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Phototaxis, chromotaxis and chemotaxis of Camponotus japonicus
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Abstract [Aim] To investigate the phototaxis, chromotaxis and chemotaxis in the ant Camponotus japonicus to determine
if it is possible to use color, light and odor to repel or exclude this insect pest from some specific places (e.g. the home
environment and parks). [Methods] The chromotaxis and phototaxis of C. japonicus were evaluated in response to seven
color plates (red, orange, yellow, green, cyan, blue and purple) and six colored lights (red, orange, yellow, green, blue and
purple). And the chemotaxis of C. japonicus was also tested in response to eight volatile substances, including four types of
highly volatile terpenoids (laurel, limonene, linalool and geranyllol), two types of volatile lipids (cinnamyl acetate and
trans-Cinnamaldehyde). and two types of weakly volatile unsaturated fatty acids (i.e., oleic acid and linoleic acid). [Results]
There were significant differences in the phototaxis of C. japonicus toward different color plates or lights (P<0.01). The
preference of C. japonicus for orange, green and red was 69.91%, 69.66% and 67.70%, respectively (indicating obvious

attraction), whereas that for cyan was just 39.71% (indicating obvious repellent). Moreover, the chromotaxis of C. japonicus
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toward red, orange, yellow, green and blue was 60.10%-67.20% (the strongest attraction to red light.), whereas its chromotaxis

toward purple was just 22.13% (indicating obvious repellent). Furthermore, there was significant negative chemotaxis for C.

Jjaponicus to four terpenes, two lipids and two acids at three concentrations (0.1%, 1% and 10%) with the chemotaxis rates

<27.19% (P<0.001). And the most repellent was 10% linalool, followed by 0.1% trans-Cinnamaldehyde, with the chemotaxis

rates of -78.53% and -74.44%, respectively. [Conclusion] During the hours of daylight, color plates (or belts) of red, orange

and green can attract C. japonicus, whereas cyan plates (or belts) can repel this species of insect pest. After dark, red, orange,

yellow, green and blue lights are attractive to C. japonicus, whereas purple light is repellent. Solutions of 10% linalool and

0.1% trans-Cinnamaldehyde can also be used to repel C. japonicus during both day and night.

Key words Camponotus japonicus; phototaxis; chromotaxis; chemotaxis; attraction and repellence; green control
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Table 1 Color plates for color-taxis test and light sources for photo-taxis test
#IRE Color-taxis test HIREE Photo-taxis test
) otk JEIR ySR(0) WA (W) P (nm)
Color Color plate Light source Lamp Power (W) Wavelength (nm)
4T Red ™ 215 Red light Q 10 625-740
# Orange 5% Orange light 10 590-610
T Yellow G Yellow light 10 570-585
% Green ) %456 Green light Q 10 492-577
# Cyan ™~ / / / /
i Blue [ #56 Blue light Q 10 440-475
% purple - 5% Purple light Q 10 380-420

[+ KFIFRE, /: No studying.

x2

BRI TIE AMNSKIELY ( Dong ef al., 2023 )

Table 2 Odor volatiles selected for the chemotaxis test (Dong et al., 2023)

ORI cas  TEE (%) it vl
Odor volatiles Concentration (%) Production company
[P A M Myrcene (MY) 123-35-3 90 BB T AR A BR A A
Terpenes Shanghai Aladdin Biochemical Technology
Co., Ltd.
FrEEHs Cinene (CI) 138-86-3 95 g R AEARHCR R A
Shanghai Acmec Biochemical Technology
Co., Ltd.
J5HElE Linalool (LT) 78-70-6 98 A SRR B A BR A F)
Shanghai Macklin Biochemical Co., Ltd.
Z A Geraniol (GE) 106-24-1 97 LA YR A BR A ]
Shanghai Dibo Biotechnology Co., Ltd..
S LR R 103-54-8 97 KA BEAARHCA R A
Aldehydes Cinnamyl acetate (CA) Heowns Biochem Technologies, LLC.
Fe A RERE 14371-10-9 98 ARGZS: AT 2zl RN
trans-Cinnamaldehyde (TC) Shanghai Titan Scientific Co., Ltd
felifeZs MR Oleic acid (OA) 112-80-1 99 S 260 M R AT RS 7
Fatty acids Dalian Meilun Biotechnology Co., Ltd.
i BAEARHCA R A
WYHER Linoleic acid (IA) 60-33-3 94 Shanghai Acmec Biochemical Technology

Co., Ltd.
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Fig.1 Phototaxis and chromotaxis experimental
device simulation diagram
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Fig. 2 Selection rate of Camponotus japonicus in
response to different color plates

BEIRGRITKE, HARSE BTN 645 X 15
A MR B4 158 488 I o7 2R 2 ) 22 57 B 3 ( * P<0.05, ** P<0.01 ),
Kl 4 FiE 6 A,

Asterisk indicates significant difference in the selection
rate of C. japonicus in response to the treated color plate
compared to the control of transparency plate by the 4> test
(* P<0.05, ** P<0.01). The same for Fig. 4 and Fig. 6.
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Table 3 One-way ANOVA for the effects of different colors and different light sources on the relative selection rate of
Camponotus japonicus, and two-way ANOVA for the impacts of different odor volatiles, different concentrations and
their interaction on the relative selection rate of C. japonicus

=tk L Three-taxis test F {f F-value P1{f P-value
#@: Chemotaxis @ Color plates 4.80 0.001 8"
#JtE Phototaxis JEIE Light sources 22.38 <0.001"
SRFELY) Odor volatiles 6.76 <0.0017"
#afbt: Chemotaxis ¥ Concentration 2.34 0.1100
SR &Y< E Odor volatiles x Concentration 3.43 0.0012™

BESFRERFRE, HASEBOT =M 448 8 i 28 R N R B R F 25 (*%P<0.01, ***P<0.001) ,

Asterisk indicates significant difference in the selection response rates of C. japonicus to each variable in the three tropism

tests by the 47 test (** P<0.01, *** P<0.001).
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B3 -15)
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& 30
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c

B3 BARSERNAEEEERABEINEER
Fig. 3 Relative selection rate of Camponotus japonicus in response to different colors
Bl S AR DR, ARFNE FRERR PRI LSD /5025 7 3 (P<0.05) o &l 5 A& 7 [,

Data in the figure are mena+SE. Different lowercase letters indicate significant difference among
treatments by the LSD test (P<0.05). The same for Fig. 5 and Fig. 7.
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Fig. 4 Selection rate of Camponotus japonicus in
response to different light sources
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Fig. 5 Relative selection rate of Camponotus
Japonicus in response to different light sources

N
W

(=]

FEXT R (%)
Relative selection rate (%)
2

|
W
o
T

IE>E01 > B > BOE > 50 Hid, Xt
6 B G a0t ORI IE AT (K
FRXTAT R IE AR ), X SRR SR S
FoBETER N

23 HASENXNTERSKELDHEETH
R R

231 TEBERSKEXRY SXTEML, HAS
Bedxt 3 AEEE (B 0.1%. 1%F1 10% ) B 4 Ff
i IS SRSE R (B A RERG . Frigedas . D5 IEmE

I I ) 30 PR I SR T 8 S WA 729,61,
P<0.01) (Kl 6:A-D) o AL, 3X 4 Filade <
WRHE & PRt H AR 55 85 034 2R 30t A e =35 1 0K okt
RN s Hor, BRGEERSCR B RO 0.1% H B
PRGNS, LAS 10% 007 i B A5 R s, Pk
BRI R 17.57%F0 23.88%, LUK 19.70%7F1
13.82% (& 6: A-D) .

232 BRESHKEXRYW S, ARSI
WO 3 AN CHD0.1%. 1%F1 10% ) 1) 2 Fhis
FER AR IR ( BIIMER AN MR ) I 2EHE
BRI AR ( 7>8.55, P<0.01 )( &l 6: E,
F) o A0, 3% 2 PO AR R X H A< 5 15 i
I M G A IR RS 5 L, SRR AR A
R RS 10% TR A IR , e8I 0 240 510
21.53%F127.19% (K 6: E,F) .

233 EEERS|KEZY SXEML, HAS
MO 3 N (ED 0.1%. 1%H1 10% ) fY 2 Ff
P TR 2 SRR K (B 2 TR TR RE T AN sz =X A A
e ) IR N R B BTG ( >28.31,
P<0.01) (K 6:GH) o Al 0L, iX 2 RS
URAE L W)t H AR 5535 05 36 B Ry A 0 2 1 iR i
RN s Horb, BRKGEESCR R IR 0.1% 19 LR A
FERR AN S A R, S SO 2513 20.75%
F112.78% (Kl 6: G H) o

2.3.4 HASTEWXRRESKIEL YR HEXTE
R JET H ARSI A [R5 & W i
PRI R, 50 HRIE O e A F T A A 2 L 45
SIRIE R RS BB XU 7 2253 Bk
RIEVSBRIER Y (F=6.76, P<0.001 ) K H: 54k
Z a3 HAEH ( F=3.43, P=0.001 2<0.01 ) #j#}%
WM T H ARSI BURAXERE R, (BRI
) 0 N [ e B A B H AR 55 1 I R ok 26
KA R E (F=2.34,P=0.11) (F£3),

XF 4 PR S RIE R YN S, HAS 30

X 0.1% ] HMmARRIE R R (- 64.85% ) W3
fIXT 1%F1 10%19 H 4 (P<0.05) , Xt 0.1%F7
BRI SR (- 54.39% ) BFEET 10%
PRGNS (P<0.05) , XF 10% 75 18 B Y AH G 2 £
F (- 7853% ) WEMT 0.10% 1Y 75 1% B
(P<0.05) , TRt B Ay 7 P st i) A X 1B 4%



£ 96 - R B 244k Chinese Journal of Applied Entomology 63 %
A ¥ Concentration Y Concentration
**| il 0.1%
ok | 1% o | 1%
sk |

10% **l

10%

~90—80—70—60—50—40—30—20-10 0 10 20 30 40  —90 —80 —70—60 —50—40 —30—20—10 0 10 20 30 40

0O %} #8 Control 0O X%} # Control @ #7884 Cinene
c D
# | 0.1% *| 0.1%
T | 1% **| 1%
** | 10% *+| 10%
~90-80—70-60—50-40—30—20—10 0 10 20 30 40  —90—80—70—60—50—40—30—20—10 0 10 20 30 40
O Xf & Control O XF 8 Control @ J54&EE Linalool
E F
*% | 0.1% **l 0.1%
X3 | 1% k% | 1%
* | 10% *| 10%
~90—80-70—60—50—40—30—20 —10 0 10 20 30 40  —90-80—70—60—50-40—-30—20—10 0 10 20 30 40
O Xf #& Control @ JHif& Oleic acid O XfH& Control @ JFIHER Linoleic acid
G H
**| 0.1% **| 0.1%
**l 1% *% I 1%
** 10% * 10%
~90—80-70—-60-50—40-30-20-10 0 10 20 30 40 —90-80-70—60-50-40-30-20-10 0 10 20 30 40

O X} Control @ Z M2 AH:EE Cinnamyl acetate OXf & Control @ X AHEEE trans-Cinnamaldehyde
HEER N H (%) Selection rate (%)

6 BASHUIARESIKIERWEIEREREZE
Fig. 6 Selection rate of Camponotus japonicus in response to different odor volatiles
A, M B FPEE; C AR DL J7RERE; E. GR; F.OMEIMIR;
G. Z@mﬁgﬁ, H. fiiﬁmﬁ%o Xd‘ﬁﬁﬂ‘jﬂza%%o

A. Myrcene; B. Cinene; C. Geraniol; D. Linalool; E. Oleic acid; F. Linoleic acid; G. Cinnamy] acetate;
H. trans-cinnamaldehyde. n-Hexane was used as the control.

RESARFE (P>0.05) (K 7:A,BEF) . BEMT 1%M A REERE (P<0.05) , XA
X} 2 PR ERESMRIE LY &, H ARSI W) v & MR AREBR A X e R 2 R AR g
Xt 0.1%)2 2 A EEBE AR X B (- 76.39% ) (P>0.05) (Kl 7:C,D) ,
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Fig. 7 Relative selection rate of Camponotus japonicus to different odor volatiles
A, AN B kgl C. JFRERE; D. FAFEE; B CERPIAEERR; FoORGRUAEERE; G iigR; H. WihRR.

A. Myrcene; B. Cinene; C. Linalool; D. Geraniol; E. Cinnamyl acetate;
F. trans-Cinnamaldehyde; G. Oleic acid; H. Linoleic acid.
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