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Scanning electron microscopic (SEM) observations on
the developmental mor phology of Anopheles
sinensis (Anophelinae: Culicidae)

YAN Zhen-Tian~ WANG Xue-Qian FAN Zhen-Huai HU Dan-Lan CHEN Bin'

(Chongqing Key Laboratory of Vector Insects, Institute of Entomology and Molecular Biology,
Chongqing Normal University, Chongqing 401331, China)

Abstract [Objectives] To determine the morphological characters of Anopheles sinensis Wiedemann, an important vector
of malaria in China, and thereby provide a reference for the identification and classification of the Hycanus group. [Methods]
Samples were fixed with 1% osmium acid and 6% glutaraldehyde, and specimens of different developmental stages prepared
for electron microscopy by combining dehydration at different ethanol concentrations with tert-butanol vacuum freeze-drying.
Morphological characters were observed and recorded using a Hitachi SU3500 electron microscope at 5 kV voltage in the SE
(secondary electron) mode. [Results] There was little sexual dimorphism in beak or antennae length. Adult males have

horsetail tentacles with enlarged, curved ends and circular-cake pedicels and the tail organs at the end of their abdomen have a
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pair of pincer-like arms. Adult females have slender beaks and serrated upper and lower jaws, which are used for piercing
human skin and sucking blood. Their pedicels are full and spherical and the tail organs at the end of the abdomen have a pair of
inwardly curved tail whiskers that are obviously shorter than the male’s pincer-like arms. Electron microscopy revealed that
the respiratory tubes of the tadpole-like pupa are on the head and have an acute triangular opening with a smooth circle of
blunt teeth at the edge. The fan-shaped caudal fin is two-petaled. The external genitalia of male pupae are obviously longer
than those of female pupae. 4th instar larvae have a linked thorax and abdomen, spiny receptors on the antennae, and a valve
on dorsal end of the 8th abdomen segment. The eggs are boat shaped and have a larger surface area than the eggs of other
mosquito species. Eggs have evenly distributed, small, granular protrusions on their surface, most of which are arranged in a
hexagonal pattern. Eggs also have flat, fine pores at their dorsal ends. [Conclusion] The respiratory tubes of pupae and the
external morphology of eggs are important characteristics for identifying A. sinensis. These results not only provide valuable
information for identifying A. sinensis but also aids mosquito-borne disease control.

Key words Anopheles sinensis; scanning electron microscope (SEM); developmental stages; morphological characteristics
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1 AEREEFRRRE
Fig.1 Anophelessinensisrearing process

A BPRYBELE; B, C. hRfEFR; D, ORAUESR
A. Eggs hatching; B, C. Rearing of larval; D. Rearing of adult mosquito.
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T IS fb R A S AT T B, Tl S, D9S3 A
ARBE, BAMAMBEED . fi—x, K
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R KB SLERA AL, EARZY 156 um, FHrsip

SU3500 5.00kV 10.1mm x11Q SE

B2 i
Fig. 2 Thehead of male Anophelessinensis

A, ARSI TR B-C. BERCKEE; D. MR, Ant: filf (185, B8, & 111 ); AS: fifiss (&
5[ ); Ce: BE (K4, K7, B9 ); CE: M (K 5[ ); FI: #E; Flm: /M35 FW. HIBIRGG FT:
M GE: 3i; CoF: MME/NE; Hl: 4RK; La: B; LBS: EiE; Lg: #%; Mn: TISIT; MPlp: T,

Ms: HHIRTI A ; MS: HHISTT; Msm: HREST; Mtpn: JEEH; OcS: HR#R; OSc: HRZEH; P: W)

Pa: flli§ ) (K 316 ); Pe: #%5; PG: J58i; PgS: WIE: PGL: 55 (&4, K 7H )
Pl: A%i%47; PMe: Mif; Prm: A% (& 6 [); PrN: RiisH; Ps: Aofapidis (& 3 ); S: Kid;
Scu: JER (E3[A); Stm: /NE#; Te: Hik (K4, EI7F); W: 3 (E 4 ).

A. Lateral aspect of adult male A. sinensis; B. Head of male A. sinensis; C. Compound eye of A. sinensis, D. Terminal of
maxillary palpus. Ant: Antenna (the same as Fig. 5, Fig. 8 and Fig. 11); AS: Antennal socket (the same as Fig. 5); Ce: Cercus
(the same as Fig. 4, Fig. 7 and Fig. 9); CE: Compound eye (the same as Fig. 5); FI: Flagellum; FIm: Flagellomere; FW:
Flagellar whorl; FT: Frontal tuft; GE: Gena; CoF: Corneal facet; Hl: Halter; La: Labellum; LBS: Labial basal seta; Lg: Ligula;
Mn: Mesepimeron; MPlp: Maxillary palpus; Ms: Mesepisternum; MS: Mesothoracic spiracle; Msm: Mesomeron; Mtpn:
Metapostnotum; OcS: Mcular seta; OSc: Ocular suture; P: Proboscis; Pa: Paratergite (the same as Fig. 3); Pe: Pedicel; PG:
Postgena; PgS: Postgenal seta; PGL: Postgenital lobe (the same as Fig. 4 and Fig. 7); P1: Palpifer; PMe: Pleural membrane;

Prm: Prementum (the same as Fig. 6); PrN: Pronotum; Ps: Proepisternum (the same as Fig. 3); S: Sternum; Scu: Scutum (the
same as Fig. 3); Stm: Scutellum; Te: Tergum (the same as Fig. 4 and Fig. 7); W: Wing (the same as Fig. 4).
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SU3500 15.0kV 11.3mm x70 SE

leéﬁ&é.Smm x110 SE

SU3500 5.00kV 9.3mm x1.20k SE

B 3 rheEsRaaE s A2
Fig. 3 Thethorax and leg of male Anopheles sinensis
A, MESUE TR B, PfiRE; C R KSR 3 = S5 D JRRINA . AEC: ERETMUAELE; AnA: HTRIX;
Ap: HIMGHAH: ApS: Hi#iM; Ba: B EMIA; Ca: B /Nk; Em: JUEZE; HyA: TRIX; ICL: BHZ;

iss: TEtAI4EA; Mam: [A]3; Mem: JC3; MeSU: TRMITE; Mkm: FEMA; Mks: HE L4,

ms: PTHIESES; MS: HATT; Mtpn: JEEMR; Mu: T Mts: JFIETI A MtS: EHISTT;
PA: J5SAL; PAP: JfZE55; Pe: #H15; PCP: JMfi#ise; PESU: LMEWNIE: PK. JELAEH;

Pm: Riff/EMIA; PM: Ri&UEJGHE; PMas: /5NN ; PnS: MITSAR#4E S ; Ppn: GRS ML; PrP: RUYINL;
PrS: R 44 Ps: WPHATAES; PsA: AIEIX; PWP: Hif3E2¢; SA. SfL;
SaA: ¥ [5%; ScA: JEIES; SF: HiJE#S; Sl “P#dekE; Ta-m: FRM; U-m: J5R2INE,

A. Lateral aspect of thorax of adult male; B. Haltere; C. Terminal part of hindleg of A. sinensis; D. The hindunguis of
terminal part of hindleg. AEC: Anepisternal cleft; AnA: Antealar area; Ap: Antepronotum; ApS: Antepronotal seta;
Ba: Basalare; Ca: Capitellum; Em: Empodium; HyA: Hypostigmal area; ICI: Intersegmental cleft; iss: Intersegmental
suture; Mam: Mesanepimeron; Mem: Metameron; MeSU: Upper mesepimeral seta; Mkm: Meskatepimeron; Mks:
Aeskatepisternum;ms: Mesopleural suture; MS: Mesothoracic spiracle; Mtpn: Metapostnotum; Mtr: Mesotrochantin;
Mts: Metepisternum; MtS: Metathoracic spiracle; PA: Postspiracular area; PAP: Pleural apophyseal pit; Pc: Pedicel;
PCP: Pleural coxal process; PESU: Upper proepisternal seta; PK: Prealar knob; Pm: Proepimeron; PM: Postprocoxal
membrane; PMas: Posterior mesanepisternum; PnS: Paranotal suture; Ppn: Postpronotum; PrP: Prescutal pit; PrS: Prescutal
suture; Ps: Propleural suture; PsA: Prespiracular area; PWP: Pleural wing process; SA: Aubspiracular area; SaA: Supraalar
area mesomeron; ScA: Scutal angle; SF: Scutal fossa; Sl: Scabellum; Ta-mr: Hindtarsus; U-m: Hindunguis.

s R, A TEEAEANE (B 3: A) )5
WA —XF =0T, SRR R NERIG %2
OB, GBS0,

2113 [RED MEMEPARIREUE AL 8 1, K
1 e as A —XHERRIE (B 4: B-D), #IEK4y
239 pum, AR, NEXWIERE,
TRNITES M, K2 252 um, HEZH, H

0 ey B R K R

212 MR POREEARE A, A 7.7-8 mm,
2121 3kE ffa—xF, K 1.5 mm, Kigigr
A, AN, RS (B 5. A). fil
—Xt, K 2.1 mm, JKRum@EEiAE%, HEE
D g, A AR R R NE
5: C, D). BEMAEEELK, K 1.95 mm,
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SUB500 5.00kV. 17.6mm250 HE o

4 AR R AR
Fig. 4 Theabdomen of male Anopheles sinensis
A, HESCIEAR R B, C. HESCHMESHASIET ; D. MEBOMERIEGHNTE L. BLA: JEO0E
Ge: AFHZHET; Gs: AFRZE; S: M (B 7 ).
A. Lateral aspect of male abdomen; B and C. Dorsal aspect of male genitalia; D. Lateral aspect of male genitalia.
BLA: Basal lateral arm; Ge: Gonocoxite; Gs: Gonostylus; S: Strnum (the same as Fig. 7).

7

SU3500 5.00kV 10.1mm x45 SE

N
SU3500 5.00kV 17.8mm x95 SE SU3500 5.00kV 10.3mAj %

B 5 AR S ih
Fig.5 Thehead of female Anopheles sinensis
A MESCKHEREEMR; B, ZER KA MAAEY; C, D. A, MPlp: RS0 Pe: HE1Y.

A. Lateral aspect of female head; B. Compound eyes and pedicel of antenna of female A. sinensis;
C and D. Terminal aspect of female antenna. MPlp: Maxillary palpus; Pe: Pedicel.
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MBS L BRI L 54—, LRSS X
SEJR] 21 AR AT A A5 A, ALETERDIR TR 2
], FIERImME BB, MIEULNE, Kig
SOAPIR IR, R WA/ N B

SU3500 5.00kV 10.4mm x400 SE

SRS SE R BUTIK, A AR, T
VIFI R s B SR A s BN TR, R BAT
MR, 76 ESUOIIT BB A A B ik () 6
D)o XU EHEBUN TR KA EE T A

SU3500 5.00kV 10.3mm x350 SE

SU3500 5.00kV 17.9mm x500 SE

6 Hrfeig i ik
Fig. 6 Thelabellum of female Anopheles sinensis
A, B, C. Mimtmsh; D. BfEi F%i, La. JSI; LaBS: JEXA#4E; LaS: JEM4s; Lg: Bi&; Mn: LW,
A, B and C. The labellum of female A. sinensis; D. Mandible of female A. sinensis. La: Labellum.
LaBS: Labellar basal sclerite; LaS: Labellar sclerite; Lg: Ligula; Mn: Mandible.

2122 JEER  MEMEFPARSRIURTR 8 T, IR
i 14 e e oA — X 1) 5 A R, G S
J, K296 pm, H EAHNIBHNE (7).

2.2 HF

i< 6.7-7 mm, MEMEZE AN AR B0
SRR SO E BN AR, A T 11 5
Bl =ML (18 8: C). MREESA —BE N
IR ST RO B, AR O 2 BB A = A
o PRI SMEER A B 2 SR A IR IGR , g —
ANGEE BT TR I — ZR N o RIS P BE R
TET A3 395 ol A0 A AR B 0 R, A/ IVB 22 T AR L3 4
ML F 24, BHAH 4-6 B, EEEALSA
— NN GER (T 8: D)o FEXT A I

FHPIRIE S AR5, v AAPFIAS A 2% . A1
BEFN N BESES T 2047

g 820-860 um, NI, EHIE, Nk
B, GBI, B 2/3 SRR AE
SR R R EE I il FLAE S AT
AR A

T Hp A A g U 7 /A B i A R
K2 400 pm, AR, HH MG & A 5 %
AR, A IE PO B AT BN HL 1) P SR )
HF, REEIEA AN RS (B 9: A, B),
O A i e B D) G A AR B AR A N, K2
320 pum, HEILBEDE, ARumA X FRE kIR T
By, R, Sh5A IR 5 (# 9.
C, D),
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B 7 rReeiRagfarsh EE R
Fig. 7 Thegenitalia of female Anopheles sinensis
A, MESCAMEFHER I ; B, C. MERCOMEFASHINE; D. MEBOOMEFEASIEIN . Go: AEFEM; Pr: HATR,

A. Back aspect of female genitalia; B, C. Lateral aspect of female genitalia;
D. Front aspect of female genitalia. Go: Gonotreme; Pr: Proctiger.

SU3500 5.00kV 14.3mm x32 SE

SU3500 5.00kV 16.8mm %250 SE

B8 rAREUFT AR MTRE
Fig. 8 The Anophelessinensis pupa and trumpet
A, BESEEEUR; B. WP IR C. MPMAS I D. WPIATNBE, FA: JEZR; Mea: &
Pa: Bfg (E 9 ) ; Pi: P T: MPFIRE; MW: g,
A. The A. sinensis pupa; B. Front trumpet of A. sinensis pupa; C. Left trumpet of A. sinensis pupa;

D. Filter apparatus of left trumpet of A. sinensis pupa.FA: Filter apparatus; Mea: Meatus;
Pa: Paddle (the same as Fig. 9); Pi: Pinna; T: Trumpet; MW: Mesothoracic wing.



44 R KA AP I A i B BOR SRR f B S £ 927 -

Js

SU35005.00kV 8.5mm X100 SE. /"

9 RS a AR M AU AR S A R B

Fig. 9 Ventral aspect of terminal abdominal structures of female and male Anopheles sinensis pupa

A, B. MEBCERAMESESS; C, D. MEBUEAMESESS . Bu: Bk; Gl AFHM; Mr: Hlk; Se: MIZ4EIA; Sp: k&
A, B. Genital lobe male pupa; C, D. Genital lobe female pupa. Bu: Buttress; Gl: Genital lobe;
Mr: Midrib; Se: Paddle marginal serrtions; Sp: Paddle marginal spicules.

23 4A%hH

T 4 W44l IR k(e (23 PR A 336 9 K ARAS [ T
BiRA 5 ), BIRK 2 5 mm, JiE AR,
GRSy 8 15, # AUk 620 pm, FE 716 pm,
SEIEARIR, HRIB RS 3 . AR 4
Fi A — SR OB, A 7 O AR

SU3500 5.00kV 61.8mm x20 SE &

o HERAT (I 11 A il B A RO AR
A A A RN, KN —, FEI KRR Y2
S, XLEIRAZ f EEAE I DIRE M A BIHA o Mk
F WU AT P AR R AR 0 3, B A I — B4/
S (E 1L D)o RIS 4 WAl R R A
B, BHERERR. SEBOERAFIE, 15
VI A S 1 TGP IR A, A 1% ( Spiraeular

10 FREEIREY 4 i 4N RANET
Fig. 10 Larvaand telson of the 4th stage of Anopheles sinensis

A 4iEgd B4 AT . SA: A4
A. 4th stage larva of A. sinensis; B. Telson of 4th stage larva. SA: Spiraeular apparatus.
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SU3500 5.00kV 17.Tmm x320 SE

;
SU3500 5.00kV 9. 1mm X470 SE ,[

11 AR 4 w5 4) SR
Fig. 11 Head of the 4th stage of Anopheles sinensislarva

A4 IR A RS IET; B 4 IS4 HGLEE T ; C, D. filtfi. APr: filfiZSE; CG: SEbIREIER;
CoL: #FFIiE ; DAp: TF&-ET; LPB: k] ; Mn: TaiH; Mx: LaiHE; Vm: BEE,
A. Dorsal aspect of larva head; B. Anterodorsal aspect of larva head; C and D. Antenna of fourth stage larva.
APr: Antennal prominence; CG: Coronal gap; CoL: Collar; DAp: Drosal apotome; LPB: Lateral palatal brush;
Mn: Mandible; Mx: Maxilla; Vm: Ventromentum.
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SW3500 5:00kV 10.6mmx170-8E

B 12 ez ip

Fig. 12 Egg of Anopheles sinensis
A BT ; B WCORAE; C. BCORGRE AR ALIX; D. BRI MEL. De: HIAR; DeT: HIMRLETY
FR: 7%4%; Fr: f8ill; LoT: B&Mfi; Mi: KfL; MiC: ERFLAN; MiD: BRfL#EE; OCT: AMHELT.
A. Dorsal surface of egg; B. Ventral surface of egg; C. Anterior end and micropyle of egg; D. Outer chorionic

tubercle of egg. De: Deck; DeT: Deck tubercle; FR: Float ridge; Fr: Frill; LoT: Lobed tubercle;
Mi: Micropyle; MiC: Micropylar collar; MiD: Micropylar disc; OCT: Outer chorionic tubercle.
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