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Abstract: To investigate the impact of topography on understory biomass, this study employed a nested design and
conducted surveys in the Northeast China Tiger and Leopard National Park, involving a total of 138 plots within closed
forests, comprising 1 685 plant quadrats. The analysis of topographical effect on understory biomass was carried out using
nested analysis of variance and an ordinal logistic regression model. The results were as follows: (1) Among different
slope positions, the understory biomass in valleys was higher than on upper slopes, and the footslopes where the
understory biomass was the lowest (P<0.01). The understory biomass on shady slopes was lower than on sunny slopes
and flats (P<0.01), with no significant difference between the latter two. In terms of different slopes, the understory
biomass on steep slopes was higher than on flats, and flats had higher biomass than gentle slopes ( P<0.01). (2) There
was a significant interaction between slope position and slope aspect. The understory biomass was the highest on flats at
the footslopes, flats on upper slopes, upper slopes and sunny slopes, and in valleys among all slope positions. There was
no significant difference in understory biomass among shady slopes at the footslopes, sunny slopes at the footslopes, and
shady slopes on upper slopes. (3) Ordinal logistic regression analysis of the current state of the study area showed that
the probability of high or low understory biomass varied across different combinations of altitude, slope position, and
slope aspect. Slope position, slope aspect, and slope had significant effects on the understory biomass. Among the three
slope positions, the understory biomass was the highest in valleys and the lowest on footslopes. Among the three slopes,
steep slopes had the highest understory biomass, while gentle slopes had the lowest. Shady slopes had the lowest
understory biomass compared to other slope aspects. (4) Considering the realistic situation of human disturbance and
forest grazing, steep slope areas in valleys had the highest probability of high understory biomass. This study can provide
important references for accurately estimating the carrying capacity of understory for preys populations of tiger and
leopard in Northeast China Tiger and Leopard National Park, thereby offering a scientific basis for the conservation and
management of endangered tigers and leopards.
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B2 B W) an M 46 JE ( Cervus nippon ) 3 ( Capreolus
pygargus ) FNEFHE (Sus scrofa) %5 2 A AL IR ( Panthera
tigris altaica) M ILH) (P. pardus orientalis) W) 3 %L
Ji% (Kerley et al., 2015; Yang et al., 2018; £k
B4, 2020) , X SEA7 B 2R Wy B LIAR R BE 52
¥ N B (Massei et al., 1996; Baskin & Danell,
2003; Gordon & Prins, 2008; Barancekova et al.,
2010; FAR%, 2019a) , AR T 3 & 29 49
HEEWASREBRNYIRE T W CERRZ
— ( Whittaker & Likens, 1973; Gilliam & Roberts,
2003) o FFM, i T AR AR R, AR DGR
FeM  BERLJZ R AE B ) O IR T AR K
B T A 56 J2 32 7 AR A, AR SRR 3 s /D
(E#&SF, 2006) , Bl 2 O AR A IS 52 A2 W)
A K TP IR IR (Jolly et al., 2004) , I A ML B
PRI 2R KBRS T8 e 22 A 7 g AR T MR B . 1
( Gracia et al., 2007) ,

SEA T 77 A T A ol 25 19 TR B 52 1l

& Jry b AR A 0 DT O SRy A 5 O |
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o2, 20165 HSCHESE, 2017; 27 4F, 2019;
PRI, 2020 ZRAE AIZR 204, 2021) , HLIE
K- anifg 4k B BB 3] 58 RO IR IR
B K3 B - HE 3R 4 A AR A8 TR RS R AR ) Y
AR (ERY, 2010; FREE %, 2019) BT
THE A ) O R ) s ) S T G0 A A R (SR HE B
2016) . FEAAL R HYE ZK 4 bl 1 <8 3 M X Hb P
ARG RE S, FRALAN
W AR, AN TRD AR 5 Ik B I AR bR L - A g i 25
BE MR 2R AR (FER, 2011),
PR YR 5 I 1) 0 R 2% 2 U AR W) S () S
PRSI B 25 (BN, 2010) o B B 2 5 ma
MW T WER Y R E SN T, Y
B 33 437 - T 52 S 1 s s 1 e 3 B 1 D) i 9
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(E4E57%, 2010) , FiRWFoT 245 R g4 I
A7 3 ) 5 80 B A M DR % R b AR A i Y
AR 4, BARRERAE B0 5 S 5
PR A & AR AR B H I £ (Gordon &
Prins, 2008) , {HX§ Ak T ¥ 502 48 4 A ) i 52 il
IS, B N AP A G 3 480 (de Castilho et al.,
2006; Nie et al., 2019) . ZRT, PRI HIE X5 AR T
R ZHEY Y RN, R EREE R Y &
o3 SRR AL R R A S RE B YK
2 ) B LA
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WF5E XA T AR AL R A0 I K 2 Bl (129°10'—
131°20" E .42°30'—44°10" N) U450, B ARdLE &R
e 1 b E A FE = o A XA e R X
(Hebblewhite et al., 2014; Wang et al., 2016; Feng
et al., 2017) , BFFEIXIR TR I Rl 2 KAk,
1 ¥R 15 °C,7 A ¥ 20 °C, 4F Rk (30 4Fid
3)365.0~842.9 mm, A 2 & BT EE, O
FEDC A LU M P B VAR 2~ 1 486 m, B A
FEFR] ATV W] R 2 o, L b 28
B FP LI | V¥ 35 0T 45 M, 338 VARG, 1L
Pt G2, BE I 5 02 b B/ T N L DX VRO
1o, LA TR TR X v A B 2 X i P 4 A s
Frsge | iy VAL N 6 0 2L 8 ( Pinus koraiensis ) #K
H1 T AT 255 16 s AR MRCR fe, BLE 29 iR
M SR ( Quercus mongolica ) Mk I 11145 ( Populus
davidiana ) FREE A [F] 8 2 B B I A 2R AR T HRUAR

(LR AIZERC, 1964) , M HEAJZ R LA AS
J& ( Rhododendron) 11 Vs Y ( Philadelphus) U R
(Deutzia ) . H. % F J& ( Schisandra ) . 2 %) ¥ J&
(Rubus) F&J& ( Corylus) 122 J& ( Lonicera) N £,
FARMY) N Z TR (Carex)  REE (Melica) | W&
g (Potentilla) JEANEJE ( Thalictrum) % F 108
(Astilbe) HESZJE (Viola) PEHE (Rubia) BT &
( Filipendula ) . & 7% 3% J& (Isodon ) . & W ¥ J&§
( Parasenecio) \B¥%i 5. J& ( Vicia) .75 )& ( Artemisia ) Fl
BR )& ( Preridium ) % H%Y) (Wang et al., 2023) , XA
IR R AL PR AR AL S A AE E AR RN 5 AR Sh )
(M 74, 2014; Zhang et al., 2014; Wang et al.,
2016) . ATHEGE2EEh Y 3 E PR AR YIAT 15 RS (Acer
tegmentosum.) . RV K2 (Abies nephrolepis ) | LB ( Tilia
amurensis) . F ¥ ( Betula platyphylla ) . T ffi $k ( Acer
pictum subsp. mono) B4z ( Corylus mandshurica) ¥
B AM§ ( Sorbaria sorbifolia ) . ¥l 25 % & Bk ( Dryopteris
crassirhizoma ) \Z2 ¥ ( Carex spp.) %5 ( EFEA, 2019)
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Y (OGS ) 9 B KOs BE 2.2 m LU Y
TR S HE A AR A SR 14 A= ) £ R AT WO BT 2
AGREE T 5 Pk 2 7] S 56 2

1E B A AR P, i GPS ( GARMIN, rino
530HCx, EHE) idsfrE O SR, 2 FHY
FED 15 110 5% B 4% R 2 T AE 67 B A 3 ) (00 ~
360°) , B (B 17 0° ~ 135° F1 315° ~360°) | FH
B (135°~315°) (SREESEAE, 2016) -4 3 JE it
FHdsk, BAFEHLLL 500 m oA A4 R i AR K
MR 2 25, RS LR 4 DR DI B B
(OB A B BT AR IE s, I 4T
e (PeRE <5°) Y (5o <M <25°) BEYE (B>
25°)3 KM EIFICFRIT B E, T RESE
I b 3t BSCAE Z8 FIRE T 1 a2, DAY a2 0] A R £
496 45 FETJ5 1 948 A~ FEKE 7 v 5 2 43 BT A
( WinScanopy ) il & Ak 76 J2 Al ] B2 | A= 5% T f) [X 6,
(CHRPATBEAR T 0.7 ) INARTT bk B iml 32155 K¢ J7 (263
AN) BN TG RREOK A3 B AN AEA RIS B &
TWHN, R ERR A EEAE 0.7~0.9 ZE Y 1 685
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NEMT YA AR L, ETHE
T 138 AMHEHh (£ AR5, 2019a)
1.3 HiE S
L3.1 &7 £ BT 1685 M HEA
M7 I PR B A R B A 5 K F (B2
TR TTHHE N T2 ERE 138 MM
b T B Ak AT RE H B A R A A OGS B A
ik, LA 3R AL W 1) R 4 A or AR b
AR R A Dk T (7 22 0 A A
HTHIE R R A |, 20 0l DU 3 52 Fir e
Wy ot PR AR R R AR e 2 PR TR A AR
AT E 2 K PR 5 (univariate ) J7 22 9087, I
K Tukey K500} 75 22 73 M 45 R AT G R 3, 7
Bt o3 B Z A0, SE XA [ A A A ARy ] ) 2
AR 0 )22 Pl A A ) AR ) 1 AT 7 22 53 T
LR BN AR R & 25, WTi#HIT T — 20,
TR A ST A SRR RIBET (Ver. 4.2.2)
) multcomp . lattice . Ime4 FI Ismeans R
(R Core Team, 2021)
132 A EHMFEw AT FdsE fTF -84
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A 7 22 53 2 1] I A B AR YA Wi 7 A2 ek 42 A ) ) B
(B4 B 3 A5G, Wik 3 ARG 7 1 B
AR O =3 2R B B 4 A Il D R (BRSO B,
2002) , HAALW (AKX 1~AKL7).
KM odds = P/(1-P) (1)
PO EL In = In [ P/(1-P)] (2)
A7 32 58 % 0] H 1Y 3% $2 R L logie (P) =
a,— (Byx,++B,x,) = In[ P/(1-P,)] (3)
0 logit (P,+P,) = a,— (B,x,+-++B,x,)=1In
[ (P +P,)/(1=P,=P,) ]=In [ (P,+P,)/P;] (4)
B P, = e PV (14 P )= exp [a, - (B,
xp+eB,x,) 1/ [ 1+ exp (o= (B +--4B,x,) ) ]
(5)
Py= (P+P,) =P = exp [a,= (Byx,+--- 4B,
%) 1/ [1+ exp (ay= (B, ++B,5,)) 1 —exp [
= (B, ++B,x,) ]/ [ 1+ exp (= (Bx,+-+B,
x,)) ] (6)
P,=1-(P,+P,) = 1-exp [a,— (B,x,+ 48,
x,) 1/ [ 1+ exp (e,= (B, +-+B,x,) ) ] (7)
Kby P RS R A RIREAR (P IUAE TS F
HO~1,P, P, Pyl 3R =03 28 I b 7% o R

IMESR) o R8s HAZ o (o, oo, 23 IRIR 1eon A
FZAEHRD) o RN HELB Fm AL R REL,

1.3.3 AAEHE &5 R TR IX A
THERLJZAE Y A Wy B AT IO AR STk 7 25
Srbrh R B AR R TR RS, TR
A S G AR A S G e e L AFEAE (A
TEWFFE X N AN AETE , BOREAS 5 AR, G- b 22 3
Vb BEYE A5 A5 IS 0 BE S FIs B SE B ¥R AR AE,
EEHE AU 1 ASRETT, PR TR T 58 I 6 3 ) 5
POREG I Ry 913 G 3 | B 3 G2 33 | I3 3 BE B | BH
BEYE -3 5 28 KA IR BEYE (TR 3% ) 5 4 iK1 3¢
JEA T, U B g 7R AT % % 1] 5
ZHT e M R (R )

PR T RERL 2 AW R 00 3 AP AR
(ﬁz%i$20 g - m’2) \EF'(ZO g - m” <4 Y <40
g -m?) F(EYE>40 g - m?) ], HHATFZH
BT A LA B S B RE X 3 Aoy
26 [ 78 1 W IF AT XM WE S Z AR W A W (3 3
90) BEATRERITERL, TTE ] IBM SPSS Statistics 20
A (v20.0, SPSS Company, Chicago, USA)#47,

2 HREAM

21 AEMEER T EEEEY B Z YA

FRPE A, FE B Z T BR T 44 M WA | RE
B B8 2 B D B F 4% 23 FhIEAR 7 FhOK BT
7 3 FhRED 5 RhYREE 83 RS I 7 RhIR K
o2 Mo T S8 B 121 JEm (K 2) . #EARD
% Bt (Rosaceae ) il . & B} ( Caprifoliaceae ) £ )
RE, FHAMEY UL E A FF(Liliaceae) | J§ B #
( Lamiaceae ). & #} ( Fabaceae ). # X #}
( Violaceae ) . % Bl ( Asteraceae ). & K F}
( Ranunculaceae ) |, & & Bl ( Apiaceae ) | ¥ % #}
( Cyperaceae) HH#) 0 &,

e F 3 T 500 mFY e T B DCObR B2 LA
LLIMFI R AZ N B BT R TR S AR AT LL e 147
SRSt BRI A2 O 3 1 v i I IR AS AR, AR
HEAN FE AW (Corylus heterophylla ) (481t 55 26 %
( Spiraea fritschiana ) . §il F. I ( Eleutherococcus
senticosus ) % , i £ Z1E 10% ~20% 2 [8] , FA DL
fif JHE AN B ( Thalictrum ichangense var. coreanum) ]~
1 B i 5 ( Vicia cracca) . 2% % 1% ( Heracleum
dissectum) % R, 55 EZTFE 30% ~45% 2 1], 1L
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Table 1 A list of dummy variables corresponding to the classification variables of
altitude, slope position, slope aspect and slope
¥ 3 5311 % o7 WA 2
Factor Corresponding to dummy variable
(%73 iR = 1 m ik =2
Altitude Low altitude =1 High altitude=2
Wedis Pr=1 W b=2 wIK=3
Slope position Footslope =1 Upper slope=2 Valley=3
Wi e Mg =1 IS =2 A BES: =3 Ea P BEYE =5
Slope aspect and Shady and gentle Sunny and gentle Shady and steep _ Sunny and steep
_ _ _ Flat slope =4 _
slope slope =1 slope=2 slope=3 slope=5

x2 MREXEXRTEEEZEYHEAM
Table 2 Family and genus composition of closed

forest understory in the study area

e Bt J& Fif
Class Family Genus Species
WRISHIWY) Fern 6 6 7
PRFHEY Gymnosperm 1 2 3
BT YY) ISR EiEY] 45 101 144
Angiosperm Dicotyledon
F R 6 12 18
Monocotyledon
&l Total 58 121 172

B BN T 500 m B ISk IX DL A0 5E T AR AR R
VL% Bk TR bk 46 Bl M0 ( Fraxinus chinensis
subsp. rhynchophylla) . il ¥ ( Tilia mandshurica ) %
R IR A AR, E R LK T BY ( Rhododendron
schlippenbachii) (%% ¥ {9 (R. dauricum ) 3 M 111
M A€ ( Philadelphus tenuifolius ) . 7~ AL 3% B ( Deutzia
parviflora var. amurensis) \$3F{ T ( Lespedeza bicolor)
R E HEELZAE 20% ~30% Z 8] R FHAJZ LI
B AL ( Melampyrum roseum ) | BK %% *% ( Conwallaria
majalis) . 7% 1 U ( Astilbe chinensis ) | H- - 8§ H
( Parasenecio auriculatus) \1143F ( P. hastatus) . 111
7ifi ¥~ ( Brachybotrys paridiformis) . ¥. 58 F+ #K ( Actaea
simplex ) LA J K £ Z2 L ( Carex lanceolata) | -3
B (C. callitrichos) 55 A H ) A 3, HEA W) 36 2
ZTE20% ~30% 2 [H],

LN A8 S AR IR AE T 4K T 500 m i DX HG
ARBSLLET R 2 ARy 32 7RI 500 m #Y X 3k L)
AR F, TR AR ALK A (Larix
olgensis) RV K2 ILIRFEA (Alnus hirsuta) 7K A0

( Fraxinus mandshurica) i % ( Ulmus pumila) |
FEBR 58 A6 W ( Acer pseudosieboldianum ) %5 , A LA
B 5% ( Viburnum opulus subsp. calvescens) .2 ¥k
M JLZR T 7 ( Syringa villosa subsp. wolfii) N+, T
FEZTE 30% ~ 40% 2 ], AR T REA J2 2 A W
( Patrinia scabiosifolia ) . 7K 4 & ( Impatiens noli-
tangere) \@$§7’/|‘72<(Adenophom divaricata) Naue-4
& (Ligularia fischeri) |9 ¥ ( Caltha palustris) . &
= ( Ranunculus Japonicus ) | 5 3L ( Aconitum
carmichaelii) 3 F % ( Filipendula palmata) M=t
Wk ( Urtica angustifolia ) . faf 75
japonica) 13 1 ¢ ( Calamagrostis epigeios ) . i FT =&
¥ ( Carex planiculmis) | 5% "W 22 ¥ ( C. siderosticta) .
BRIBAEY) , A 35 B 2 1F 30% ~45% Z 1],
22 N ERTEEEEYEYER T

221 FHRTREEMMAHTRREL  HHK
T 1685 METBHES R B  HER Y EY
F(12.26+£0.30) g - m?(xxs. ), 55— VU2 %k
(Q1)N3.25g-m”, FAE(Q2) H9.11 g- m?,
S =L (Q3) 4 17.51 g - m” s BEAJZHHY)
YN (17.8440.39) g - m”(w+s.), Q1 N 5.44
g-m”’, Q2 M 13.46 g - m”,Q3 N 2587 g+ m”;
R E A YRR (30.1520.44) g - m7 (vt
5.),Q01 416.50 g - m>,Q02 ~26.45g-m”>,Q3 N
40.40 g - m>(FE 1),

22 EMR T REEMADE LD TN
W RBAVER AR E Z KR I 20 s R (3R
3) s A ] | 3 R B AR W R 2 A W A
Y5 i % (P<0.01) , MG4K T i & 52 (P>
0.05) , s S 52 HAFH 8.3 (5% 3) , Hofl 52
HAEMB¥ARZE . Tukey ZIC AL R IR 81K

1€ ( Hylomecon
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A. Plant quadrat with low biomass; B. Plant quadrat with high biomass; C. Box-plot of understory biomasses in shrub layer, herbaceous layer

and in total.

B1 ERTEEREVENERRKRER

Fig. 1

M3 MM RN ER D E EEZHEYAEY
i BRI A B B BT (B 2:A) 5 B
YRR AE Y A Y i B ART P &b, R
BT REZES (B 2:A) ;3 DN 25 B3,
R ZAE ) AR ) i R e BRI R BE S T B
Y (B 2.A); S MsE BEAER (KB 2:B)
TR A N gl o 25 S 1B SR A Y5 =1
P RE R Z A Y AR Y R R, Z R
SEOBT BASE B T PR3 R B b B 3 S AR,
ZIHTLREES,
2.2.3 A B EZ 8 H =) R B Y 4046 Ak
THEEZZAYETHME AP EZHEIHRIEZR Y
NG BRLE R A, B P AT R R (P=0.72),
TR A B a1 RE 3 A 43 28 AR 1 TR ) A R
PAEYI/NT B K (P<0.05) , #F A ] 15 75 2
(%4),
F R A= L A 94 R AR TR A %85 PR )2 AR
Yy e m R Y 0.76, 3 F R IAY 0.47 , 3%
TR 0.69 5 LLBHIEBEY: hy it , Bk 22 3 i

Background information of understory biomass in closed forest

®3 BREMLEDNFEEXNERTERER
EMENENREFESH (LEREEGERE)
ER(BHHMUEEARERT)
Table 3 Nested analysis of variance (linear mixed model )
results of altitude, slope position, slope aspect and
slope on understory biomass in closed forest

(plot location as nesting factor)

T OrbEE M
57 FREE Denomi- gy gy e
Molecular  nator e
Factor F test  Significance
degree of degree of
freedom  freedom
#HE Intercept 1 1530 5147.62 <0.01%*
4K Altitude 1 137 3.54 0.06
i f Slope position 2 1530 8.67 <0.01 **
Y ] Slope aspect 2 1530 14.38  <0.01%**
Y BE Slope 2 1530 14.99  <0.01%*
Wedir x Y 4 1530 425  <0.01%*

Slope position X slope aspect

o R EZES (P<0.01), T,
Note: ** means highly significant differences (P<0.01). The

same below.
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FH 4% Shady slope
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Fi%% Shady slope {
FH4% Sunny slope
Sl Flat
Fi 4% Shady slope
FH#¢ Sunny slope
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=
f FH4% Sunny slope
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i T
Valley
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A, RIRIIEAE 5 ] AR 2 bR T R E AR A W U B R [RIBA 3 1) 2 bR T R R AR AR W O, HORIRIROR %

AT 0 J2 A A W e P e AR R R

A. Comparison of understory biomass in closed forest under different slope positions, slope aspects and slopes; B. Comparison of understory

biomass in closed forest with three slope aspects at different slope positions. The histogram shows the x+ s_ of understory biomass in closed

forest.

B2 ZENRTEEEEWEYES TILE ( Tukey’s test) £5 R

Fig. 2 Multivariate comparison (Tukey’s test) result of understory biomass in closed forest
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(8)
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(9)
K a By 400k A AR SR A7 5 3 )
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(1=PFAYe N ;2= Y2 0 ;3 = BB BEYE ;4 = F
o; 5= BES) TEHEARXS Y y REOGE 1 # AL
Ko BPAHEBEKFEPH 1 AD5RESHT IR
ZHCh0) (KTE, 2002) , %R AT S e
RT3 AT T — 25315

AT REFJZR YR b R A AR O
KLaF .

Py =1/ [ 1+exp (=Link,) | (10)

Puyyn =1/ [ 1+exp (=Link,) | =P yeppym (11)

Pigemia =1 ~Prormn—Prrmn (12)

HR A A5 32 58 0 3% 10 03 F0) 28 =X (A2 10 ~
w12) MRS AERA S PRI ER)ZHEY
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Table 4 Regression coefficients of evaluation factors of

ordinal logistic regression model of understory biomass

RS MTEEEEVEVENEFEEHRZE
B35 I A 3K E 3 R
Table 5 Logistic regression coefficients of altitude,
slope position, slope aspect and slope of

understory biomass

Z B Coefficient

Flﬁl%ﬂl@l o B 4
actor leve > = y : .
Al(lﬁz&;) Slopg i[j)}f)l\iilion) él%ﬁaﬁie&;{
and slope)
| -0.27 -0.77 -1.06
, 0 -0.38 -0.72
. B 0 -0.42
) B _ -0.46
) B o 0

i 11 5
T I C e
Factor 8T Odds Significance
ression
coefficient
wi Ik Low -1.82 <0.01 %%
Constant
tH Medium -0.03 0.90
0573 H0F7 -0.27  0.76 <0.01%*
Altitude Low altitude
IR 0"
High altitude
et B -0.77  0.47 <0.01 %+
Slope Footslope
position |- ~038  0.69  <0.01%
Upper slope
IR 0"
Valley
TR T S £ e -1.06  0.35 <0.01 %%
Slope Shady and
aspect and gentle slope
slope B
PH 3 2% ¢ -0.72  0.49 <0.01
Sunny and
gentle slope
B35 B3 -0.42  0.66 <0.01 %+
Shady and
steep slope
3 -0.46  0.63 <0.01 **
Flat slope
FH I BE S 0"
Sunny and
steep slope

T a FRSHOTAR, BEER 0 1R X,

Note: a indicates parameter redundancy and is set to 0 as a control.

TR A3 DX A A A R ol K, R
(19 20 B v A AR AR g o 2 M R i AL
HH B e T PR DI BH BB

3 9tk

N HENERTEEZEMEYEN TN

W5 X 2 AR T 2 W B A Y 298 0.30
t - hm?, 55 Liu %5 (2019) 7£ 7 B 44 3 23 1L B BF 58
5 BT B AR R FL Y 0.08 ~ 0.69
t - hm?, F¥40.30 t - hm?) . HF5E X BT AL
AP YRR 0.18 t - hm K T 7] 25 B b Al
40° ~60° N FRAME2 3 I35 o v 2 MY A= )

[0.49 t + hm™, DA K b2 30° ~40° a7 19 0.42 ¢t -
hm?( de Angelis et al., 1981; Gilliam, 2003) ., X
AT RE A A O AN 5] DX R % 1 b 2H A [R5 5, 5
O AR AERAE Y AR R RE B2 BN AE R
FAF R K 1) 1 25200 (Jin et al., 2022)

AR ST X R /0N, T 2 A ) A ) s )
Oy R WA B 1e) 5 R B R R
R (SRS, 2023)  EEFRALRE LR A Y A
Y TR R AL (29 10%) |, 38 i B A1 5k 5 5
AT IA R AT RE = H TR SR X O O T (A
A NS AR R R AR | LD BT R AR A ) A N A
e (LA ] T SR A7 A 3 s Y 2N 728 5 (7 57 &R
¥k 60% ) , KRG 4R 0F A B3 . AR F28 Mk
BB A | e P I ) o) B R A ) A W i 4
FETE 10 25 50 ) 3 67 R 3 5 52 el Jmy e - B 1) )R
JiE |, Bifi 22 358 9 1k 1 S5 R K IR £ At 37 31— R B
5 Wi ( Power et al., 1981; Woods & Schuman,
1988 ; Pachepsky et al., 2001; 4¢84 2017), —
R, #E R AR NAEAR IR (2 8 B AR s o R+
g0) B M BESE R T R BOANAE S BUUEAE A 1)
Wo EG, W2 R W TE R O Y bR M L A )
AP G T b A5 2 B 220k A ) 5 1) 59 D'
O RE (BEI N ) | 2 T B BESHE B AR 7= 1 8 )
I BEB )2 50 v 5 BT K 8 B AR R A A%
NGRS (B AR A R ), 23 e BE 3 AL
Ji7 , Mou I Warrillow (2000 ) £ BF 5% VK R X 3 4
PR i B 5% A i g R, BESE SR 1T Hb
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Table 6  Probability calculation results of understory
biomass in closed forest at different altitudes, slope

positions, slope aspects and slopes

o R B ﬁf?ﬁ?ﬁ%ﬁ%@ﬁﬁ“%ﬁé’ﬁ%
H A2 ) C o T
. Result of ordinal logistic
Independent variable .
regression

o TCEME HRWE PR
ey HIIE i

ti Gow s MR MR

Altitude Sl(‘q‘)e aspect and ‘Low Medium High
position 1 biomass biomass biomass
siope probability probability ~probability
1 1 1 0.57 0.32 0.11
1 1 2 0.48 0.37 0.15
1 1 3 0.41 0.40 0.19
1 1 4 0.42 0.39 0.19
1 1 5 0.31 0.42 0.27
1 2 1 0.47 0.37 0.16
1 2 2 0.39 0.40 0.21
1 2 3 0.32 0.42 0.26
1 2 4 0.33 0.42 0.25
1 2 5 0.24 0.41 0.35
1 3 1 0.38 0.41 0.21
1 3 2 0.30 0.42 0.28
1 3 4 0.25 0.42 0.33
2 1 1 0.50 0.36 0.14
2 1 2 0.42 0.40 0.19
2 1 3 0.35 0.42 0.24
2 1 4 0.36 0.41 0.23
2 1 5 0.26 0.42 0.32
2 2 1 0.41 0.40 0.20
2 2 2 0.33 0.42 0.26
2 2 3 0.26 0.42 0.32
2 2 4 0.27 0.42 0.31
2 2 5 0.19 0.40 0.41
2 3 1 0.32 0.42 0.26
2 3 2 0.25 0.42 0.33
2 3 4 0.20 0.40 0.39

T Mk (1= AR, 2= @4 B (1=30F, 2=34
B, 3= s M BE (=B, 2= %k, 3=1]
BeBERE, 4="F3¢, 5=MBBER) . MM T NiXWIBA S T
B R KA

Note: Altitude (1 = low altitude, 2 = high altitude ) ; slope
position (1 =footslope, 2 =upper slope, 3 =valley) ; slope aspect
and slope (1=shady and gentle slope, 2=sunny and gentle slope,
3 =shady and steep slope, 4 =flat, 5=sunny and steep slope ). Bold
number is the maximum probability under this topography

combination.

PRI TE W AR B D X R R 2 R Y)
B A — A ATRE IR (BRoRAINAE, 2022) , Pl
REFRL 2 A Wy R T W A R T i R R
( Marques et al., 2004) , 1 FH ., BH 3 [6] ff) 2= 5 0] m]
REREAT DG il 22 5 19 52 Wl , o A7 7K 3 4% 1 1 BIR i)
(PR T 5 ) o TR R H X, B3O IR
JEARAF 0T I8, K o3 25 A WUAR B2, K A S5 A T
()RR AR 2 e A R 2B K A 5 e AR T AR 4 Y AR
K (227, 2010) , FABHER)ZHEY A YT E
e T I, o AT 350 T ok Ak O BROXT T ) Y
PEESE, JUH R AEWE I X A A KA T &)
B U A R bR Pl AR O RE DR RIS A BE R P
ZEYOMCT BB A Ll X, LR B R
SMASRGETT E R B A AR ) &
FIEA BB RGO AR 89.9% .3.4%
6.7% (EA5E, 2006) , 1] UL HE 52 i B N R 5
Z 2GR AT DA R) b O AR Y 45 2

T T XF W AR W & R R R A TR
(Gilliam,, 2003 ) , 3 o7 FH3H 1] X 7 B A= 49y ke A 25 1Y
L HAEHRIHIEAE IR 22, BS54
[ 1 i W 2 AE Y A B Y TE R E R, il T
FEIZIIE T B3| BH 3 i 7R Ak 7 23 O 2
T HAMCT OGRS o W] 25 5 HeAh IR IX A
- R R IR | RH R TMT 6 1 ey i B A sk B OK g3
AAF R, 0 PR 5 48 7R ) A —K 4 KU X
15 WL (Hiratsuka & Inoue, 2013) , 3 A8 Jm R
TAE Y, Y EARTHER MY A RS
Pt 4B A — B, 6 IR 5 K 70 X bRCT R w2 AR ) AR
Yy £ 0 A 0 B e I — B, (B I8 R i AR
TR0 SR AR T HE R R AR A Y
TR BB, o i T HAW I A e A3 1) 20 5, %
WEASHIESE 14 TG 1 4 1 4 N A5 IR 19 A B, X — ) 7
iR R i — 2B SR
3.2 ARFEEHTERES TS

ST FE DX bR T E 2 AR A A3 A I A
PE R H B R 2R AE Ry 255G 52 i DR -3 SARCT i 7T
SRR W B R — AP LU AT AT R O s,
X 1 685 AN T5 IR AL R A 2 R S [l 4
RIGIIHT, v AR5 X 7 2 BUIR T 44 H R 51
PR (1) BN S HIE A 5 = R Z A )
HARER S ; (2) BT £ P 40 G0 R 2 Y A=
PR R (3) PRI BE Y e o 5 2 A ) A ) AR
i (4) L BB ST R AR ) 22 800
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BB RS WU A 2 22 S IR BE SR A 2
1% IGE 5t B A ARG 1 114 8 A ) e R (R 4
2012) ., SEBr b, AR b % B 3 G 3 A I 33 BE
S %y v TR R R A ) R B R R T —
IR B BT (AR I T, B AR B2 A ) AR
PR Ty R TR R R By
RN BE SO0 & — A~ & BRAR R, OF HLEA 3 BE 3
I F 33 G 38 A v AV o A0 A TR Bz = 5l — B
22 SR AT G IR IR L 1 — & 1 3R, R, B
IR 3B 1 TS A i R A N ARG, N T A X Al
SEFEL, U HAE & X ( Feng et al., 2021)
PRI, ey LA £ Ak 3k 26 52 ) 38 i i — 20 1 4%
il S 5T

— M E, T A R E KR A R R AT
( Chamran et al., 2002) , #8408 4 7= 1 il A= 9y i 44
B @ (Liu et al., 2018) , SK 1My =5 512 5 45 700 U0 2%
Y5 s o BT 4F B9 K MBI EE SR X e R AR K
A A A N 22 B R HL 52 30 A (s AR RSP 2
Ha A AT A (AR AR, 2019b) o B HBTE IX S B
BIRT S BRI, OF BT LSRR, K (4R W Bk
JERE , NS 2 % B i s T AR TR LU XY
(Feng et al., 2021) ., H I, 76 R HEBR T P02 A9
PR AR Sl S B R R 0 o R A 7 ) R
R AW A TEAR R, ARRK B E RS
{14 FR R 3] A S 6, 71T 0 3 R R A 7 O AT R Oy
HERf T3

4 Hi

SINASEAE VA AL DSE B PO Y N
JEHE A A B, 2 Y A Y R
AP HE T H B EZES . AR ZHY)
AR T L LS THCR (P<0.01) 5 B35
Y A KT P 3 P (P<0.01)
JG ZH BTC R E 2 5 AR B e 2 A
AW T PSR T8 (P<0.01) . B
SYemiy s AR B, 3N P B E T
- PHYE 5 A R A BT AT A E R E A A W e
B, Y BASE Bk PH K3 b B B = 1R TG B
225N AN WA B ) R I R T R
JERE A YA R, 3 A A S R4 A
IR A5 A, 3 A4 3 A 2 ] BE 33 e v 1T 2 3
BRI, AS TR 1) b5 BH 3 eI

TERFE X AT RS BE R Z MY A W) i = R
FEASTRNERAR 357 B 38 1) 395 B 21 6 A A [A) A A
TEAHERR AN T30 AR 00T, 28 BE
I bV AR ) A ) v R R R
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