A EIME A F X2 HEF R TIRE MR S
BRI MR R

x—A, AEX K AP, F gl RUAP
(1. VAR RS, BEW] 650224; 2. i EMOL RS T s RO T T, BT 650224 3. [ SOl AN R B0 B i b
SR AEMEE, B 650224)

WE.: WRFIERMMEEERERANEMREI, WADFIGHRZ B IR R R EY 2R
P23 8] 3 AT M SR AN AL () B BRI 0 2 o WA T DL/ et ) FH 738 A S PR3 IR 7 2 T 2
WA R XA NI I E R R, AT A I TR IR TR B AR B I R AT AAERER R Z . A
WFRF 20224 6 HE 9 A, FE&WITHEKIHIX 1200~2 400 m #E4kT0E N IFRIHE, T I%E 84 it
P R A A R (R Rt R R P A ok IR AR R AR R I LA T R LT R THIR (AR A I
Ko fREL ARFERL B B IMBCE R 2 RV BRGSO B 1 /0 AR, I8 FHBEHLAR pRASETRY
RN TG L R AR 7 D0 AN L R R A R e R S R TR B A R R . SR
e (D) PEEAMER/N RER MR Z PRI S R BER “U” BOMmER: B
KGRI VIR 2 R ISR B B2 MR PRI A b R s B R A PRI PR 2 R I VAR
EREMNHRIEHAAMER. (2) IReFE R, IRl SR, Dhae s s i BB b S 2 B3
MIZEMER IS . (3D BEALAR MRS 7347 45 S 2% 0, 08 s [R) MEBR S SR S5E IR -7 i 7 AR AN — B, B b T
ditt. NDVIAE#IH— A8, KSR IR ILFERB MR 1. 47 b, SUTLT I X s
HINREMR 2 FEVEB IR JRAEAEZE T, ) B AR50 S AT Lt R PR A F R H 7. AR AL
TRV TL A A 2 3 X A2 ) 2 FEPE R AP AN AR 25 Tk R R AL R I Rl

(IR EMZ R ThREMR; WBIRA )R TS

Effects of environmental factors on altitude distribution pattern of

functional trait diversity in locust communities

YUAN Yi-Fan!, LU Zhi-Xing?>3, ZHANG Xiang??, LI Qiao"*, CHEN You-Qing?** (1. Southwest
Forestry University, Kunming 650224, China; 2. Institute of Plateau Forestry, Chinese Academy
of Forestry, Kunming 650224, China; 3. Key Laboratory of Breeding and Utilization of Resource
Insects of National Forestry and Grassland Administration, Kunming 650224, China)

Abstract: Functional traits are the concrete embodiment of the relationship between species and
ecosystems, and exploring the altitudinal pattern of functional trait diversity of species is an
important part of the study to reveal the spatial distribution pattern and formation mechanism of
biodiversity. Environmental factors such as climate and land use change under the altitudinal
gradient are important factors affecting the distribution pattern and mechanism of locust
communities, and there is a lack of systematic research on the vertical distribution pattern of
functional traits in locust communities. In this study, we conducted a survey from June to
September 2022 in the Yongren area of the Jinsha River Basin within the altitude range of 1 200 m
to 2 400 m. Based on the data of locusts collected in 84 sample plots by sweep net method, we
explored and compared the distribution characteristics of locust community-weighted average trait
diversity indices along the altitude gradient of functional traits (individual size, relative wing
length, body colour, life type, feeding habit) by using linear and quadratic regression models. We
also used a random forest model to analyse the effects of climate, soil, vegetation productivity and
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land use variables on the vertical distribution pattern of locust trait diversity along the altitudinal
gradient. The results showed that: (1) The diversity of traits among medium-sized and
graminivorous feeding habits locusts followed a significant 'U'-shaped distribution pattern along
the altitude gradient. The diversity of traits among brachypterous and green body color locusts
showed a significant linear decrease along the altitude gradient. Finally, the diversity of traits
among mixed-feeding feeding habits locusts showed a significant single-peak distribution pattern
along the altitude gradient. (2) The altitudinal gradient was found to have a significant linear
decreasing effect on the functional richness index, functional homogeneity index, and functional
dispersion index. (3) The analysis of the random forest model revealed inconsistent responses of
different locust traits to environmental factors. The proportion of grassland area, NDVI vegetation
normalisation index, and water vapour pressure were identified as the common key explanatory
factors for multiple traits. In conclusion, the study found that the altitudinal pattern of locust
functional trait diversity varied in the Jinshajiang River dry and hot valley, and that the
distribution of different natural environmental gradients and land-use types were the main
influencing factors. These results provide a theoretical basis for biodiversity conservation and
ecological restoration in the Jinshajiang River valley.

Key words: Biodiversity; functional traits; elevation distribution pattern; dry-hot valley

TR B 7 I B0 B N0 B HUTE VR 45 R AN 22 PRV M 300 5 1 B A A Jey LA B
I (Lomolino, 2017; WL, 2022) o MIK#GEAE. TR TR S 2 5 T 20
R, 729 8. SWEE. WA 22 RER SR SZ )M R & R R & Ol
5, 20110 o IADRRIE L T REPER I 70 A KM R AR AL (Dziock et al., 2011) o PIBLERTT
AEEEE D RE MR S L2 AR VR RIEAR 3 AT S SR, 3R A 2 PR 2 (R 23 A A Jm AN J5 T
FSATL I 1 BB FC N 2 (Supriya et al., 2019)

WEHROR FEAE BN 25 )Y B B 2 AR S AR AR R R I R E AR fL (Perrigo et
al., 2020) , AT TP BE B 2 5 AE W) 22 R 2 B0 =) 58 R (W B 227775 (Sundqyist et al., 2013)
A AN bR FH Y HROR FE AR A R AR ) 22 R MR HROKS )R B B 22 [ 3R (Parmesan and Yohe,
2003; Sharma eral., 20200 . HASMRET CAnfE KRR 8% Rk B2 A GE S
(Rahbek, 2005) , PIFhaE B f RAE 2 HILAE SIS 1 (1) Hh &8 4R X (Thomas er al.,
2024) o M0 ERMERAE AR S, 8 B A A R R A& S (Ciplak er al.,
2008) o AS[EHER ) - HU R RS Fy 22 52 3 A b S B FAEAL 2 W52 (Dengler et al., 2014;
Feurdean e al., 2018) , @ IRHFHRHLIX ) NGRS T 3 AR ES, DRk bR A AR A 1)
PCENFERE T NI ZY (Nogués-Bravo et al., 2008) o = HuFi) F 5 8 DR A= 35 1) Jo B A0 AT FH 14 &
AR AL, & B H R RIS B A ks SR i) B AR (Loffler e al., 2019; Tllich and
Zuna-Kratky, 2022) .

FEE AR R, DR 3 Acrididae HACR I B H B d2 % WA EH Z IS =3,
RS RG R EAL IR EEINEE (Branson, 2006; Branson, 2014) . HXH AR RGRIA
Ao s, [RIREIE AT AR IV 2 B AR S R Seid B2, B FE4E= 77 (Laws and Joern, 2013).
B FREH (Belovsky and Slade, 2000) . T3EGRAEYFFL (Hawlena et al., 2012; Strickland
etal, 2013) FIE§IHEE (Prather etal, 2017) , REMFAESRGA T H. B8 IhRErE
R CHR BRI o XTI L R () R o W JE B 5 (10 K U 82 P T 1 1) R AR A7 SR I
(Hodkinson, 2003; Gladstone-Gallagher et al., 2019) . [RULERFTIIREMEIRE T s sy
PR P e )87 P35 [ AR AL O EE AR08 (Mccain and Colwell, 2011) o 404 #F 70 & B AERE J& A
PR & P AR H Chorthippus vagans 1 Oedipoda miniata WIRT K/, AESZE KN k&
G RS, (ElIREE R EA b B —8UE (Ciplak er al., 2008) . [FIFF, 4K 5]



FEC P SR AR 2 77 77 788 A B A T3 B PRI ARG SR | i A T 1 B T R R K /NS PR tR
VPR P TR TG /N, AN EER X B R AR B PR SRR IER A R
HREES (Tiedeetal, 2018) o 7 1 M F A 5 FEBA B (52 M R, 02 H (9 A X #0K
BB RNEGHERAHEW S EBE MR R RERRRZ TN EEEY
B AR A S IR R () B AR AR I (Dziock et al., 2011) . DJREMIR SR 7 A AR
55 1A 5% BB P 5 FE R ARBR BE R DL R A M R A A 3 R R R R RN o ThRE MR B
2 it wEE ) (Statzner et al., 2001; Bonada eral., 2007) . 4Hi, X T 48 L EEE T
Re PER 2 FEPE 5 30 855 IR 7 3[R0 4F FH B9 AL 1) 05 A B BT, o G Ui 4k 40 A kR i B = A R
w5 .

AKAZ B AL S VB TT BG4S X, 12 X35 R T b 5 25 AR R TR A T 7 T X R S,
A (EIRMEE, 1987) o TR SRR A RBOZ XM M ZE R PR, K G
PRZ) 1100 m) AEBE DLAGHPE BT I RAEERE MO 32, MR TG G2 2 100 m) 2R
AT A I SRR AR (RIFIRES, 2018) , RIVHBHEMAESIIS . BT MR
HRGER, TR SRR S b 2 R B (FHEARSE, 2023) o TR AR
HAMAS A EEEE N RREDZ AN, (B H A2 DO he R vE R rE 7 LB = .
AT 5 I SR A AN B AR AT B R [ Pk e PR B, DU PR R . (D)
78 BRI T RE MR AN 2 FEPE U SO I A R (2D MR BBt e 2 e 2 e
WThREMER;  (3) W2 TN REMIR 2 BB LLIREG K TR o e &N T RIS A 2 AR PERIT
FAEHEIRI R, AT RIS Y B R 2 R o R S LR LI L3 B i S 4 .
1 MB5RE
1.1 W HbENR

HAZBAL T A b AbEs, HiAb K2 101°14~101°497, db45 25°51'~26°307, F A 2 189
km?, JBARERX, fFEbaamRtg. SEENLKE SR RKAER LR, 25
JeEm, B TEILE, Rk, S X R S R . P4 1 530~1 700 m.
EIR 17.8°C, ZHE TN E 833.9 mm. &EHKMREFE, HHEZR G 81.9%, H
DR FEA AR = (B, 2007) o BN EE, HEEAEA 91.81 km?, FE
NAPERIN . APEERN b E A AR . T 202246 AZE 9 H#TT 2 IRA
GUHET, WRARRIEE . AR Wk R U AN 22 AR B SRRE IR UZE 1 200~2 400 m ik [X 8] 3
WHE 84 ANFEHL, FHr 1200~1 500 m ¥ & 25 4, 1500~1 800 m # & 27 4>, 1800~2 100 m
WE 171, 2100~2400 m % & 154 (B 1) o AR 2 3= B 7 o5 R o 4 2R iy
AR, M. B BE . R T R BRI X O GV AR L B A
Bed—ar, ABZ TG, BN, PR RIMX A FIIX, NO%SE, NAs R H
SEAOW A AR X . m R X 3 B e, AR EE DU SRR AE AR 3=
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Fig. 1 Schematic diagram of sampling sites in Yongren County

12 HiERE
12.1 FhREE

WEREHEPE R RFETTE, AT 2R, AR, JF Hof AR SE Al T2 do S
HR R AR X = BE R R ZH % (Doxon et al., 2011) .

FERRAFEHL AR EL 10 A 100 m Ko ZEAMIEEZ) 6 m (UFERT, (8 MRS T, A
HHEW . BN MA T 25 Ko AR )R HUE dE 5% ) 10:00-18:00, 1E&A B
R G RIEAT o B RERMIARAIRAELE T5% MRS, A B il R AR T HER T . KA
N REERFIE . AR AR TIE . GPS 15 B4, B AE R AR A 0] Sz 06 28 #h 47
Yttt R SN S R E Y E VUG B3 B 8 S RHRIE R R RL HESLIE R
(=l X RO R SOENRFAE) « (PR R L) Z5HH 5% SOk % & B b
122 HEEH 73R

DASIZ b 1 2510 S A SEREAR Y B MR S A JEE R, AU ArcGIS 10.8 F4:Aab 3 5
T WorldClim Chttps://www.worldclim.org/) 2020 4% 4i i) 1970-2000 4F i 2<%, R
TR HIRZ ., SRE. ERKE. PR, KESE. TR BE A RER. HER
PERYE T H I 3B 7 (https://www.fao.org/soils-portal/en/) T 2023 H & A il HWSD v2.0
i, $EEL 0~30 cm (1 LIERRBAE . THEA NS BRZE LA, S5 HEN 250 m.
SR FH EE SR EarthEnv-Landcover 2 - F 78 sa 20ds,  DAREAN REEFEH LA,
B EAN 1 km BIREEMX, RBEANEE AR S H . AL iR b Fidh
AR A7 B BEM AR 7 b 55 L 78 s s . At 7 A AR AR 0 — (k22 3 48 20 (Normalized



difference vegetation index, NDVD) 1EAMEH 4/ /1B Mttt (Roder et al., 2017; Wallis et al.,
2017) , HAEAEZ AR AR, AR BHO6 I RIAT 2L A 7 S o R TSR i
FER, TR A 22 5 R X 7 A 75 - NDVIAREO i ER 7 e SR G ) oy 5 Bl o
L Chitp://www.resde.cn/) NHEKEEEH 30 m A7 miFE4d (Digital elevation model, DEMD,
iIE ENVI 5.6 Xt Fdfa b A7 Ab BRI 22k X FK) NDVI A — 22 R 45 5

xR 1 PRERESGEMEEFHR

Table 1 Overview of environmental factors at sampling points in the study area

£ 5375 & Environmental variables F-4{E Mean PRt % SD #/ME Min 5% KfH Max
Wk (m) Elevation 17253 360.4 1141.1 2432.6
Ak FHHBTHAR F 43 (%) Agriculture area 26.8 17.9 0.0 89.0
TR E 0 (%) Grassland area 11.6 13.1 0.0 60.0
BRI E 2 (%) Brush area 223 15.1 0.0 50.0
FRAIHAAE 41 (%) Forest area 22.9 16.1 0.0 70.0
TFHIHIRZ (°C) Mean daily temperature difference 11.6 0.6 10.3 12.6
38 Isothermality 47.4 0.7 46.2 492
AR (°C) Monthly mean temperature 212 2.6 11.3 25.7
M H &R (°C) Monthly maximum temperature 25.6 2.84 16.8 30.6
fEF/KE (mm) Annual precipitation 753.2 382 669.0 837.0
NDVI #5%{ Normalized difference vegetative index 145.3 43.1 65.0 235.0
FHIAGE (m/s) Average wind velocity 1.6 0.2 1.2 2.1
JK#SE (kpa) Water vapor pressure 1.8 0.2 0.9 2.0
T IEMILE Soil ph 5.4 0.8 4.8 8.2
HIEHA VS E (%) Soil organic carbon content 1.5 0.4 0.3 3.1

1.3 IhREMEIRIEEN

e IR g B K K1) 43 351 2 2% 2L K R I AH K SCHR (Ciplak er al., 2008; PicaudandPetit, 2008
BAFEE, 2011; Gamez-Virués ef al., 2015; FrE B, 2020) o EFE A MAAKLK (Body size).
WK (Wing length) & (Skin color) . E7E% (Life form) . &1 (Feeding habits) 3t
5 /INKE I AR L e 9 AR (1 3 SR 2R B OB A MR, AR B AR B R ORI AR AR A )
SRNMERL CEPE <20 mm, MEPE <25 mm) « PEEAT (20 mm < P <25 mm, 25 mm
< MEPE <35mm) o KAER (HEME > 25 mm, BEYE >35mm) , GBI R (FEAE
B, EROME G0 (FEAGHSOE) Rait (EEROA>3 M) o R
P Colzani 55 (2013) F2H M, MAHBEEET 1. 20 3. AR TR 5
ALK A3 16 MR, T IhReZ R B0t 5, B A DR Motk R e 32 22
ME KT SCHRERISREL (Dziock et al., 2011; Birkhofer e al., 2015) .

R ERMERIEEMIR R EAR

Table 2 Functional traits and categories of Locust insects

PR 25 i (!
Trait Category Score Code
/MATY Small size 1 sizel
N
MA RN
. FRZE AR Median size 2 size2
Body size
KAKTY Large size 3 size3
%3 Scaly wing 1 wingl
A #H##¥ Brachypterous 2 wing2
Wing length
K3 Macropterous 3 wing3
i £ Crineous 1 colorl
3 £¢5, Green 2 color2
Skin color

A0 Multicolor 3 color3



i Terricole 1 habit1

HEE S A2 Arborocoles 2 habit2

Life form EL G2 Herbicoles 3 habit3

ARAWZ Grass habitat 4 habit4
e A Mixed-feeding 1 feeding1

ak
Feeding habits REH! Graminivorous 2 feeding2
@24 Phytophagous 3 feeding3
1.4 BUERSH

141 DhREZFEIEFR BT

Dhfie ZPEVE IR BERAEREE AP D REVE IR A ORI S5 M REAE (Villéger et al., 2008) , AL
I IRESF & & (Functional richness, FRic) . IJREYJZIE (Functional evenness, FEve) .
DJRE BSBUE (Functional divergence, FDiv) « #EV& IIBCE 34144 2 #6145 24 ( Community-level
weighted means, CWM) 4 MEEAIIE B DIRE AR ZFE1E . DhaeFE BB EdR 12
FRAETETE A PT o5 95 DR 2 (] AR VDN, Re g S B I& (AR e 1t D Re S &) FER IR T 7E IR 2 1)
JR T B RR IR ) 20 AT KA, FLAEBR = R MDA IR 0 2 A R 50 s Dl B HORE I B 0
VRN RAE A 2 T8 57 1, B8 S T ¥ DR PHEtR 1 22 52 2 A 8 VIR 2 1) v 1) g AR
CWM FEHHE TR AL AN 43 25 B TC IR AR 220 B2 U T v AL MR Z2 R, X0 T VRO
TR KB RAEFE A EEE L (Mason et al., 2005; Lavorel etal., 2008) . JjfhE
ZAPEIRECRH R 4.2.3 B, dlid FD Dhfe ) dbFD sECH R DIRE 2 A PEHE 2 (Laliberté
and Legendre, 2010) . HAIFE AKX

e Fm it (FRo -

IIRELIEIERREL (FEw) -

S min(PEW, - )——
FEW S—1 s—1

DIRE B HUE TR (FDyw)
FDiv=% Zj‘:i dyp,p,

FEVEIBCE SR Z FEVERR 5 (e -

CWM = Zpi xtrait,

e SFi BEE WAIFR BT G 48 AR SO 8], Re NPEIR ¢ ARG S B IE P rn s,
PEW NYIM i BIIBGASIEE . Piv PiAaYIM 1, j WAHXS 252 dy S8P0Fh 1 A4 Fh j 1Rz 1A]
MZESE. PN RBTT I AR Z 2, trait N0 380 1 FIVEIRZEIAFIEE CHERAAAERD Ay
1, NEENN 0, SETRERE SN KR ITHEE.

142 IhEeZ FEERERAS R

Al T A A BTN — ¢ [ DR A R AL 5 T E 22 AR i BRI AN R POIR B CWML i3 00 AN ]

PLUFH I R, 328 4 7Rt 22 20 (Akaike information criterion, AIC) A UL 1745 5 #E ] (Bayesian



information criterions, BIC) /M H ANOVA K36 %3 (P <0.05) [MBAU i LG,
fFH “ggplot2” F2F L EIEAL
1.4.3  AS[RMHIR X PR 85E PR] -1 1) o 13
fEFHBENLARM (Random forest, RF) A5 by B4 455 PR 7248 A o i it & AN PIR IR 520
RF LT bootstrap fFEIEFH N AF & CHIMIR CWM ) AR & (R
(IUIZEREAS . SR 17 5 e V2 0 B B M IR R R AR i, R AR R B A &
LAY [FI R MR (Out of bag) THEEAREE, Pl RF L8 RS 1 B R o 2 i
BRI EEM. RF B BGIR SRR e A, X5 E A s B S AR, Ao Hil
A, TRV AR B R R A AN 2 1 SR R A 20 (Breiman, 2001; Cutler et al.
2007) o A R # A randomForest 4 RF A4, &4~ RF B85 B EE 1 000 #1715
Bt o
2 HERS55Hh
2.1 42 HIFPLE R
SUEMGETE, 84 MR IR SR R 1094 3k, IR T 6 B 34 J& 49 Fh. HpE
WIEE} Oedipodidae (6 J& 9 F, 446 3> . FEAREEF} Catantopidae (17 J& 22 #f, 306 k)
WS R Arcypteridae (5 & 8 Fft, 236 k) W) FhEAI MR BOR A | Lo i s, 81 A 1R} Acrididae
(4 )8 7, 92:3k) . BHEIERL Chrotogonidae (1 J& 1 Ff, 7 3k) « #ESLIEE} Pyrgomorphidae
CLJE 2 Fh, 73k AMABCR A S D Bk LB
22 SERESEINEEMK ZHMER S HIRE
Fride BORE BPIR g A S v, R SRR R RUAR G . SRR SRRl et
ARER MR BENLMERN AR (K 2) o PSRRI kPR 2 A% 2R
“U” BUHRA& R (R2=0.133, P<0.05) , 7E 1700 m kA AT e fik: A A s i 7E B 4k
FEXTHA A R ELH, MR 2 R R PR B B A% 5 (R2=0.061) 5 LRk
IR A T & MR B, IR 2P 2 B L R i (R?2=0.108) ; &
PEPER AR, St RE dPRR 2 FEE B 2 PR 3 (1) RIE A S (R?=0.069) , ££ 1750 m
EARBN R IAE, MAREE B MR 2 2R “U” BE5HR&RAE 1750 m £ A&
fiK (R?2=0.092) . WEHIiRe 2R EGE R R, DIReFEE. TR E. DIResm
P35 S g s (3D .

/AR Small size &5 {A B Median size otk Large size
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Fig. 2 Elevation pattern of insect character diversity of Locust
T BEASRRORTEE IECEBPR 2 FEEAR L (CWMD 4R A b SR MR M R R B (P <
0.05) , BREOBLIRARE (P>0.05) o LEXIHN 95%EE XA, Note: The solid black line indicated
significant linear or quadratic correlation (P < 0.05), while the dashed black line indicated no significant

correlation (P > 0.05). The red areas are 95% confidence intervals.
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Fig. 3 Altitude pattern of functional diversity index of Acanthioidea
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95% confidence intervals.
2.3 MEIRIS IR E F RN
W AR FR] R PR T A 58 8] 3 i S PR AN — 350 BT AR MR R S s AR Gt el A RN ) S
W AR AR Lu ] . FEHb AR LLf] . NDVI F83. SRR LIS ke, HiEk
BN 0~22.8%. M A (RSP B DR 2 P20 IR SR Pk L JKZR UK
NDVI f54. FEH AR LU, AR R 10.32%~18.59%. fRR A0 Y ) G PR SR R - 2 ~F 1)
WGE . EREKE. PEHEZ . KERE. BRG], BREE 5.34%~24.22%. #EIR
BRGNS R TR HEZE. SRt iR, KESE, BEEN 0%~12.61%,
Forprop SRR L R SRR T A AR IR 2 R A B MR R AR TR (3R 3)

3 MEENEHBEMACEAMER SRR (CWM) IR E TR AR SRR R
Table 3 A stochastic forest model of the response of weighted average character diversity index (CWM) to
environmental factors in Locust insect communities

RN PR iR ffREAR B
Trait Trait modality RF % variation Explanatory variables
I Small 585 RRARTHAR LL B+ BB AR LE 1+ ND VI 48 $+ 3 1k
AN Forest area + Grassland area + NDVI index + Isothermality
Body size &% Medium 0 NA
K Large 22.8 TIEE VL E TR E Soil organic carbon content

J= R bR B A 3

%3 Aptera 10.32 .
Monthly mean temperature + Soil ph
MK SRR /K 2SR ANDVI F8 55 7R L A7)
) %634 Brachypterous 14.76 Annual precipitation + Water vapor pressure + NDVI index +
Wing length
Grassland area
ELY HELBI+NDVI 45 %
£:4# Mecopterous 18.59 FHERALL %Hﬁ
Grassland area + NDVI index
it 4 Crineous 0 NA
_ﬁg@ %4, Green 0 NA
Skin color )
PR+ Multicolor 0 NA
> . P34 IR+ [ 7]
. A2 Terricoles 5.34 _ ¥ /JF_L]\‘ FRREK o
A g Average wind velocity + Annual precipitation
Life f , TR HR KRS+ E R L
ife form BHZ Arborocoles 15.19 357 H R 22+ /K 28U R+ B AR L 4

Mean daily temperature difference + Water vapor pressure +



Grassland area

HE Herbicoles 9.792 FHJEIK Annual precipitation
A2 Gram inicoles 24.22 V-1 H & 2 Mean daily temperature difference
FHEM 1261 SR+ H e e i
P Mixed-feeding ' Isothermality + Monthly maximum temperature
_ _ RELNY A sk &SR
Feeding habits - 4.32 .
Graminivorous Monthly maximum temperature + Water vapor pressure
fi&1H- %4 Forbivorous 0 NA

E: NA R TLHEHMBAH. Note: NA meant none applicable explanatory variables.

N

BANVFER A ML AT NEHE (De Queiroz, 2007) o IXELMARFLMNE
MR IRESE B BE 71 (McGill et al., 2006; Violle et al., 2007; Webb et al., 2010; Nock et al.,
2016) , RWFRS A YA A RS IR - 2[RI AH ELAE F B 2R Al A FUai e AR ) e R Dy R
R ZFE e R I8 R AR P AN R AR AL ) B (R A R, A B TR N
7 Tt g A A P AR S S R A TR BRI VR AR BT D e MR 4 BSORT 2 AT AE B
R A N e . o B AR AE AR, SRR 2 A R AR o A RS R AR 22 e, T HLX AN [E]
RS DR 1 (R g R P AN — B, B4R ERCHbIAR 5 L. NDVI R I — a3, KR 2
R AR B G A B R 1 BBV HARR FE I A2 Ak, A ALt R R (225 TR
S PRGNS RVR 2 FEE R 0 AT G R 25 e B BB R 3R bAh, BHRIRF . R ), P
B RGH 73 AAEARRL . ARG ARG R A MR Bk o A A BB R

AR A S S W B DI S50 N ) B B ELRFAIE (LaBarbera, 1989) , &2 M A= # i F2 11 38
KAV IR H AR (Gaston and Lawton, 1990) o 4a77E B B SR, MK/
T 255 55 RN U 3RO T 35 00 R AT SR A AR B K o e, B AE AL T5 98 0 2 /> (Chown and
Gaston, 2010; Wattetal., 2010; Shelomi, 2012; Zeussetal, 2017) . A5 H, #EHF
HEEANMEA U NMENGR ERILEE “U” B, EHEIR 1700 m 2o A ) AR X HUAS B s
B FTRE ) S5 DR A a4 B B T s, R IAES B N3 2 X0 B BHUX, I B2 P Y 5K
R 2R A T RE A R, BEEERORE B2 0 T B o5 bR 3 R R, R e Y SRR SR
WEREEIN: ve P AL YA eSS T VA Q1 =W I R A L 7R oD N ]
1E B RS R AR R b e & B S SR M B IE S A /) (Whitman, 2008; Schellenberger er
al., 2017) , KAERBIYFR ) ae SR H B YU A AR K I TR FS L /M B ) M s A
FIAEAE (Gibberal, 2017) o KERHRIME hAEWG IR b 5 0 25 2 b gt 3, T il P s i
T B3R ) L i 328 Y i il PR MR o 90 < 3K RT3 A ot g AR R 1 b P i ) e Y
PEARAST T3 7 = g R A5, ORI 7T i 2 ek 35 o HE U vy g P e R K (R B4 A D B
AT HE AR S0 B 5SRO A [7] S0 S o B8] 9 £ Bl A PR 2 1 i R o 3K (R 92 Bk 25
K HIE B AR AR VR AR I 45 (Hodkinson, 2005: BAFE, 2011 , milgHthX (1%
B RTREE KOEKR, 2 SFEURAHZ. 8 hnEae gt 4 2k 52 m ©AT e (Dillon et al.,
2006; Peters et al., 2016) o KIMYIFINZFAL RATRES), LUE PR iER PR IR 55 A F
T B B YRR E VEHT AT )23 (Denno et al., 1991; PicaudandPetit, 2008) . 8 H A& 4R
TIMIR 2 FE 1 2 30 35 2R P Pl TR o A R o T R IR B X AR et S A, 8 ARt 2 TURD
WA EAEH (BIRY), 1984) , B e H i A €6 ph e 28 20 53 A0 R £
EAE LR, DUIE B SR L X BT 5 KUK SRR RN RSB i (BRIEZL5E,
2007) o [EEF, TR IR ERA R, A AR T 2 2 B R Z B #20 (Bishop er



al., 2016) , THE HA 52 Sk OAR O IEAR] TR E (Zeuss et al., 2014) . BPEFF
AR W X AN [ ) R B S M AR I, 7E B BRI B AR R I 3 1 (X5, 20155
TWG, 2019) o AHFFTH A BYRUR B RIS M RTE W R b o) 1) S IR 2 g AR “ U
Rk, HAETEWIR 1 750 m A A Bl X3 AT A8 s A 1K 7 A bR 1) e 7R 4R
BEEE ERTRE G T AR R BRE R T o FEAE IR0 A v] Re e E R 2=, R a2 i Bl
BNEZEREYE R, MOy R R IR S R R RK G AEGE, RS PR 0
BEMBEIE AT, & BH LA IEERE (Goggin, 2007; Labandeira, 2013) o BFFX N
LR GRS A AR 22 5, PR X SRS BN IS SIS, &M AR 5540 AT LA i R
B2 B = (R IX o T AR A b X v VA DX Ak B AR ¥, AR T 7 43 1 LA
Bt TRACRRHE d7 F A4, R AR AT RE R ) TR IR R A B E AR R R D, TR R [R] PR AE
WA 2B R B A R -

gt S L At b 0 R PRI R B S ) 5 AR L, AR S S VD VT AR 23 b X b iR
SRR FE T PRI IR 1 [ ) A7 E 57 6] » Tiede 25 (2018)7EIH R B W2 /1 L2 1L ik 790~4
410 m [P0 BB SR ORI, IR M X R SR R A A K R R, R (GRIERD
FAFAD TR (R K0T, SRR A AR R ., KB P £ 4 2. Bishop
2 (20160 R T R AR AR B H A TEA R EEIR S BB, R G AR R FR 7RI
IS 5 3 S AT

AHI TR AU IR T A e R AR = L R S PR R R G AR R
XA Rt AEVEAL, B S MRS, PRI IS 7R KA R N R I A A 0
W o RN Sy A L e PR B P SR A AU Bk, 9T AT 4 L X AR ) 22 BRI R DA 35
WS SR LR AR
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Mizk: TREIEKERIERER

Composition of locusts at various altitudes

R (MABD  Species (Individual)

W% Genus  FhA Specise FHT 4 Latin iR i e WRENV it
(1200~1500 m) (1200~1500 m) (1200~1500 m) (1200~1500 m) Total
LY BRI Gastrimargus marmoratus 75 12 102 2 191
] Gastrimargus parvulus 9 R P 5 13
L Gastrimargus nubilus 21 - 4 6 31
R ftch A Gonista bicolor - R 4 R 4
LR Gonista yunnana - - 11 - 11
NELRE Paragonista infumata - 4 R R 4
AL i il EE AL Peudoptygonotus xianglingensis 21 4 3 14 ’Y)

FLAN M IR Peudoy prominemargins - 4 - - 4




BPECY ]

i 8

RN g

s
plioEey
e
G
JEHE R
HMBEIRIE &
SRR
IR
AR
Bl
LB
ULV
TR
B3
HEE
s
Pehs g
K
Mg
HRIR)E
R R
e
R
ALY

#if

Gl
SRS
s foi
FFT
S
A
K
o e
B
e
S e
A
Ut
AN
R
are e
e
ST
VR b
A
ErISI
i
KBS
AN
T
I 5
B
s P BERRAG
Tt ibu
B
B
gt
i
o
Gkt
b
R
Kol
EfiE
R
o)1

Peudoptygonotus jinshaensis -

Acrida curticnema -

Acrida lineata 5

Dnopherula svenhedini 3
Dnopherula taeniatus 40

Spath num prasiniferum xi: 3
Spathosternum prasiniferum prasiniferum 8
Oxya chinensis 3

Oxya flavefemora 11

Aiolopus thalassinus 3

Aiolopus markamensis 1

Atractomorpha Atractomorpha yunnanensis -
Atractomorpha sinensis 5

Patanga humilis -

Patanga japonica 3
Omocestus enitor 17

Omocestus laojunshanensis -

Phlaeoba sinensis 1
Cyrtacanthacris tatarica 5
Carsula yunnana 2
Caryanda yunnana -

Pachyacris vinosa -

Xenocatantops humilis 5

Heteropternis micronus 6
Yiacris cyaniptera 3

Conophymella cyanipes 19

Catantops simlae -

Stenocatantops splendens 14
Kinshaties yuanmowensis 59
Ceracris fasciata szemaoensis 5

Gesonula szemaoensis -

Sphingonotus -
Chondracris rosea 26
Trilophidia annulata 8
Leptacris taeniata 25
Tristria pisciforme 3

Aularches miliaris scabiosus -
Eucoptacra bingham 1

Chorthippus xueshanensis Zheng et Mao -

Eyprepocnemis perbrevipennis 8
Longchuanacris viridus 16
434

26

64

292

285

83

33

157

30

20

26

43

33

67

31

31

7 AREREWH 4. Note: - represented without species.



