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Abstract

The tiger beetle, Cicindela aurulenta, has two prominently large compound eyes, one protruding from each side of its head.
Each eye consists of 5,300+120 ommatidia. The retinal length and the diameter of each ommatidium are about 300-400pum and 30-
40pm, respectively. Each ommatidium is composed of a corneal lens, crystalline cone, pigment cells, retinula cells and fused
rhabdom. The arrangement of the eight retinula cells of the ommatidium is not on the same plane. Seven cells were found in the
cross-section at 15um under the lower end of the crystalline cone : one nucleated cell is the apical retinula cell and six non-
nucleated cells are the middle retinula cells. Cross-section at 40pm from the crystalline cone revealed there are seven cells,
however, the six middle cells have nuclei while the single apical cell does not. Cutting at 300um from the crystalline cone, seven
cells were also found but the six middle cells were arranged in circular form and located eccentrally. The centrally located cell with
rhabdom is the basal retinula cell. The responses of the compound eyes to light of various wavelengths were tested by
electroretinograph (ERG) and two peaks of spectral sensitivity curves were found. Results show that the compound eyes of the tiger
beetle can respond to at least two wavelengths of light, ultraviolet (370nm) and green light (530 nm).
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ANZ R T & (Cicindela aurulenta) B4 RB4F N E XM R > 1A FAHHMA
#18 #LK 15,300 + 12048 4 ) ik (ommatidia) 44 &% o 518 R AL & (retinular
layer) & & #4 %300 —400um » R TE % 89 B /8 45 £30—40um o 1 IEA 4 B 5 8 (corneal
lens) » [ 4 4L 48 (crystalline cone) » &% #4942 (pigment cells) » #4858 (retinula
cells) & & + A 42K 38 (fused rhabdom) F A4k o 4180 0 & 69 (B0 I R F) — &
Bk HE SR T R5umEED s TUE B L @AW L FH —18 LK mi
8948 & TH 3R AL % (apical retinula cell) » #5518 & P M L% 58 (middle retinula
cell) 5 & H 4 &8 FHAumBEM I » LTAF L@EREK , L PH <MLL @i
Md kP ARSI ) R — AR @ ATERREI , SN R — KRR 2K
[ 4 &b 82 T 4 300umBAR YT » T LA B LB @A » F B S8 P B AL 4E I S A
B REEBAZRAT AR > W — B4 S B EAT 4k 88 64 A R 3% 47,48 B (basal retinula
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¥ H (Coleoptera) & B #F}(Cicindelidae)
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B4 (Mazel, 1979; Lin, 1993) - HE
FEHEED : BAEHSYNTE, 1Y
IR BH B B2 38 (Horridge et al.,
1983, 1984; Matic, 1983) ¢ Arikawa%
A (1987) RIMAE A GOk 280 - — B o
BRI Papilio xuthusZEIRT , EE5HE
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FIEREN ) B » BRDUVERY/N R B (B0 - #dE
WEEEE ), S RKERBERELETHE
B o
— HIRBEZER

S LUE BB, ASEERES
Bl MEPMREAERR L, FUREY
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5| S %8 AR X ME P 3 RO R 5 S L
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HKAREENERER, FEEER - 5EE
RAVER (M8 H952mm » EE CGFE )
FEB1.5mm >, BEPLR (MEBER) KB
mm > F£[H5,300+ 1201E/NR (ommatidia) BT



B (n=12) » BE/NENERNESEUCE
M (Lin et al., 1992) - /NRIHR BH A B
BrE#GBERS—E, AESENEENR
100—128um » EffEBHIEEE130—148
um(E—) - AREBIABEREMRS , HIR
F$.28 (corneal nipple) XEMY] (corneal
hairs) i o B8 5L 88 B M A2 U ) LB 3
B FHHE (pigment  cells) » HAMHMERSR
FH (pigment granules) (El—A) -
NERBPENREE /N ERME K
BA Mz AL B AR A S IR g ~ FEE
MEmRE - kBr B ABNEREHE—
R » BE AR (apical retinula
cell) » MM REMLET HH15umE o F
A7 ERME S PERARE(middle reti-
nula cell) » EEHFIER—FE L, UPE
BT H140umE(BE—A - B) - BimERE
—(ETR MBS BRI (basal retinula
cell) » HIEA EI# AT H4I300umE -
B8 B P i 8 AR IR BB R EAEAR - mTENR
R A R R AR AR AR (chab-
domere) FTAEAK » K%/ HI i 54 TR Sm iR A LAY
BA/NEBEREE » T 7S E R A
BNBHR , RIEREE R K iR
MHENEER, AEREREEE (B
D). HIEFERMARCEREBESE/NEE
&t (Rhabdom Occupation Ratio » f&f&

F— AERPRIRZEEMEE -

ROR) » B{HFE6.04% (FK—) -
FEEESNAEIHBARES YN
NERRBZERRHEER (electroretin-
ogram > fMERG) » DIFEE BT EH BN
B R B RBOE 2 o FTEERGHIELER
HE B ARV P B AL R/NR » R B
BECERHEL(Lin and Wu, 1992) » #B
BEM AWK (monophasic  negative  wa-
ves) o HIRIEZ K /INGEE R A 8 B 81k
FERAEEZA) » ERERER (530nm) Y
R EE LA R (370nm) UK - HARHEEZ R
53 Fe R Hi#% (spectral sensitivity curve) A
PIE 2 S ERE530nm I
R FER G, ERF Z370nmM ¥ 85 8K
R (E=B) - HER/NF320nmBK 12620nm3
AJE - WERFH, NERPFHIERD
BB B AL iR - 5 B dTiRTE
ERENED , #PEEEAREHER (nom-
ogram curve) (Dartnall, 1953) &Y & >
BR, FEEEERINGL, IFEHEER
FZHMENE S o TRNAERFHOERRE
IR R &— 8 TIEE H7E 76 B A OL i
i, BREIFEIOLEEESLERBEN O -

VR

ERgRnmmaEECsmERE - —

Table 1. Morphological data of the ommatidium of Cicindela aurulenta Fabricus

Corneal lens
thickness
diameter
Crystalline cone
length
diameter
Length of retinula cell*
Length of thickest region of retinula cell
Rhabdom Occupation Ratio (ROR)

100—128um
30— 40um

130—148um
12— 30um
300—400um
12— 15um
6.04 % +2.30 %

*Central ommatidium in the eye.
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BE— NERFABRZHEA) EZLE(B)ERBEE

CC : E$tS%8 5 Na : THIRIRIAMZABAER 5 Nm : sRRATRIAIEZ fRARA: ; PC : & FK{AIE 5 R - 12iK38 -

Fig. 1. (A) A longitudinal section of the ommatidia of Cicindela aurulenta Fabricus. CC: crystalline cone; Na:
nucleus of apical retinula cell; Nm: nucleus of middle retinula cell; PC: pigment cell; R: rhabdom. (B) A
cross section through the middle layer of the compound eye. Nm: nucleus of middle retinula cells; Na:
nucleus of apical cell.

EREER. BE . AF; B—EE%n . ©® R R E%E (W, 1989) o /\E R F BAER
B\ IEA¥ (Autrum, 1958) o §iFE R mAEEEEUC ENHAEFRH(Lin and
¥ (Eguchi and Horikoshi, 1984) > Mi&#& Wu, 1992) » BRI —EER - KEE
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B= AEXRFPAEBRPH—ERZHAOEEETERER - FEMERVBEIEMNME - HYESETNNRPRR
BERiRARAHESIETR o

ARC : TES#TRHRE ; BM : 2/Kf& 5 BRC : EIRiR#EAR ; CC: EsfSA8; CL: BESEE; MRC : PREIRE#AM ; PPC :

YRR ; SPC : RIRE T 5 R - 1F4K88 -

Fig. 2. Schematic structure of a single ommatidium of Cicindela aurulenta Fabricus in longitudinal section and
transverse section at levels indicated by the arrows. The transverse sections show the arrangement of
retinula cells in different levels of an ommatidium.

ARC: apical retinula cell; BM: basement membrane; BRC: basal retinula cell; CC: crystalline cone; CL: corneal lens;

MRC: middle retinula cell; SPC: secondary pigment cell; PPC: primary pigment cell; R: rhabdom.
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EHHE) - BAZRFRAEREEEAN ) LREHRE - BRAREENG ) EBRAREER(D=7) -

Fig. 3. A. The standardized stimulus-response (R-log |) curve of Cicindela aurulenta. The inset shows five ERGs
recorded from the right compound eye (under dark-adaptation) in response to light stimuli with 0, 1, 2, 3,
and 4 log attenuating filters. B. The spectral sensitivity curve of dark-adapted compound eyes. Dotted lines
represent nomogram curves; vertical bars represent standard errors from seven samples.
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REBREASTHREBWNESLE, BN
IHIEMNER, H2  HEREEHEA
BOEGCSYEEBPRMBEAKIEEN (Au
trum, 1958) o FTLAREET FIAVELEE » HiRstE
mEFEMNEE -
B 8/NIRTP RV R EE (rhabdom) B HE
| R4/ BE (thabdomere) FTHER » H 4
BHEBE=ZRE - (1)EEH (fused type) :
e R RN 2L E D E R R K —
RERE ) REEHESZHBE—E (Sny-
der et al., 1973) o Fl40 : SEWIEES(Butler,
1971) » ¥ (Varela and Porter, 1969),
dung beetle(Meyer-Rochow, 1978; Gokan,
1989a, 1989b, 1990), garden beetle(Meyer-
Rochow and Gokan, 1987) ; 4 (Ribi,
1987; Bandai et al., 1992) Kskin beetle(
Gokan and Meyer-Rochow, 1987) o (1 )47
B2 (open type) : F{ERMMAE/NERH
B, THEMEMRZ S NEREF—K
FT AR AR B8 2 53 BURRE o BIA0 : toad bug(
Burton and Stockhammer, 1969) X5 5 &
B (Wu et al., 1985) o ()P EFH (semi-
fused type) : Wi 5 S BRI R A
B SERMERE/ N BERER  fhR
BB NBRIRGREFIERE - &
ERENTEPUERBERR ISR
& Bl - ©ER#(Lin et al., 1992; Lin,
1993) o \NEE FBRERBZRBMER S
Ew E=ZE, HERRBRIE EDL
ML B ESERMER , BRMigEd
BERE - BRBEHEMEEAZLENEE
W, HESERBERANESE . £48%
e BEEBMBLET AR . BLEHEE
o BHEERGT ZEREER S/ NRER
tt (Rhabdom Occupation Ratio» 78
ROR) ATH RS R BREBI B « WITHER
#(nocturnal insect) FIRORIETR & » 40 -

RIHHITRORME AT E50% —80% » EBTHE &
BIRORMERIMBAE » 0 - BAMEER19% —
5% (Eguchi and Horikoshi, 1984; Eguchi
and Sasaki, 1985; Meyer-Rochow and
Gokan, 1987) - #i{73 B SHIEEIE M RRBA
PO ETHME®E) HROREE
20% —25% /£ 45 (Eguchi, 1982) - t 2Z1 &1
MNREFSLERIERE  ERFROREAR
A BA AR R AT REiRE ) HROR
BB (20.85%) - HREIHRMME > Al
BERBEERE, I TRERE, U
RORMERIE(3.5%)(Lin et al, 1992; Lin,
1993) - ERJREMCEB BN EETEEEMR -

NERFHNRZROREWMMBIE , RE
6.04% » BB BTHERS ltt?ﬁ?:?%?ﬁi/\

E RS ED LR THE T~
WABRBERTHEE/NE, BFE
HVERMAE - HEEFIEY EESEEY

AFEITTR > F 2058 88 DU 77 40 f 3 Bt 1 ok
HEF1 5 B0 : toad bug, Gelastocoris ocula-
tus(Burton and Stockhammer, 1969) > t
B & Coccinella septempunctata Linnaeus
(Lin et al., 1992; Lin, 1993) » & LI ER
ML, AN EHAEERILEY
% > B : stag beetle Prosopocoilus in-
clinatus Motschulsky(Gokan et al., 1986),
dung beetle, Euoniticellus africanus(Me-
ver-Rochow, 1978), garden beetle, Malade-
ra castanea Arrow(Mayer-Rochow and
Gokan, 1987), cockchafers, Melolontha
melolontha(Labhart et al., 1992) - /\EFE
HBaNRMEEISE . f v EZEXHY
EBRRN—&, EREREHEIAXEEER
BRHROEHER , IIE/RE-SHHE -
—RBEBIERAG=ZHIBRAEZE
HEEHEAZ3 (Menzel, 1979; Lin,
1993) - AEBREHENEEHERE (mono-
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chromatic adaptation) fx 58 /\ £/ P HHE
BEBEANBOLTRMM faﬁ&‘?ﬁfﬁ
% EWE%H@@EE’JP% LIRS
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EHESPHINERFSED &, BELR
BALENZ I -
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Studies on the Compound Eyes of Cicindela aurulenta Fabricus
(Coleoptera: Cicindelidae)

‘Tzay-Show Tsai, Chi-Mei Lee, Jin-Tun Lin* and Chin-Yih Wu Dept. of Biology, National Taiwan Normal University, 88 Ting
Chou Road, Section 4 Taipei, Taiwan, R.O.C.

ABSTRACT

The tiger beetle, Cicindela aurulenta, has two prominently large compound
eyes, one protruding from each side of its head. Each eye consists of 5,300+ 120
ommatidia. The retinal length and the diameter of each ommatidium are about
300-400um and 30-40um, respectively. Each ommatidium is composed of a corneal
lens, crystalline cone, pigment cells, retinula cells and fused rhabdom. The
arrangement of the eight retinula cells of the ommatidium is not on the same
plane. Seven cells were found in the cross-section at 15um under the lower end
of the crystalline cone: one nucleated cell is the apical retinula cell and six non-
nucleated cells are the middle retinula cells. Cross-section at 40um from the
crystalline cone revealed there are seven cells, however, the six middle cells
have nuclei while the single apical cell does not. Cutting at 300um from the
crystalline cone, seven cells were also found but the six middle cells were
arranged in circular form and located eccentrally. The centrally located cell
with rhabdom is the basal retinula cell. The responses of the compound eyes to
light of various wavelengths were tested by electroretinograph (ERG) and two
peaks of spectral sensitivity curves were found. Results show that the compound
eyes of the tiger beetle can respond to at least two wavelengths of light,
ultraviolet (370 nm) and green light (530 nm).

Key words: Cicindela aurulenta Fabricus, compound eye, ERG, spectral
sensitivity curves.
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