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Abstract: [Aim] 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 changes under altitudinal gradients are important
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factors affecting the distribution pattern and assembly mechanism of locust communities. However, there is
a lack of systematic research on the vertical distribution pattern of functional traits in locust communities.
[Methods] 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, and 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 land-use variables on the vertical distribution pattern of locust trait diversity
along the altitudinal gradient. [Results] 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 relative wing length 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 (Normalized Difference Vegetation Index),
and water vapour pressure were identified as the common key explanatory factors for multiple traits.
[Conclusion] In conclusion, the study found that the altitudinal pattern of locust functional trait diversity
varied in the Jinsha River dry-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 Jinsha River valley.

Key words: Biodiversity; functional traits; altitudinal distribution pattern; dry-hot valley
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Fig. 1 Location map of the sampling sites in Yongren County
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Table 1 Overview of environmental factors at sampling points in the study area

PR R Environmental variables S 28 Mean FrifE2E SD H/IME Min I RAE Max
13 (m) Elevation 1725.3 360.4 1141.1 2432.6
L A E 3 b (%) Agriculture area 26.8 17.9 0.0 89.0
T B E 43 (%) Grassland area 11.6 13.1 0.0 60.0
WEARBEBE /L (%) Brush area 223 15.1 0.0 50.0
FRMIFLE 3 (%) Forest area 22.9 16.1 0.0 70.0
P HIE2E (°C) Mean daily temperature difference 11.6 0.6 10.3 12.6
ZEEME Tsothermality 47.4 0.7 46.2 492
A3 (°C) Mean monthly temperature 21.2 2.6 11.3 25.7
M H&F R (°C) Maximum monthly temperature 25.6 2.84 16.8 30.6
AEMKEE (mm) Annual precipitation 753.2 38.2 669.0 837.0
NDVI#§%% Normalized difference vegetative index 145.3 43.1 65.0 235.0
SEEIRGHE (m/s) Average wind velocity 1.6 0.2 1.2 2.1




24 LA« ANTRIFREE R0 85 ORI D REAE AR 22 Rk Tt o0 A A6 Jo O 52 ) 493

4532 1 Continued table 1

P57 B Environmental variables A4 Mean FRifE2% SD H/IME Min R AH Max
JKFESJE (kpa) Water vapor pressure 0.2 0.9 2.0
+ IEERTHE Soil pH 0.8 4.8 8.2
A MBS (%) Soil organic carbon content 0.4 0.3 3.1
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Table 2 Functional traits and categories of acridoid

communities
PEIR Trait 54 Category &4y Score 1L Code
/AR Small size 1 sizel
;ﬁ;jj: HEE A Median size 2 size2
KA Large size 3 size3
K 4 Scaly wing 1 wingl
Wing 454 Brachypterous 2 wing2
length £ 3# Macropterous 3 wing3
58, Crineous 1 colorl
ifcolor 254, Green 2 color2
PR (s e+ Multicolor 3 color3
HiA§FE Terricolous 1 habitl
HyES . BEZE Arboricolous 2 habit2
Life form %42 Herbicolous 3 habit3
A2 Graminicolous 4 habit4
£k e Mixed—feeding 1 feedingl
Feeding R EL Graminivorous 2 feeding2
habits W17 Forbivorous 3 feeding3

it m s S L ESRGEERAREEE X
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Fig. 2 Altitudinal patterns of insect functional trait diversity of acridoid communities
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correlation (P < 0.05) for the altitudinal pattern of the community—weighted mean (CWM) trait value, while the dashed black line

indicated non— significant correlation (P > 0.05). The red shaded areas represented 95% confidence intervals.
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correlation (P > 0.05). The red shaded areas represented 95% confidence intervals.

3 SR ERBFEMAEAER SR (CWM) XI5 E 0 Bz 8 B AR AR B

Table 3 Random forest model of the responses of community—weighted mean (CWM) trait values to environmental factors

in acridoid community

PEAR PR T B RE (%) ff AR
Trait rait modality Variation Explanatory variables
FRMRTE L EL A5+ 5 o T R LD 9+ ND VIS B+ 557 Forest
/N Small 2.85 Craseland NDVI + Teothermali
area + Grassland area + + Isot alit
NS area + Grassland area sothermality
Body size H14%E Medium 0 NA
K Large 22.80 T3 ML S B Soil organic carbon content
g o Aptera 10.32 R+ T EE R IR Mean monthly temperature + Soil pH
AHXT ~ AERE K R+ K 28R +ND VI B0+ 5 b i A L 91 Annual
45 4# Brachypterous 14.76
Wing length precipitation + Water vapor pressure + NDVI + Grassland area
£:4# Mecopterous 18.59 B T AR L F]+ND VI 84X Grassland area + NDVI
% {7, Crineous 0 NA
(ZN e
2317 Green 0 NA
Skin color
A0 ff 8 Multicolor 0 NA
HiAEZE Terricolous 5.34 SE-IA X +AE R K Average wind velocity + Annual precipitation
s S H R 22 KRR+ L L] Mean diurnal
2 V7 P2 Arboricolous 15.19 o
= temperature range + Water vapor pressure + Grassland area
Life form e
HA§ZE Herbicolous 9.792 AFERIRE K Annual precipitation
ARAM§ZE Graminicolous 24.22 S H #i 22 Mean diurnal temperature range
ZEIRVE+ H 551 iR Tsothermality + Maximum monthl
He T Mixed—feeding 12.61 e RoTeTmay e Y
temperature
ﬁ‘@ =L 2 VE Ty .
" . H $ s i +/K #85H Maximum monthly temperature + Water
Feeding habits ARHEHY Graminivorous 4.32
vapor pressure
[E % Forbivorous 0 NA

TE: NA TR IOA RO R AL i

Note: NA meant none applicable explanatory variables.
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2007; Webb et al., 2010; Nock et al., 2016), =&
Vb 55 AR Wy AR AR W) AT T - 2 TRDRH B A R 0
filt o ASBIF 5 T8 A PR 0 T BE AR A e g X
e A HE L AEBEAE 7 O RN A b R AR AL R i A
(B 3 A A SRy, A BT TR A L S 355 T b, 2L i 1 7% 4
A A R S AL, R REIE D)
AE PR ZH B A AR BB AR AL T An g o 1 o T 5%
GERFW], ASRPEAR 22 M 0 ¥R 53 A1 A% SR A7 AE
P25, TS AS R P45 PR B i o7 A A — B
AR R A A HE . NDVIRL g — e85, K
R MBI YR IR N 1 Ff 3k
B R AR AL, SRR R IR T R 2 AR,
A S 2 it L MR 22 RE VR TR AR O A A R 22 5 1Y
REERER, A, HIERT O M F
IR 3 IR RS | ARG | AR S B AR Y
MR b BAT BRI

A AU 2 52 1 B0 ) B B 3 N Y AR EE R AR
(LaBarbera, 1989), ‘&5 ML Bl 72 A 7 % AR
H MBS 38 B30 (Gaston and Lawton, 1990),
HTTE R ORI U, AR RN 25 B AR B
JE 14 35 i MEATY SR AP AR 4 B, VG TERLHITS 9K
1z /> (Chown and Gaston, 2010; Watt e al.,
2010; Shelomi, 2012; Zeuss et al., 2017). ASHF
g, W AR R SRR NER R R R E
“U” BISrAE, TENEHR 1700 m 22 A B H IR b X HL
Pt/ IMEL. 7T RE I D PR B 4 R BE Y TR,
FRIALE b NPT 25 DX ik B B I, ek B 3 R 4
SRR LA T WELA . [FE, BEE R
T s Fh 5 b S N, W YR AR R D
AEAF RGBS, R T Y A A A M
(AnZs 7y . AR AT RE I bt M) o ER &
FERE T A Wy o 3 B AT B SR Y B B N BE
(Whitman, 2008; Schellenberger et al. , 2017), K
PB4 BE B A SR DU BT g A A A
RIS ] B /MR B Y R A R A2 A7 (Gibb et al.,
2017) o JH RUE A AR b R R R A i
B, TR T R HORE VR Y S MR LT Bl A
SO AL AR 5 U . X AT RE SR W BE TR AR Y 1
TS s e Sl MR R 3 N v R R B, T
T80 S /R A T ey T A M e K B
FR G, AT RE A2 I 6T 5% 5 R HROXU I 198 A [m]
Xof AL o PRI DAy e B 7 A 114 2 T L e R X6 S8 Y ik
A BRI N RS AR S B B Y & R

(Hodkinson, 2005; EAH, 2011), migkH
AR . IR AR KK, S8R
R HmAGESE R S KA TERE (Dillon et al.
2006; Peters et al., 2016) . KHYFINR L K
TTRE ST, DAIE N e U 3 A A0 R A 58 A R 38 B
PR M B B M S (Denno et al., 1991;
PicaudandPetit, 2008). M5 HAA (6 4% 0 B PR 2 kR
PR 5 G 2 2 PR B RV AR A AR SR o A R D DX
LERrN RGN N U A UNEZS TR e ST
e (ENGa), 1984), BEER T E S dL AR (,
i A 215 0 43 Th BB €0 RIS A8 (o (R 2 0 L LG
FERHL X TR KK AR, EAM RS
RESRE S (MRIELEEE, 2007) . [RIAS, o R0
T BERRBE A SO AR R Y 25 52 B A o2 A Y
$20 (Bishop et al., 2016), TiiH HUAf 2 A 4% (4
IR T WU (Zeuss et al., 2014) . &
P 8 A A R I e AN ] £ 40 B4R S A 7 1 P A B
M LR B A MEE MRS (N,
2015; “EMS, 2019). A5 e £ BRI OR RE AL S
PR AE R SR by i) S B 2 L A A U
AU, HAEAEWIR 1 750 m 22 456 Tedid, X AP
] B 27 P A X R RR e eV R R B
AIREA L T A R B IE I o AR B I 40 A nT RE
FEFRWR R, Fo YRR R oy EE R
AR ER, AUy R R IVE IR B A A
KRB RET, A BRI 25 TR i 45 i R V% o0 A
=R RO DL A A RE (Goggin, 2007
Labandeira, 2013). B3 X P 1 i F FH 65 4k 5 A
TEFE2ZE ST, PR3l XS 8 BN TG sh A %,
A A B 0 A B B A A A S AR E R LK
T FEE A DX ORI g A bt IX P8 A5 - AR TR v
FEHE 7 25 B B LR | TR AR 5 ik, 08l
) AT 5 ECE A e VR 2 R A T A /D, R b
AN R B PR AE VR B L S A S 3 A )
5 A H Al b s TRV R AR 9 B 45 SR A
Eb, ASHIE ST FE 4 VD VT HR0T 2 b DX O R X 1A
P BE R PR B Y e B AF FE 55 [A] o Tiede 55
(2018) 7EMHFRJEW.Z 1 HFH P 1LFHK 790~4 410 m
5 ORI T R R, R PRV AR L DX ) A RN A )
ARS8, KR CEiER) SR
T (kR 0T, W8 dvsR B (R A
K. K#YFEZH5E 8. Bishop 5 (2016) i)
T R AR R g A AR R PR RE ARk,
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VRS PN LSILE7/ L RN TR RN SR S S VA

AP IER RIS T k. LI HEBE
FEIT L M) A PR LR X R R SRR A
XA AR AR B SRR IR, R
PR AR A D AR T SRR A= SRS o [R] I
Dy ey e L o DR R R AR A BT RE, O
I A s IX A ) Z R DR A A SR S AR G 22
([T
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Appendix table 1

M1 TRLERERIEREMR

Composition of locusts at various altitudes

YR (ANME%D  Species (Individual)

J&4 Genus Fi 4 Specise i T 44 Latin TR R BRI R BRI TR BV Bt
(1200~1500 m) (1200~1500 m) (1200~1500 m) (1200~1500 m) Total
e =R Gastrimargus marmoratus 75 12 102 2 191
i) Gastrimargus parvulus 9 - 2 2 13
it Gastrimargus nubilus 21 - 4 6 31
LRGP R Gonista bicolor - - 4 - 4
LRI Gonista yunnan - - 11 - 11
NE R Paragonista infumata - 4 - - 4
M AHU DA Peudoptygonotus xianglingensis 21 4 3 14 42
TG Peudoptygonotus prominemargins - 4 - - 4
S VPR e Peudoptygonotus jinshaensis - 8 - - 8
Sl F e g Nzl Acrida curticnema - 6 - - 6
2 1) i Acrida lineata 5 26 2 - 33
s & TP b Dnopherula svenhedini 3 1 - - 4
ZOUE e Dnopherula taeniatus 40 64 53 - 157
AR e el ; : : : :
KA i Spathosternum prasiniferum 8 10 6 6 30



e g

SRYE R

b=y

e

TR IR

B R

Y

o i 2
R )R
G )
JE )

A DEBE I
SRS
g

A fE e

P AEIE
RO

T FELR s
mE e
A
NI

H AT i

21 i
ZHE A
e e
Bk g g
nH R

0 IR
JE 5

KBS R
/NS
AR

Oxya chinensis

Oxya flavefemora

Aiolopus thalassinus
Aiolopus markamensis
Atractomorphayunnanensis
Atractomorpha sinensis
Patanga humilis

Patanga japonica
Omocestus enitor
Omocestus laojunshanensis
Phlaeoba sinensis
Cyrtacanthacris tatarica
Carsula yunnana
Caryanda yunnana
Pachyacris vinosa
Xenocatantops humilis
Heteropternis micronus

Yiacris cyanoptera

11

21

12

20

26

13

15

43
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Conophymella cyanipes
Catantops simlae
Stenocatantops splendens
Kinshaties yuanmowensis
Ceracris fasciata szemaoensis
Gesonula szemao
Sphingonotus

Chondracris rosea
Trilophidia annulata
Leptacris taeniata

Tristria pisciforme

Aularches miliaris scabiosus
Eucoptacra bingham
Chorthippus xueshanensis
Eyprepocnemis perbrevipennis

Longchuanacris viridus

19

14

59

26

25

16

434

10

29

292

11

12

285

13

83

33

14

114

18

67

31

31

20

16

19

1094

E: -RETFI A

Note: - represented without species.



