuetal, 2012; Zeng, 2015; Zhouetal., 2021,
2022a, b, ¢ o HHT, APEAAL R ORI 2 O TG T E YRR I AR

YRR LT 28 K8 (Chenetal,, 2009; Zengetal, 2011; Fuetal., 2012, 2016; Zeng, 2015;
Linetal., 2017) . 4R, XAEMAED ROV RERE: (1D @SrE AR A BN T X
BAYEM T kR, Rk, X BAEZRAEYED  (AER2006a, b;  Chenetal, 2009; Zeng
etal,, 2011, 2017; Fuetal, 2012; Zeng, 2015; Linetal, 2017) ; (2) @il EAMARYIASE B
AR K A, BB MNMEAEYERT RS9 (HAEE 20165 Fuetal, 2016; Zhouetal, 2022a) ;
(3) W R A F Gt ASFIARAR I L AN R L SR RIAS [F) AR 0 2 B A8 B I AR AR I A P Bl & (A
[E#% 2006b; YenandLee, 2011; Mensahetal, 2016; Qinetal., 2017; Castilloetal., 2018); LA (4)
ISR EE AR AR U e AP EIRTERESE) R R R I SR A A B R (Gonzalez
de Tanagoetal., 2017;: Gravesetal, 2018) . EBITEMEMMHL T (B @EIRK, RAEXS, FAR
ZETTZ T, IX R SR A AT Rl SR AE 1 M R4 T DA A B — A . T R RN T A 3 L
WRTARZR Y RAMAK, BEBHFONHDRZERZE FF) M. M T SHARMEL o R 2
FHAMREF LAY . Kk, TR AR (M -+ ) ASEELLS FAA R 1 7 UM . 4R,
JRUE Y E RIS A T BT A BT T B AN E, (A H ies A R,

MOV E MG MR KB MBS 7. W T AEM R, ARSI T BT Rt
T TS, DB AW SR m A ) AR B MR R . A EEREE 2 B4 (F—
XAHANPZ AR, s T e R A 2 A ¢ (Calama and Montero, 2004; Fuetal., 2017; Zhang
etal., 2017; Yangetal, 2020) . 4GSR, Wi 3 (OLS) [EIHKMIXFp 5} 2 4E
M EAR AR P AL TR Y S H, ATRE e REUBR AT SR GAL (West et al., 1984; Yang et al., 2020) . &
SRNE AR AR R A — 2R (XA ESORE 77D PR 2 (D RE S 1) R () — 7 v o TR RN @A 25 1R T 2508
HRIRIREALE ATBEALE , IR K $E s 1 AT AR I TR % (Fu et al., 2017; Pan et al, 2020; Yang et
al., 2020; Zhou et al., 2021, 2022¢) o MRAF/KFHITRA BN A EAE TS TRE B A5 TH B 17 AR 2R = Fi [
T2 L

T B T BN S R R Z B g3 A e A BRI R 0 1) R, ARE AT B LE (1D R R AR
BRI BT AR AR (2) VSR BT AEY) R E R R . A i A0 165 H B 1A
Ve, A TR BN IRAZ E R SRR R B TR TR

1 MR

1.1 MR

AT T EVL IR T8 B E A M R (B 1D X @ OB g v ZE U, A
PR 20-24°C, B IRAIRAUR 12-14°C. MR AR 3273 Abi, HrbfRAk 3191 AW FEfhit,
ILIEH 4200 T AR, SRR =22 — (Huang, 2021),

TLI58 BT PRIGAE G058 B ST B SR ORI . 3855 EARRIE DL RO . B XIS
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Fig. 1 Location C(upper left) of study area: Yixing state-owned forest farm (upper right) in east China and
spatial distribution of 5 blocks and 45 sample plots (bottom) .

1.2 BT E

T 2022 FAEBITREL 45 MEETFEHEEE (B Do FEHIER/N R 20%20m,  HRETETTARIX 4
W, L 45 MEHIREE LN X AN XARFETARMIEEE, S Rsa k. £ sayLE s, Lo
RFEEAAFSLHEE IR . TEBCE R 35 HURN L Ath DR 25 110 78 52 A0 24 KB AR 2 @ S T R
IR IR AR o 5 A RVES BE L AT PR v FE RS DA R 3 b A 77 AR AR T RIS B . B BRI
W FC A OO RBEAT T BRI « FE AN R P, MR T B2 (DBHD >5em 136 & BATHIM 42
mJE (HD) AE e (HCBY. BT BATMME: A KRRE, W AMAE C/ME) IIEFRFEM, ARoaEe
FonN“du” (Tang et al, 2016). —/“du”(D) FiR 1-2 4, 2 M3 AN“du (LA TID 5375 87 3-4 S A
5-6 4F (Tang et al., 2016). H ISk FIEASAHHLE B4 8:00 2 10:00 Z [AIXI 7T ARAR 1 (CD) #E47
T, FEAEEM 1.5 KAEHAT 7 10 YOI . AEH B3 #3434 7 1) CD (Zhou et al., 2022b, ¢).

1.3 &t EEME

BATHIRE FEBE L FER (1 dus T du f T dwo WEFANXY (54 ) DBH FIER (dw), FHH
SERRNERY I0°F 14 DBH. fEHLTH K P WA AN X H P R ANE R B A1) DBH IIUAMTAE (5 ANX 4H*4
AIAF*3 A du ). BILIGERT 60 HRATAT.

SHEFARAFREATHURE, e ER. B 2m AX B, WEEBAT 710 B3 FEsf R P AEAs,
R ER, RE I 500-1000 go K HARER KN T ENET B AEY) & (Zhou, 2006a, b: Yang, 2
016). FATH 738 2m B, ARYEEEA BLII-F 5 2350 B AR A B 3 = MR R 2%, B M SR I B
REPEE R, (FHBMTE ISR FE R IREER R E, WE)E, WEE 500-1000 g TrEFE M
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FFTERUME THT 5. 9 Tl R AR, BERIEEARERSR I Fr, SRAGFEE EE, IR 100-200 g
M FREABEAT T4 . 7E 85°C THEAT T4, EFNAFMEEHE. MM TIRGE 34 K, HFNTHRGE
2-3 K, MABTERFE 1-2 Ko FATEH LUR 2 5ORH E B A ) T 5.
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W
TE oo

wH yen

SEERL) = 888 (1)
i=1
Horbr, n AT ERHER R R B
AN B E R AR RS, RGBT B A E
H BT AR Y T RHER (2006a) i RORRRY, AL S DBH AR RS AE A AR Bk Al
MR BRI R AMER L AR (AGB) fEHTAERN (20 #E AT JFERE, 2006a). FE7H 1P
WAHREY), WEARERN, R EAEIEETT T
Ps
AGB, = B, DBH": (ﬁJ (2)
y y Ag,‘ +ﬂ4

DBH

s AOB PR AT RO, YR

VR MR MR I A,
AR § RBATIOERS,

1.4 fEHE TR

2022 48 11 A, WAL ORI SR (0 HHE, SR, SR EIRA. SR EE =
W WA TREAH AT THER TR 3L, ST LA R ARSNGB f S 1 F2E R (BGB).

3
BGBU.:?ZAW (3)
n=1
A o r g \ = BGB, .y . .y
Forpr, T ARERER I A XHER jAMREMBER o D T5 R AR T, AR j A i A
P T 5
Mo AR AKX
SB, :25*Zn:AGBij +BGB, @)

k=1

Hrp k ZEAFEB P I BATA LG ﬂ%%%i48£%%j4ﬁ%¢%ﬁmﬁﬁi%%o

R INEHENTEL2RHEHE (MDBH: MOFER; MH: HMOFHESE; MHCB: MR TE; C
D: #HE; MA: FPIFEE; MAG: th EFIEYE; AGB: i E4Y=; BGB: MTEYE)
Tab. 1 Summary statistics of moso bamboo variables measured (min: minimum; max: maximum; SD: standard deviati

on; MDBH: mean diameter at breast height; MH: mean total height; MHCB: mean height to crown base; CD: canopy den
sity; MA: mean age; MAG: mean aboveground biomass; AGB: Aboveground biomass; BGB: Belowground biomass)

Variables M IZON-| SFEME PRz

N (individuals h 1500 4500 2762.7778 668.3857
MDBH (cm) 5.9892 11.7517 9.7836 1.0686
MH (m) 7.0405 13.0567 10.9323 1.1106
MHCB (m) 3.1676 8.5550 6.3057 1.0106
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CD 0.3 0.8 0.5436 0.1310
MA (du) 1.4918 2.5 1.7921 0.1829
MAG (kg) 9.4112 39.9894 22.9000 5.2069
AGB (kg ha'l) 348.2150 5502.5574 2449.8198 1489.8548
BGB (kg ha') 150.3734 3568 1524.6638 758.5164
SB (t ha') 5.2832 22.6764 10.2648 3.1749
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Fig. 2. Relationship of stand biomass (SB), total aboveground biomass (AGB), and total belowground biomass (BGB)
with each of the five stand variables: mean diameter at breast height (MDBH), mean total tree height (MH), mean height
to crown base (MHCB), mean age (A) and canopy density (CD).

1.5 AL

1.6, 1 A AR JATHOCHIR B L8 T = MUEAFETER (L. KRAMEEO RAEYERE R
2) (Zengetal., 2011; Fuetal, 2012; Zeng, 2015; Zhouetal, 2022a; Fuetal., 2016), Ff¥HH/ER
B f Al T I, OF H 5 AR B YIRS, I IRATERS A b i ] MDBH 1 4 7l 22 & (X=MDBH)
KA e PERE B AR B . A MBI ST DL S B RN BR AR, IR AR MESE THR R AT HEAL (B8 5-8).

MD =13 (sB, - 5B;) (5)
=

n

> SB

i

R*=1-Y(SB,~5B;)* | > .(SB, - % (6
i=1 i=1

i=1
n
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RMSE:\/lZ(SBij—S’E,«j)Z )
i=1
TRE=Y SBU—@g/Z@g (8)
i=1 i=1

Heb, SB s i MXALRER j A MR BV, n RAFHIECE . MD: FEf2E (5%, RM

SE: #J7fiiRZ%, TRE: EAHX RZE, R%: PoE /3L

7 2. B [RRY SBREMMRE (SB” RHREES | MREFE | MARRIEYE; Y RO TEHNEE; Po ,

B, a % g%esyms

Tab.2 SB candidate stand models considered (SBij is the stand biomass j" sample plot nested in the i block; X :

vector of stand variables; ,30 , ﬂ » O, &, and( are parameters vectors)

. it BRARBR
L1 SBU = ﬂO + ,Bx Linear
1.2 SBI] = ﬁxa Empirical
1.3 SBU = exp(—ﬂx) Exponential

1.5. 20 M % ¥ ¥k MDBH 4k, BAT WA & I8 7] R e AR KARFE 132 B0k 5 5T 1 HO K /N 77
SLH T AR B SR 4 B4 (Rijal et al, 2012; Fu et al, 2013, 2017). &6 13 A4MEE, 4
7RG ACP R &, DL 6 MRS R R AR (R 3), (R BAEAS T e SB
ALV AE TR . REEL I T XL AL, DU B 37 1 R

R 3N E BB MM KT LS

Tab 3. Stand-level variables evaluated for stand biomass models.
A

MR B ATE Stand density (N), canopy density (CD), sample plot arithmetic mean diameter (AMD), sample

plot quadratic mean diameter (QMD), sample plot dominant bamboo diameter (DD), sample plot
arithmetic mean height (AMH), mean age, mean height to crown (MHCB)

ST sample plot dominant bamboo height (DH), latitude (LE), longitude (LG), aspect (AT), slope

(SE), elevation (EN)

PATVE B 3 b H 2 B8 o0 b B B AR S AR DG G it, 4% 1 SB ALY HR AL B R T A B (Uzoh
and Oliver, 2008). It4l, 5T RMSE il Akaike 15 2H4EN] (AIC) XfAksr AR S A [F 2 A S HFE #e gk AT
TVPAG o SR 5 P B S i (9 e B AR by JE 2 MR TR & SR 43 AR ) B R

1.5.3 FFAM RSN LHERA FEY REF 5] NILGFENRN, AL 7 IEL MRS RN
Mo A AR o K B [ 58 R8N 2 EOR BE LS () TG P RES R 4G 1) NLME B8 2% 0k 77 R 30-A 2113k
PErh, JREBEA /N AIC MRS EBIER (LL) (AR Sk 47— 25 bt . v 7 8 St B S50k
KA 8E,  FRATHAT TAALLAR S (LRT)  (Fang # Bailey, 2001)

399



Bt T P E AL TR AR S17T 111051

FATWIL R0, A MEXT SB BB IR /N, (HEERZEN R T ZE. K5, BIIGIANT
T - T ZHRE (BEq.9) Kb 7% (Davidian and Giltinan,  2003).

R, = c’G*T,G"’ (9)

Horp, ROBXAL i 77 2-Wh 77 25, 02%15‘—%%\%&5@&&%% TR 2277 2 (G
régoire et al, 1995), GBI AN FIr 2R AMEE, JEH TRl X AL () B AH < 1A RE
HAEZE. Fi, #EE R — AR .

PAVHAE T =F0 I 7 Z R0 2 10-12) TERRS 7 Z 7 A %M (Fu et al,,  2020;  Yan
g et al, 2020, —FPIEECRREL. — B0 R EOR — PP IR R A FATDRE RS R B4 I E G b BT I S
FEAI e, I {#FH AIC 1 Log liklihood (LL) 1A% R4S ok % (4 2t .

Var(&,;) = o exp(2yMDBH. ) (10)
Lhm@)zaﬁﬂﬂ%ﬁy (11)
Var(&,)=o"(y, + MDBH *)’ (12)

Hort, MDBH, &3 i MK AU | AT EG, 77T soR s s

1.5. 4 FF MM £ R AT 7 R A (A 4.1.0) nlme BRI SZHLY Lindstrom F1 Bates 5%
(K KALSR (Fuetal., 2013; Yangetal., 2020; Zhouetal., 2021) FIFftiit G nlme F%Y,

1.5.5 #A1# 4 NLME SB 8L {145 R0t o] DU FHA ST 0BT VR4 o SRTM,  ARAM I B KA A 1y
SHAMR, Fit, AMEH T8 XKAE (LOOCV) ik, FNEIRE T IR ZEiT (Fu et al.,
2020; Yangetal,, 2020; Zhouetal, 2021) . MG iAn#E CHFE 5-8) HT VPG AHT 578 R AR 53
A P AR (R T g

2 HR
2.1 EAER
DU G AR i B T b S AR AR B R (A2 5-8). B L2 [{930l4 45 33k 5% RMSE
FITRE B/, R2EEK (3R 4), X4 FIVERMIEE BAT Mk NLME bhorAE W Rl i 3kt
% 4 B AR TS G

Tab. 4. Evaluation statistics of base models (MD: mean residual, RMSE: root mean square error, TRE: tota
1 relative error and R% coefficient of determination)

SR
k] MD RMSE TRE R2
By B

-5.5239 1.6138%%* -4.3027¢-1

L1 2.6960 6.5596 0.2949
(3.7444) (0.3805) 5
0.2429 1.6386%%*

1.2 0.00284 2.6891 6.5239 0.2986
(0.2390) (0.4257)
1.9277* -0.1694% %

L3 -0.0035 2.6922 6.5401 0.2969
(0.8443) (0.0432)

sk p < 0.0001; ** p < 0.001; *p < 005

2.2 3INMOHEE
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FATRAEH T ABLLy A ek H AR B sk AR > B & . %7 MDBH, HAhik# A& 2 MH
1 CD, EATHU A BRI R B BAIAR 36 7. A7 MDBH A1 MH {E 4 P48 & (R 1.2 Bon
/N RMSE fil TRE, PAK i K R2, &P R R (55X 13) &A&Y BN NLME SB #i%,

SB, = B,CD;) MDBH > MH* (1+&,) (13)
2.3 MR AWM RS M BIER
PORIERBIE O 13) BIUANEESE (B, — B, HIBENERE + HA A . B ) NLME KR
HAHS T8 & S b (3 5). LRT WRE Y, FoA 5 LSS 56 (9 S50 bR A 7 4
e 7R ERE . BRI, 52 NLME SB HiA1%:
SB, = B,CDY MDBH """ MH (1+¢,) (14)

* 5.5 REMEENEESHIRXHBENGE (512 13) MBNEEUNERTHRIUESITE (F1E 4D

Tab. 5. Random effect associated with fixed parameter of the expanded base model (Eq. 13) and fit statistics
(Eq. 4 — 7) of each mixed-effects model variant. MD: mean residual, RMSE: root mean square error, TRE: total re
lative error and R% coefficient of determination

SREHLUN AR 1 [ 54 MD RMSE TRE R2
B, 0.0182 1.8969 3.1816 0.5748
B, 0.0213 15970 2.2344 0.6987
5, -0.0213 1.6379 2.3532 0.6830
B, 0.0215 1.6370 2.3506 0.6834
B B -0.0213 15969 2.2342 0.6987

ﬁo ﬁz 0.0184 1.8969 3.1818 0.5748
ﬁo ﬁs 0.0184 1.8969 3.1818 0.5748
B B, 0.0212 15970 22345 0.6987
B, B, -0.0213 1.5970 22344 0.6987
ﬂz ﬂ3 -0.0215 1.6370 2.3506 0.6834
By B B, -0.0213 15969 2.2342 0.6987
B B B -0.0213 15969 2.2342 0.6987
ﬁo ﬁz :83 0.0184 1.8969 3.1818 0.5748
BB B -0.0213 15969 2.2342 0.6987
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By B B, B 0.0213 1.5969 22342 0.6987

= 6B EHEN N AT BS KB SHIHINIALLAETE (Lratio) (LL, F#USR; AIC, Akaike {52UEN]; L-ratio, Xt

HUUFAEED

Tab. 6. Log-likelihood ratio test (L-Ratio) for all the parameter combinations containing random effects (LL, lo
g-likelihood; AIC, Akaike Information Criterion; and L-Ratio, log-likelihood ratio)

REHLBOS AR 8 2
AIC LL L-Ratio p-value
ﬂ 193.5683 -90.78417
1

195.5684 -90.7842 5.5104e-05 0.9941
ﬂO ﬂl

195.5683 -90.78416 1.0082e-05 0.9975
B, p,

195.5683 -90.78417 2.1984e-06 0.9988
B B,

197.5684 -90.7842 5.5097e-05 1
By B B,

197.5684 -90.7842 5.5875e-05 1
By B, By

197.5683 -90.78417 1.7601e-06 1
B B, By

199.5684 -90.7842 5.6052e-05 1

By B, B P

eV I = ATy B 72 10-12), AT MDBH MRAREORR (2 100 B SOLRRRE T s
ERITZE (R, B3 CH).
#* 7. NLME SBH#EEM=ANHEERY GERERY. BREMEBLMBELY, HAAFE 10 110 12) Z[EHELER (Al
C, Akaike fS2JEN], LL, X#FIAR; LRT, FLSREEAATE).
Table 7. Comparisons among three variance functions (exponential function, power function, and constant plus

power function, Eq. 10, 11,12, respectively) for the NLME SB model (AIC, Akaike Information Criterion, LL, log-li
kelihood; LRT, likelihood ratio test).

T Z R AIC LL LRT p-value
None 193.5683 -90.78417

Eq. 9 187.0951 -80.54754 8.473256 0.0036
Eq. 10 187.544 -86.77198 8.024384 0.0046
Eq. 11 189.5439 -86.77196 8.024412 0.0181
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uded) .
OLS [l ABA! (7772 13) FINLME B! (7 #2 14) SR ATAE S B THES 52 REAH (p<0.0

FEANTTE 14 RIS THS UL, BIAEN:
_ 0.3558 12123 0.6083
8B, =0.1863CD; " MDBH ;" “MH ;"™ (1+¢,)
o
&; ~ N(0,1.965)
Eq. (14) becomes:
_ 0.1666 (1.0456+11) 0.8902
8B, =0.1271CD; ™ MDBH ; ™" MH ;"™ (1+ &)
Hrp

4, =[,u1]~N[0, = 0.0382}
o~ ~05A~A ~05
g ~N(O,R, =2.7338Gy 4Gy )
Gy = diag[0.0555exp(0.7043MDBH ), ...,0.0555exp(0.7043MDBH. )
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q. 13) . The mean values of the observed data were used for other variables.
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PER, BLFE PR RS — S AR B ik [P R 2 A /7 (Zachariah et al,, 2016; Lin et al., 2017; Xu
et al, 2018). H FTILH = IATLEAEFT A 52 tH A ZRIUYT PR AP B AN il & R D v A, RO T L6
VIMRAE & AR IR G BN ARG A B AL FEVPA I LA U S &b, SRATIR Y R Bl if, 8 =
g & (MDBH. MH 1 CD) fE N TINAL &, FElsIn— BN BRI TR AR S 1 X AR . FRAT
RS A AL IR SR IR T SR S AR 2y S e, AR AR v T AR R TR B

BANWBRL R, MorAyE S MDBH AT MH B3 MH5¢, A& S AEY &2 IEMHE, &I MDBH
XA R EER . DBH &2 TAMEME R — MBI AL &, EiE R St 7R E 71 (Z
eng et al., 2011; Fu et al, 2012; Zeng, 2015; Zhou et al, 2022a; Fu et al., 2016). XITHiEMTT
M FE, MDBH K, MM, L 5iR M, P77 ] B VPN 7T 1A dr 3R 5 (1 5%
HEf5bR (Zhang et al., 2014; Zeng, 2015; Fu et al, 2016, 2017; Pan et al, 2020). MH ik, FB
A Wy B AE L v PR AR AR B T R S84 I RE 7

BATBEF L 7~ T CD X AR AW )R s m (B 4D, DRAER i 2 1 s B T A7 149 37 1 o 8 i
73 SR, RAEEREE, (AL HTRAT TR A 4 5 AR 70 R 30 2 18 BIX — a5 IX TR 7 1) 45
FB, XA G R I AT AT AR AN B2 2%, CD SR B & 2 A IE AR DG G R T B
MCEGR . B m e EER . 2B ERAILMAERETIEE (Lawlor, 2009). K BHER ST 2802 AR 75 P9 R 7 5
JEA DBH A K EZIKE N & (Essery et al, 2008). iR KFNFEGE AT 4K 18 bk oy 2B B .

PAVBLHE I T AT ReE BT AE R L AR &, B REIRE . S AL AT AR R BH T AR KT R
FLZERATH - B 4F (Che et al, 2022; Wang et al, 2022). 3RS HAEMEAEM A K, Nty E
AR . SR, FEAINXLEARE S, JATRB AR A B &R m . X ATae/e i TR A rp AL 5 i B2
RAENBENLRL, X PEAR TR B ARRE T SrHb i 250

OB CE/ATD & EE WY AYE (Zheng et al, 1998; Zhou et al., 2022b). R, Al
FEARBE I A F AT EE, R CD B AR AR BT HIFEE (Fu et al,  2013; Zhou et al, 20
22¢). FAIIZHTREH, CD M1 SB Z[A] IAH MK T CD Al N Z [A] AR 1 o

JUETER R R IR IR 2 (A B T R /e — e A2 BiR sl i i, (X n] Rt S 8ud S 4 R 8IS
ARSI E W Z (Fu et al, 2013, 2017; Zhou et al, 2021), fEiAA TS INELKA. Fit, A
FHIE M EA BTN R RME B E JGER FE A8 (Calama and Montero, 2005; Adame et al., 2
008). N T flRix— @, FAVEREMS BB EE T = MEE,

NLME SB #5813 Fl ()5 i 261, BG4 W 1500-4500 FR AR 22 B . AR PLR RN (0-200) F1
6.0-11.8 cm [¥] DBH. HARZHA B4 EEIEBAPR E L, A TWEE AT tss, ©FE
T HAT FAL I 2% 1 0 A AR S b AT B0IE

PATRLAL AT DU IS TH T AR AR sk 3 B B, R Bh i HE BRI e, AR R
IR AT BUNT 7o WA — PG, A @ WAEA R SLH A AR v A B e . 1) 2 Jm)
AEZTTATH (Garcia et al., 2010; Fu et al, 2018; Yang et al, 2020), 7EFRARHT 7O RAKIFRS, Brih
PR BT 7T (Askne et al., 2017; Fu et al, 2018).

4 4t
B AN G PR A0 B SR 9 0 PR A D AN T B bR A 0 /s B IR VR e, K IX 4K
SPEBE RN g N TR A BN A e — 2B AR T T bR A AR A R R T . PRy A CD ORI MEL [ 58 i i 48
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m, RYPZHA R AEY A G R 20 VBRI RE N MEf T AR AR BT e /=2 B Bk
YR, JFEdt— PRI KM, 7T RERSCAYT M BEH 1) — MEEA TR R34 B T H
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