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Ultrastructure of cerci of karst cave species Tachycines lalinus
(Orthoptera:Rhaphidophoridae : Aemodogryllinae)
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Abstract: [Objective] This study clarified external morphology as well as types,amounts and distribu-
tion features of sensilla on cerci of male and female Tachycines lalinus using scanning electron microscope
to provide basis for studying physiological functions of sensilla and adaptive changes in ultrastructure of
cerci in extreme cave environment. [ Method) The external morphology and characteristics of sensilla on
cerci of cave species T. lalinus were observed using scanning electron microscope. [Result] The cerci of T.
lalinus were unsegmented, whisker-like, and relatively perpendicular to the body. The cerci of T. lalinus
males and females had same sensilla types and similar sensilla distribution features. Five sensilla types were
recorded on cerci, including sensilla chaetica, sensilla filiformia, sensilla campaniformia, sensilla basiconica

and sensilla trichodea. Based on morphological characteristics, sensilla chaetica could be divided into two
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subtypes. Sensilla chaetica subtype 1,sensilla filiformia,sensilla campaniformia and sensilla trichodea wide-
ly distributed on basal,central and end parts of the cerci. Sensilla chaetica subtype 2 distributed on the bas-
al and central parts of the cerci and sensilla basiconica distributed on basal part of cerci. The numbers of
sensilla chaetica subtype 1,sensilla chaetica subtype 2 and sensilla campaniformia in females were signifi-
cantly higher than those in males. No significant difference was found in numbers of sensilla filiformia, sen-
silla basiconica and sensilla trichodea between males and females. The lengths of sensilla chaetica subtype 1
and sensilla chaetica subtype 2 in females were significantly larger than those in males. The lengths of sen-
silla basiconica and sensilla trichodea in males were significantly larger than those in females. No signifi-
cant difference was found in lengths of sensilla filiformia between males and females. No significant differ-
ence was found in base diameters of all sensilla between males and females except sensilla chaetica subtype
1. [Conclusion) The types and distribution of sensilla on cerci of T. lalinus adults of males and females

were similar, but numbers,lengths and base diameters of some sensilla had differences between females and

males.
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FAEHEL K R 30 min, F] H 8 82 2% vp W (pH
TO2)UEPE 3 W BEIK 15 min, SR JE RT3 802, 5%
I8 U A R T ZE 20 o, [ 45 TS )R R R D I
HLAP-030S, 1 [ED PR Z I BE 15 min, A J5 & T 0. 01
mol/L BALAR B iR 12 he PR AR R0 5L
50%.70% .80% .90 % F1 100 % Ky £ W 3k 17 K6 BE i
K K SE LR T IeK L BE iR 12 hs 35 5 OB
W, T 40 °C HL PR KR4 (101-1SB, o [ Hr -k
12 hofRA7 5 .
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A—D.The dorsal view,basal part,middle part and
end part of cerci of female Tachycines lalinus;
E—H.The dorsal view,basal part,middle part and
end part of cerci of male Tachycines lalinus

1 Rk g L B R 2 A AR A

Fig. 1 Morphology of cerci of female and male adults of Tachycines lalinus
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(9.3724-0. 318) mm, f: Ht & 25 ¥4 B o (9. 276 &=
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2.2.1 #7 B& % (sensilla chaetica,Sc) | JE K #&
H 2 Bl Y, B RE SRR 1 AL (Se. 1) A E J& 5 2
H(Se. 2), HITEREAE 1 R (Se. DX K, LE2F
R o Fo 50 2 T oty 326 7 74 AN T ot AR A 3 1T L\ 1) B

20 HERA — R T BT A 507~ 907 A Al A S
WA 2-A—C) . R 1 g, R g B KR
(122. 082 £ 7. 304) pm, 3 H H 4% 8 (11, 918 =
0.792) pm; ME B AR F 2 K EE O (128, 049 +
6.166) pm, HEHB E A2 4 (9. 681 0. 449) pm. M,
T IR K B T W 3 22 S (ELMfE RS R A B AR
KT,

R REES 2 AL (Sc. 2) SEEDIR BT ds 1 A
(Se. 1), B 5 28 Tl 2 W 8 41, L B ARBE. R A
SN P SN S PN S PN D s =N ]
o 5 R WA 60°~90° %M (K 2-D—E), #£ 1 &R,
M Hht G B 2K O (44, 03442, 211) pm, JEFE R
Boh(7.751£0. 314) pm; M BB R - K E N
(35.71143.153) pm, FEAF B A2y (7. 03140, 468)
e, ME HURAS B R R I 2 O T M L L i R
AR LR EE R,

A~DB. JIEIEAS 1 8L C. P B e 8 )5 HE FR 3 BOK » i SR 3R T B A 160 95 80 D~ E. DB R 2 A

A—B. Sensilla chaetica subtype 1 (Sc. 1);C. Enlargement of the white box in “panel B” to show longitudinal ridges on surface of

sensilla chaetica subtype 1;D—E. Sensilla chaetica subtype 2 (Sc. 2)
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Fig. 2 Morphology of sensilla chaetica on cerci of Tachycines lalinus

2.2.2 £ %% B % (sensilla filiformia, S{) #F
TP IR (SD A4 o 52 22 Bk, K 22 100 o 340 37 22 24
KA A - EREGK . ZERES
A 2 20 3 T SRS L B 9 0T T ) % Bz 8 D B TN
— AT B 30 B0 A 58 . 220K B 1R LW A A R N

MR R AL (I 3) . 3 1 R BT, M U AR K
(977. 794 £ 110. 294) pm, 3 FE H 42 K (24, 334 £
1.202) o B HUREAS SF 27 KO O (1 218, 321 +
95.093) pm, 3L FB EH AR K (24, 107 £ 1. 094) pm,
WE B g ML TR R R R AR R T W 2R
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Table 1 Morphological characteristics of cerci sensilla in male and female Tachycines lalinus

RS S AL /A P KB/ pm S E AR/ pm HhBE T S
Type/subtype of sensilla Sex Length Base diameter Wall Tip
HE R 1 A i . Females 122.0824+7.304 a 11.9184+0.792 a HIR ¥ Deeply grooved 2% Sharp
Sensilla chaetia 1 Hi . Males 128.049+6. 166 a 9.68140.449 b ELIF Deeply grooved 345 Sharp
I gy 2 7Y M Females 44,034+2.211 a 7.75140.314 a H 74 Deeply grooved I35 Sharp
Sensilla chactia 2 I B1 Males 35.711+3.153 b 7.03140.468 a H¥ 5 Deeply grooved 4348 Sharp
2 B IR AN i &1 Females 977.794+110.294 a  24.334+1.202 a H ¥ Shallow grooved J340 Pointy
Sensilla filiformia Hi . Males 1218.3204+95.093 a  24.107%1.094 a  E& 1 Shallow grooved J24 Pointy
BT R 8% M Bt Females — 8.08940.172 a 64 Smooth Bp B Oval
Sensilla campaniformia 3 i Males — 7.34140.422 2 SEH Smooth B Oval
MHETE 2% M &1 Females 8.74540.547 a 7.78940.196 a HL Wi 1 Fl Spiral grooved ik Blunt
Sensilla basiconica Ji sl Males 15.82140.539 b 7.30540.344 a  FLUEWERAM Spiral grooved flfk Blunt
ESSiA 3 B B Females 142.733+9.879 a 10. 14740. 447 a H g Vg # Spiral grooved 4340 Pointy
Sensilla trichodea e sk, Males 173.596+9.859 b 11.655+0.675a B2 jEWHY Spiral grooved Q24 Pointy

T« 1 RS ECRE S5 AR A [ /N T 5 B 2 7 ] — 286 28 Ja g e A i o i 22 57 . 2% (P<C0. 05)

T

— VAR BIIE AR Y I R DA (R R SRR S R B AR T EOR AR I K TR R D .

Note: 1. Different lowercase letters indicate significant differences in same sensilla type between male and female adults (P<C0. 05). The

same below.

2. “—"indicates non detected due to equal heights between bell-shaped sensilla and epidermis.

AC. ZBIIREG B L BTG AR 35
A, C. Sensilla filiformia (Sf) ;B. The socket of sensilla filiformia (S

Al 3

PR BR AL 55 R A 22 BT AR I TR 25

Fig. 3 Morphology of sensilla filiformia on cerci of Tachycines lalinus

2.2.3 4¢P B % (sensilla campaniformia, Sca)
I B2 (Sca) X RN s B A IR, T TR T
%Qﬁﬂ:%ﬁﬁﬁﬁﬁg@%ﬁ%%%* RGO

T, 2 T A SRR W 5 22 B R I A B
(F 4-A—DB) ., e 1 Fron , M BB 45 56358 B 48

9 (8.0890. 172) pm; M B b P Jak 45 B 5 EL AR R
(7.34140.422) pm, “H B LR FEEF,

2.2.4 4T B & (sensilla basiconica,Sbh) 4T J&
5 (Sh) SR L AR T BRI K 1) TOUR 328 ¥ A
o ORI L A T R H R B AU
TR (& 4-C—D), 3 1 I %, b fURES 71
KBE N (8. 74540, 547) pm, FEFF B 42 9 (7. 789 +
0.196) pum s Mt - # 4 J8 0 (15, 82140, 539)
pm o B B AR R (7. 30540, 344) pm, MfE L R
WREXZFRE LT EEES AW,

2.2.5 £ B % (sensilla trichodea, St) E I B
A (SOTBANE &, 4K FE 5 21 T0 o 12 ¥ 728 48, T o
I SR A TH A R AR B A A T ) R 1 R 5
H, H o TR AR 5 R R 70°~90° % ff (& 4-
E—G), £ 1 B/R, M HUBER- P K Bl (142, 733 £
9.879) pm, FEFRE A2 Jg (10, 14740, 447) g B Ht
SRS 2Kl (173,596 +9. 859) pm ., JHE# H A%
A (11.655+0. 675) pm, M HUES K B FH KT
O o T M R SR I R AR R R R
2.3 FMEMEM EXREARBHOSHINE
H 2% 2 n AL B B 1 A (Se. D B R 2
R (Sc. 2) 22 BILIELE (SD B I 2% (Sca) | T J
75 (Sh)Y MR T AR (SO LE LR AL a5 M 1 i A R
@ﬁii@ﬁﬁz\%ﬁ e |, Se. 1,Sc. 2, Sf,Sca, Sb,
St 43 5 7 M AR Z0 R #E R B Y 33 85200,
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25.806% ,26.743%,2.416% ,1.151% F110. 032% ,
o R R g BB 25, 062%, 20, 415%,
35.463%,1. 672%.1. 725% #1 15. 663% . H MLl

QU A A R S 1 G el ST [ W = A LN
Sc. 1.Sc. 2,Sf 3 FgEs & b4 K, St IRZ , Sca 1 Sb
TE R b 1 KB ) A X A b

A~B. #E RS s C~D. HEE & ER  E~F. BILIRR G, BIV B 45 218 1 H 8L
A—B. Sensilla campaniformia (Sca) ; C—D. Sensilla basiconica (Sb) ; E—F. Sensilla trichodea (St) ;G. The ridges of sensilla trichodea
K4 fi bR ek S R AU I L BB SR B S
Fig. 4 Morphology of sensilla campaniformia, sensilla basiconica and sensilla trichodea on cerci of Tachycines lalinus
FR2 MNMFELEHE ERRERARBNBENS S

Table 2 Abundance and distribution of cerci sensilla in male and female Tachycines lalinus

RS TR /A Y 5] JE& A8 ¥d: Number of the sensilla E /%
Type/subtype of sensilla Sex FLI Basal part H1# Central part %+ End part &1t Total Proportion
R 1 Wil Females  126.6-513.178 a  256.8-521.848 a  147.0-29.381 a  535.2-543.171a  33.852
Sensilla chactia 1 HE st Males 57.057.803 b  166.4+31.927 b  61.44+8.376 b  284.8+47.627 b 25.062
JTE i s 2 7 I i Females 344.8447.247 a 63.2+10.678 a — 408.0+43,445 a 25. 806
Sensilla chaetia 2 it Males 186.6425.299 b 45.42£7. 325 a - 232.0+£21.871 b 20.415
PES AT Ml Females  160.8-512.387 a  186.4-515.778 a 76,456,493 a  422.8431.112a 26,743
Sensilla filiformia 1 . Males 154.0£17.515 a  173.4416.363 a  75.6:7.794 a  403.036.206 a 35. 463
BhIE 2% M . Females 9.240.860 a 15.241.392 a 13.84+1.392 a 38.2+1.067 a 2.416
Sensilla campaniformia g i Males 7.041.303 a 7.60.509 b 5.24+1.319b  19.0%+0.707 b 1.672
HE T ek g Wt i Fernales 18.21.655 a — - 18.21.655 a 1. 151
Sensilla basiconica Hi . Males 19.6-£1. 964 a - — 19.6-£1. 964 a 1.725
ES AT M . Females 43.6+2.502 a 50.6+3.501 a 64.4+4,965a 158.649.309 a 10. 032
Sensilla trichodea Hi 1 Males 48.2+6.391 a 58.246.256 a 71.6+3.281a  178.0=+15. 281 a 15. 663

T =" RA T i

Note:“—"

N T A SRR AR R L o A I B AR
FURFRLARBR KL 35 J8 20 55 43 g B L o i A R w3
TRy . AR (GR 2) BT RAR AR AL 5 ME | A g R R A0
Sc. 1.Sf Sca St 431 fc )+ HAE A H L
FE i A 43 A . e SEORT St fE M B R R 4%
AT B4 43 AR B0 TG 3 Pk 25 55 Se. 1 e M LR 045

means not applicable.

ALY 73 A3 B ¥ 0 3 2 T L Sea 72 ME B HUR
00K F 1) 3 A RO T S 3 P 22 S L (E A M i R 20
¥ L i v ) K i 2 W 2 T ME SR 5 Se. 2 FEE ) A
TRLARAR L 55 M A ok R A ) B R TR A L 7 R g
FRIC I3 A 5 Se. 2 76 M LR 20 HE T 60 0 A B B 2
T HL L FLRE 0 R S A A R M L 2 1 G 2
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P25 5 5 Sb AL A3 T FL AR R kb 55 E | 2 e R 0 )
70 ELMfE e 22 0] 7 SR B - TE R R

3w

AR5 8 A 4 P X A T e BB IR X
eI i AR ek e M A R A R A S SR A
AT TOEE . G5 R R W] RMRBR Kt o M L kol 2 0
A3 M ikt B A AR ) £ R 2 AL DB
R 22 BID AR PR B HEIE Bt BB )
LR A58 Ry REABL I 4 A1 B AR o AN 7 R 26 R B i B A7
fE—E 25 . PIMRERAE s AT L AR 28 B4k
T A E R R R A A SRS AR AR (R A
FEA b OF AR e B s W H B B () 4 b 5 ) Stenopel-
matidae. i ¥& £ Mogoplistidae, B #& B Myrme-
cophilidae) B2 I UL () B BR B A .

T s 2 B U AT b — b A Ry UL A R e
PR N B H B AT LR P 2R AN L B 8RR
BB 35 B andie sh XU Al R B A S R
b i R B R BARRR K s | A R R 20 L Y R SR
g H 2 FOE AL (Se. 1A Sc. 2) L £ 2 Ff M 7Y J i KL
b E U S 2 TR L % 2% SR T RE T EOME R AR
SRR AL P8 A e A R . A AT Y
KW, BEE A& (Tachycines asynamorus) fi ffi L #y
P A o A S B 36 A T LA SRR A RT3 2 s
TR ) 0 A SR 25 R DR A PR Y . R ARER
i BB AR T2 A A T H A R A R L T R AL [ A
Xof HoA SR AR HAT PR3P 1R T

22 0 Bt — M r JR DT 4 i L i S5 440 . B £ B
20 2H R, B AT R DN A KU s B LB AR B 9 A
N 1| e L IR (¥ 30 =8l = X ]
R 22 B RA  AT BT H AR 7O 58 S 4 4
I PLBAR 30 LA K 58 1 25 i s b 1A X
S TR 7 59 H BKE 7 (Troglophilus neglectus)
FEAUE S B & nt 25 =it 3l i BCRTPE T k47 T B
5C . R B R BT YRR, BT i 22 B I IR Al
JE AR % 2R BURR AN KT O Tl A L BT
@ (T. neglectus) B BAHL . FLARERE AL & BN TE &
TR AT H A ALY 22 BB S o DR I 00 7
Mk 8 ] B I R AN E Y 22 B IR R BN SR B
2 1V Sl B o= RS )

PO G W G R T2 BB RER N R E L A
i Bh 22 T W IR A R 2 HUMORI B A DI RE S L R AR AR
kb AP B ik 53 5 22 BV I AR 10 L
SR A AR E M KW (Periplaneta americana) \ 5%

WRIR (Acheta domesticus ) SR P W R BT ILZE B
Ge o) A 2 S I R A AR A B B N 24
T R 0 A AT T RS 2
i HAG A R JEue A28 50, I HLAE X AL AR ] 0% e iy
D5 T8 BPOR SRS AN N 22 B 00 IR A% R 0 A 7R R o
FE R HLAORIBECT o 22 B8 I8 B 3R 2h 5 | e 5 AR
T o R 17 51 R A R S 7 A BN 3 R — R A
Bl Yy — Bk AR N OB R OFR S L AR A
Ao R, AR AL 8 T AE A A 3K b B AR
GG R B 86 45 s X A v 5 R AL A R 8 i
Wil 7

HETE A AL 53 A T HoARBR kL 2 R A B . 7
BEYE M & (Tachycines asynamorus) fi fi bt %
TIZ KBS T H ORI AR X AR AR A
Yy 51 TC W 8 s H R 8% SR 2 T 1 A8 Ak Bk
N T R SR AR

BIE AR TE H AR 55 ME | bfE th R 25 1) L v
FRF R i AR A A3 A . BT AT R L BIE AR R
% R N AL BRI 8 B A0 TR AR A ) oL O HL 3R T 2L
LI B B A B A B A IR AL ) R D)
REDS, RIMAR AL & B Y A R AR B AL R
2R AR T e A BT LA 0 VR A e sk
AN IR AL ) B 1) A2 AL

SR PO AL & R 20 b A IR A B T K,
X A] HE 5 HORHIE 7R BE A A O . TR R I TG
8 7R v, T A A o B T PR PR L PR
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