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Ultrastructure of the antennal sensilla of ectoparasitoid Tamarixia radiata adults
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Abstract: To further understand the parasitic behavior of the parasitoid Tamarixia radiata (Hymenop-
tera: Eulophidae), a dominant parasitic wasp of Asian citrus psyllid Diaphorina citri nymphs, the distri-
bution and morphology of the antennal sensilla of 7. radiata were observed with scanning electron mi-
croscopy. The results showed that there were five types of sensilla on the antennae of 7. radiata female
adults, including sensilla chaetica, sensilla trichodea, sensilla mammilliformia, sensilla plate and termi-
nal finger-like sensilla. Moreover, there were four types of sensilla on the antennae of 7. radiata male
adults, including sensilla chaetica, sensilla trichodea, sensilla mammilliformia and sensilla plate. In addi-
tion, sensilla trichodea were further divided into four subtypes based on their differences in external

shape, including sensilla trichodea type 1, 2, 3, 4. The numbers of sensilla plate, sensilla trichodea sub-
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types 2 and 3 were significantly higher on the antennae of 7. radiata female adults than on those of male

adults. These differences can provide a morphological basis for understanding the antennal perception

by different genders of 7. radiata.
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HAF FHYA S Z RSB RHEY) , AT LR
BRI S (AT R, 1999 ; RN 75 55,2016 ; Chu et
al.,2019) . AHEAE L U AT LA g 2 3=
T, 1 BN Bt G ik, A2 RTIE (3R
A, 2018) 5 1 HAT BUPE R R AR rh 4 W Y 1
TN TAEY N 7 3R, S5 A A 7 A SRR 5
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PRI , AR A T A A9 45 2 a ) A A7 18 T i
LR 2T Bt (Hoddle & Pandey,2014) .

ARG B R A SR B AR A, 2
H AT ME AR BZR A B ia he i s A R SE ) BTG
FBZ—. SR/ NS Tamarixia radiata MG AR
Ay DL AR e, T RSl i/ iRl mT AR Ah 2
AT AR AR B 3~5 04 1, BRCEE A HL Y ot gk L R
1,2016) o 1 Sk SE MBI — Azl LA i O Ay
A EEAT R AHE 500 MG AR T B (Chu et al., 1991)
B4, Liu et al. (2019) BF5E A R 5 M6 R/ e fE ol
E Y FUAEWUGE Ve PR X A T 3~5 #3457 <
BRI U] 0 A PO & 5 E— 2D WA AR AR L 3~
54 AU T PG T 4H G A ML R B, R K
TNV AT R — 5 I R I 0 2 i R B Ml e 5 T AE 27
A PRI i, S Rl /NI AT ARG AR L S i L
AR T 3 IR 408 B, R T SN R
/N R PR T A AT AR R T A ) Y 25 5, HE AT
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Fig. 1 Morphology of antennae in female (A) and male (B)

adults of Tamarixia radiata
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Table 1 The lengths and widths of Tamarixia radiata antennal segments pm
fil £ 350457 £ J¥ Length P Width
Antennal segment HERY H Female adult % Male adult  MER{ H Female adult i 4 Male adult

F:75 Radicular 242143.94 a 29.95+2.43 a 22.82+4.67 a 28.58+0.83 a
717 Scape 160.66+5.72 a 155.68+1.83 a 35.68+6.74 a 41.97+6.66 a
FE-17 Pedicel 63.16£2.11 a 55.07+1.36 b 37.19+1.86 a 38.08+0.44 a
%5 1 &9 Funicle 1 61.50+2.08 a 48.58+1.28 b 34.68+0.69 b 47.25+2.84 a
% 22717 Funicle 2 50.1142.48 b 70.18+0.78 a 41.1942.25a 46.9943.60 a
% 3717 Funicle 3 42.30+4.75 b 78.37+0.85 a 45.12+1.64 a 42.86+3.69 a
%f 4 277 Funicle 4 - 76.90+3.08 - 33.06+10.26
ST Flagellum 153.91+8.47 b 274.04+4.80 a - -

5 1475 Clava 1 39224222 b 60.03+1.86 a 53.75£3.05 a 38.85+1.18 b
55 2477 Clava 2 33.60£1.09 b 5447+2.19 a 53.81+1.65a 36.28+0.09 b
63477 Clava 3 57.44+4.15 b 79.33+£1.03 a 41.2142.59 a 29.16+2.71 b
SR Clava 130.26+6.87 b 193.83+2.76 a - -

fili 14>} Whole antennae 532.19+423.29 b 629.24+10.12 a - -

PR N I REARELR o [RAT AN [R) P RE R R GRS REAS ¢ N B IR B AE P<0.05 K-V 2550 3% . —FRon oA K o

Data in table are mean+SE. Different letters in the same row indicate significant difference at P<0.05 level by 7 test; — indicates no

relevant data.
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T RN A ity B FEE A A B R[] TE il 3 25 5 (3R 3).

(M — RS2 45, [ o0 Af TR AT . R ez

HRE A TR TS N (8 2-A 8 3-A) . %887

10 um I [ 10 um I pm

A: RIBIEAZ 4% B~E: 730 BB AR K1 .2 3. 4; F: BUBIRZ 4% G FLRRESZAR ;s H: R

Vi FE B AZ %% . A: Sensilla chaetica; B-E: sensilla trichodea type 1, 2, 3, 4, respectively; F: sensilla

plate; G: sensilla mammilliformia; H: terminal finger-like sensilla.
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Fig. 2 Antennal sensilla types of Tamarixia radiata female adults

N\ \\
10 pm 10 pm

10 pm

A: B RAZ 3% B~E: SHI N BIBRSZ 300 1.2.3 4; F: UBIRZAS; G: FLIRESZ 2. A: Sensilla
chaetica; B-E: sensilla trichodea type 1, 2, 3, 4, respectively; F: sensilla plate; G: sensilla mammilliformia.
E3 SRR/ NEER R PR RSEERRE
Fig. 3 Antennal sensilla types of Tamarixia radiata male adults
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DA e M ol ik £ (A2 1 2 R o TR SRR A e A
G i A B A A L 4331 R 25.00 4173344 i
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St A AR T FARET , LA O R Al A A5 1 2 T
MR b f I SRZ AR (13.67 ) R E LT
TR A (4.674>) (F22) s (HILA B FEuim SERE | i 5
R iy i A b R ) 4 T d 2 22 S (3R 3) .
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TR AR R i A IR A 2 I R N Sy
B B S 3 T I A A 1, A s e I B
Wz a5 (£2~3),
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234 kKRR ZH

FLRARIBAZ AR TE S R/ N il e i £ B S A
PEFRARIR , 25 A2 T THIBE B8 I, i o 90 J32 e K, 222 [
BRI IR, B /I, 0 8 T PR 22 (0], Sl 2 T
S YE BIAT- (K 2-G L E 3-G) . %388z
TR AR AN AT 3G oA, AR fil A
ANTRIERASE A B AZ g B Y LR 1.67~7.33 4> H
L M T o il Ay 53 A T R B T 3 2
(F22) o FLICARIBAZ TR MR Bl fik A b < B A
TEEMZERARE(F3),
235 AmIBHRZE

KR Az a8 BB F48 (K 2-H) , 3R
A FINFE SR B, T A 1B IR IR A2 4828
R ZRBEZ g D OS2 1.00 1~ (3£ 2),
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Table 2 Numbers of antennal sensilla of female and male Tamarixia radiata

JRZ 4825 Sensilla type e 5% L Female HER . Male

BRI A1 Type 1 32.67+9.26 a 15.33+1.76 a
Sensilla trichodea 2812 Type 2 25.00+4.73 a 7.33£1.76 b
23 Type 3 13.67+0.63 a 4.67+0.67 b

HHI 4 Type 4 60.67+5.81 a 82.67+9.82 a

I 1+ 2+ 342450 4

132.00+16.50 a 110.00+11.01 a

Type 1+Type 2+Type 3+Type 4

NI 32 %% Sensilla chaetica

M 2437 % Sensilla plate

FLMIEAZ 4% Sensilla mammilliformia
KA IR Z %% Terminal finger-like sensilla

14.33+3.18 a 16.67+1.76 a

4733521 a 20.33+1.76 b

28.00+1.15a 22.33+£3.53 a
1.00+0.00 -

PR P AR ERR . RIAT AN [R) TR R SRR AR (SR K IR AE P<0.05 7K 2557 5 R oA SR

Data in table are mean+SE. Different letters in the same row indicate significant difference at P<0.05 level by ¢ test; — indicates no

relevant data.
3 Tt

B A fih ffy RS2 AR AR IR SE D) BE (A7 T (AR B

FARI) J7 AR B EAEH] W Bz ik il AR
A R RN 2 A, AT DI HTLAR AR B
(Zhang et al.,2015) . XH&Z B W5 A B T
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TR HAYTT M. Onagbola et al. (2009 ) X} 2% 5 Fili
N TR fih 71 SR AZ AR AT ST, A B A A b o3 A
A S PNRSZ AR A FE T 52 M Relr /N e o e o
Hny fih AT WS K BT —Fh KB Onagbola
et al.(2009) B 1A 4 , AR s ds B Rz #5 . R

Vi e Bz A oA T 2 Wi/ N R Rl eh |, g 22
B /N Trichospilus pupivorus (Silva et al.,2016) ,
IERAZ 25 AT R BB IEHE IO B 27 £ B A 1Y il (Zhou
etal.,2011;2013) , {HHBAAVERIIIAT Rtk — 2205
gl

R3 SRER/NEIEME R R E R BZ R RKEMEE

Table 3 The lengths and widths of sensilla of female and male Tamarixia radiata pum
K H v v i rh g i R i v o
JRZ AR Length Proximal width Middle width Distal width
Sensilla type WERGH  RRERCH MERCR BfERH MERGHR B MERGH MG

Female Male Female Male Female Male Female Male

BV AR ESilN| 10.88+  13.34+ 0.67+ 127+ 0.54+ 0.95+ 0.06= 0.10+

Sensilla trichodea Type 1 6.95a 0.71 a 039a 0.11a 028 a 0.12a 0.03a 0.0l a

A2 16.95+ 13.70+ 1.16+ 1.10+ 0.89+ 0.83+ 0.22+ 0.26+

Type 2 3.15a 1.28 a 0.17a 0.05a 0.03 a 0.11a 0.02 a 0.07 a

23 1480+  18.15+ 1.25+ 111+ 0.94+ 0.71+ 0.25+ 0.21+

Type 3 2.17 a 1.52a 022a 0.0l a 0.20a 0.08 a 0.04 a 0.0l a

A4 61.51=  307.02+ 2.77+ 5.92+ 1.30+ 1.55+ 0.34+ 0.32+

Type 4 1.32b 23.54a 0.17b 0.06 a 0.08 a 0.0l a 0.04 a 0.03a

PRz % 6.49+ 455+ 1.02+ 1.19+ 047+ 061 015 020+

Sensilla chaetica 0.63 a 0.88 a 0.10a 0.10a 0.03a 0.07 a 0.00 a 0.01 a

USR58 3723+  33.95+ 4.96% 3.58+ 4.67+ 3.78+ 0.45+ 0.32+

Sensilla plate 241 a 1.04a 034a 0.82a 0.20a 0.55a 0.01a 0.04b

FLICIRESZ A% 3.85+ 3.97+ 1.56 137+ 1.14= 0.91=+ 2.03+ 171+

Sensilla mammilliformia 0.48 a 0.30 a 0.11a 021 a 0.07 a 0.09 a 0.11a 0.19a
RIHE I 2 8.35+ 5.03+ 321+ 3.29+

Terminal finger-like sensilla 1.15

0.55 0.17 0.42

R PR R R . AT AR R T RN S AEAS (N BE R S0 TE P<0.05 /K255 B3 5 — KRR JORI R

Data in table are mean+SE. Different letters in the same row indicate significant difference at P<0.05 level by ¢ test; — indicates no

relevant data.

BIBIEAZ AR 1 AT REJE HLIRIESSZ &% (Olson &
Andow, 1993; Pettersson et al., 2001; Onagbola &
Fadamiro, 2008 ) , & % & HLA3Z I /E FH (Ochieng et
al.,2000) . HUAERSZ & m] LA 75 EAE B - A
(174 75 57 5 (Shade et al., 1990) . BILEKZ 755
Y2 A s 5 R AR BIR B IR Bz A8 R i
1k =% B 57 72 B AVE i (Bleeker et al., 2004 ; Pitts &
Zwiebe,2006) . BILESZ 4RI 3 19 7EHRYH AR HR S
Trichogramma australicum 1" 9% iy 4} B BZ 4%
25 4 (Amornsak et al., 1998) , H A fb 24 8% 32 1) 3
A, HH AT BE7E Fe o i # vh BA IR R 1Y g
(Zhou et al.,2013) . BLAk, MR LR BN, BIEIK
S AN 2 RS 3 7 5 IR Rl /)N e o g e ik £ - 7Y
3 A B BT R Ml A b P O A AR 22 W s A
B AT S 22 5 ] e HAR AL e R BE A
Ko BIVRGZ AFISHY A LE50 RN /NG ME R e fnk £
%) A 0 M IS R i A 22, LRl A 13226
JRRAZ e 1)1 B R o B B S35 R T MR e by, 3

W I RS2 A5 2580 4 I g e A A7y 5 A Y 2R T AR
A0 B LR RS TR 1 SR TR AT A A B R
A wb 4 3R 4E & W) 1Y BE 7 (Onagbola & Fadamiro,
2008 ) , F 5 It/ Mg e ol o il Ay b 12 SISz A AT
FIEFH TG I F 4 7 2 W R ) 115 2. 28 (Onagbo-
laetal.,2009) . Zi ik, BRIEZ 4 4 vl BE
525 Wi/ H (Onagbola et al.,2009) .

L3k R B 37 2% FE 22 £ 3P AR U /N B Sympiesis
sericeicornis 1 XK N ETIRIESZ 4% 2l I
#r (Meyhofer et al., 1997) , /B2 4% A B & #4451l
R A7 2% BN B B A7 4% 19 /E F (Onagbola & Fad-
amiro, 2008) . ASHF5E H BILIAZ #5288 1 ALk
RIBRAZ SR AE ST Wl /)N Al i, il A7y 9 3 A B3
TC i 22 5, Wi s HOrT B8 5 5 MRl N8 A [ 4 il ]
AT R ZE IO . RIEERSZ 28 53 A TE S W R /)N fie
AR ST RIRE T | TR S Bl R e A 1 0 A B
ZEF K, W H AT B 5 AN [P 0 52 I Ry /N B 1 A 7
R 79 J6 5 (Onagbola et al.,2009) . 1M H2 $ig Hil 2 J%



828 i 7/

S

48%

2w AR A 0 2 A O B HE I HE AT 8 A 455 DI
£ HI (Ochieng et al., 2000) , [F] Fsf D5 H: [ 583 47 A fis £
2R B, INATRE R #545 H IE s B9 AE FH (Zhou et al.,

2011; Ahmed et al.,2013) . BB 4% 5041 T 2 Fh
JEH H B A, s RSz #5 B L W0 Galvani et
al. (2012) W 5X Hit 38 ¥ 415 B B %6 56 Prilothrix relata il
1 BRSO IR SZ 4% AT BB T A AR M4 A& ) s Roux
et al.(2005) & PSR kG W% Cotesia plutellae fil /i I
BT 82 sl AR MRS DI RE . AP R &

M, *)iﬂ}u T CE I S S Ay P A R T
WZ XA HEYS % &N 3 A & (Zhou et al.,

2013) o MRS H A A T b AT B9 AR ISz A AR
WM R B2, Al e A A E RO
SRR W)L D REA OC , ik £ TS AT A e R T
IS IAZ i, AT LIPS JE i N e 4 4 4/ SR
(Barlin & Vinson, 1981 ; Gao et al.,2007; Onagbola &
Fadamiro,2008) .
FEEI [ A A= 0 fioh Ay sz %”%Eﬁ%ﬁﬂ‘]ﬁ:iﬂf)’ﬂ
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T ME R 5 2) G A AT NS 1 R K
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