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# E [BW] SXk&H Clanis bilineata tsingtauica ( “EF}” ) REBEMERAE R, HEARKSRE
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WA FRAE AR T B R S S B PR E SR o & B AR A e, DIl e 7 miae X, #2675
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Effects of different soybean cultivation methods on insect
community diversity, and on the nutritional composition of
Clanis bilineata tsingtauica
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Abstract [Aim] To investigate the effect of habitat biodiversity on the nutritional quality of Clanis bilineata tsingtauica, an
important edible insect. [Methods] The correlation between insect community diversity and the nutrient composition of C. b.

tsingtauica living under different aquaculture regimes was analyzed. Malaise traps were used to investigate insect biodiversity
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in soybean fields under net-shed and open-field cultivation methods and the concentrations of amino acids, proteins, and fatty
acids in C. b. tsingtauica larvae living under these two different soybean cultivation methods was measured and compared.
[Results] Insect species diversity was significantly higher in open-fields than in net sheds (P<0.05); a total of 11 068
specimens belonging to 9 orders and 39 families were captured in the open-fields, compared to 6 805 specimens (8 orders and
28 families) in net-sheds. An a diversity analysis indicates that both the Shannon-Wiener diversity and Margalef richness
indices of open fields were significantly higher than those of net sheds (P<0.001). The amount of protein, five amino acids
(serine, glycine, alanine, histidine and tryptophan) and two fatty acids (pentadecanoic acid and palmitic acid) in C. b.
tsingtauica were significantly higher in specimens from open-fields than those from net sheds (P<0.05). Both the
Shannon-Wiener diversity and Margalef richness indices, were positively correlated with the abundance of proteins, five
differential amino acids and two differential fatty acids in C. b. tsingtauica. [Conclusion] The nutritional quality of C. b.
tsingtauica from open-field soybean crops was higher than that of those from net sheds, which may reflect the richer insect

diversity of open-field soybean crops. These results provide a basis for the improving the nutritional value of C. b. tsingtauica.

Key words Clanis bilineata tsingtauica; nutritional composition; cultivation method; insect community; biodiversity

TR Clanis bilineata tsingtauica ( {FRE
FF, ) BRERA W E RS, HA 2 A5

) g (Chen et al., 2009; Tian and Zhang,
2012) o HATEWN G5 X 2 KSR
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(Xueeral., 2022) . Bk, G HFTabIGEH
1 R RS A A el s, B T B B LA A
T G PHA N & B R o & i kA AR
FH A BT S PHA A B SR BT i SR R S
FEFEAR A A AH M

MG AL T PO S5 8 2 A i R IR A R



- 130 - R B 244k Chinese Journal of Applied Entomology 63 &

LN B HUE S AR SR RS, I E A )
IR N BT AR SR S AR TR
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(119.46779°N, 33.73892°E ) ¥ & 1 5K &M
VR BIFFE LS o EBCHIIE 10 km A4 BRI 5 FH LA
FEARE AR TR vl REPE, FTse B K G R |
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TR FREM 5w, HatHop 20 000 %,
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10 d. FHEOIYSK . OIS 10, 20 F130 d 5350%F
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1.2 XEHRHBERESHARE
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SAE SR, ] 95% e B, BN R
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FE o FER AR B sy 9] 5206 3 ok B A8 8 Ty
IR ERR A, IEXT R R e AT
P AT (HEAE, 2017)

2023 4 6 HF#HE. MEKRZHARAH
RPEEARE 5 HFE— RIS R h—301
ZAGF, HEBEF RS RIKRERA 50 mL
BLDEN, AR AT R, % H g T - 80 °C

Wb, MTEPHANERR ., 2550 . IR
FEAIE, 1Sy 1A, A ER 5K

1.3 EAERESSNAE

131 BEERESEVNEFZE RAIIKERE
W B R &, FRE 0.2 g BESL FIHALEE T,

A 0.4 g BiFRE .6 g FRARHH M 12 mL &7 711
I AT AL, FRHARY IR BEIRE] 420 °C. VA
AR T B RIS S22 W 5 6 0 e Oy VO 38 I )5 Ak
AL 1 h, BUBRHEIE A 20 mL JCEK, 3%,
F AP E R (K9840, B ifgae ey Bt
HIRAR] ) EZEE 7 min, H2OR A g0
EVRWE 1-2 A 10 mL BERIATR (20 g/L) , 1%
PRI E 200 mL J5 HEhMARMEA T (0.1
mol/L ) g, A KL, R =
Ho WHEARX (5) IR FHANE AN &,
B RECN 6.25,

132 SEBRESENERF HELEER A
ST (LAS08O, H AKX 4t H 7 s iR
Bl ) Mg GFHMAN 17 Rk 20, ( REA
M2 Aspartic acid. 7522 Threonine . #£%(JR
Serine, &M Glutamic acid, H & Glycine
WNZ R Alanine., JJ)EZ R Cystine . &2 R Valine
AR Methionine, 422 iR Isoleucine, =%
M2 Leucine . % 24 X Tyrosine . 7K N & &
Phenylalanine . i % /iX Lysine . 21 % /i2 Histidine ,
¥ % M2 Arginine, JfiZf2 Proline ) &, RHIM
BORAR a3k ( HPLC ) 5 S PR N 0 & TR
( Tryptophan ) & &, K Agilent C g ( 4.6 mmx
150.0 mmx5.0 pm ) 3%HE, BEFERN 35 °C,
HEEER 10.0 pL WA 1.2 mL/min, K H
280 nm,

133 [ERBEENEFRZE FIHHEAIEY
JFiEAL ( Trace1310 ISQ, Thermo ) M & FHA
WHE W ER 1Y % & , ¥ TG-FAME ( 50.00 mx
0.25mmx=0.20 pm ) 3% 4E, HEAE R E RN
260 °C, #S L 0.63 mL/min, /M7 100 : 1,
B AR B IR 280 °C, fRH4IR
240 °C, FNIERIFA] 4.0 min, B 7P 4 EIJE,
HLTRER 70 eV. THEMFE N 80 CLRHF
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1 min, LA 20 °C/min AYERTHEZE 160 °C, £
$# 1.5 min, FLL 5 °C/min 93 THEZE 230 °C,
45 6 min (fa]4:BHEE, 2023) .

1.4 HIESH

KH o ZHERECTE SR HNER
Mg 260k, 45 Shannon-Wiener ZHEPEFEEL
(H) . Poelou ¥J5] 5% (E) . Margakef F
W EFEEC (D) A1 Simpson fEFEIRE (C)
HHEARXT

S
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i=1
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D=(S-1)/InN (3)
S
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i=1
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PIARE; N AR T A IR AR5 P
R P FASERECE SR N R, RD
P=Ny/N.
EHREGE=
(AFHIFERR IR — = FITHFEARIR ) x 0.100% 0.010

FE Sl < AR /100

6.250 x100 (5)

TR0 s 1% H Microsoft Excel 2019 47
= il IBM SPASS Statistics20.0 x4 #474%
38, i GraphPad Prism 9.5.0 % {4:# Origin
2024 AP E RV AR . SRR EUER
FIH ¢ K5 ( Student’s t-test ) HIREE . FEMW
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21 FRAFEARNTXEBRNERFERAR
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B o PIFFREE R & IR R A 3 3 H
By, W E | fEE A R Bt
hE (F 1)

22 AMFREARTREHNEABESHY
St

S RNFREEAR I, 8RR A R Y
Shannon-Wiener ZFHEFEEE ETHE T 17.9%
(P<0.001) , Margalef £ & EHEHEETET
60.8% ( P<0.001 ) , & KJRIHE KT M
Simpson B B4R FH MR T 53.8% (P<
0.05) (Kl 2: A-D) .

23 ARHFEAXTERMMEREFAS S

SRR AR L, 88 R FRAE N P HA Y B
MRS EBETES T 8.1%(P<0.01) (K 3:A),
SEERSIENR &R B 2ER (P>0.05)
(El3: B, C) . 5MIRFRFEZEAHL, ZERillny
18 Fhad kiR, TFHANZER . NEAR. &
AR . HEmRMARAR S w058 EHm T
34.5% ( P<0.001) . 17.4% ( P<0.01) . 42.9%
(P<0.01) . 17.6% ( P<0.05 ) Fi1 15.4% ( P<0.05 )
(R 2) . 35 FliEMRY, BRFEHETFHAN T
FLHRAR[C15:0, (0.01£0.00) g/100 g]Fkit R
[C16:0, 0.86+0.18) g/100 g] &+t i & i T M4l
LY 14.8% (P<0.001) #134.4 % (P<0.01)
(£3),



+ 132 - R B 244k Chinese Journal of Applied Entomology 63 &

x1 FAHFEARXNTAEHNEREFENMEMBR LR

Table 1 Comparison of insect community composition and abundance in soybean fields under two breeding methods

g I (%) R BIFIEDT (%)
. Individual number Ind1V} dual Species number Species proportion (%)
H () proportion (%)

Order (family) MEE BRREE O MM BRSO MEE ERE MiE &R

Net shed Open-air  Net shed Open-air  Net shed Open-air  Net shed Open-air

culture  farming culture  farming culture  farming culture farming

533 E Coleoptera 22 219 0.32 1.98 5 8 15.625 17.778
AL Coccinellidae 18 127 0.27 1.14 2 3 6.250 4.444
m-HEL Chrysomelidae 1 49 0.01 0.44 1 1 3.125 2.222
6% FH Meloidae 0 2 0.00 0.02 0 1 0.000 2.222
BBl Cassididae 1 0 0.01 0.00 1 0 3.125 0.000
4 FFl Scarabaeidae 0 1 0.00 0.01 0 1 0.000 2222
fH 4Rl Melolonthidae 0 3 0.00 0.03 0 1 0.000 2222
£ %Al Mordellidae 2 3 0.03 0.03 1 1 3.125 2222
B AL Eumolpidae 0 34 0.00 0.31 0 1 0.000 2222
fi# H Hymenoptera 212 282 3.12 2.55 4 5 12.500 11.111
el Sphecidae 7 33 0.10 0.30 1 1 3.125 2222
#%R} Vespidae 0 1 0.00 0.01 0 1 0.000 2.222
#li 4% A} Ichneumonidae 64 48 0.94 0.43 1 1 3.125 2222
/N AL Chalcidoidea 139 172 2.04 1.55 1 1 3.125 2.222
H12F} Braconidae 2 28 0.03 0.25 1 1 3.125 2.222
#3¥ H Lepidoptera 50 217 0.73 1.96 6 9 18.750 20.000
FWkF}l Gelechiidae 21 128 0.31 1.16 3 3 9.375 6.667
IR Noctuidae 1 19 0.01 0.17 1 1 3.125 2222
FgERL Crambidae 23 57 0.34 0.51 1 1 3.125 2222
YA Pyralidae 0 3 0.00 0.03 0 1 0.000 2222
REFl Geometridae 5 1 0.07 0.01 1 1 3.125 2.222
HHEEL Pieridae 0 8 0.00 0.07 0 1 0.000 2.222
KAl Sphingidae 0 1 0.00 0.01 0 1 0.000 2.222
BB E Diptera 5414 9390 79.56 84.84 12 16 37.500  35.556
JLiA} Drosophilidae 1388 3111 20.40 28.11 2 2 6.250 4.444
1%} Ceratopogonidae 1328 1296 19.52 11.71 1 1 3.125 2.222
£ BB} Dolichopodidae 239 1033 3.51 9.33 1 1 3.125 2.222
EIFEEL Syrphidae 2 44 0.03 0.40 0 1 0.000 2222
IR Muscidae 1012 1496 14.87 13.52 2 2 6.250 4.444
Zeh Rl Scathophagidae 425 621 6.25 5.61 1 1 3.125 2.222
1EMEEL Anthomyiidae 17 30 0.25 0.27 1 1 3.125 2.222

iRl Asilidae 0 2 0.00 0.02 0 2 0.000 4.444
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££3k 1 (Table 1 continued)

A LR (%) R WIRH DT (%)
Individual number Ind1V} dual Species number Species proportion (%)
H (&) proportion (%)

Order (family) POBE ERRIE MIBNE @KL MME BRIk ML BRE

Net shed Open-air Netshed Open-air Netshed Open-air Netshed Open-air

culture farming culture  farming culture  farming culture farming
IR} Culicidae 479 943 7.04 8.52 2 2 6.250 4.444
KR Tipulidae 0 1 0.00 0.01 0 1 0.000 2222
$EU AL Chironomidae 14 260 021 2.35 1 1 3.125 2222
WAL Simuliidae 510 553 7.49 5.00 1 1 3.125 2.222
33 H Hemiptera 47 220 0.69 1.99 2 3 6.250 6.667
%8l Pentatomidae 0 1 0.00 0.01 0 1 0.000 2222
AR} Cicadellidae 45 204 0.66 1.84 1 1 3.125 2222
KEFEL Delphacidae 2 15 0.03 0.14 1 1 3.125 2.222
E#H Orthoptera 0 6 0.00 0.05 0 1 0.000 2222
SR Acrididae 0 6 0.00 0.05 0 1 0.000 2.222
Jk# H Neuroptera 3 14 0.04 0.13 1 1 3.125 2222
HIAF} Chrysopidae 3 14 0.04 0.13 1 1 3.125 2222
2 H Thysanoptera 1056 719 15.52 6.50 1 1 3.125 2.222
#j A} Thripidae 1056 719 15.52 6.50 1 1 3.125 2222
B3 H Dermaptera 1 1 0.01 0.01 1 1 3.125 2.222
118 Dermaptera 1 1 0.01 0.01 1 1 3.125 2.222

RPAMELLEI AR BN R RGN R RSB E S (%) 5 DR LEEY R BN R RS BN R RS
B E 43 e (% ) o The individual proportion in the table represents the percentage (%) of insects within a family or order

out of the total number of insects in the field; The species proportion represents the percentage (%) of insect species within a
family or order out of the total number of insect species in the field.

5000
000 == PSRRI
500 Net shed culture method
500, L — BRI

Open-air farming method
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(=]

—_

S W

(==

[= R ]
I T
*

EH%E (2 ) Insect population (ind

T
| L&
58__—.—_|ﬁ ! élﬁ === ! ! [ !

|
BEE AR 2H BsEE  HEE BEHE O E#E kEE EEE

Coleoptera Diptera Thysanoptera Lepidoptera Hemiptera Hymenoptera Orthoptera Neuroptera Dermaptera
H Order

E1 AHFEAXNTAEANARMERAKSHER
Fig. 1 Abundance of different insect species in soybean fields under two breeding methods

Kb SRR ZERE ($P<0.05, MAZFEA (1G5 ) .

The asterisk indicates significant difference (*P<0.05, independent samples z-test).
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=
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MilisrEEY:  BERIREEIE RitlFREE T BER I
Net shed culture Open-air culture Net shed culture Open-air culture
0.80 0.30 -
C ns _g, D *
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2075 s 025 L
p L #22 |
TEoT0L L ggozo—
Te s
<2 e o
23065 - —— g 20.15 |-
-2 L ==
n
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PIFRAEYE  BRRIRRME PIHFR AR BRFRRE
Net shed culture Open-air culture Net shed culture  Open-air culture

7458 )52\, Breeding methods
B2 AHFEARNTAEHNEREESEESN

Fig. 2 Analysis of insect community diversity in soybean fields under two breeding methods
A ZREEICES B FEEIE; C WAEIE; D ERE AL B RSRRERBE (*P<0.05; ***P<0.001,
MSZREAR (AG5) , ns FoRZESARFE (P>0.05, MSrA (4% ) o K 3.
A. Comparison of diversity; B. Comparison of species richness; C. Comparison of species evenness; D. Comparison of
dominance. The asterisk indicates significant difference (*P<0.05; ***P<0.001, independent samples z-test ) ,
ns indicates no difference (P>0.05, independent samples ¢-test). The same for Fig. 3.

AEIS—A *k . 10-B ns _ 5-¢ ns
0SS o o0
g & . == Sowil —_ - 8 - B 4+
2F1or ®e8 ®88 1
— 8 Jo26 - o= 3
i § £% 2%
& g oSg4r @52
s @32 g3
Lg #3521 BE 8]
ik w =
ﬂ‘g é 0 1 1 >U:'3 0 1 1 ﬂa 0 1 1
MIlFRaEE BRI MItlFRsE: BRI PIlFRIEE SRR
Net shed culture Open-air culture Net shed culture Open-air culture Net shed culture Open-air culture
F£%E )7 2, Breeding methods

B3 AmMFEARTEAEHNEZEAR. REEBMNEEHRISLER
Fig.3 Comparison of protein, total amino acid, and total fat content in
Clanis bilineata tsingtauica under two breeding methods

A BEARSEILE; B BERERTRLE; C BRI S & .
A. Comparison of total protein content; B. Comparison of total amino acid content;
C. Comparison of total fatty acid content.
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R2 AMFEARTEMMASERSELER

Table 2 Comparison of amino acid content in Clanis bilineata tsingtauica under two breeding methods

FOLRALY (/100 ) 58 173 Breeding methods H i df Pl
Amino acid components (g/100 g) Rl g Rk Degree of P-value
Net shed culture Open-air farming freedom

KA Asp 0.68+0.09 0.76+0.05 4 0.11
MR Thr 0.33+0.04 0.37+0.02 4 0.11
22 7R Ser 0.290.03 0.39+0.02%** 4 0.00
AW Glu 0.86=0.10 0.95+0.08 4 0.15
H4 R Gly 0.34+0.03 0.40£0.03* 4 0.02
NZR Ala 0.46+0.03 0.54:£0.04** 4 0.01
Bt =2 Cys 0.05+0.01 0.0620.01 4 0.06
B Val 0.43£0.06 0.49+0.03 4 0.09
HAMR Met 0.06:0.01 0.06+0.01 4 0.82
SRR 1le 0.34+0.05 0.38+0.03 4 0.11
SR Leu 0.52+0.07 0.58+0.04 4 0.14
% %R Tyr 0.35+0.06 0.39+0.03 4 0.25
ZRINZ MR Phe 0.37+0.06 0.43+0.03 4 0.08
M Lys 0.54+0.07 0.60+0.04 4 0.11
2R His 0.260.02 0.30£0.02* 4 0.01
K &R Arg 0.48+0.05 0.53+0.04 4 0.12
%% Pro 0.38+0.04 0.42+0.01 4 0.09
R Trp 0.07+0.02 0.10£0.01%* 4 0.01

FHhRESFEREFLE (¥P<0.05; **P<0.01; ***P<0.001, My FEA (465 ) o TR,
The asterisk indicates significant difference (*P<0.05; **P<0.01; ***P<0.001, independent samples ¢-test). The same below.

24 FREEFRATATEAEARESRy o0 HHENEDIL S MR ILm 2 Em
( Serine, Ser) . HZM (Glycine, Gly) . N

ET /&
SEABRAFRRIESH 4 ( Alanine, Ala) . 4V ( Histidine, His ) .

W AR T RS HAN R R R L 6% R ( Tryptophan, Trp) 1. 2 FFARIHER[+ H
FEPEFEEC S G E R A S m AT, & W ( n-Pentadecanoic acid, n-Pen ) FIzEHE R
P Shannon-Wiener Z £ 14541 . Margalef 5 & ( Palmitic acid, Pal) J¥JRIEME (E4) .

x3 AHREAXTEMABHRSSELR
Table 3 Comparison of fatty acid content in Clanis bilineata tsingtauica in
net sheds culture method and in the open air culture method

BIFR4H 4> (/100 g ) Fatty acid components ( g/100 g ) 58 J7 2 Breeding methods BB df P
EA S 2t PR [ NS Degree of e
Name Chemical formula  Net shed culture Open-air farming ~ freedom
N G 5E R Myristic acid Cl14:0 0.01£0.00 0.01=0.00 4 0.75
+ FLA% R n-Pentadecanoic acid C15:0 0.01+0.00 0.01+0.00* 4 0.02
P2 Palmitic acid C16:0 0.640.09 0.86+0.18* 4 0.04
FAR R Palmitoleic acid Cl6:1 0.020.00 0.020.00 4 0.70
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#£3k 3 (Table 3 continued)

0.94 | 0.70

0.97
His
@~
-Pen 0.85
. . p-ten 08
000 ~
-1.0

B4 XEHRRZHUEHSEAEAR. SERMEHEBIEXYE

Fig. 4 Correlation between insect diversity indices in soybean fields and the content of protein,
amino acids, and fatty acids in Clanis bilineata tsingtauica

H: Shannon-Wiener Z#EEFE40; D: Margalef 5 EF5%%; C: Simpson fLHEFEEL; CP. HEHF;

Ser: #%FW%; Gly: HEMR; Ala: NEMR; His: H&M; Trp: (A& M; n-Pen: T HIKAR; Pal: FEIHER.
S IR AR REG A AL T 208 1 R RGP WMENE , o 15 0 20 ORGP T
B R SFoRER BE (¥P<0.05; **P<0.01; ***P<0.001, BK/R#MAXRE) o
H: Shannon-Wiener diversity index; D: Margalef richness index; C: Simpson dominance index; CP: Crude protein; Ser:
Serine; Gly: Glycine; Ala: Alanine; His: Histidine; Trp: Tryptophan; n-Pen: Pentadecanoic acid; Pal: Palmitic acid. The
numbers above the diagonal represent correlation coefficients. The circles below the diagonal represent the strength and
direction of the correlation. A gradient from red to white indicates decreasing positive correlation, while a gradient from
white to blue indicates increasing negative correlation. The asterisk indicates significant difference (*P<0.05; **P<0.01;
**%P<(0.001, Pearson correlation coefficient).

iR ZH 4> (g/100 g ) Fatty acid components ( g/100 g) F#FH J7 2 Breeding methods B df P
F4FR =252y EiiRES &R Degree of 16
Name Chemical formula  Net shed culture ~ Open-air farming freedom
T+ %R Heptadecanoic acid C17:0 0.02+0.00 0.02+0.00 4 0.88
fiiJgFR Stearic acid C18:0 0.17+0.02 0.19+0.03 4 0.18
Jz AW AR Elaidic acid C18:1n9c 0.50+0.11 0.64+0.14 4 0.13
IR Linolelaidic acid C18:2n6¢ 0.29+0.11 0.30+0.12 4 0.87
1E£ % Bicosanoic-12,12,13,13-d4-acid C20:0 0.02+0.00 0.020.00 4 0.12
y-E B2 Gamma linolenic Acid C18:3n6 0.01+0.00 0.01+0.00 4 0.43
T +Hk—¥ R Eicosenoicacid C20:1 0.99+0.58 1.02+0.53 4 0.95
-+ 8% Behenic acid C22:0 0.02+0.00 0.02+0.00 4 0.11
16 =512 Eicosatrienoic acid C20:3n3 0.01£0.00 0.01+0.00 4 0.41
¥R Erucic acid C22:1n9 0.01+0.00 0.01+0.00 4 0.81
1 =Hk#& Tricosanoic acid C23:0 0.01£0.00 0.01+0.00 4 0.33
1 DUk R Tetracosanoic acid C24:0 0.01+0.00 0.01+0.00 4 0.65
1.0
H 087 096 070 0.68 0.54
0.8
‘ D 079 0.65 080 0.61 072  0.68
. ‘ C |-0.62/—0.54|—0.35/—0.40 —0.38—0.36 0.6
‘ @ @ cr o355 061 067 070 081 075|067 |04
‘ ‘ @ . Ser | 0.86 0.89 090 088 082 057 || 0.2
® o O Gly 086 093 088 0.79 -0
. C K Ala 0.85 084 068 || l—o2
® 0o O 0.87 | 0.81 | 061 04

=i
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3 g

ABIF 5 30 o O A A R A R K R A AR
TR H A R R AR, A A N
BRI ES, IER o 2R ECS TP E R
B HEA TR DG 43T o & B AR A A K
HHEE, #ERIFFFIEREH N E B2 &,
HEFHANME BT, 22208 . N2 R =R
5 o AR EE B2 IEAHOC . X R INR
N AE W A A R T PR 8 SR R
R, TEA S, Sl R N R
HEVE L5, PTREA B T 2 PFa s SR (BRI i 5 Y
27t

oA I 5 9 v K R R R IR ik K=
A B URh 2 R B, BRI E AN, —F 2
RS, HIFFD PR ST . AR AL,
[Fi] s 79 b, R 2 FH PN P A B PR 7 R G T B
R PR RERLRL, SEI RS BB T 2 R
WOERE, Ho P8 0 0 Hb A7 A AR R AN AR
( Mwalusepo et al., 2014 ) . fERHBE T, %
P U B T AWI G 9 5 B TR B 4 W 45
AEFRY, Hhi@ e | e H R ER e
HE AR R (Buttetal., 2018) . FERIFH
KT H N H R R B & TR SRR
TH, R E R RO E A ARG,
WD T SRR S H R e AR R
St AT YA Ve 2H B2 52 ) S HL A o A el R B
(BRFZ, 2012; EFEEMSE, 2024) , FHIFRAHE
B NEAREE, R4 T LR R SR
A, RRBEREAR K G I NAEY BE I A= W) i S 20
PE o Bl U T 5508 AR T B B AR A7 /N 38
¥ (Simonetal., 2014) . Hit, MHXFFEEKFE
FEE, WIBSR A B K S R R R SR
E R R BT E > RE R, —&50
B RRRRE R I YK (4R R 5E, 2024 ) .

ERBARKEFMSR Y, ERREXE
2, EAMS SR B SGERAL A, W R
) A i 1 Bl A ) B2 Ik BE R O 17 4 45 Fh D) Ak
(Walski e al., 2017 ) . @AM B & RBES
BRI BT, HAR AR r3E i< & A G

7y MEBAMEER 5 R R R — 2,
RAKRAEA MRS BERS (Maeral,
2022) o ABFFREEREY], #E RGP HAN B
H T i S T R, X 5 P
LR o A OC, (TR R IR B HA N B
SRR i TSR, (T 2 A RS S
EAAREE, SEARTEWE (Qian
etal., 2023) ,

o2, B AR IS shad B R P 2
3Bt A IR SR (0B ey 2R L TRE . A
MBS ) AR A WD), LLIE WA R A A
¥ 35% ( Renault ef al., 2006; Kostal et al., 2011 ) .
8 R FEHH G FHA P BV R & e T M R A
PGPy, H 22208 . N2 BRI 2R & 1 i
T MM SEFE . Andersen (2007 ) KN AR 5
HER S5 R RRE M2, 5 5t
AR A B R | B 25 2 R A
Ko TI—HMATREMI R, T M M PRI
BT BRI S A AR R ST, R IR
1, GPFAT BB ELA U 2 (5 B R ST B A
%R (Aldrich et al., 1997 ) . Tillman % (1999 )
R AN R4 B R AR AR M ET AR
G i, Horh 07 A i SRR AR S H i H B
HURNHT& UGB R, mse 2R il LA i H
B A G s B R E AL . WA R,
FHA P I8 &R 7 15 K v 4 & e e
ZAMR R B IEAHDG, RGM AR AR 54 R4y
FRAMANEIREIEAC (Qianetal., 2023) .
AW H R R IR R N R R R
R BRI e, S REBRE R G,
I R HORAS R i I S SR TR A AELE IR TN, fEitF I
W LR & T+ (Holdbrook et al., 2024 )

R T B A A= A sh Rl A EE 22 BB
A5 &S5 B E R Drosophila
melanogaster JUT BTG R ©ATH R 2SI AE
LRARN AR IR, DAl B A e T de it G
it MR R I AT LM A A T, A B R
HERA MR ( Koutroumpa and Jacquin-
Joly, 2014; Chen et al., 2022) . TERINHIAY
16 FlAgWIER S, PIRhFRAE =N GPHAR
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TR AR MR AT A S 5 V22 e, (H A P Ak
KT+ TR IR R RN T B HUA ] REAL K
AN DA, DX 5 P A L T Bl 2 oAb R
HUEmA K
ABIFERIEREN , SMMFREEAL, &
RIRFE LR B N B HURE I A2 ) A MK P T
NAE, ARG A REAHN BT L AHE SR B
B R v AR T P 52 S R R 28
F, OB T BT ERREE , EREERER TR
HIPA B U O 2 REE , MBS T R K IRAIE, ™
MR O AT A R E A T BIER L IR
R R TR, JUHJE 225 . N AR 2
R PN R RO 5, o
KA FE R T N A B R 35w T RO R SR
REH, B, ERIET P miE F, Kk
PR — B LA IR AR SR o 0, 3 22 fi] P
MEIAREE | OH A & A H R L, DU
] T P P B B R R R S R, B R
SO HCEAT Oy, MTIBR R EPHE SR B A
LR N G HE SR A PR T BRI A AR 2
% NEFYEFRYIBOT K S BEE T He AL
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