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Abstract; With the increasing scope and intensity of human activities, landscape ecological risk assessment has become an
important means to predict and measure the quality and dynamic evolution of ecological environment. Taking Manas River
Basin as the study area and selecting Landsat TM/ETM remote sensing images from 2000, 2005, 2010, and 2015, this
paper used ENVI software to interpret the land use types and quantitatively analyzed the land use dynamic variation
characteristics of the basin from 2000 to 2015. Based on the landscape pattern index, and the geo—statistical methods were
used to explore the degree of landscape ecological risk and the characteristics of the spatial—temporal differentiation of the
Manas River Basin. The results showed that: (1) From 2000 to 2015, the landscape pattern of the Manas River Basin has
taken great changes. The area of cultivated land has increased the most (2638.31 km®), which mainly transformed from
grassland and unutilized land. While the area of unutilized land has decreased the most (2559.99 km®), which mainly

transformed into grassland, cultivated land and forest land. (2) The landscape ecological risk of the basin was divided into
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five grades. Within the period of this study, the regions with the lowest and medium levels of ecological risk have increased,
whereas the regions with the higher and highest levels of ecological risk have decreased, and the whole landscape ecological
risk index decreased. Thus, the ecological environment of the study area showed a trend of improvement on the whole. (3)
The landscape risk distribution pattern of the Manas River Basin changed slightly during 2000—2005 and 2010—2015, but
it changed significantly during 2005—2010. The main changes in the medium, higher and highest levels of ecological risk
have dispersed and transferred to north and south of the study area, and the lowest level of ecological risk have transferred

from south to north of the study area.

Key Words: land use; landscape pattern; landscape ecological risk; spatial and temporal differentiation; Manas
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Fig.1 The location of Manas River Basin and the division of ecological risk assessment units
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Table 1 Landscape pattern index and calculation method
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Landscape fragmentation index
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Landscape separation index
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Landscape vulnerability index
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Fig.2 Changes in land use type structure in the Manas River Basin from 2000 to 2015
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Fig.3 Changes in land use type area in the Manas River Basin from 2000 to 2015
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Table 2 Landscape pattern index of Manas River Basin from 2000 to 2015

A ] BEHAN L [ R 6}%?% f fr‘ﬂtfﬁ e 55 PR

Landscape type Time Number Area/ Fragmentation Separation ' Disturbance  Vulnerable Loss
of plaques km? degree degree degree degree

it 2000 4F 559 903.09 0.619 1.900 0.188 0.917 0.095 0.087
Forest land 2005 4F 471 874.85 0.538 1.800 0.184 0.846 0.095 0.080
2010 4F 534 934.96 0.571 1.793 0.202 0.864 0.095 0.082

2015 4E 502 880.19 0.570 1.847 0.194 0.878 0.095 0.083

b 2000 4 1156 7449.72 0.155 0.331 0.454 0.268 0.143 0.038
Grassland 2005 4E 1012 7058.03 0.143 0.327 0.438 0.257 0.143 0.037
2010 4 1290 6689.38 0.193 0.390 0.466 0.307 0.143 0.044

2015 4F 1249 6267.79 0.199 0.409 0.447 0.312 0.143 0.045

Hhh 2000 4E 785 4389.15 0.179 0.463 0.309 0.290 0.191 0.055
Cultivated land 2005 4F 828 4765.92 0.174 0.438 0.325 0.283 0.191 0.054
2010 4E 296 6776.18 0.044 0.184 0.346 0.146 0.191 0.028

2015 4F 295 7162.59 0.041 0.174 0.358 0.144 0.191 0.028

K38k 2000 4F 95 171.14 0.555 4.133 0.060 1.529 0.238 0.364
Water area 2005 4F 104 231.12 0.450 3.202 0.071 1.200 0.238 0.286
2010 4E 173 217.44 0.796 4.389 0.120 1.739 0.238 0.414

2015 4F 159 255.22 0.623 3.585 0.123 1.412 0.238 0.336

AL b 2000 4E 682 315.49 2.162 6.007 0.171 2.917 0.048 0.140
Urban construction 2005 4F 655 322.66 2.030 5.756 0.173 2.776 0.048 0.133
land 2010 4F 689 470.53 1.464 4.048 0.187 1.984 0.048 0.095
2015 4F 700 535.27 1.308 3.587 0.191 1.768 0.048 0.085

ARF I 2000 4F 422 7834.30 0.054 0.190 0.403 0.165 0.286 0.047
Unutilized land 2005 4F 450 7810.35 0.058 0.197 0.405 0.169 0.286 0.048
2010 4F 650 5973.21 0.109 0.310 0.324 0.212 0.286 0.061

2015 4F 689 5961.05 0.116 0.320 0.322 0.218 0.286 0.062
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Fig.4 Area map of landscape ecological risk grade in the Manas River Basin
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Fig.5 Spatial distribution map of landscape ecological risk grade in the Manas River Basin
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iy, BT SRR S B R R R 3 B T L, A R A ) M A 55 R e v IR T S A S R R
[ s 378 A 3 7 L Ak bt 5 R bty S0 A 25 AU R FE A2 2005 45 BTN, £ 22 i T A28 FF R A I 4576 31,
T ECTOW B E T 0 W R, 708 A 245 RS o B 2 T v 5 DAt SR P o 0 SO0 A 285 XU 728 e it A K, 32 %2
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ST Ry A 3K AR — FR A BOSR 1) A ATS RS il A A 25 S B U R R AP U T I

R T S AT D SR LA 25 XU S5 T R A A A Bl S5 W A 285 IR 27 % L 0 T 45 S XU [X g 78
TR (2 3) 5 BRI, 2000—2015 45 1K, Hh XURS: DX TAT AR 22 348 im e A, T 26 v R s XU DX T B 22 B0 /0
B, BT RUS: DX T AR AR I SN B 2 AE Bt BB I s AR ISR XU DX 22 ] Ay e e RCARR I oo XU DX 22 i) )
S R ANERAG P AU DX 2 ] B G 40 3 o B B . #E3X 15 4R ], A 6120.57 km® AOAIRRURS: X 46 2% - T
T, AESE XA 29.06% , A 2516.80 km? (15 WU X B2 MR T, IS X T RN 11.95% 3 AR RUBS: 5% Sy
r RS 74 2 3 f e, e B R8T 246,71 km®/a, LR Ay o XIS S0 XU (9 4 8, B 4 734 0 128.26 km®/a,
Hh e e RS DX E e YR e S v e G S B L ER AR TR A AT R Ry S IO A AR XU DX 4 e A b
S, Bt 45 5 45 S WA Jo 4 A BT A5, AT 2 300 R 30 9T 37 3 0 A 25 XU 155 100 S 2 e 34 LRt IX AR 25 30
S AR DU 5 e I T IR L IR ARG 25 | EL AR B A AL R AT R R LN B B R R 1
SRR NS FOWAS B B T & R, oF 55 00 o 110 28 £ A A 25 PR 5 38 Ak 9 I i 349 7= A 1 AS [ A B 11

B
5 ﬂﬁ o

=3 IO 2000—2015 £ 2 M ESRS L5

Table 3 Landscape ecological risk transfer matrix in the Manas River Basin from 2000 to 2015

2000—2005 4F: 2005—2010 4F: 2010—2015 4F: 2000—2015 4F:
sk e TOORE g TOUEE e TR TOUEE
Transfer type Transfer Transfer Transfer Transfer Transfer Transfer Transfer Transfer

area/km’ rate area/km” rate area/km” rate area/km” rate
/(km?/a) /(km?/a) /(km?/a) /(km?/a)
12 75.26 15.05 1453.02 290.60 236.78 47.36 1427.51 95.17
13 0.00 0.00 2296.83 459.37 3.39 0.68 1187.22 79.15
14 0.00 0.00 769.30 153.86 0.00 0.00 538.04 35.87
15 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.04
21 1438.09 287.62 1977.41 395.48 294.61 58.92 1898.69 126.58
23 809.38 161.88 2611.25 522.25 886.33 177.27 3700.63 246.71
24 0.02 0.00 589.86 117.97 0.95 0.19 693.46 46.23
25 0.00 0.00 2.60 0.52 0.52 0.10 0.62 0.04
31 0.00 0.00 1667.53 333.51 9.76 1.95 1923.94 128.26
32 333.66 66.73 2018.61 403.72 1396.43 279.29 1668.20 11.21
34 698.68 139.74 58.11 11.62 216.78 43.36 0.53 0.04
35 0.19 0.04 7.46 1.49 5.77 1.15 0.06 0.00
41 0.00 0.00 234.35 46.87 0.00 0.00 112.75 7.52
42 0.01 0.00 1668.09 333.62 90.34 18.07 1820.29 121.35
43 550.77 110.15 526.72 105.34 476.28 95.26 230.10 15.34
45 20.87 4.17 162.95 32.59 53.62 10.72 0.25 0.02
52 0.00 0.00 29.72 5.94 81.15 16.23 108.18 7.21
53 0.00 0.00 24.51 4.90 41.65 8.33 245.48 16.37
54 474.89 94.98 59.66 11.93 121.16 24.23 213.99 14.27

12 AR KU — 2R XU, Lowest risk to lower risk ; 13 ;5 XU — XU , Lowest risk to medium risk ; 14 ; 5 XU — %5 5 XU , Lowest risk to higher
risk 5 15 XURE— 25 XUBE , Lowest risk to highest risk ;21 ; SRR — IR U , Lower risk to lowest risk ;23 ; BB KUK — H XU , Lower risk to medium
risk ;24 : BAR XU — %2 5 XU , Lower risk to higher risk ;25 : B XUS — 25 KUK, Lower risk to highest risk ;31 ; XU — IR XU , Medium risk to lowest
risk ;32 ; H KUK — B AU , Medium risk to lower risk ;34 : HXUS; — %555 XUKE , Medium risk to higher risk ;35 ; H XU — @5 JXUSE , Medium risk to highest
risk ;41 ; 58 125 KU —fIG XUBS: | Higher risk to lowest risk ;42 ; 5 25 KUK — 5 KUK , Higher risk to lower risk ;43 ; 45 & KUK — HP XURS: , Higher risk to
medium risk ;45 ; 45 = XU — =5 XU, Higher risk to highest risk ;52 ; = XU — A XU , Highest risk to lower risk 353 ;55 XU — 11 XU , Highest risk to

medium risk ;54 ; @& XU — % 5 XU, Highest risk to higher risk
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Table 4 Comparison of landscape ecological risk assessment of different natural division zones

B AU ST AR L % BRSSO
Proportion of area in each Distribution of land use types by TR 2
RS FRIX K1 landscape ecological risk levels landscape ecological risk levels Ly
Basin name Natural division 1§ B th B 1% Ik th B Risk
Lowest, lower Medium Higher, highest Lowest,lower Medium Higher, highest classification
risk area risk area risk area risk area risk area risk area
ot 9 W
A FIRE s 3023 M8 RAGEEN M BRRE A
o R e R TR T SO 2022 SR
R i 2 .13 O ST N L e
. FF R BB AT
# e i R e 2o PR .
P MR 17.28 426 ;jkﬁ iﬁi KROW BEmRAE  AREAE
e o b AR
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fees > At 1 [ AN
FET] K S 16.90 38.93 418 KB Mt i FlRE S
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e
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A ki
TR PR IR X 19.00 23.00 58.00  HLEITR TRRAEX ing A AW
o | o X
FEL s
i
C/D) L
I rin i PHILFRIX 65.16 22.28 12.57 Eﬁﬁéﬁﬂﬂ‘ AKERHL BRI ARBIEL
TR s PR 33.05 32.68 3428 i FoH KA AWk
LM FEEK 5290 210 dogy  TUBLSIER IR, ki, A

AMATLX B AF M B

http ; //www.ecologica.cn



18 4 FESER A BT e ) P A A 3 0 S8 TR R A S XU A 6483

FH M kb R sk e 5 100 DX R U 255 o A e DR X T R iy AR X A5/ | 2B A e N TG Bl AR X L e %
B ] BF e 55 R A v 1) X sl B AR X6 T R DX DRI b DT, AR AR A oA A XU
X A P A AR AR R K 52 N2 B AN Sl /N A I FH A A 5 L X {F s X — A7 3280
B AR R A T PRI 5, AR S i LA PRI 49140 H g I A A= A8 AR [l R A2 AR ) b i o F &
I FH A5 1408 B35 S X e O A 285 IXUBSE R IR, {5 P 2 3 8 DX Sl il S8 A A I 23075 e I i v ¢
PATHL K R S5 5 | DR IR B MR IX G A A i 0 R X b A A e XU
X BYAME, 2248 th K Sl | R 2 280 2l AT PR A Bl A R R AR P b 55 08 e 580 A1 7R B AR ol A=
25 RS A5 AR 32 N TP R IR 5 e ek A2 o %) S RIS AR v A L S8 90 DX 5 5 X g R B A
WYk R T AR BRI A VR AR

He SIS FETE AR B IE 3 T4 T AR S R G0 S 40 0 IR 2 B RS, e — 5 X B PN A 25 2R G R 23546 AR
TREZ B2k F AN P ek ¢ 3T BE 7= 2 BRI SE R 10 55 0 A 25 IXURS A A 2 25 XUBS A 7 X R 7y
B4R A PR SR 5 A A AR F AR SR IR ZE R A LR A RE S AR AR SR B
THIAF DGR ST B, AN 22 5 AE R0 I AR o R P A 2 RS TP — ) AR S O A 288 XUB A, 8 i % [] — s
i) ] — DX 3R 15 L A 2 IR 45 % e 0 468 [] A4 285 XU S At v, O A 25 U A Ay A 2 RS ) — A~ 32
USRI A — )y T A f T — A DX S KU AR B P B, A 2R3 0k R I S S XU S
AR A TS, B B ST 45 A T HEMT T LUE Y R ) ZE RIS 1 R T 3 U A R i R K 2R 85
USSP BRI oA A 5 A AR KBS B AR &, % AN Z0G 3l HiT ¢ 35 FHK b 3 2k = LR g JXU S
TRHEATRSE , r LA 2 (45 SR = T G TR e B ( 22 A AR S XU T L AE 1.00—9.42 Z Ja]) 5 i LA S50 R 1F
M F e VTR SO AE 2 KU, B bR FH 28 A 178 A5 155 M 55 B8 R0 S W0 A 5 R A A T I I & AR S KL
B PP AT, DL S0 AE R KU | {H fe ¢ 25 1 TR A o 12 DXl O A 288 XU R B (U0 A 2 XU 31 Pl A
0.29—1.59 Z[8]) , FEASBE LR Az 25 XUR: ) v K , LA 250 DU 7R vy Xl 55 R A 265 XU 2 B A — i, AR
o Sk it A 785 XU AN B[] - S UL AR 25 KUK, PR e e I A 9 v B R T 2 (R

ST AR SO 58 45 5 S 3 ) A A BUR A AR 0 1) 8, A SO R st & B B PRI 0L, TEA L S B R
BRVETT K B &= MR A R b, A U A AR S 04 SR R R4 B bt XL ) P 2 R P R 5 7R AR A K 3 B Ak
i F [7) s 2 R )Xo b B I 80y B %o 55 XL A 285 R A DR 14) A RS 3 s P b 14 2 2 5 [ RF 0 A7 £ AR ik L MG
55 e A K 1 SRR | FLAE e Yy b DX JE A a5, i AAE 1 B k1 | B B ) BRI R BRAT , 348 1y 7 He 5 U
YT e e e i B DR B — i I AR A i DX IO 46 S5 WLl Yl A AR 4P SR B X AEAR R R A 45l 1
G DX PN Gy 77 A A A DRI 1 v IR, b X A A PR 1 A
42 45ie

ARHIFIE LA R BELAG G N FE R 7E GIS B SR T X6 350 0] 300 358 5 08 A 25 ARG HEA TP 5 DA = i ) FH A
T TGRS | S WA 285 IR B P R i R O A 285 XU 2 T 43 5 3 Ay TR 35 9 g Sl ) S 0 A A8 KU 6 AT T 2556
T AR DRSS

(1)2000—2015 4, 3] i 3ak 3= 22 LBl b R0 A R T by 3 Bk b o0 TR AR i i) £ 22, TED AR LL 461 DA
20.84% 4N 2 33.37% &N 2638.31 ke HH 1l =22 Hy F75 1l 0 A< ) FH B 2z A 717 8 5 A R0 P b s U0 T B sk 20> )
B2 WAL 37.19% FIEZ 25.04% , I8/ 2560 km AR A 5 B AL T #FHb 5o AbR ML, Aok
Ul , P Bt SR A A AR I , AT i R T % - MR AR SR T DA SR BSOS A s A R FH i TR B T 3R
3 FH b AR b

(2) 5 1 PN 3 S SR e A S SO0 A 285 R i 5 S o /N A 38 2 IR AR AU Xy = 48 o
o XU X R 22 5 0K r U DX T RS2 3 A 32 T A1 | 08¢ v R v XU DX TR AR S i/ N e 38, AR TT 7 2000—
2015 4, I WA AR 0 b5 | (ELJR) 0 X S A AR LA T Ak | 5L 25 XU A B 45 v

(3)2000—2005 4 P i g 1l 5% W A= 285 AU 52 v A sy | e G AR P9 40 A1 4 Jd 5 2005—2010 4 3t 8 500 285 X

http ; //www.ecologica.cn



6484 SR 40 &

W B TR BURER SRS W] Ak, BRI b A5y i XU i) g AL A R AR DU i s 3
JLFERELHS , Hor A AL 1) 0 B RS 5 2010—2015 AR LA 25 XU 2 A s S A8 A/, 2 B AR o By o
IS DX T AR DAy P S i/ , S W A 285 XU, A1 A% g 1) 2 A T3 52 [ GBI 28tk N I RN 5 5 e LA B
NS EaIEISES AN

ASBIFEA By 3t R A AR A e r W A 2 XU I (A Y 52 7 e 5 R A 7 S50 A 25 KU A o
JEHIE SR TR A A5 1 AR XU YRS 2], X B o 0 5 O A 285 XU P 23 SR SR 1) SR 3l g e el A7
FEHE— 2L 523 ; TE AR 4327 3 Ay DI AE 25 XU 75 B 1) XU, PR AR 22, DA 6 AR ELAE AN & g o) 7
AR T A 25 UL PN BB ST | B — 20 G TE T X i AL R 4 A 55 1 AR DR 300 S LA 2 KU 55
BRI R2 M LA L B B0 7 (g e, ATR A DA I B0 S5 0L A 285 XU 2 8] o A A% Jy 224K o

£ 2% 3L ik ( References) :
[1] Wk, e, XIAF, S, SINE. S8 XS P P e 5 . B4, 2015, 70(4) : 664-677.

]
1 R T A b ) AR L T e s AR S KU T [ D] PE%E . PEIL R, 2016.

] R JEF RS/GIS #HEARMT 2R A BRI IFR[ D], 20, 220K, 2012.
[ 4] b, fEaEE, ki, SUHTT R ARk R AR SRS, TR XHST, 2012, 29(1) « 137-142.

1 PEsr AR BT /NGO R I A R A R AR A RS A S RSN [ D] B . H R KEE, 2018.

1 XK, SKERE, X 1976—2013 4 = VLR SA S XE AR L 3R 3 1. A48 244, 2018, 38(11) ; 3729-3740.

] Zhang C Q, Dong B, Liu L P, Peng W J, Chen L N, Zhou Q, Wang Q, Li J L, Wang C, Huang H, Wu J, Li X. Study on ecological risk
assessment for land-use of wetland based on different scale. Journal of the Indian Society of Remote Sensing, 2016, 44(5) ; 821-828.
[ 8] XU#ry, FADEE, 24, ok, 2. JEF A 2800 NI = EHE 4L (9 38 T sl AR S XU T, PR3, 2015, 70(7) : 1052-1067.
(9] T, W&, X8k, S0k, AEME, BRbk. AN S5 G0 Hxd 3 4 0T sl b R 5 5 A% R s . 3 SR BE 244, 2019, 34(11) :

2427-2439.
[10] BER, K&, BRESR, U, & 19752015 AFIBIN T3 A S A o (5 B BB 0. LA A 252441, 2019, 30(11)
3863-3874.

[11] WRAE, P, B, HE K, 895, FS0m, K&, FERN, B, 25508, I 50a R RS (T 52 DX BRI 30 5 A J=) 04 52
| DIHT SR g S ). AR RS2, 2010, 30(16) « 4295-4305.

[12]  sk¥¥, MRiga, B 7. B A AR S B A 2 XU Pl . B AR RE 2441k, 2012, 21(3) : 70-78.

[13]  EWRI, BARF, R, wEEC, S, BREsE. 3T 50a B8y el 4 st R /298 (b X el 5 52 ma . H AR BEIA41, 2013, 28
(6) : 994-1006.

[14] HRE, BT, FHER, R, G5, VFSGR, . 50N R T R R AR A 5 A 2SR R VP AR —— LA R 44 BT O
WP, ASRYRIRAEAR, 2009, 24(11) ; 1921-1932.

[15]  DiZ%, tRundE, ZEMETE, 2Rt T A A T sl 5t A S KU T S it 25 28 Ak, SRRl S AR, 2018, 41(S1) : 345-351.
[16] BRI, kA, PhA R, LmEEs, ARG ST bR FAS fb A% 40900 s 5o 00 A 25 KU P74 . AR 2A3R, 2018, 38(16) : 5952-5960.
[17] E&, MR, 5K, 2ok B iikiss my R 55 MAES KIS RHE R R. EEEMR, 2019, 39(4) . 1248-1262.

Wi, BT, TR X ERN A AT B R, T 5 X3, 2008, 31(4) : 487-495.

T, WHAH), BOBE, B Bl AR A S XS PP S 25 40 5. P ERBERIF, 2014, 34(8) : 2153-2160.

XIEZE, XURY, SRIEEE, XBH, B = P2 L0 TR WA A5 KU B3R Bl 1 o3 #. B AR 2E4R, 2014, 34(13) ; 3728-3734.

[22]  EdiE, TG, TS5 0UAK R BT SR 00T -2 00T = AN AR 1 2 25 KU TR A, DAL MR B K22 283 . FLARBREEMR, 2017, 45(8) .
139- 146, 156- 156.

]
]
]
(18] XUHrES, Z2A, BASCE. SN XU R ILFExT k. AR5, 2006, (4): 36-40.
]
]
]

[23] WRLLUk, MRigh, BEAS, KHE. T ARLTTIRE X 0 DA e SRS M EITA. KITZR 1, 2012, 34(6) : 1535-1543.
[24]  RREHZE, B SCHE. ZR LS SO XS PN, SIS, 2005,24(1) ; 35-42.

[25] JRigR, fTZEE. 3T RS MG THE 04N T R R H 0T, ASR% IR#HR, 2010, 25(1) : 91-99.

[26] ZE@FR, wICHE. FET GIS M RBTR AR I T + oA B IR T, HAR AR, 2017, 32(6) : 988-1001.

[27] ARG, {IFH. IT 20 4RSI 5 WAL 25 UG A 5 1 2 AR AL WARLS, 2016, 28(4) . 785-793.

[28] ITH, sRZER, W55, SulE. By irnnin s AR S XU PN . A TR 253 . BARBIERR, 2017, 35(6) : 759-765.
[29] WM, SRAER, B DL Byl i st s AR S S M 25 0 . TRIXHFSE, 2017, 34(4) . 950-957.

http ; //www.ecologica.cn



18 4 FESER A BT e ) P A A 3 0 S8 TR R A S XU A 6485

[30]
[31]
[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

245k, RS RRNIES, Al SR g T e A st R AR TR S e R B A SY . £ HE R, 2018, 49(1) ; 61-68.

TR, B X 25 AR SOWAR R AR B A S G R Eh AT [ D] 22N, PEIRIEIE R, 2015.

TS, EWAS, XN, BREE, FLARAR. JETRORAS A E SR R B KA SRS PP —LL T H LR KON Bl 2R 25244, 2018, 38
(8): 2672-2682.

Sk, AR, DR, X0, B BT R R A TR P G SR A KU A A —— DA R O . F SRR IR AR, 2014, 29
(3) : 410-419.

w2, Bk, FE R, T R AR b A A B H T I A S KU PP —— LAPRRT S 6. A SR B IRA% 3R, 2015, 30(4) : 580-590.

ZEHA, B, B, PR, 2R, WO, W BTSRRI A A XU s AR AE. K L ARIFE IR, 2018, 38(4)
241-246.

EAE, MG, #E3C3C, X/, BRbe, fLARE. 755 T T A A S B R R A S U B 8 o R —— DL SR AR O ). TR X B
2018, 41(4): 817-825.

XU, BRIE, TREL, RATRA, F/NTE. AR 55 X O AE 25 XU B 25 43 S S H M B B BE A Alr—— LA B PE 2 KR B ). K - ORRRIF SR
2019, 26(4) : 239-244, 251-251.

Tl EPRRE TUA IR K A SO SRS PR SREERSRIE, 2019, 45(2) : 101-106.

TR, B0, fHAZS, AR, BeILE + o R A A ST B T ORI . 438 5 RN IREE 34, 2019, 35(3) : 290-299.

bl ZERK, (e, gk, 2T R AR A M ) s XS WL 25 U SRR, 0K 284, SRR AR, 2019, 42(1)
139-148.

g, g gl s AR S KBS PN IS, RO B 5 X 4], 2019, 40(1) « 48-52.

FRTOA, KT, SRV, BTN, T BRE MO0 T R I A B SO0 A A KUBS: PR A 23 ] 43 S AR K AR BEIRST, 2018, 25(6) -
228-235.

Dk, R/, X0, BET, MR, A ZSHEES X 2 )OSR A S U DI —— DABR P2 KR B R 2 S ). A% 44aK, 2018, 37(10)
3171-3178.

B, XN F5Ae. 5 PRI X A R AR fh R A S KU A TRl R, 2018, 46(16) ; 241-245.
BEE. Bl AR A SR [ D], 220, 220K, 2013.

SREE, XakSE, SZH, EAOEE I SOUAR SRS 22 ROBESCHR 0. A2, 2016, 35(9) : 2478-2486.
VFUF, R0, BT, BRimEE. A SR IEM IRt . A2, 2012, 32(1) . 284-292.

http ; //www.ecologica.cn



