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W OE AT R KM R R AT AR A S A B AT E AT
TZAPRH2IANHARMMA A KN, % E 123 @R 0.1 hm® B T FF 3, 54 3 7
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BT168 25, WA EEULEFHARXEA N E FARRADHHEMSEASE
s WD BB IR T B R ImE R HH K 300~700 m R B ERAFE .
3/H K AR N E A AT 6 B A A H AR (Juglans mandshurica) & (Ul-
mus pumila) \@ﬂifﬁz(flcer mono ) \%ﬁ(ﬁﬁ%( Quercus mongolica) T K b A ( Fraxinus mandshuri-
ca) , e LA B A N LLAR ( Pinus koraiensis) ( B #L) & ( Tilia amurensis) ( & A ) Fa 3t g 4
( Fraxinus rhynchophylla) (317 ) , EEHM A £ HE LN K G, & Shannon % # 4 45 H
EEMEEEETTE AT T T4 (P<0.05),Simpson % # I 45 # fn Pielou 3 4 £ 45
WA zZB AL RERZR A BEZ RN AT ERN, AFARTHENT BA
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Tree species composition and diversity of secondary mixed forests of Juglans mandshurica
in Northeast China. LUO Ye'?, JI Li"?, YANG Yu-chun'?*, WANG Jun"?, HE Huai-
jiang'? , ZHANG Li-jie’, QI Yong-hui* ('Jilin Province Academy of Forestry Science, Changchun
130033, China; Interregional Cooperation Science and Technology Innovation Center for Restora-
tion and Reconstruction of Degraded Forest Ecosystem in Jilin Province, Changchun 130033, Chi-
na; ’Shenyang Agricultural University, Shenyang 110866, China; *Forestry Research Institute of
Heilongjiang Province, Harbin 150081, China).

Abstract; To explore tree species composition and diversity of secondary mixed forests of Juglans
mandshurica in Northeast China, a total of 123 plots with a size of 0.1 hm” each were set up in 23
typical distribution sites in the central and eastern regions of Heilongjiang, Jilin and Liaoning
provinces. We investigated species composition, flora characteristics, importance values, rich-
ness and diversity of tree species (DBH=5 cm). A total of 48 tree species were recorded,
belonging to 17 families and 31 genera. 30 species were recorded in Heilongjiang Province,
belonging to 14 families and 21 genera. 37 species were recorded in Jilin Province, belonging to
14 families and 25 genera. 35 species were recorded in Liaoning Province, belonging to 16 fami-
lies and 25 genera. Tree species in these plots mainly belonged to the flora of North Temperate
Zone type. Tree species richness showed a hump pattern with increasing latitude and elevation
across different provinces. Tree species richness was most abundant between 300-700 m eleva-
tion. The common tree species with the top six importance values were J. mandshurica, Ulmus
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pumila, Acer mono, Quercus mongolica, and Fraxinus mandshurica in the plots among the three

provinces. The non-common tree species were Pinus koraiensis ( Heilongjiang) , Tilia amurensis

(Jilin) , and Fraxinus rhynchophylla (Liaoning). The diversity indices in the plots were high.

Shannon diversity index in Jilin was significantly higher than in Heilongjiang and Liaoning ( P<

0.05). There was no significant difference in Simpson diversity index and Pielou evenness index

among the three pro-vinces. Tree communities shared moderate similarity among the three prov-

inces. Our results can provide a basis for better understanding of species diversity and for forest

management of the secondary mixed forests of J. mandshurica in the central and eastern regions in

Northeast China.

Key words: Juglans mandshurica ; secondary mixed forest; species composition; species diversity.

YT 2H SR 22 R R A B AR Vs D BE A 2
R EEFEHR (Shen et al.,2000; Ares et al. ,
2010; Rota et al.,2014; # T 155, 2014) , REE A
Hezs @) oA (AUSEE I E—E R b ey 1y
TR e PR A 3% 22 % 55 (Lomolino et al.,2001 ; #M3
A 2020) , YT Z RN R 2B M2
FERY ( B35 3% 2016 ; Huang et al.,2017) , BF 503
B WSk ZRRE oA X PO AR o S A
BUFIAE W Z R 2 25 5% . Bo 55 (2016) BFFT R A,
VTR — e LR N BRI T = R BT S S
FEARA S B TR W3 25 (2016) B 52 4 BL, AH Y fiF
& BT RS | (H 2 TR B bE T A 1 S AL A
TeHT AL, X T [F) 26 B2 AR ) 4 A IX A i 58 &
AN [F) i DX AR ) 32 20 A X B I 22 5 5 g 2
LW, Jb Il Ze Bty B AR b 32 22 DL AT 43 A oy
F (Shankar et al.,2017) , B3 L1 2% {7 i AR Fh 1)
FHEELAZ B 43T A T 55 R R ) A o
(B 55,2014 , M H LU IXCRE TR SS AR AR 4 32
BELLACIR 3 A o 3 CRIZIRAE,2014) , HAR T
Py AT DX b L DX R 2 R B T
— G X TR AN A B AR 25 5 SR RS
RIT N b 22 FE A X 5 T R R AR (Ewa et al.
2018 ; FBIFFEAE, 2019 AT MATTAE,2019) RIS, FoAd
FHOCHIE TS 1y il R AR B 2 AN Z R B E T R
I HY A ( Hooper et al. 2005 ; Tilman et al.,2006) .

BABEARK ( Juglans mandshurica Maxim. ) A BER:
(Juglandaceae ) SHBE & ( Juglans) 75 I K, J& 56 —
40 FIEY) R IREE S < AR I =R R R 2
—, FEM i FIRE R ACHLIX | JEE B A R4 5
Wb R Z—(FILAR,1997) o B TR R R A&
Sk BRI SRR SRR UL | 4 R 2%
L8 748 Oy U AR R S bR (K T IS 25, 20145 2 L 2
2019) , #T I, & T HIBCMKZ Pr 40 (B B oA

L% B FIORIGE IR &R FH A 7 T AR DGR S E &8 L
BN (BREPIEE 2015 Salahuddin et al.,2018; &
FIAE 2019 TN AN 5 ,2019) , 1 & FEABERK R AR 1R
SR AEPE I I A X D, L 2 8 2 B AR R e B
TS5 R RS 22 FE I S5 5 T (#0255, 2013 X B
41,2015 ;Song et al.,2017) , I, ABF5E7ER AL
“ATAB R A TR A MR A L S BT g LA
KRBT B Z RV SCFR | 5 78 R 000 4 T b 1 i
ARl = A AR AR UK 2B TR S8 AR ol 21 A R 2 R R
B, TEARIATR A BE AT A 205 ) R Ak ARk v A= K
iE— 20 it LA -G B 28 R e £ A G O o R AR LR
S PSR

1 WREHR

ZRACHE X IER AL T rhilirty , 32 % DAV 1
HBIX O 3 AT BUX A 4 PR OE VL 5 MO T =4
DA S R BT 1 2 R e, 2 ZRFEVR T G
BRI, R 22185 49 C k%
KA 460.8 mm, AR =HHEHRAE IR, /i A
T FE R R TR S MR i AR A 2 P B 2 A
FETRARW A BB (Juglans mandshurica) 7K HH
W ( Fraxinus mandshurica) \%_r'ﬂ:}f:( Quercus mongoli-
ca) VW ( Tilia amurensis ) (A6 MMl ( Fraxinus rhyn-
chophylla) . F # ( Ulmus pumila ) . €6 K B ( Acer
mono) , A ME ( Betula platyphylla) . B2 H¥E ( Betula da-
vurica) #= 5] # (Syringa reticulate var. amurensis) .
ZIHA ( Pinus koraiensis) 18 ¥ ¥ ( Pinus sylvestris var.
mongolica) 5% ,

AWFFET 20172019 4 MR KRS A B
PR SRR A AR 43 A1 X, 76 JR R VT (HLY) | 75 Ak
(JL) AL (LN) =48 AR L IX (123°58713"E—
130°24'10"E ,40°52'25"N—46°48'50"N ) 47 T 4= 11 4
o MR AR 123 e, W R 23 MRl R (BT 1) .
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Fig.1 Sketch map of study site location

2 WRAE

2.1 HEHIRE

MR ST L 2R R BT OR SRR A PR b, o
PR BSARG R T 20 m, BEFFITIE 3 B SRR, R
FHRERI R A TR M1 B, 242 17.85 m, LARG [a] My
S5 PRERI N A DBH=5 em BIE TR BEATIH &
SN, AR T2 FR 42 (DBH, em) B (H,
m) JEE(CW,m) FEE (D, m) FAEE(°) , R0 5%
BRI LR B IR RE M) By 1R
FBEHH o2 R AR IE AT DL AN % 1,
2.2 YRR
2.2.1 FEEAE(IV) WIEY R X R (RD,) |
FHXH A B (RF, ) AR B 2 B (RP,) i1 B =4 N
F1 FHEKRER

Table 1 Basic situation of plots

PR A Rl ) FEBE (V) |, FF LA Rl ) A
S BERG, TR AR
RD,+RF +RP,
Ve (1)
o RD YRR @ A XS 25 BE  RE, IR i (AR XS
SREE ,RP HYIFN i BOFEXT B
2.2.2 YRR YR 2R R RER DI REE ek
FIARE PR Y i BE AR A ( H 3 755, 1994 5 fa] PRI
4,2019) , ASHFSE EZ 0 H Shannon £ F 4 45 %k
H Simpson ZHEVEFREL D F Pielou Y5 EFREL T,
KEEETN (D545 ,1994)

H=- Y PInP, (2)
D=1-3 P (3)
J,,=H/InS (4)

K, P=N/N, PR @ AR EZAH, N o fh i
FITFERE L ) 4% AN b e 2LE 2, N5 0 AP iY
HERAH,

2.2.3 FEEAMUE BEEMIDIMERBOERT 2 4
v Z RIS L Pl 15 LA, AT T 400 ol A 00
INEA LA (TS, 2000) , ARS8 R Jaccard AH
UREL(S,) HEATRAE, Rk N -

Sj:a+b+c (5)
KX, 5,04 Jaccard MUK, o JERET 1| FIHET 2 19
SEABE, b e A PIREVE BRI SRR, 2 S 38 BUfE
4 0.00~0.25 I AL, 35 S, 45 85N 0.25 ~
0.50 I S i AE AN AL, 245, 46 B fH 40.50 ~ 0. 750

A5 Variables M YT.(HL)) FHHROIL) L7 (LN)
FEHLN L Number of plot 41 41 41
K Altitude (m) 230~577 110~834 257~717
SEHH94% Mean DBH (cm) 15.18 16.77 17.11
SEHIM T Mean height (m) 11.98 12.76 13.44
M43 % Stand density (ind - hm™) 652 496 514
g 25 W i A2 Stand basal area (m? - hm™2) 16.64 16.14 10.48

B EE Slope (°)

Wi (R0

Aspect ( Number of plot)

ehr (R0

Slope position ( Number of plot)

+HETRIE Soil depth (cm)

J&5 58 S5 )5 B Humus thickness (cm)

0~35
BHYE Sunny (6) 2 FHIE Semi-
sunny (13)

B4 Shady (7) .2 B3 Semi-
shady (15)

3% Upper (4) . #1 3 Middle
(9) . FI Lower (28)
11.5~56.0
4.0~27.0

0~22
FA3% Sunny (5) CEPAYE Semi-
sunnyy (11)

13 Shady (14) 23 Semi-
shady (11)

LB Upper (4) "% Middle
(15) T3 Lower (22) |
11.2~47.8
2.1~32.0

0~21
FH3% Sunny (8) 2 FHHE Semi-
sunny (19)

B3 Shady (9) .2 B3 Semi-
shady (5)

35 Upper (1), 35 Middle
(18) . F3I Lower (22)
11.0~43.5
7.6~31.0
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Table 2 Species composition of secondary mixed forest of Juglans mandshurica in three provinces of Northeast China

A IR (HLI) HAAR(IL) L7 (IN) AT Total
Type ot H B Bt et 0 Bt H B
Number Proportion Number Proportion Number Proportion Number Proportion
(%) (%) (%)
B} Family 14 82.35 14 82.35 16 94.12 17 100.00
J& Genus 21 67.74 25 80.65 25 80.65 31 100.00
i Species 30 62.50 37 77.08 35 72.92 48 100.00

Sy AERRAL, 2 S HEEUEY 0.75~1.00 B AARARL,
2.3 BAESr

SIS FNFAE ST YR Excel 2007 #1744
F ] 5R A SPSS 19.0 X BE e 43 M Fl HL#R

3 HFRESW

3.1 WFpdI oA

TAERN(EK2), =AY R LT 48 B, SR8 T
17 8,31 J& , Hh B Ip T4 30 #, SRJE T 14 #F,21
J& , 5 BRI 62.50% , MRt s Z R AR,
6 MR, (5 20.00% , HCHHEARRE (4 1) 3%
PRE(A ) BERBE(3 A REEFF(3 AS) AR
(24Y) Tl 8 MRHYEA 1 AFh M 37 B,
RIET 14 BE,25 &, i SRR 77.08% , PR AR
R Z RS R S5 6 MR, 5 EE 16.22% , H:
UCHRAFE(S AY) BEBBE(S A4 HERBE(44)
BIBR(3AY) REBEFRF3AY) (ER2 A MBRRR(2
A AR (2 4N B4 5 DRSS L AR L
T 35 F, RET 16 B, 25 &, N R R
72.92% , o W R R 2 B % R, 3RS 6
AR A7 17.14% , RO EL (4 4) HERFE
(4 ) FIARREN(3 A, SR ABWFEL AAFL #7400
B EHRNLZE SRS A 2 AR B4 6 MEER
A 1N

WF 5T % B0 (I 2), FE M T Ak 25 B IX R
40.67°N—46.81°N , B4 B (1) 151 , 6 o 9 ) Fh B
J& B AR A — S, Y R SN S B W AR Y
BT TE 41°N—42°N SR8y, WA iR R R gkos:
SO EN

Hi &l 3 RIHT, BEME AR 0 T, 4578 P IR RE L )
FRRE B PP AR fh b B — 35, X 2 S i PR AIG
e RRE Z IR R JE R AR R
Forh B Ip T AR AR N AN RL R R ECR 7E AR
301~400 m FAAESKAE, 7 A FIIL T 48 HH N 1)
KAE 2 HIAE 501 ~600 m 1 601 ~700 m, HAKKFH

FARRAK I A TR AS AR A FE W44 300 ~ 700 m £ 7E 1Y
YRR B R B S B AR ARk B L 2 A o Bl R
FEMERIR .
3.2 XARFHE

HRAE SEAF4E (1991) 5T & i 70 A1 X 2R AU AR i
WEFE X T AR Y PP o3 A X AR FE 7 A (£ 3), B
PLAGHR A 2 A 2380 Sy | v s ORI 77 48 R b Y
YIRh R W2 B AT 28 R0 | BRI VT A4 R 9 R UL AR
S AL 5 PR B 437
3.3 YMEZE

AR EEEHERT 6 MM FE 22T (K 4),
Horfr IR VTAHELETT 6 A7 1) TR AR AR U A0 Bk
L = TR R NRE ™ L B i IR RV N s S ]
HITIAE] 68.19% ; 7% M FEAEHEAEHT 6 T AR
PR U SABRAK | (A o tar 52t ik K g 52
e, R A AR 67.16% ;1L T4 B B HE4 B
6 FITE AR U BB | A Bt S AR
A6 AT A, o 2 K 2] 68.81% ; MK {4k
F A A S AR K A A Bk AR R A TR
R ELAE AR
3.4 Wb EE A

ML AL T = YR A R
=1 o F} Family

—O— J& Genus
—v— 7 Specie

T

40~41  41~42  42~43  43~44  44~45  45~46
Z55F Latitude ()

B2 AESETYHR.E . FHEETL
Fig.2 Variation of species families, genera and species at
different latitudes
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Table 3 Distribution area type of genus of secondary mixed forest of Juglans mandshurica in three provinces of Northeast
China
M X S PR YL (HLY) HHR(IL) T (LN)
Distribution patterns JREL H 3] BE & JBE He A5
Genus  Percentage Genus  Percentage Genus  Percentage
(%) (%) (%)
1 F54i Cosmopolitan 1 4.76 1 4.00 1 4.00
2 Z A4 Pantropic 1 4.76 0 0.00 0 0.00
4 [HH A BG4 0ld Word Tropics 1 4.76 1 4.00 1 4.00
8 bR 434 North Temperate 15 71.43 18 72.00 16 64.00
9 ZR WAL E] Wi 437 E. Asia and N. Amer. Disjuncted 0 0.00 1 4.00 1 4.00
10 IH{HE AR 434 O1d Word Temperate 2 9.52 2 8.00 3 12.00
14 RA3AG E. Asia 1 4.76 2 8.00 3 12.00
AT Total 21 100.00 25 100.00 25 100.00
O prr P 4 B TR IT AR AL T 51 (P<0.05) (/NI
Ml i FER MBI TL>TL T ), Hoflh 22 R4 4 )
5| SR (P>0.05) , Simpson ZREMEISH(D)
-1
- 1 Pielou 9 J_, 38 B /NI Y5 o0 B IR 7T > 75 AR >
g 15+ J‘lﬁ‘z o
10f 3.5 FEIEALIPE
st MR (K 6) , REKAHRLRBIYTE 0.5 DL |,
R Melﬁ RV I 2 R B, R S T B 575 4k
w“ ’ ’ LT 2 I B AR ESS B 30 0.54 F10.52,
I e AR VEATRE LR 53T T4 2 A RS BN
sl 0.71, BUEFE 0.50~0.75, 1)@ TP 254,
§ s
£ ol 4 TWitE5%L
po 15+ )
) . 4.1 ¥+ &
il 4.1.1 WFE S A WFFE R ORI o A 2
ol e TIRES ARG AR Y BRI 1) 2R R
A o o oDy o A (Gamfeldt et al.,2013) , %t T4 B 2878 B A T 5 1Y
WO e in M (BRa 75 ,2019) . BFERT, =& BkHaX
B ARSI T A ) A7 K 48 i, Hirb BB VLA 30
30 ~ Y 2 2N ==2 >
3 ) T, EARAE 37 B AL T4 35 Fb, IR RM Bl R R R
- PR 55 B A S MO Mt A S A
;‘jgk-,- AT T 45 R LA AR |] (R o PC A, 2008 5 15 i 7 55
10} 2018) . FEE M T YA IR ASHOE th I iR bk oy 21
T YL WAL AR TP 2B R4 T IR AR IMFAIE , ST
O IEC O P T T YRR HE AT AF AR T 28 18, — e R B oy o =
Q S Q N Q . N , Ve .
TV mmavadem R ERCE , AWFSCR I, IR A S R AR |

3 AEBETHME B MEEETL
Fig.3 Variation of species families, genera and species at
different altitudes

30,3735 F, Herp WA 2 FE /N R N AR>S 1T
T>MWIT(F£ 5), B Shannon £ REM: 8 E07E 35 A

& PSR B 43 04 T R B e e 2 s (4
B, B B T i85 5 S I I B ik 52k
52020 ) XSV AR AN [F) AR AR DA v ) i 22
PERY o A AR T ST 45 2R — B0, RIAYI R 22
W 25 P T i, e R R HAOR e B A G A A7 315
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Table 4 Species composition of importance values ranked in the top 6 of secondary mixed forest of Juglans mandshurica in
three provinces of Northeast China

Hh g Yt ARG MomEWE AR AR R AXFEE AR EEME
Location Species Number Basal area Relative Relative Relative Importance
at breast- density frequency significance value
height (m?) (%) (%) (%) (%)
AT HHHE A Juglans mandshurica 647 30.23 31.26 12.35 42.56 28.72
(HLJ) i Ulmus pumila 473 8.88 17.23 9.17 11.21 12.54
ZIH Pinus koraiensis 272 12.44 10.45 5.68 15.67 10.60
5 TH Syringa reticulata 191 0.77 9.04 7.32 2.31 6.22
KM Fraxinus mandshurica 128 3.15 5.87 7.03 2.57 5.16
AR Acer mono 151 2.12 5.63 6.89 2.34 4.95
AT Total 1862 57.59 79.48 48.44 76.66 68.19
bR WIBEWK Juglans mandshurica 443 25.68 27.54 16.24 48.46 30.75
(Jr) BB Acer mono 263 7.59 14.58 10.15 12.49 12.41
M Ulmus pumila 196 4.37 10.03 8.31 8.51 8.95
ST iR Quercus mongolica 99 2.87 5.21 6.31 6.27 5.93
KN Fraxinus mandshurica 82 3.23 3.62 5.98 5.13 4.91
M Tilia amurensis 79 3.45 3.17 5.43 4.05 4.22
&1t Total 1162 47.19 64.15 52.42 84.91 67.16
LT THHERK Juglans mandshurica 432 22.67 34.18 12.62 58.28 35.03
(LN) AR Acer mono 169 2.41 13.37 11.08 6.20 10.22
FAi Ulmus pumila 107 2.03 8.47 9.23 5.21 7.64
S m Bk Quercus mongolica 94 2.76 7.44 6.77 7.09 7.10
MM Fraxinus rhynchophylla 66 1.04 5.22 6.77 2.68 4.89
KM Fraxinus mandshurica 37 1.31 2.93 5.54 3.37 3.95
AT Total 905 32.22 71.61 52.01 82.83 68.81
R5 PHMSHMEREY RIVEf B2 I/ INFR i3 S RIS P RiofE T 7 A S AR
Tablo$ Spedeo ey tdex 412 BCREE AL kU S
FLHLEL H B4 Index . .
St e s W T I R T A, X R
locati % ” bATRE - 5 S 5 .
o sy HLPUBCERT HLEIRA R S AL X R 2
H sw
- J y > l\ =g =] T N, A
Ly 41N SFHI{E Average value 25933 b 0.8537a 0.7625 a LR PIRAR X B (A — e R 13RI T R 1Y
(HLJ) b (SD) 0.07 0.02 0.03 s, RN [H BB oA T G o A
AR R CV) 270 234 3.93 YR IFEAE (B T-45,2011) . A, 5 =82k,
ke S - Ve e . N
S P A e 265180 0820 0T gV SRR SSH Ak IR AR A
(JL) FRifEZE (SD 0.08 0.03 0.04 v R s
e AT IR 251 S 013 X (3R 6, 2008
EFF AR . . . - e e e
SISy SF-IME Average value 2.5842 b 0.8466 a 0.7268 a 9‘&7!‘}@15—‘% ’ 2009 ; Eﬂﬁ# ’ 2014 ; ﬁl\ﬂ% ’ 2017) ﬂ:ﬂ’fﬁ]m
(LN) FREdz (D) 006 003 003 Al AR 23 Al X (T R SF 2008 ; Souza et al.,
BREH(CY) 23 3.54 4.13 2012 ; Bk BAR45 2017 ; FIRK#R4E 2019) M I, ASBFSE

i FSIAR/NG FHERS AN I SR 8% (P<

0.05) ,

Note ; Different lowercase letters in the same column indicate significant

differences in species diversity in every province plots.

&6 BIEMEOME

Table 6 Community similarity

52 Type BIpIT (HLT) FHRIL) I (LN)
By yT.(HLY) 1 - -
FAR(IL) 0.54 1 -
L7 (LN) 0.52 0.71 1

DX SR ol A7 X S T A ™12, REAS B0 U b S R 122
DXURLE MR b o A1 T A B s R

4.1.3 HEZMH =AU AR AR Y
SUEHRERT 6 ByILA TR HRBIBER o R
B S R AR AN, AR A B o o3l 2 20 A (PR T
1) EMCEAR) MMM GLT) . = Ak
MRS DU TR AR AR STt BRAK B
ARACHB XM U LR TR SR 2 2R A R A, X 52
TR L AL 35 IBEABO AY BF 5T 25 SR LA A
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] AH PR BN AW R — i 22 57,
PRI 5 TR 2 22 U V5 R AR L I HE-TE I A AR K L
JE AR AR HEMR SR — 2 25 57 (T 145, 2014,
PNBERZE 2017 ;IR HEF4E 2018) , EUAR = A T A REHD
P4 8 T AU IR R X R MR 2R ], (H
FEBEHE 1, BT X 8 T AR, S R,
WM XA AR o 208 1y o EVR SE h Z —  T
TR X8 IR IR SR 1T X R T
YRASMHT | PR S5 rh R A & 2 40, L9331
S SRR A I ISR o0 A X3

4.1.4 YFEEEMEZEN AR, —A
PR A, (H 75 8 TR A AR b N 4 Fh Shan-
non ZFEVEFEEC(H) B3 & TRIBTTE ML TA (P
<0.05) , 3% = P A 75 RAE &b i BACORT 5 A
R 3t 0 A | ELA PRI SRR (R 0 bR A | R 1 26 PR
YIFh o R . BT T T A RN )
I EL H TG W Pk 25 5% 7E Simpson £ HE P45 4L
(D) Pielou Y2 FEHEER(J,, ) Jri, =4 ZE¥JC
BEMHZER, X UL Shannon ZAEHISE(H)
Simpson ZFEMEFEE (D) A 5 = I BUSME (S )E —
42007 , AT AIT.5,2019)

THEPE FH AL o 2 2 3] 25 [R) B B 22 5% AN AR
PRIAVSEI 52 (F A S5, 2000) , AR5 & B, =
A IR VS AR LR B AE 0.5 DL A B2 ]
BIFRBN TP S AR . D6 =2 SRR A TR AR
YIFp 2 (8] B AFAE — 0 25 S (R R T A, &
Bl TR R A T T AR LM X A T A
A EERR L, — A S S BRI 22 5%

4.2 45

2 % AR G = AR B A TR AR e 4 B A
ZREVEA ST, R 5T IX SR A &, AL
Al oA XA A | DUFRARD A 52 o AR R K
I A S B AE AR ol P 0 Bt B 25 B 1 T 2 0
B0 12 0 ) A B B 0 T v R e N e
Wl /N R B FE TR 300 ~ 700 m 40 B A
=BT N Y Fh ZAEPEFE EU5R Shannon Z2HE1H:
FEEON, B0 B E 22 5, = A BEVE AR UPE 2 S o
4 A AT R AL = A BRI LR IR A
Tl 2 BEME BT AR 22 1 & P 2078 BF 55 $ 43E
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