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Experimental study on color preferences in the larvae of the turnip sawfly,
Athalia japonica (Klug)

Naoko Kimura and HipEg KiTano

Department of Science Education and Biology, Division of
Natural Science Education, Faculty of Education, Tokyo Gakugel University

Synopsis

In the present research using an apparatus which has been outlined by Hundertmark
(1937), an examination was conducted to determine differences in the color preference
found between fourth instar larvae maintained on a diet of host plant leaves, Raphanus
sativus, and fifth instar larvae at the stage of their burrowing into the soil in order to pupate
following the last molting,

Considerable variation was noted in the preference for color (brightness) among fourth
instar larvae while fifth instar larvae tended to prefer color papers with low Munsell value,

Seventy per cent of the fourth instar larvae were attracted to the yellow paper, Munsell
notation 7Y 8,712, among 10 different color hues used in the present study. In the color
~brightness preference experiments, there was no case in which the larvae were attracted
to a color having the same brightness as yellow. It thus may be considered that fourth
instar larvae choose yellow paper on the hasis of color hue.

The peaks of the spectral reflectance curves for all the plant leaves used in this
experiment as well as the peak of the speciral reflectance curve at less than 600 nm for
vellow paper were in the vicinity of 555 to 565 nm.

The preference of short wavelength colors such as blue and purple and colers with low
brightness, all attracting fifth instar larvae, may be considred to hold adaptive significance
on the basis of the observation that fourth instar larvae started burrowing into the ground
within 24 hours following the fourth molting,

* ORRBE R v 2 TR 108 5 (1986 4F 12 A 26 H-%MW)
**Present name and address ; NAOKO NASU, Ito Secondary School, Shinagawa-ku,
5-1-37 Oi, Tokye.
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BERomicly aEimiic o tiEEH <o BE S ThbA Ty A (PROKOPY and
Owens, 1983), shdtizowTiE#P 4 4, 898 E (Gorz, 1936; HUNDERTMARK, 1937;
SAXENA and KHATTAR, 1977 ; KHATTAR and SAXENA, 1978) # X C*¥¥EIZIH (TANTON,
1977) riRehTind,

SEOPSE =k A F I F (A japonical FHEHNE - BHF - BO, Fhrhtind
THEOLLAHAICEMLESEL Co {ITHEZHRE L, AEHHOBM S L VAR OoRIFY%
HERIZIRTL, FOEBRNERESBELLLOTHS,

MEs S UFE

HEENATFHRORBHS SEEL 2R A7 I AAFYREFEL, 05 bHiS
I RIWNML, Jhs ORERMESEAZINN S8 S Wi Mhho s s ZEC L 72,

AT I ANFBEAEOSEIES S THS Lo (FIE - 25, 1986) EEREH A 7L
FA4 I rDEFBERAPOLNHALELINBORERRA LSRR RFERA L. &8, 5
FHMTEFELAYBERZBATAZ AL, FAMEORERTE 1~ 2 BUAI bl A
L T L% 5,

i o BAREINERE HUNDERTMARK (1937) QB2 LPWURLELOEHEWE:, T4b
B, EEKTE-TEENem, G2 2Tom OFEHEFE S 12.7cm, —E 1.8 cm DEMIC &R
offk (AhaBiatt WFTFHadm) 28D, S 77408 (BVzFr v T
Sy 7] SHEEGSMN ToEkrEARES WAREL, 2hook2MEoNEIZZE->T
—EEE TR (Fig 1), AEEROTRIZER 1.8cm, F3 1.5cnDREDL D, HE
ICHET A%hmE L {AEADPI ARRS SI13WI LT X - Roi7EHE 10 HFEEE L 12, ik
HEAC, Ao LSRR EAEED s B2 BHBCERL, BED
ki () RN, L, SR B o TITITHERT 2 EMEEI R TV, 2
D& HETHERLLSRE, SBE0OMELERLLLO L LTHHL -, EEIEmE
WTEML, ZOMEOE LS HENHE (S840 3 A—S—FLR4OSW, /M) 24 %0
BHL oo HERFINOREIIN 20°C, SRR OB 530~560 lux ThH 2, 1, GOiEOE
B & BRI B f AR ERER S s e,

1) BHEESRBET 2 KB

HIRAEERRGED R L o0 E 3R FAABHNE, e RER IV ED R, Hb
SR E TOHRAEEEOMBEOEME AW T HEOUHE IORITUA R T2 25 h et Ui,
2} AR 5 RER

ORISR O RA RS L, Huaiul a0 5 bOREMn (R 18 %
R A ) TA0Ee, REOIEO A FLITVER, WERRERCELTRLSE
SBIRARLZKEG2ME, BXUAOD, Bl faEMmL i,

3 AHEhHIC X B G L AR OEIREE

WSl oA, 2OBLALES LBOYVA VLY 0 v 0MESBIZREL, T
77 4 M ATHES THOHPE O RS, SLATCOME hoBamEeD
WKILTT, Ha e s o kR ah TR L o MR LT, SEafEL@iLi-14 71
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Fig. 1  Diagramatic representation of an apparatus* used for studying
on the color (brightness and hue) preference of the fourth or the
last {fifth) instar male larvae of Alhalia japonica.

The apparatus, which has bheen outlined by Hundertmark (1936), was
used with slight modification,

The square rod (1.8cm X 1.8cm, 12.7 cm in height) surrounded by
color paper was used on tests to compare the attractiveness of color
paper (Nihon Shikisai K. K.),

The larvae were starved for 2 to 3 hrs at about 20°C and then tested
under the condition of 530 to 560 lux,

Each of the test larvae was put in a hole (Arrow ; 1.8 cim in diameter
and 1.5 cm in depth) and color-preference behavior of the larva was
observed for 10 minutes after creeping out from the hole.

F4arOREEE- L OMTRBEOER 2T o7,
4) 5 HEhRoBRE O iz T 2 RIHE
baihdE T, K259 6 4.0 2 TORMOMBIEHVEIRERET o1,
SEDER TR 1) ~4) DEBRA I ROlE 21T 72,
5) BAE® L UEMEERIERR I AV SO - SMEYREO R A~ 2 b A OlllE
HEICAORAEEEOGIEY, kY h T IO A ERB I AT 3 B0
DA 2 H BN IR T 2 iz, BSOS & A R R BT EET
(Bi7 2 R HRSRER X BARRE vy v I 07 #HOTIEL .,

% ®

1) UAREERIR B T 2 6

BroRE COREORL S AMERIRI L5 (Fig.2), 4 HMRATEYHEGS &
E—2 r LANSsbaled s o {EAsA R, 72, HBREE 0 RED S b0 T E#E
(23.3%) 13, POEEICLEIGET, 1000k, YOBICLELRVY, 2REHO
HOBHZBAGFIER L, LH-T, IThaBERoRGREERSNTVEY, 10
EORBED > 5O Y ive 1 X2 LFHEMERL TES L dhid, 1ROBCEGT 5TEE
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No.of 4th instar larvae examined: 30

30

10

1.0 26 30 35 40 45 55 65 75 80 a5

black «——— Munsell value —— white

% LARVAE RESPONDING

20

30

No.of 5th instar larvae examined: 30

Fig. 2 Color (brightness) preference of the fourth and the last (fifth) instar
male larvae of Athalla japonica.
Munsell value 1.0 ivory black, 2.5 charcoal gray, 3.0 dark gray, 3.5 slate
gray, 4.0 mineral gray, 4.5 steel gray, 5.5 medium gray, 6.5 alminium
gray, 1.0 silver gray, 8.0 pearl gray, 9.5 snow white.

3 10% Th b, Lizdio T, RIGHD 10% LB e iz 0BE IR L2 b i s
oy

Fi, AR TR 2.5 RBALS RGBS 26.6% L RLE L, 3.5, 4.0, BLU 4.5 %8
AT 16.79% T, @B L THAE 4.5 BT OEWIEE 28IRT 5882 oz, 594
OB I HESREE 30 EEO F RTH, BIhrOBIIREER L,
2) kiR BT A SR

AR TSRO TIRNEBRICIEFORIE R LT (Fig. 3). HAOHEIE 8.0 THL,
PARERIREER T 8.0 R EULIE L A PEIRA R TVuAWOT, 4 F5RI3EE L3RR
HaRBIALLbDEELILORE,

BRI DN T, F, DWTEMEIRS LS, (SR BI s HEOBIRO LI %
H2EEOEIEP U CRERET 2EAERA SR o1,
3)  ASHEIEUT X B EAOHEE AERINEE

PAORERECST 3 4 FRORIGRERRLEE, 247 v 54 a2 0BEORGTIE
DR hpb s T, HRBEFELETHEBICEORIEETR U (Table ], Fig. 4), LiL,
HETREMCHBE2OEDT000, EHFIELIENTERY, Thbs, HEEITK
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No.of Sth instar larvae examined: 30

Fig. 3 Color (hue) preference of the fourth and the last (fifth} instar
male larvae of Athalia japonica,
R: carmine red bR 4/14 (Mungell notation), O : orange 1YR 5,
5/125, L1 lemon vellow 7Y 8/12, W willow 7GY 7/7. G : gay
green 5G 4,5/10, B cobalit blue 3PB 3.5/11, PB: purplish blue
TPB 2.5/8.5, V: pansy violet 5P 3/11, SW : snow white N 9.5,
CG: charcoal gray N 2.5, AG : alminium gray N 6.5

EDOni i —HESE A, BPTTITLAROAANASIHEENE, T 774 LA
TR T REDES L HER LA, SHEEEELD 2 LNTERY,
RO BMTHRTLETHURGROFAIRELLEobhs, UhLEIealr
fzEY o, EH5EBRLBLL,
4) 5 HEIHR O OB T 2 RIREE
THES L COEBIREROREE, &, BCHEOREEED, FOHhe 5 H5maHe
HEBRT 20T M0 50EREL, JOEBBTok, T0OEE, AIEBINER LR
BROEF A S ST, BRYNEFL & 5 ZHED DT L 0, WoTHE 2R L - (Fig.
5}e
8) WM ® & UEMRNRECH O SO & SO RE A <2 T v
HARESERSRER I W B A O B B T B 4 REYE % Fig 6 12, BHERERCHL
Temild e Flg 712, &, 27 3 ANFHHOETFRBENE A o N EHE0 #h %
Fig. 8 iR L7, {HL, Fig.6, 7, 8 DFHkcFRS N2 KR, EORMMIED 2512,
FEZOLOTIEH E 0EES L, KR £EOESEETHS,
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Fig. 4 Orientational responses® of the fourth instar male larvae of
Athalia japonica to 2-visual stimuli (right side : yellow paper,
left side : host plant leaf-sheet** surrounded by a wrap film).

* In this case, thirty larvae tested were put in a hole (Fig. 1) at a time.

Mast of the larvae exhibited a preference for the yellow paper
{Munsell notation: 7Y 8/12).

**Host plant: Raphanus saffvus subsp,

Tablel Orientational responses of the fourth instar male larvae*
of Athalia juponica to visual and olfactory stimulants,

Stimuli Visual Visual and olfactory
Yell ** *ae Yell - Leaf

Stimulants ellow paper 'Leaf ellow paper t?_a

without odor with odor

No. 0}‘ larvae 90 20

examined

% 1

% larvae 750 950 g5 15

responding

&

The larvae examined were starved for 2 to 3 hours at 20°C and then
tested,

** The Munsell notation {hue) 7Y 8/12

*** Host plant leaf-sheet, Raphanus safivns, surrouned by a wrap film to
exclude odor stimuli. '

a, b: The same letters are significantly different at the 5 % (a) or the 1 %
(b} level.
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Fig. 5 Orientational responses of the last (fifth) instar male larvae of Athalia
japonica to color papers which have similar hrightness.
CG: charcoal gray N 2.5, PB: purplish blue 7PB 2.5/8.5, DG: dark
gray N 3.0, PV : pansy violet 5P 3/11, DC: deep carmine 5R 3/8.5, BG:
hottle green 5G 3/4.5, SG: slate gray N 3.5, CB: cobalt blue 3PB 3.5/
11, BO : brown olive 3Y 3.5/4.5,, MG : mineral gray N 4.0

100 . T r '
9,5%
sol J
— 8.0
&?
~ gof J
(18]
o
=
= - i
& (‘7.0
1
i aol rﬁ.ﬁ .
%
& L {"5.5
L)
(M)
n,
4 a0l a5 \\__4
4.0
3.5 \“__\w
L 30— e
2B e
1.0
0 | | ] 1
300 400 500 600 700

WAVE LENGTH (nm)
Fig. 8 Spectral reflectance curves of papers with different brightness shown by the Munsell value®*.
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Fig. 7 Spectral reflectance curves of color papers with different hue,
R: carmine red 5% 4/14, O crange 1YR 5.5/12,5, Y : lemon vellow 7Y
8/12, W+ willow 7GY 7/7, G: gay green 5G 4.5/10, B : cobalt blue 3PB
3.5/11, PB: pwrplish blue 7PB 2.5/8.5, PV : pansy viclet 5P 3/11, SW:
snow white N 6.5
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—ftte, BROSO®BEST 20FME L <o BRTH2H (KEVAN and BAKER,
1983 ; FER{lb, 1986), SRIDEEBRIZB VT b =ik H 77/ sF D 4 S4hrhys, PR AE,
SOOI R  REERTT 2 I L ARB I N, —F, BREFIEL, ok
WAHICEA T B RERMITE L 5 Sshik, BuBES LU, %, #HEn P ofiles
LT3, HPEOoBERAEERCAV s aRohchERE DT, - 0EERER
Do, SRR ELHOGIEE L XEBFL TV LERTA I LR TES L, UL, 4
WL S PONROMTE D 3 RN RL 2 \EE %A, HOMERENSoY—2
PHEIT 450~480 nn DHERFIE 52, NP OEERERORE L1 2 L, AT
HEGEH 4 L 5 HOBIT 560 nm {H5E4 & 460 nm (HE~A S v FE B LD EEZ BILE,
SHIRITH S b 2 OEIRITEOE, R AR SIS T (— T 24 TR LA
THEBALRUD2 I 2 E L GbY, BENLEREF b bO LV L,
SHEEPOED BRI 25 N2 UM REOBE L SRD 2 = TH 5, 2honEE
BOC—rR3 4 SR BFULLEADO Y — 2 £ —8 Lir, —i0, AR RS
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Fig. 8 Spectral reflectance curves in leaves of different plants which grow in
the habitat of Athalia japonica larvae.

Vo XY Chrysanthemum covonariuin L,
Nl YE v Erigeron philadelphicus L.
{1 aw) ¥ rRR  Teraxacem officinale WEBER.
HATVE A ar  Raphanus sativus subsp,
A & % 2 Plandago asiatica L.
4 XH5%  Rorrippa indica (L) HIERN
pel 7' Brassica campestris L. subsp. Rapa

32D, 2O N—FORBEOEETHA I LELSEN TS (PROKOPY and
OWENS, 1983), =ik w7 I F Az BT b, Bt 2T EREz L 2R
R s oMEEsL S O L EbR S,

| B

FEEAIIHY, SNEEHOMEEOL LRSS DBMOER S TIZ DT ZHE
VaTz I T B TR S TR VB Al 2 & S SR I L TR O BRI E
{BiLhLET S,

X [
BRI R - (2UFE (10860 HEEN 79,08 F (Athalia) B 4 BOHEFMWIZE

L
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WERE %A L T——Pulex No. 73 348-349.
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