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M or phological characteristics of Dociostaurus maroccanusin
different regions along the China-Kazakhstan Border
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Abstract [Aim] To develop a method for the accurate morphological identification of Dociostaurus maroccanus, a
significant, invasive species of locust, and thereby improve the accuracy of population monitoring and early warnings of

outbreaks of this pest. [Methods] Morphological differences between D. maroccanus and two congeneric species, D. kraussi
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and D. brevicollis were assessed. Furthermore, morphological traits of D. maroccanus, including body length, posterior femur
length, and hind tibia length, as well as the E/F ratio, were compared between specimens from China and Kazakhstan. Pearson
correlation analysis was used to examine relationships among various morphological parameters of the D. maroccanus.
[Results] D. maroccanus is the largest species in the genus, and the inner side of its hind femur has a light pink coloration. In
contrast, D. kraussi and D. brevicollis are smaller, and the inner surface of the hind femur of these species is yellowish-brown
or earth-yellow. Both D. maroccanus and D. brevicollis lack black spots on the upper and lower carinae of the outer side of the
hind femur, whereas D. kraussi possesses distinct black spots on these carinae. These characteristics are key morphological
features for distinguishing between these three locust species in the field. There was a highly significant positive correlation
between the body length of female and male adults of D. maroccanus and forewing length, hindwing length, posterior femur
length, and tibia length, indicating a high degree of morphological correlation between morphological features involved in
flight and jumping(P < 0.001). Compared to the Kazakhstan population, the Chinese population of D. maroccanus had
significantly larger morphological metrics, with the hindwing area, forewing length, body length, posterior femur length, and
tibia length of specimens from China being 19.42%, 15.83%, 11.63%, 10.53%, and 10.16%, larger, respectively, than those of
specimens from Kazakhstan. In addition, the E/F ratio of Chinese specimens was significantly higher than that of specimens
from Kazakhstan(P < 0.001). [Conclusion] These findings provide a scientific basis for the accurate identification of D.

maroccanus, and improve understanding of the cross-border migration patterns of this species.

Key words Dociostaurus maroccanus; morphological characteristics; geographical populations; Xinjiang Uygur Autonomous
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Fig. 1 Ecological photos of Dociostaurus maroccanus
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A. Taken in Yining City, Xinjiang, China, July 2025, by Lin Siqi; B: Taken in Kazakhstan, June 2025, by He Lan.
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Fig. 2 External characteristics of female and male of Dociostaurus maroccanus
A, MEETFTOW; B, MEEEMIMXL; C. MEMERE@EL; D. MEMEITEO; B, MEMEOUTOL; Fo i .

A. Dorsal view of female; B. Lateral view of female; C. Ventral view of female;
D. Dorsal view of male; E. Lateral view of male; F. Ventral view of male.
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Fig. 3 Dociostaurus maroccanus and Dociostaurus kraussi collected in the same region of Tacheng Prefecture
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A. The locusts on the left and right are Dociostaurus maroccanus and Dociostaurus kraussi, respectively;
B. The locusts on the top and bottom are Dociostaurus maroccanus and Dociostaurus kraussi , respectively.
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Fig. 4 Posterior leg characteristics of Dociostaurus maroccanus, Dociostaurus kraussi and Dociostaurus brevicollis
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A. External view of the posterior femur of female D. maroccanus; B. External view of the posterior femur of female

D. kraussi; C. External view of the posterior femur of female D. brevicollis; D. Internal view of the posterior femur of female
D. maroccanus; E. Internal view of the posterior femur of female D. kraussi; F. Internal view of the posterior femur of female

D. brevicollis; G. External view of the tibia of female D. maroccanus; H. External view of the tibia of female D. kraussi,
1. External view of the tibia of female D. brevicollis; J. Internal view of the tibiaof female D. maroccanus; K. Internal view of

the tibia of female D. kraussi; L. Internal view of the tibia of female D. brevicollis.

1. Upper basal lobe; 2. Upper medial carina; 3. Upper lateral carina; 4. External superior genicular lobe; 5. External
inferior genicular lobe; 6. Lower lateral carina; 7. Lower medial carina; 8. Punctation/Feather-like striations; 9. Lower
basal lobe; 10. Upper mesal carina; 11. Internal superior genicular lobe; 12. Internal inferior genicular lobe;13. Lower

mesal carina; 14. Outer row of spines; 15. Inner row of spines; 16. Tarsus; 17. Claw; 18. Arolium.
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Fig.5 Morphometric results of different populations of Dociostaurus maroccanus along the China-K azakhstan Border
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A. Body length morphometric results of different populations of female and male D. maroccanus along the
China-Kazakhstan Border; B. Posterior femur length morphometric results of different populations of female and male D.
maroccanus along the China-Kazakhstan Border; C. Tibia length morphometric results of different populations of female and
male D. maroccanus along the China-Kazakhstan Border; D. Elytron length morphometric results of different populations of
female and male D. maroccanus along the China-Kazakhstan Border; E. Posterior wing length morphometric results of
different populations of female and male D. maroccanus along the China-Kazakhstan Border; F. Elytron area morphometric
results of different populations of female and male D. maroccanus along the China-Kazakhstan Border; G. Posterior wing
area morphometric results of different populations of female and male D. maroccanus along the China-Kazakhstan Border;
H. Measurement results of various morphological trait in different populations of D. maroccanus along the
China-Kazakhstan Border; I. Measurement results of elytron area and posterior wing area in different populations of
D. maroccanus from the China-Kazakhstan Border.

CN: Chinese D. maroccanus population from Yining City; KZ: Kazakh D. maroccanus population from Almaty Province;
The sample groups CNF, KZF, CNM, and KZM are defined by female (F) and male (M) individuals from their respective
populations of D. maroccanus. the same below. B: Body length; F: Posterior femur length; T: Tibia length;

E: Elytron length; P: Posterior wing length; Ea: Elytron area; Pa: Posterior wing area.

* indicates significant difference; ** indicates highly significant difference; *** indicates extremely significant
difference; ns indicates no significant difference (Duncan's new multiple range test).
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Tablel Measurement resultsof E/F ratio (ratio
between elytron length and femur length) in
Dociostaurus maroccanus from different populations
along the China-K azakhstan Border

A ey WK SR R K
Ratio between eleytron length
and femur length

Populations Category

CN Total 1.68+£0.72a
Q 1.68 £0.07 a
3 1.69+0.08 a
KZ Total 1.60+0.08 b
Q 1.64£0.01 ab
d 1.57+0.05b

CN: BT FifE; KZ: FIRAREIFHEE; Total: HiFr/Esf
TR A ME R FIEPERE AL R R . 2P B A B {H AR
2, [FFVEE DA R NG F R RS TEA R BN AR
HEAL A B BHETE P < 0.05 /K225 5.3 ( Duncan KR
W2 )

CN: Chinese D. maroccanus population from Yining City;
KZ: Kazakh D. maroccanus population from Almaty
Province; Total: The collection comprised samples of
female and male D. maroccanus obtained from the target
population. Data in the table are presented as mean+SD.
Different lowercase letters in the same column indicate
significant difference at P < 0.05 among the standardized
data of different populations (Duncan' s multiple range test).
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Table2 Correlation of morphological traitsin female adults of different geographic
populations of Dociostaurus maroccanus

K RRERTKE  RRRT  pEkE  FREKE O RmR @

Body Posterior femur KB Elytron Posterior Elytron Posterior
length length Tibia length length wing length area wing area

(SIS 1

Body length

Je R 0.503" 1

Posterior femur length

5 R 0.473" 0.854™ 1

Tibia length

i K 0.646"" 0.707"" 0.709™ 1

Elytron length

FE K 0.702"" 0.648"" 0.683" 0.904" 1

Posterior wing length

i T AR 0.420" 0.269 0.422" 0.132 0.266 1

Elytron area

SR 0.690" 0.659" 0.709" 0.632" 0.776" 0.614" 1

Posterior wing area

FFORZES R R EFNEE (BUBKE ). FEEF.

* indicates significant difference; ** indicate extremely significant difference (two-tailed test). The same below.

R 3 EEREESUE A E) i IR R A A A RS R AR O
Table3 Correlation of morphological traitsin male adults of different geographic
populations of Dociostaurus maroccanus

K RRERTKE  RRET  EKE  REKE G R

Body Posterior KA Elytron Posterior Elytron Posterior
length femur length Tibia length length wing length area wing area

(NS 1

Body length

Ja BB K 0.698" 1

Posterior femur length

Je R 0.732" 0.962" 1

Tibia length

i 0.878" 0.874" 0.858" 1

Elytron length

S5 0.841" 0.885" 0.874" 0.988" 1

Posterior wing length

T3 1A AR 0.197 0.129 0.209 0.123 0.101 1

Elytron area

5T AR 0.797" 0.738" 0.745™" 0.823™ 0.804°" 0.478" 1

Posterior wing area




+ 1782 -

R HEE 2R Chinese Journal of Applied Entomology 62 &

P < 0.001), 55 mf U BN AE7E 3 AH 5
(r=0.129, P=0.566 ), J5 2T K& S K
B R R AR 2 R 2 0 IR A O
(r=0.858, P<0.001; r=0.874, P <0.001; r=
0.745, P<0.001), S5 mHEALETE B E K
(r=0.209, P=0.350),

3 itig

HNERTE A5 S Y A s e g b 8 ) G A
IR o A SCHTHT LA T BRI BF R S0E | £ IR kAL
WL R A 2% W SO B HL A A M SN TR S REAE
R T ARG 1 s RS 2 Rl e SR A B S
PRBRASHEA TN A5 | 96 A Sk S50 il e 17 54
TERIRPRE R (IR K 5 R K
45 )5 Cramo %5( 2013 )l Latchininsky( 2023 )
W FE HRTE (A3 R B AR — B0, BE v Rl kg 541 12
HREUIE | B AR AR B HUB S AL, EA A B
20, H—, RE=ZFTRERSE X7 BIE
g, (HRLREEUE ) “X” TSI X 5
BRAE L 2R SURRAE T8 6% A 5k 30 11 A N 2% 8L
A, X HZEAES (2025) MIRIE 3, £,
JEE 1% FF R SR TE 3 PRl s v (R AL SR, L
KN 32.91-37.15 mm | HEMEARK N 25.77-33.07
NV WNTTEAN E RV Yl S oy e R N s S )
23-26 Fll 16-20 mm, B 455 UG ME: R EPE o
AR 16-25 1 12-18 mm (FHTRAE B
1%, 1998 ). 55 =, FEIK M SO TE AR 5 U
FRIE A e A BT N 2ok, T Sk e 5 41
JR R SR AR (o B, RV R RSO | Bk
SRk | 21 iR R s e R K R S TE R Ay
HIh 4.0, 3.9 F1 3.6, FIHH G LR EANK,
JEE 6% A ik 20 R 5 B 2% ml SO T AL
LRFNIMI T FELR 4 TC R BE , T 21 i s SR ) A
] bR AT BEZE LA T BB, S0, YK
AF R SO R SR i SO BT AT L, LR
BRSO S AR IR AT LT (o, L, 7F
3 FpiE AR S S RRRIE R, RA R RIETT
AN 1) B30 €0 2 S K AIMIN B 55 AT 4 S i 8 35 1) 43 2%
A

SR ERGT I B T T 5 v [ R R R R AL

R B S ZES, AR T 7 MBS IR
Ko 1 BOESHER LUEHAT 00T . PR b, ey
TR () 45 TR 25 P8 AR 2 B 38 R T BT hi A I Fh B
Horb, e 2E S W AR N AT | R
KB BT A e R BT K R R R K
5 5ia g SR FE bR 5 MM 22 S ) = 2R
FERTAKE | KR 5 2R KERG BRI
TR U S R AR B
W) KA T 5 WRER AE 1 1 Sk aE R, HOE SR e
HYHRE 77 %5 AR G ;5 TR D) sz il R i
AR, 38 H R BRI R THRUE R, DSy
KB B TR B BT e AL (5K,
2011 ),

LA R ) A LA B A oA h B
AEZVER, MRS ] e i 25 AR L]
RAT R G WE R EAR AL, S i 42 2 3 S 75
BERIE K ( Ghadraoui et al., 2008 ), T A RIS
5RM, E/FH (AT#K/E R K L) alfE
SR DX A3 B S R 5 TR R 9% R ik e ) R
AR BEERAMA B/F (BEEE AT 1.50-1.90,
T US4 T 1.30-1.55( Khairov ef al., 2024 ),
BT LI, G BRI R A B R ) B/F (A
BITE 1.5-1.9 JullN, fPEHEEBARE, HT
PR B B/F H 5835 & F Pl A B R e, SiRd T
Tl F 2 B0 L O ) R S AT ) o P B T iR
JEE 9% BT ik S0 MR AR R AR b AR S P [ A A
WIAAHIE, PR ENIEZ) 180 km &b, EETE
(AT CilIE . PRI, BT B e AR B/F
(BT fil iz Wit LAk pR HBCJE [ 0 S B AR 1 e IR
Ao XL 25 5 T HE S T Bl fir A B R4 Sy
KR TE AR 0 L SRR RRE , 5 R AT
R RARIRE , W78 i Hb X 1] BB B 1% B B
U CRRE AR R — RS AE R 22
SEORBEAMPRE IR ESE A (IER . BT ) iE R
PP TR ISR YE o SR, IR e 4
G T FEORB T IE

JEE 9% BT Bk 230 UE P T 2 M DR A SR o B 5 SR
R, MR SRR R KR 5
L R R RTRE L IRR EEY R IR A G
MK R ST R | JE K S, i’
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TR RE | R R R A R A AR DG . ZEA
RERSRT, AKSEAHCHE (B52)
PIE SR EA R, ERE KT, AR
FE P — R R 2 3 Tk T RE I LAY KA T S8 B
B 1 rm A HESY M (Gade, 2002; Petit et al.,

2006 ), ASHFFE A I, JEE I R i S0 W P i S
BE R S e R R E R
[BIAFAE S E AR O, HEPE R S B2 3
2% IH B 10 R 9% RF wk SO e AT S BEERAH SE T
DFIEZ 8] A ThREREK . %4585 Ghadraoui
25(2008 )il L TR =7 vk i po 45 e — 2L

BIVJEE 3% AF SR SO R AT RE T S iz B 1 Z 1]
FAAENRI AL SE 2R WA SCRpI S B S e Gl
Py R A E AR

BT ERIES LSRR, T AR S
IBHIHHCRPERHE, AR K N5 25Ty
KB R BE AR B2 R T BT hrAR ERpE,
H, 5TRATRE ) HEAH O AIE S RE (5 2 )
2 RIB IR AW *ﬁﬂé@"*ﬁ%ﬁﬁ X2
PR Z (A TE = B G, RAT S kR B 1)
FEE R 2 BRI ??n,\ﬂK*UQEW AR, X
SEIR A Dy ReIE N PR RRIE AL RIE R, TR
RS2 B0 — € 1Y B P4 ] AR S S BB, R T
FPEFAR AT REVR B BEAMT AR RREER A o 1255
SRR R B 1% R R S0 s BT AT O AR T
WL 2R AR, WL TR IR AT A DX dmi s
N9 28 258 S il o B R P B 45 SR A — 2 1Y

JEAARIE . AR TAER RS TEY Y BIE
KW RRPUB S 2 AR5k, D
WEHAE R EEAE

Bt AT SRR K FIA KRR Y R E B 4%
ol CHTERAEE /R B A DX AR Sy R e o
) PYERUHIMR RS SR B B O B B A B Bl
YW FE T S5 B AR AR SR AR T R LA AE B
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PRAR O S S R S

FHEN A

Bk He Fo Fe, S I

E BB SR Episomus kwanhsiensis Heller, 1923

BRI HBAERW G, MR Aa, MR O aRs, M E e, JREREh
[ 5k =780 3, MBS A @R . . 5 R RKER e E, AR 7 e, BKKRF
Yo, PO Z AP SR BT, PRI TE, KIkHRJEZ. A rRmms i , Kok 2. milais ik
TEME AT, WY, PERTR T, FEH R, JiaR, Wi BARsUn AR NE R TFEDE,
Beh ., B AT ORI, WOARTIE 2 NP, SRR, A4 e oE . JE RS I, 4%
ol —AEm, (B470R] 1 A3 s o, AT, T80, ZISmmR.

A R R XA Y S AR, T 2023 4E 7 J1 5 HIRHE T RBE LR
TR AT . SO EERE R AR AT b, RBASER S, PREAHDLAE, OGS
Be, SIS T Hbm

ARSI X A Z 2R A RE 48 (2019FY 101800 ) 1 H #E B,
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