1% Fi L 12 4) Chinese Journal of Applied Entomology 2025, 62(6): 1893-1905.  DOI: 10.7679/j.issn.2095-1353.2025.157

A FA i R i R e FR A 2E
S REZMEF

SRS 1rx W 2 ] 1 > 1 gy JREH
x| HR A HHEMA S FBERS FRa K M HAEE
(1. Hltglb K2R 2= BE, Flk AR REHEWELALRE, 2 730070;
2. SRR R TAESS, 5K 7340005 3. HRN & FERFAME B, 22 730046)

B E [HN] 9IaRmRsh LR T e i R 2R S5 At . [ ik ] T 2023-2024
i 6-8 H, SR IRA T A F R h AR S b gia doph s, [ 4R ] AR ek
W 7216 3k, SRR 7R 22 JE 43 Fl, EFEH A —Hr 4l sk A ——IF 15 B E Sphingonotus salinus,  BE#
R RZ (7)8 15 F) , HYCOyMEERL (48 12 F) | s (3 )8 6 f) | HERIEE (2)8 4
) o HEAEE (38 3F0) . SIMAERL (2)8 280 ) , MERMRA, AU LJE 1R, BEBERLR R AR AL
BT b S S R R 0 A, o SRR 62.8%. TRMEEE IS B FR L (45 12
J& 22 %) , SRR 51.2%, HUCHIRTEREALSEEL (6 71 13 )% 20 1) , i SR AU 46.5%;
FERM) (3R 6 )8 12 %) &b, (HEMFENY 27.9%, IRIEVEFERAN, IS4 Chorthippus albonemus
Fik ta 4 mE Chorthippus brunneus | 1Z 434 F 7 M2 BURCHE |, AR [RI ST B 1 |- A u P 38Rk 24 AN MR TR
TP T A S V5 P S VA SR L R R YR AR R U, O 073, MR VA Y Shannon-Wiener £
FEPEFEEL . Simpson PE3ABEHEEL. Margalef =5 AR BN AR MR B R i 5, Pielou $5) 4840558
. [&w] B RMTEREE D E Z 0 LIS K& R 22 5, 308 T A s
I i bR 1 A A S A R R R R TR A R ) S S, IR R T A SRR B 2R

XEWR AR, KREE; MRS, A YR SR

Species distribution and influencing factor s of grasshoppersin
grasslands of the upper and middle reaches of
the Shiyang River Basin
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Abstract [Aim] To clarify the species diversity and distribution of grasshoppers in natural grasslands in the upper and
middle reaches of the Shiyang River Basin. [Methods] Grasshoppers on different types of grasslands were captured using
nets in the upper and middle reaches of the Shiyang River Basin from June to August 2023-2024. [Results] A total of 7 216
grasshoppers, belonging to 7 families, 22 genera, and 43 species were captured, including Sphingonotus salinus, a new record
for Gansu Province. Oedipodiae was the dominant family (7 genera and 15 species), followed by Arcypteridae (4 genera
and 12 species), Pamphagidae (3 genera and 6 species), Catantopidae (2 genera and 4 species), Gomphoceridae (3 generaand 3

species), Acrididae (2 genera and 2 species), and Tetrigidae with just 1 genus and 1 species. Most species were of
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Oedipodidae and Arcypteridae, which accounted for 62.8% of the total. The number of species was highest on temperate

steppe (4 families, 12 genera and 22 species), accounting for 51.2% of all species, followed by the temperate steppe desert (6

families, 13 genera, and 20 species), accounting for 46.5% of all species. The least number of species was captured on alpine

meadows; only 3 families, 6 genera and 12 species, accounting for 27.9% of the total. Except for temperate desert,

Chorthippus albonemus and Chorthippus brunneus were widely distributed on all seven types of grasslands, but the dominant

species differed with habitat. The highest similarity coefficient, 0.73, was found between the grasshoppers communities of

temperate desert steppe and temperate grassland desert. Temperate desert steppe had the highest Shannon Wiener diversity

index, Simpson dominance index, and Margalef richness index, but alpine meadow had the highest Pielou evenness index.

[Conclusion] The huge differences in altitude, temperature and availability of water in the complex mountain terrain of this

grassland region, combined with the heterogeneity of the grassland vegetation community, contribute to the diversity of

grasshoppers in the upper and middle reaches of Shiyang River Basin.

Key words Shiyang River Basin; natural grassland; grasshopper species; distribution; species diversity

A I it 3 AT PG R JER = R A0 DY i T
RY (F W B ) |, AT ARE L
FIARBE, PEHR-5 B LA ST i A B, AR I
T ( EEAE, 2018) o 4imdsEgdt K 300 km
DL E, ZK7 982 150 km, TR 41 163 km? ( X1 H:
H4, 2010) . WAL L 4T OR (X)), &
i ROt X, HRE . REA
ShE, RRULEMED S | A0EE . MEE. 7Y
KM ; & BT 2Tt &)1 K 5k 8 B4ak;
SRAR TR TC : SN R [ A B 23R
FHE R B L PHE S 5y K (R TR
WREAIE : FEARE/DIMIX (3R 7R, 2015) o f1
SIS P A AR, MRS B, AR
BRI B S, BUERA B, 2 AR &%
AR, TR T SRR, KRR AE N
PR 2T, 24 o s T ALY 53% (R A
FEMFEERS, 2018 ) o A1 2 TAl sk 2R A 2
MR BRI, MR O3 Aii A v FE ) | R
R I8 R T L NN G S bl )
JE L IRPE R R AT IR ERA R (H
A F Y, 1999) o F & SRR R RN
i R T o A R LS AR

0 R S B AR S RGNS P, BKEh
HYTER Se R R, AR
BAZSAL (A4 5, 2019) ., #ik 2003 4=,
FE I A I SR 8 B 253 J& 1053 Fh (FRITERL,
2003) , Hilt& M ittt 152 #h, L4 ETH
YA 14.4% (HRA SRS, 1997) o 7k

HlA, LA R A, AR £,
H3 A AR HURR 2t i 22 ( HOR 8 R, 1997
ZEIRELAE, 2024) o T AT i Bl iy i g
i 24 K oy A Hi 38 AR TP AEAR I 1L TP AR B R
M H BB . FMES (2010) AR 15
Fi. 4rJE 4R 10 J&; SHEEAE (2012, 2014) 4
AIA 6 Bl 12 8 18 Pl dt; A HL% (2023)
AR R SR 13 J8 23 F ., SR, KRUE
(AT 2T R N, e b 2R 2 B 5 s ) 4
AR, B FEXT B A 35 PR Ay i oy AL i 475 iz
A

FFE, AWF5RT 2023-2024 4F 6-8 A, 1E
IR GYEE I/ e sl o/ R TPR M= = 8= A3 1]
X AR B S R T X R AL
1A BRI IR B R A X, PR TR [R) 2E A
Ji R e RS2 B BRI RN A A O, B A
T IX SR s )R AR, W AR s A E
T i R s R 2R S B T
ZIAIBY S, DL K Ry i X Bl b st o () Wy o £2
PR 5 W R 2 2 AR 0

1 MREFE

1.1 HREEER

A5 DI AL A ST s e B0, A7 B
AFEILFHE L NI KB R &)X, imEi
SR ROUEE AR R IR, s AR RR
37°-39°N, 101°-104°E, ¥4k 1300-4 800 m. i%
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DXy SR A Rl P 5 U X, AR AER B
R FRERSE A H IR . BRI H B2
WK M | S BN UL S AT LR RAR XA, . 4
KA [ A BRI U IS - | 1l
S SO 5 S8 e SO B )/ ST o = T I E ST o
P e L e LI g L A ) R L
b, RO A R | PR A R
B R PRI IR PR R TR
JEARSIEBE | PRSI ) (CH R4 Rl
vh, 1999) .

1.2 AEFE

121 HEHIBEE 2023-2024 4F 6-8 [, 1EgH
X R AR X, MR B 1= 4k A 200 m Sk —
ANBEEESEATIRAY , REABE B — AR, R
FEHLZ /D UEE 3RS, ARESTRL 1 hm?,
I 78 M AT
122 wHMERHEAKREE IFIRE™
FE G (R R A E A Y ) NY/T 1578-2007
MHEARTIR . BT FAESNE “27 F
W E 3R PATHES, RAER S iRATHE, 58
ST 30 HMHERAE (BRI MBREE Ry 180° XL
MHAZ ) o SRRt S7 BIFE RS 2 55 2R TR Y
ARG, BRI ART B AME, B REARSE
HE I FH A B ) b B AR A T A 07 X )
HACSEREH Y] REEMA | FHER LR F
FEYIFIRAE AT . SRR N Itk 4 55 S
HFRARAR (A ) L IBIRFT SR TER G T T,
SRAR IS R AT H B =, U TARifE
ARETARAS ] £ R - SR FH RS HUER 2 7 8158 (P
o A v e A AL ) 5 S S AR B (S
R AL B ) 5 SRR RUEHE A 2540 e M
15 o RBUEINFRAE BRI B AR (562
SZM-7045T1 ) WEEHAFE, K4l (P EZYE)
( ZYLi, 1994; AT RAE YL, 1998; EI4
WIFIEGLE, 2003; 2= & FIE L, 2006) .
(g d syt ) (RS, 1993) |« (CHR R &
B D) CHR 2 iR b A P ELL, 1985) 450 iy
SRR ENEA TR E
123 HEYEHZFELT R AR 5

P85 (FESTRORsKEEIE, 2021) , A JHAEE
bR B 190 T A %R R e I A VAR

FEEE : IR PETCEE R R R AT : 10 mx
10 m KAEFH 14.14 m XHAZIN%R . THEEL
fa | PR ) | R R | R E R . 0.5 mx
0.5m /MEFHE (& 100 4~/IHS ) o TP
fEHJR . IRPERR . 1 mx1 m AEFHE (% 100
NI ) o

TEEDE . FEARMIATRE (RPN R
FEJFALTEIE )« 25 RO A ) o 3 5 7 s DN 4
PRI, BRI K (1424 m) I8 A
Iy UG R . HABETA SHEHY . B —PATE
N 5 56 B (4370 55 88 5 T ofill 5057 P 0 o 92 k45
W) o BEEME « HEAREHTEBEE (IR0
TR ) o 7EI4E 4% 0.5 m [ B SR A
IAEN, THE B A A RS
i 0.1 m* FERIZEHEME 30 vk, HETE R
PR (5 b, BB (T A 287 ) o GEilHe
J RE P H BRI R AR = e (A
HA) o BEHLINERE DT N BERYIFD 10 BRAS A
FHAR T

1.3 HESH

131 MHBE @AY SRR AR
Sk PR = (BREmE A ARE A 45 v e A
8 ) x100%, fRHETTHE 25 R R o0 A A E K
<1%, MNFAFN; 1%-10%, AW LR >10%,
SRR CEMAE, 2023)

1.3.2 NS SRH Jaccard HHBIM: R %L
(Cj ) PPAk AN [] 0 4t S 0 [i] 2 b A 9% ) AR A
fiE, HitEARX N C=j/ (atb - j) ; K. a
RELHIZERD A R R RREER, b RIS B
oM B b AL, O AL B MK BRI Rt
A R R (b BB B AR ) 2R 5
4%, 1994) k4 R BUETRN 3 H 4 S FRIE SR .
0-0.25 A AHHL, 0.25-0.50 A H AL,
0.50-0.75 %Al ; 0.75-1.00 MM AR (25
GR%, 2022)

133 ZHEHEH FH R 431 FaHH
vegan Al E HUREVE R B BV 1) 2 REME SR
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¥, 335 Shannon-Wiener #6451 . Simpson #5 %K .
Margalef $5 % F1 Pielou $5%%. F|F SPSS 24.0 it
TR #£50Hr (One-way ANOVA ) , iz
Duncan FCAEEEXT 8 FfiAs [ 7 kb 2 (it et i 5 47
ZREEAR RO T 25 5 0 S 2 LA ( P<0.05 ),
FIF Origin 2024 #4718 Y% ZREPE S RIgHE
% Z MR B MU 08T (RDA)

2 HRESMH
21 FEMAE W RE R

e, HORERE R 7 216 3k, R

J& TR 22 )% 43 %0 (£ 1), WIEHME
20 S AP ——JR 75 AR S Sphingonotus salinus, FiE
R} Oedipodidae Fi i £, A 7J& (31.8%)
15 Ff (34.9%) ; HX MR Arcypteridae,
H 48 (182%) 12 Fh (27.9% ) , HisRl
Pamphagidae £ 3 J& (13.6% ) 6 Ff (14.0%) ,
BE R 15 R} Catantopidae A 2 J&( 9.1% )4 Fh( 9.3% ),
8 fA 1R} Gomphoceridae % 3 J& (13.6% ) 3 fi
(7.0%) , SlffER Acrididae 5 2 & (9.1% ) 2
Fi(4.7% ), iR} Tetrigidee 5270, UG 1 J&( 4.5% )
1 f (2.3%) . BEHISEHAIRHERHY R T 45
T s o X R B AR, 3 62.8%.

x1 BAFAREPLEFERERR, B, FEAK
Tablel Composition of families, genus, and species of grasshopper in the upper and
middle reaches of the Shiyang River Basin

J& Genus ' Species
# Families Bl FATH (%) Bl FATH (%)
Quantity Percentage (%) Quantity Percentage (%)
R} Tetrigidae 1 45 1 2.3
P IE AL Pamphagidae 3 13.6 6 14.0
B 15 A} Catantopidae 2 9.1 4 9.3
B s Rl Oedipodidae 7 31.8 15 34.9
MR Arcypteridae 4 18.2 12 27.9
Hit f1 1581 Gomphoceridae 3 13.6 3 7.0
S 18R} Acrididae 2 9.1 2 47
A1t Tota 22 100.0 43 100.0

22 ARAEBEN FighEREFEK

PR L RTA, PR R e R R R A
Z ,H AFL 128 2280, Fh2s 5 SR ET) 51.2%,
HYCHRAERL AT B (67 13 )8 20 ) , 18
HFR G SR ET 46.5%; TR IETEEAL LR (5
Bl 128 19 %) #2 fUFp2 by SRR 44.2%;
YRR (45108 18 Fh ) , A5 MR gL
) 41.9%; JEMEERA R (458 10 J& 18 Ff ) 18
AR G SRR 41.9%; IRMETEEE (4 B 9
J& 16 ) wE RFRE b SR A 37.2%; THEE
i) (587 )@ 14 B ) MRS G B RRER)
32.6%; =R (3R} 6@ 12 Ff ) MR HUFPE L
SR 27.9%.

2.3 RS RIS

MR 2 AL, BRIEVEFEEAL, HSUafks
Chorthippus albonemus F1# {4415 Chorthippus
brunneus J Iz 43T 7 AN LM I /g
Myrmeleotettix palpalis 437 55 7 15 2 fa) Al
PEFEBEZ A 6 R AR M i B 3
Calliptamus abbrevitus, W.PH/N4 1 Oedaleus
asiaticus., & [C4fEtE Chorthippus hsiai Fil/N#4f:
15 Chorthippus fallax 531 T 6 2RI B, {H 5
Fofr WG L A3 AR Y B OHE S RO R R R ) s
Compsorhipis davidiana, A iH & 1% Snotmethis
amicus, il HFikE Sphingonotus yenchihensis,
GBI Sinotmethis brachypterus fil T K&
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The numbers of families, genus and species

N

EiHhi2kA Types of grasslands

B 1 AEEBE M e R A
Fig.1 Composition of grasshopper species on different types of grasslands

F s Sphingonotus ningsianus 431 TR PE e I
FEPE R RAL B, HAKE Tetrix japonica, Jo
Wi fElE Oxya adentata, H 522318 Epacromius
tergestinus extimus., % &5 NS Euchorthippus
unicolor , R#FJFHIE Epacromius coerulipes, 5%
2r 5 K2 Euchorthippus vittatus F1 5 1 18 f
Mongolotettix anomopterus {73 7f 7£ 13 PE ) 5
A1 R EE Sphingonotus nebulosus nebul osus #1
T R ST A A TR T

T8 P B A 0y s fE B R O R AfE e
Chorthippus gingzangensis; i P4 5ic I AL A A
JE G £ 1 Filchnerella beicki . T B A S FIER
b SR ST 5 P 3T A i ) P AR Sy e
L TN G NN ) 2 R e by AV A N S
SikE Bryodemella holdereri holdereri FI1ZT 344
[ s Angaracris rhodopa; i 5 ) I G £
b 7 (K R Gomphocerus licenti; i 4 5 fa)
R ey S i) ) L e A A 180 A /N S A R AR
4 Chorthippus intermedius,

24 AREIEM B his th B E R A

WIEHras R (£ 3) , EEEESTEY
TP VB I L PR R IR e e (AR RL
F50=0.73) . W) o3 i) 5 TR R
TP A ) D) i R R v A AR AR
KFR, HARPIMERBURIKCN 053, 0.59 F1 0.64,
MHZ T, WEERA S EETR . EE R
W TRPE TR R | IR A R D S e FE
o) 4 2 B A XS R B AR AR A AR R 5 b, VA
V) 5 S A AR DL M R B, A
0.04,

25 A EEHFERE H SRS

AN ) B i TR o AR MR B A L3R 4,
18 1L Shannon-Wiener #5401 Simpson #5%k3% VA
TRPETR AL R R, W TR (P<
0.05) ; Margalef F=5 B8 FO 1 378 I Ak o i i
= (1.48+0.65) , AMETEER(% (0.92+0.45) ;
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F 4 FEXRBEi i R B RERE
Table4 Characteristicsindex of grasshoppers communitiesin different types of grasslands
H Shannon-Wiener $8%0  Simpson35%(  Margalef #6850  Pielou 384k
Grassland type Shannon-Wiener index  Simpsonindex Margalef index  Pielou index
1A AT Swamp meadow 1.47+0.53 ab 0.69+0.19 ab 1.34+0.33 a 0.41+0.02 b
TRPETE B Temperate desert 1.10+0.36 b 0.59+0.12 b 0.92+0.45a  0.42+0.04b
TR RS Temperate steppe desert 1.47+0.25 ab 0.72+0.08ab  1.35+0.36a  0.44+0.05ab
TP TE L 5 R Temperate desert steppe 1.63+0.26 a 0.77+0.06 a 1.48+0.65a  0.43+0.05b
R M5 F Temperate steppe 1.51+0.31 ab 0.72+0.10 ab 1.20+0.31a 0.39+£0.03 b
T 14 2547 %5 5 Temperate meadow steppe 1.55+0.18 ab 0.76+0.05 a 1.39+0.33a  0.45:0.02 ab
TV % f1) Temperate meadow 1.44+0.37 ab 0.70+0.10ab  1.31+0.56a  0.46+0.05ab
75 FEEi ] Alpine meadow 1.22+0.53 ab 0.65+0.14 ab 1.03+0.72 a 0.54+0.17 a

KBRS EFERFRR 25 W (P<0.05, Duncan [RZHEILE ) . TR,
Data in the table are mean+SE, and followed by different letters in the same column indicate significant difference (P<0.05,

Duncan’s multiple range test). The same below.

Pielou 5% = € wifa e sy (0.5420.17) , W& =
FIRVERA | R TETR  JRE SETRA  E RE
HR (P<0.05) , HiaMs R K (0.39+0.03) ,

26 FRARBEMERSHESHT

A [7) e iy 24 T8 2 ] A B R AE B S AN )
(£5) , \EPEEA . TR A 2 ) (0 bl
BT R T HE R (P<0.05) , JEPESCEE
W BRI (23.50£2.38) ; Shannon-Wiener $5%K
(2.21+0.35) . Simpson f8%{ ( 0.87+0.04) Fi

Margalef 5%k ( 2.27+0.79) X L) IR Pk fa) fpt s
TR A R A s Pielou $8 5 DL R M B I i s
(0.57+0.09 ) , M i) 2 A% (0.33£0.04 ) .,

27 HEHRBESHEMEMEREESHE RDA
HI5#r

XF 8 AR I s HUREYE AR A
PiREVE ZREPEEAT RDA 20 (/1 2) , S5
i, 2 Shannon-Wiener ZFEEFE%(. Simpson
TE# (1.48+0.65) , TP AL (0.92£0.45) ;

x5 ARIXBEMERSHME
Table5 Vegetation diversity of different types of grassland

PR (%)

F A Vogetati Shannon-Wiener $5%%  Simpson #5%% Margalef #5%% Pielou #5%k
Grassland type egetalion - g annon-Wiener index  Si mpson index Margalef index Pielou index
coverage (%)

VA w45 Swamp meadow 91.25+3.30 a 1.97+0.41 ab 0.83+0.06a  1.77+0.74ab 0.37+0.05 bed
TR PETE I Temperate desert 23.50+2.38 e 1.20+0.30 cd 0.65+0.05bc  0.73+0.50c  0.50+0.12 ab
R R AL S 35.60+3.05d 1.79+0.18 ab 0.78+0.05a  1.76+0.38ab 0.36+0.05 cd
Temperate steppe desert
RS AL R 52.00+6.98 ¢ 1.50+0.10 bc 0.76£0.01ab 0.98+0.48 bc 0.46+0.09 abc
Temperate desert steppe
R 25 5. Temperate steppe 55.29+7.30 ¢ 0.92+0.26 d 0.56+0.10c  0.40+0.16c  0.57+0.09 a
TR ) i 83.50+5.07 b 1.82+0.19 ab 0.77+0.09ab 2.12+0.25a 0.33+0.04d
Temperate meadow steppe
IR PE 2547 Temperate meadow  95.50+2.65 a 2.21+0.35a 0.87+0.04a 2.27+0.79a 0.36+0.03 cd
=i FE 2547 Alpine meadow 97.25+0.96 a 1.89+0.24 ab 0.82+0.03a  1.82+0.58a 0.36+0.04 cd
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Fig. 2 TheRDA two-dimensional ordination diagram between grasshopper s community
diversity and vegetation community diversity
GH: #5h Shannon-Wiener ZH-MEFR%; GD: 18 Ht Simpson {EHBEFE%; GJ: #i i Pielou Y5 FEE 4L
GR: Ifdt Margalef 5 [E45%40; VH: Hi# Shannon-Wiener Z 1454k ; VD: ¥ Simpson i 5%
VJ: HEbE Pielou YA HRE VR: i Margalef £ & 4R K.
GH: Grasshopper Shannon-Wiener diversity index; GD: Grasshopper Simpson dominance index; GJ: Grasshopper Pielou

evenness index; GR: Grasshopper Margalef richness index; VH: Vegetation Shannon-Wiener diversity index; VD: Vegetation
Simpson dominance index; VJ: Vegetation Pielou evennessindex; VR: Vegetation Margalef richnessindex.

Shannon-Wiener ZF:P4:48%1 . Simpson L # & $5
B Margalef & BEFEECH IEAHSE, 12 1 Pielou
Y51 S5HE9E Pielou Y4 BEFS B ARG,

3 g

W b AR A A2 M L AR MO . TR
FHRERLEG W, AR A RSO0 A
] - | AE B b A 2 A AN [ e A A A3 AT
( YL, 1994; MRicbk, 1981) . M &) Al
o FE B ) PR R 25 B 70%L, L, 223 A1 /N LA ARG
IR RS Anp s | /NGRS | AR A
o WHUAHBE YRR R, R R AR,
XN FRIE S R R T 2R S PR,
HEMREBOLA R EE (¥ 4%, 2014) . RE
F R B 55 50% /0 A, X R A 35 B R B2 4t e oy

A REF IR EY IR, W4t 7 Ry
PRI o AEAS YR R A Y
MR Z, SRR G TR IE A B
51.20%. I ) e JURE 1 i B Tl M R L
R EREN AT KN SR S SRR
Forbor A i) EER IO ORI, A/
SRR | 7R AERE AR /N RO B e ARl
SRS R ARSI 2 ) A PR A S AL
JE Rt P e DA e T AR AEL 5B 22 E 2490 30%. It
DM BRE d LA T | SRR O 32, iR
AR AL R S FUE O 55 . 2R,
ST AR RSB A P A B B — , B
WEAER, WS T I A et e 22 D (A TR A 14y AT A1 o
RN IPNIEY UL ENTTT YD PN E 2 L et
K AA T DB T P ) R A A A 5T v
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AU AR AR, 2 i R R85 1 /N
YIRIF R, A0SR g A

Yy FhA B 5 1) IR R 0 A2 00 Ry HLRE ) 02
HoH R AR R A E R A (Hardouin et al.,
2015; Tabataetal., 2019; F=IAIES, 2019) .
AR YRR AT s AR SR 08 4 HA HGE AR 1
3G, IERERE ISR . TEAEI B, FEIC
SO GRE  ARERNE | AR | YN R RN
FISUERE 77 oA s WA | SR N T
WU PR3 SN RE S Fe i, MR P . MR K 1]
VR ) Z2 A 2T R il P 445 40 AT, T 6 JE R A
ASCHE AT 23T B 2R 1 B T B A, AE
A DI A R A B R B8R & . 438K 2R
e KB ) BB A T, Sl A R A £
FPUONAE AT (BB HE, 2015) o FEXAN2EHY
B P ) T RS | HARHE . O AE S | KRR
PR | H AR | AE0 TUE R (6 5 JTCIE (1)
HbHR A R AR

AR L ACTE B KA 4R V& 22 DU RS 2R 1 1L
iR X AR RS B A T 25 57, NS b
S PR A A R, AL Lyt B 3B R B 39 1 e
HEVE L FFPE (Luotoetal., 2005) , =85
P 1P AR Ak 23 52w B R R A R 2 R
(Wang et al., 2023) . ABFFEEI, FE41F0
TSR R RIRBL . BoKERZ s,
2RI DL s g v fe) ol 3, st Rh R RS, L
2 3B WA IR PR BT (/NI P s TR R AT
SIRBE . oKX, R IR P
TR R R 3, B8 AR 2200 3 R
T RIS A R A TE LR R, B
HHOK SRR, TR SRR, EaEH
MRIRSEE R /N R RR AL Sr AR AR
ORI vE i ia s, HYE H L |
AN, MBI AR, 8 E R o A
PERE HUEAE, A BRI AR R, BHBE
AR o AR A7 o5 P A K A TR, M
FRARNE | 73 At et 25 /N AR R CBREE T G S T
TERIPRG D | o R TR B SRR A e A P
g, SR AR R R S A M 1 T

DR O R L SR AR, 25
A 7= o 25 P VR I 2E K | 254 R 22

M B4 T ZEF ( Perner et al., 2005; Stein et al.,
2010; A, 2021) . WE PR RN 5 EREE
TP B RIAE P BV Fh S 1 B2 R B LA AR OG , 7R
MR . MR AR 2 . SRR BERGE
MRS P, FLRR A AR AR A (B R ORISR
R, 1997) o 7EABE Y, RPEFTEL A s
1 Shannon-Wiener ZAE4 4544 . Simpson $5 21 Al
Margalef #5439, MtEPE Shannon-Wiener
Z2FE MRS B0 AR ) | VR ) A 1 S )
bt Bt Shannon-Wiener ZAEPEFSEUIR, X5
BRLAE (2024 4F ) WMIMFR 45—, iy
KRR ZREVERE B0 RDA Jefr e — 2 3Em T
FEABEAE TR = B X st el Y 22 R 1 ) 5 )
TP R FEHE . A2 LA R B
NI, A EI B B A SR
WK Ak, (A Sepp 2 de g /b ol & AR
i, JEORIC A IE A )RR U KR Locusta
migratoria migratoria ( 2B, 2004 ) , 7EAIK
Pl R K B R A I B ™ s 1 i
B EIAE, RECE LR i G
I AR R A, FEIESE 2 A, {UAEK
B HL AR PR R B A, TAE A ] A
DX AR R AR S T R R . 3 Ak, AR TR )
XA M PR A i il B AR, — B2 F A
Y B A AR AR B e, e A A
WA T REMIGE MG . A 2B K R,
AT BeAd VR ) IR KA R AR AR A, 5 ) i L A
B HE A4 o T N 2 T B AR JR] 0 A O kT
3, NP RYE 1 ik A ]

4 Zig

(1) AW, 7EAF R R
LA 7216 3, SR 78 22 )8 43 Fp, Hr
BEWUERL (7 )8 15 Fh ) MIMIHIERL (4 )8 12 F)
PR T A STk b e X R ) A,
e 7 S A R 2SS 62.8%,

(2) WHEREJE L ammis if ke, A
22 Ff, mEgERfE) oy A R R >, R
12 Fiy BRIBMESEEAL, I SUEIs R o ke
AT 7T AR |
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(3) BRI % 22 LU b 2201 LI L X
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