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Morphological characteristics of the different developmental stages
and larval body hair of Camponotus japonicus
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(Key Laboratory of National Forestry and Grassland Administration for Control of Forest Biological
Disasters in Western China, College of Forestry, Northwest A&F University, Yangling 712100, China)

Abstract [Aim] To describe the morphological characteristics and developmental periods of different developmental stages
of Camponotus japonicus (eggs, larvae, pupae and the first-generation workers), focusing on the division of larval instars, and
analyze the types of larval body hair of different instars. [Methods] The morphological characteristics of eggs, larvae, pupae,
and adults (first-generation workers) were observed under a light microscope. Larval instars were classified according to head
capsule width, and the types of larval body hair of different instars were observed using both light microscopy and scanning
electron microscopy. [Results] (1) Daily egg production of new queens was about (2+1) eggs, the egg stage was (13£1) d,
the larval stage was (9+2) d, and the pupal stage was (15+1) d. The bodies of newly emerged workers were pale and soft, but
darkened and hardened in subsequent days. (2) Larvae can be divided into three instars according to head capsule width. The
head capsule widths of the 1st, 2nd and 3rd, instars were (0.488+0.003), (0.625+0.003), and (0.737+0.004) mm, respectively.
(3) The body hair of larvae varies greatly among instars. First instar larvae have more curly, hooked, long hairs than 2nd instar

larvae. Third instar larvae have uniform body hair but no curly, hooked, long hair. (4) The body hair types of larvae can be
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divided into 6 major categories and several subtypes, including simple, bifid, 3-branched, 4-branched, 5-branched and

6-branched. The number of forked hairs increases with larval instar. [Conclusion] Larvae of C. japonicus have dense body

hair, the types of which vary greatly among instars. Younger larvae have curlier, hook-like, long hairs, which enables them to

clump together and facilitates their transportation by workers. Larval instars can be distinguished on the basis of head capsule

width, but body hair type may provide another means of identifying the larval instars of this species.

Key words growth and development period; morphological characteristics; larvae; instar; body hair
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Fig. 1 Morphology of Camponotus japonicus at
different developmental stages
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A. Egg; B. Larvae; C. Cocoon ( P1-P3: Different stages of

the cocoon ) ; D. Pupae with its cocoon removed (P2-P3)
and the 1st-generation of worker (W1).
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Fig. 2 Frequency distribution of the head capsule width (A) and body length (B) of Camponotus japonicus larvae
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Table 1 Measurement of morphological indexes of Camponotus japonicus larvae in different instars

4 R 3 Kk K% (mm) K (mm)
Instar of larvae Number Head capsule width (mm) Body length (mm)
1 # 1st instar 78 0.488+0.003 (0.483-0.493 ) 1.969+0.029 (1.911-2.027)
2 #% 2nd instar 59 0.625+0.003 (0.618-0.631) 3.538+0.106 (3.325-3.750)
3 {#% 3rd instar 42 0.737+0.004 (0.729-0.746 ) 5.754+0.204 (5.342-6.166 )

F R N B{H PR . Data in the table are mean+SE.
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Fig. 3 Regression relationship between the
mean head capsule width and instar of
Camponotus japonicus larvae

4 XEBEWETERSEUS RS

Fig. 4 Morphology of Camponotus japonicus larvae under light microscope

A, B, C.1, 2 f13 {4 di kg ss; AL, Bl, CL.1, 2 13 B4Rk E;
D. #HELE SRR AME (HCW: k%55, BL: &K ); E. Big4d,

YN, 45 AU 6 Ay USSR, IR
G X7 BB N G0 242, Jesr X2
0 4 2R (S1-84) (K 7: S1-84), 2 7 X
#0003 A2 (BI-B3) (€ 7: BI-B3), 34

A, B, C. Overall morphology of 1st, 2nd and 3rd instar larvae; A1, B1, C1. Hair of Ist, 2nd and 3rd instar larvae; D. Measurement
of head capsule width and body length of larvae ( HCW: Head capsule width; BL: Body length ) ; E. Molting larvae.
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Fig. 5 Larval morphology and spiracle of Camponotus japonicus under scanning electron microscope

A YIRS (H: Sk TI-T3: s A1-A10: JEHE); B. M T2 BT
C. B A7, A8 B'<UI'ls D. ORI,
A. Body segment of larvae ( H: Head; T1-T3: Thoracic; A1-A10: Abdomen ) ; B. Spiracle in the 2 thoracic somite;
C. Spiracle in the 7 and 8 abdomen somite; D. Enlarged spiracle.
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Bo6 HMEETHASENSRBERS
Fig. 6 Larval morphology of Camponotus japonicus under scanning electron microscope
A, B. 1,2 B4 HURAIESS; AL, B1, CL 1,2, 3 W4k, A2, B2, C2.1,2,3 iB4hikE,

A, B. Overall morphology of 1st, 2nd instar larvae; A1, B1, C1. Head of 1st, 2nd,
3rd instar larvae; A2, B2, C2. Hair of 1st, 2nd, 3rd instar larvae.

®2 HASERLREFEEHE

Table 2 Types of body hairs of Camponotus japonicus larvae

{37 B Location

EXR Wk HEERA :
Hair type Subtype Description % Bk
Head Body
ooy S1 RETSr X, Y Unbranched smooth hair All All
Simple S2 {KFE 04 X, %517 Unbranched denticulate hair All All
S3 WBTE 3, o s 2 IR - L1, L2
Unbranched hair with coiled hook on tip
S4 WETII, Ak, BUmEkntg L1,L2  LLL2
Unbranched denticulate hair with an anvil-shaped apical process
25X Bl REEH, Wik 2 Smooth hair with tip bifid - All
Bifid B2 REHEHE, B2 Moderately bifid smooth hair L2,L3 All
B3 RESM, TR =4r%E Deeply bifid smooth hair L2,13 All
343 R1 RN, 3 A RAK - All
3-branched Moderately branched, with all ramifications parting at the same

length
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2§35k 2 (Table 2 continued)

TRE A
Hair type

RIS
Subtype

FROERE A

Description

i ¥ Location

%
Head

Bk
Body

30X
3-branched

45
4-branched

543X
5-branched

R2

R3

R4

El

E2

E3

E4

P1

P2

P3

R %, 5 3 XA TR

Moderately bifid and another ramification at a lower length
W3, %3 i AE TR

Deeply bifid, with another ramifications at a lower length

W 3 ALK

Deeply branched, with all ramifications parting at same length
, 2R, FK

Deeply branched, with two bifid ramifications at same length
WA, 4K

Deeply branched, with all ramifications parting at same length
W, 1T, Hfth 2 4 AR R HERFN

Deeply branched, with one bifid ramifications and two other simple
ramifications at a same, lower length

WA, 4 S e T

Deeply 3-branched, with another ramifications at a lower length
WR, 1A, 55 AN XAE TR

Deeply branched, with one 4-branched ramifications and another
ramification at a lower length

W, 1A, Hofth 3 A0 U T BRI
Deeply branched, with one bifid ramifications and three other
ramifications at same, lower length

s I, TA=0, i lE
Deeply branched, with two ramifications at same length, one bifid
ramifications and other 3-branched

R

R

L3

L3

All

All

All

All

L2,L3

L2, L3

All

L3

L3

L2,L3

P4 W,

54 4RLIK

Deeply branched, with all ramifications parting at same length

644X HI
6-branched

W

s LA, Hofths 2 4553 SUFE R FRAN TR - L3

Deeply branched, with one 4-branched ramifications and two other

ramifications at different, lower length

L1: 1#4%hde; L2 2#4hi; L3: 34 Al 3 MR L dUEREETE; — AFTE.

L1: Ist instar larvae; L2: 2nd instar larvae; L3: 3rd instar larvae; All: The presence of all three instar larvae; —: Non exist.

TSI T TR0, XTSI G (B 2 A HE
11T AR o H AR 5 15 OF- 244 FOBUs 4 H
BIregpeh (2+1) %, B (13+1) d 24, %)
B2y (9+2) d, WLy (15+1) d, NERAH
BT 37 do X—FRGHAVLAE (1997 ) Xt
H A 5 38 Ok R A 196 58 v &y s 30 R0 o 30 1) 1F 5
— 5, H IR IT 4 2 Sk, AT
(1997 ) K BB LS 7= 955 —HEDP 3 d J5sihE
Rlisk e & oAl aL, i sk F 24 S5 1 SR R T
picl

AWFFEME T H A S 15 WA [F) R/ N4 dLy

ST AR, & ISk 5T Vi B W AR o3 A K]
DUERTE LSS B R <3 DR = g g g 31 U FY)
HAMERN2E TR, (BRI AR IR A
W BIEE, APFEEIERE, ARerE N4
RS I AR o TS B4 RSk 7 B B R B AT G R
[CEHE, X —&5 5 At 0 ) A 52 45 R — 3

(Solis et al., 2009, 2010a, 2012b )., X = ¥ I
A 0T A R B, AN () I ) g 8 1 25 S A
K, 1 C. noveboracensis 1 C. vittatus S HA 3 4~
W, C. rufipes M1 C. textor £ 4 T, C.
abdita . C. aethiops Fl C. vagus F 5 T ( Solis
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E7 AHBETARSEWNHEERR
Fig. 7 Types of body hairs of Camponotus japonicus larvae under scanning electron microscope
S1, S2, S3, S4. FIPSURIKE; Bl, B2, B3.2 0 CHRIETE; HI. 6 0 3URIATE; R1, R2, R3, R4.3 7)URIKE;
El, E2, E3, E4. 453 CIRIAE; P1, P2, P3, P4.5 40 IRIKE.
S1, S2, S3, S4. Unbranched body hair; B1, B2, B3. Bifid body hair; H1. 6-branched body hair; R1, R2, R3, R4. 3-branched
body hair; El, E2, E3, E4. 4-branched body hair; P1, P2, P3, P4. 5-branched body hair.
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et al., 2009, 2010a, 2010b ), & BLIX P 22 5 1 i [
Al RE 512 B I R G R B AP =R O

AR MELRN H A S F W4 A 10 XS
1T, 2 XA R, 8 Xtorfm FIEH, AT
EHARR/N, fF 4 um 247, WA —2b4) HUARRE
ORI THIAFETE o X — 25 5 HA IS 5 A 5T
LR —F, Y BOE R SR E ) B Ara
sexdens H A 10 X7, 2 XTENTRF 8 XHTE
JEHE, MEBes 1 XA TEK, 1 EE T i)y
( Solis e al., 2012a ), AWV AL H) H A 41l
Leptanilla japonica % H T2-A8 Bt FAFHES T 1H
HAEMR/N (CRZEUNT 3 um), JERAFN, &
BAE—LEREAR P ATETE ( Masuko, 2008 ),

A, ABE5E & I H AR 5 35 WA AR B2
RIZHE, a[4rh 6 AR 20 M, HOA[]RE
WY R BRI 22 57, 1 g kR
FETER Z A IR B, Bl I ST o 328 i T
K, X—g8R1R55FWE C vittatus 1 C.
Sloridanus %) B LCEARL, 1 1 2 W4 AFTE
MR, 3 ARINTE, C. textor 191, 2
3 IR ARG PR E, 1T 4 12BN Te, A
W2 C. rufipes BT A i W0 HLA 46 4tk
£ E( Solis et al., 2009, 2010b, 2012b; Wang et al.,
2017 )o B MMAPRIK BB R Formicinae
MR L, FEYIHBOEAR Myrmicinae #2
WA A, AN 8 /N L Monomorium
triviale 1) 1 1 2 % 24h MUK R Z2 181 B0 70 SOIRIAR
B, 3 i AR I R K B 1dogawa et al,
2022 ),

ARSI, BEE S RS, HA
ST WA RR BRI L, 1R 2 gl s ik
RIHT, 2 47X, 34 XRAMERERZ, H
3L AL Z 5 4y SUR1 6 4y LR B,
BRI, 4y B R AU AE A [R) Fl 2 (8] £E A 22
5, MHAEARRMN R E I BWA AN, EER
A 3 ARG YRR R B BRI G, 7EH:
B R A IR, 14N U FIORE FA Al
JE AR 2 LTI AR E, R4 AR E A
AR R RIS B YRR, T D) i i &) A AE
AN EF R LT AR TCE( Pitts et al., 2005; Solis
et al., 2012a; Wang et al., 2017 ), Hit, 7EARHEL)

AL FEFER 34y U I Y SR I, AR 2SR EY
VAT RE R Ak T4 B I B RN o) — TR A

FE— SRR R B T 4 IR BT RE H A
(TIRE, U Penick %% (2012) #F5¢& MDY
WA G KK Pheidole rhea fII% 4 HAKE
B AR, I 4 RRAHIE T AL-AS KA
PRRIAE, BHEAT 4 R, BATKGRTHERE, fLEE
W B L CRE [ RIS A R, Wang 55
(2017 ) fRIE3HI% Ik 55U C. floridanus F12%
M5 C. sericeiventris % HAKTE HA B 7K Fl
R REMIIGE . FIAERNTEWERR] T HA S &
BRI 2 A RS, X W REfG 5 T HAR K Z
HAEMARATE, 8+ T g iz, H
A 5 1 WA BUA R 2 A I AE A A T BB () T BE
AR —L Y
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