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Orientation to host plant and host insec t volatile s in the coccido phagou s coccinel lid, Chilocoru s

nigritus (F.) was examined using a four-arm olfacto meter. Experienc ed adult females were

attracted towards the combination of Solanum tuberosum L. and Abgrallas pis cyanophylli

(Sign.) odours , walked further and spent longer in their presence, and showed an increased

turning rate and net speed than in their absence . Host plant volatile s increased speed but

decreased turning rates compared with odourle ss controls , but elicite d no strongly direction al

response. It is postulat ed that this beetle and other coccine llids have a hierarch ical prey-loc ation

mechanis m which involves host habita t location based on olfactory responses.

Keywords: Chilocoru s nigritus , Abgrallaspis cyanoph ylli, prey location , attracta nts, self-stee red,

counter- turning , anemotaxis

INTRODUCTION

Host ® nding by predace ous coccine llids has been attributed to random chance (with host locatio n

occurrin g only on physica l contact ) by nearly all authors working in this ® eld prior to 1980 (e.g .

Fleschner , 1950 ; Dixon, 1959; Wratten , 1973). In all cases , larvae or adults were positive ly

phototac tic and negatively geotacti c, using the prominent features of the plant, such as leaf veins

and margins , to guide searching behaviour. Since the prey specie s show similar photo - and

geotaxes and feed largely from the veins, such behaviour tends to concent rate predato rs at sites

of high prey density . All the above studies demonstrate d that, after each prey encounter,

searchin g behavio ur was modi ® ed by decreased orthokinesis (forward speed ) and increase d

klinokin esis (frequen cy and intensity of turning) . Marks (1977) found evidence that larvae of

Coccinell a septempunctata L. chemically marked leaves that had been previous ly searched,

effective ly preventi ng fruitles s re-visit s in the short term. Colburn and Asquith (1970) suggested

that adults of the acaroph agous Stethorus punctum (LeConte) were attracte d to mites and

mite-infested leaves by odour, although their apparatus allowed both sight and direc t contac t

during the course of the experiment and the structure of the odour ® elds was not examined. Allen

et al. (1970 ) reporte d that the pine budworm predator , Anatis ocellata (L.), was able to perceiv e

prey from a distance of 1.3±1.9 cm prior to contact , probably by visua l cues . Obata (1986 ) found

that adult Harmonia axyridi s were arrested by sight and odour when beetles were allowed to

0958±3157/95/010083±11 Ó1995 Journals Oxford Ltd
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D . J. PONSONBY & M . J. W . COPLAND84

search gauze and plastic bags containing aphid-infested leaves and uninfest ed leaves . Van den

Meiracker et al. (1990 ) found that some adult mealybug predator s (Diomus and Exochom us spp.)

were arrested by both wax exuviae and honeydew from cassava and citrus mealybugs, and

Heidari and Copland (1993 ) reporte d similar behaviour in both adult and larval Cryptolaemus

montrouz ieri (M ulsant) in respons e to the honeydew of Pseudoco ccus af® nis (Maskell) . Previ-

ously , these authors (Heidar i & Copland , 1992) reported that adult C. montrouzi eri detecte d prey

by both sight and odour, though larvae located prey only after physica l contact .

Thus, the assumption that the searchin g behaviour of coccinel lids is purely random has been

challenged by severa l authors . However, with the possible exception of Colburn and Asquith

(1970 ) and Obata (1986) , all studies have involve d encounters between predato r and prey of no

more than a few millimetres, even though , in adults , orientati on to the host involves both ¯ ight

and walking. Prey detectio n over distances greater than a few centimetres has receive d no

attention , despite advance s in our understanding of insect olfactio n (e.g . Payne et al., 1986). Such

a strategy , therefor e, remains circumstantial . For example, Taylor (1935) , writing on adults of the

diaspid feeding Cryptognatha nodiceps (Marshall ) states , ª Their ability to detect small batches

of scale , even in densely wooded countr y at times when the scale is scarce , is most remarkable .

In fact, whereve r a few scales occur, the beetles are almost invariab ly present also , even though

no appreciable quantity of scale can be found for a mile in any directionº . Thompson (1951)

reported strong host speci ® city among diaspid- feeding coccinel lids on Bermuda stating (in the

absence of experimenta l evidence but on the strength of ® eld observa tions) , ª Predators , like

parasite s, have a full set of sense organs and there is no doubt that they can perceiv e their host

at a distance , or at leas t perceiv e objects at a distance º . Apart from Thompson’ s observa tions ,

there are now many known instance s of parasito id attraction to host odours (Jones , 1986). There

have been severa l cases where coleopte ran predator s are highly speci ® c and attracte d to

kairomones released by prey concealed underground or within plants , for example, the ant-feed -

ing staphylinids, Atemeles pubicoll is Bris. and Amphotis marginata F., and the bark beetle

predator s, Enocleri s leconte i (Wolcott), Temnochila chlorod ia (Mannerhe im), Thasimanimus

dubius (F.), T. undulatus (Wolcott) (Borden , 1977) and Thanisimus formicariu s L. (Mustapart a,

1986). Indeed , the latte r is so speci ® c that electrophysiologica l recordings from the olfactor y cells

showed the same degree of speciali zation in response to the complex of pheromones from the

bark beetle prey as the bark beetle s showed themselves (Mustaparta, 1986) .

If migratin g adult coccine llids were able to detec t host-bea ring plants (or plants capable of

bearing hosts) using eithe r sight and/or kairomone attractan ts, it would place beetle s landing on

such plants in close proximity to the prey . It would also increas e their chance of contac t by their

switching to close foragin g behavio ur, which has been shown to be under the control of other

factors , such as geo- and photota xis, arrestan t stimuli and sight. Such a behavioural sequenc e has

been propose d as the main mechanism for host detection amongst parasito ids (Vinson, 1976 ,

Jones, 1986) while similar mechanisms occur in phytophagous insects , such as aphids (e.g .

Pickett et al., 1992) and bark beetle s (Kennedy , 1986). Borden (1977 ) was unable to ® nd any

evidence that coccinel lids used kairomones to detec t their prey , but behavio ural sequenc es are

now known to be so importan t in host detectio n that ª It is time to look again at cases

whereÐ homing-in on a distan t odourÐ appears to be lacking º (Kennedy , 1986).

The current study was begun after Chilocoru s nigritu s adults which had escaped from rearing

cages were found to detect quickly their diaspid host (Abgrallaspis cyanoph ylli (Signoret) ,

infestin g potato tubers) when the latter were left exposed in the rearing room. The aim was,

therefor e, to examine the possibili ty that an economically importan t predato r was able to detec t

host odours over distance s of more than a few centimetres .

MATERIALS AND METHODS

Olfactometer Set-up

A four-arm olfacto meter (225 3 225 mm), as described by Vet et al. (1983) , was used to assess
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OLFACTORY RESPONSES IN C . NIGRIT US 85

FIGURE 1. Diagramatic representation of odour ® elds, showing the direction of air movement in two ® elds (dotted

lines) and the position of arbitrary ® rst-choice lines (dashed lines). Odour ® eld 1 represents the direction

of the odour source, 2 and 4 the adjacent ® elds and 3 the opposite ® elds (each carrying ® ltered, humidi® ed

air). Lines through the centre are odour ® eld boundaries and a is an inert area.

the ability of C. nigritus adults to orientat e towards host or host plants using olfactory means .

The olfacto meter was modi ® ed in the following way:

· air was drawn through PVC tubing from outsid e the laboratory and passed through an

activate d carbon ® lter before enterin g the vials containing humidity and odour sources ;

· the exposure chamber was edged with `O’ ring rubber held in place by Superglu e, and the

lid was secured by 12 3 6 mm bolts with wing-nut s in order to prevent leakage ;

· each arm of the olfactometer was connect ed to a set of three 400-ml glass vials, the ® rst

acting as a trap for any beetle s reaching that part of the apparatus, the second containing the

odour source and the third carryin g distille d water through which incoming air was passed

in order to create uniform humidity ;

· a small chamber was construc ted in order to introduc e beetle s into the arena with minimal

stress;

· a 22.5-l reservoi r with an adjustab le bleed valve (constru cted from a Rota¯ ow ® ne metering

valve) was connect ed between the vacuum pump and the olfactometer in order to smooth

out the air¯ ow;

· the arena was placed inside a black box with a Perspex ceiling through which diffused light

was supplie d from 2 3 8 W ¯ uoresce nt tubes. Activity was viewed using a video camera

with an 11±90 mm zoom lens.

The apparatus was tested for leaks using a manometer and found to be completely airtight . Odour

® elds were visualized by drawing `smoke’ through the arena created by placing NH 4OH in the

vials used for containing the odour source and HCl in the trap vials. Results were similar to those

of Vet et al. (1983) , with the sharpes t edges to odour ® elds occuring at 0.3 l min 2 1. However,
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TABLE 1. Directional response of C. nigritus to clean air, odour of host plant (S. tuberosum) and a mixture

of host scale (A. cyanophylli) and host plant: ® rst choice of odour ® eld

No. of ® rst choices/odour ® eld

Treatment n c 2

1 (odour source) 2 1 3 1 4 (clean air)

(1) Control (odourless) 37 9 9 1 8 1 11 0.514 (NS
a
)

(1:1:1:1)

(2) Host plant only 71 16 55 0.230 (NS)

(1:3)

(3) Host plant plus 94 33 61 5.121 (P , 0.02)

host scale (1:3)

a
NS 5 not signi ® cant.

a small inert or possibly turbulen t area was found at poin t a in Figure 1. All trials were run at

26°C with an air¯ ow rate of 0.3 l min 2 1, the air being exhausted outside the laborato ry.

In order to reduce the variabili ty between insects , experienced adult female beetles which were

2±18 days after eclosio n and reared at 26°C under a constan t light regime were used for all trials .

To accoun t for the in¯ uence of circadian rhythms (if any), experiments were carried out at the

same time each day (10.30±15.30 GMT). No beetle was tested more than once . Each was starved

for 18±24 h before being placed individu ally into the introduc tion cage. Each beetle was then

allowed to enter the arena in its own time, after which its movements were recorde d for 10 min.

Beetles which did not enter the arena within 4 min were rare , but in such an event, they were

replace d by more active individuals. A maximum of 15 beetles were run through the apparatu s

before the arena was washed thoroughly with Decon 90 (Decon Laborator ies Ltd, East Sussex ,

UK) and rinsed ® rst with distille d water followed by 70% ethanol . At this stage, the odour source

was rotated through 90° and the arena through 240° to eradicat e any effects of directio nal bias .

Between odour trials, the complete apparatus was soaked overnight in Decon 90 before being

rinsed with distille d water and 70% ethanol .

Trials

Odourless trials (treatment 1) were carried out ® rst in order to provid e a control and eliminate

the possibil ity of directional bias. These were followed by two trials, each with an odour source

in just one arm of the olfacto meter. The ® rst odour source was a potato tuber not previou sly

exposed to scale (treatment 2) and the second was a potato tuber upon which all stages of the

female host scale, A. cyanoph ylli, were presen t (i.e. crawlers , second and third instars and

oviposit ing stages) and early stages of males (crawlers and second instars ) (treatment 3).

Directiona l preferen ces for all three treatments were assessed when a beetle crossed an

arbitrary line drawn on the monitor screen (Figure 1). Six variable sÐ distance walked , amount

of time spent in each odour ® eld, time spent walking in each ® eld, degree s turned mm 2 1

(calcula ted as an average over a 5 mm sampling distance ), angula r velocity (degrees s 2 1) and

net speed (distanc e walked/time spent walking)Ð were analyze d using a computer/video measur-

ing package (Micromeasure V3, Varley et al., 1994).

Statistica l Analyses

Direction al preferen ces were tested using the c 2 goodnes s-of- ® t test (Table 1). Treatment-by-

treatment total means (Table 2) and ® eld-by- ® eld means (Table 3) were ® rst tested for an

approximation to a normal distribu tion before carrying out one- or two-way analyse s of variance

respecti vely . Skewed or distribut ion-free data in the ® eld-by- ® eld analysi s were tested using

Friedman’ s two-way test by ranks , adjusted for ties. Missing values in this data set were

calculat ed (where appropr iate) using the SAS General Linear Model procedu re. Because of

technica l problems with the video camera, recordin gs of some replicate s were 20±30 s short of
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OLFACTORY RESPONSES IN C . NIGRIT US 87

TABLE 2. Responses of C. nigritus to odours of host plant (S. tuberosum) and mixture of host scale (A. cyanophylli)
and host plant during 600 s of exposure: overall comparison of treatment total means ( 6 SE) using

one-way analysis of variance

Distance Time spend Turning rate Angular Net speed

Treatment n walked (mm) walking (%) n (° mm
2 1

) Velocity (° s
2 1

) (mm s
2 1

)

(1) Control 32 551 6 176a
a

13 6 4a 48 7.3 6 0.3a 11.9 6 1.4a 7.9 6 0.4a

(2) Host plant only 63 1332 6 128b 29 6 3b 71 6.4 6 0.2b 19.2 6 1.6b 7.8 6 0.2a

(3) Host plant plus 74 1228 6 117b 29 6 2b 94 7.4 6 0.2a 20.8 6 1.3b 7.3 6 0.2a

host scale

P . F 0.001 0.0007 0.0009 0.0003 NS
b

a
Means within a column with the same letter are not signi® cantly different.

b
NS 5 not signi® cant.

600 s. In such cases, continuo us data (distanc e walked , time spent in odour ® eld, time walking)

were exclude d from analyses of variance, though other respons es were included . Comparison s

between measurements in odour ® eld 1 and those in the other three ® elds combined were carried

out, and were paired in order to compensate for the variatio n between individual beetles . For

relative parameters, a paired t-test was used where data approximated to a normal distribut ion,

while a non-par ametric test (Wilcoxon ’ s test) was used where data were skewed. Continuo us data

(distanc e walked and time in odour ® eld) were compared using a t-test, assuming a null

hypothe sis that 25% of time or distance walked was in odour ® eld 1. However , for ease of

interpret ation , data for these categories are presented as the mean value of individu al odour

® elds. Individuals which spent all of their time in odour ® eld 1 or in the other three ® elds were

excluded from the analysi s as no comparison could be made between their relativ e behavio ur in

the two ® elds . For this reason , and because of the problems mentione d earlie r with the video

camera, numbers of replicate s vary between the differen t analyses . For ease of interpre tation ,

time spent walking is presented in all data sets as a percentage but was analyze d using the

origina l time measurements.

RESULTS AND DISCUSSION

Odourless control s revealed no signi ® cant differen ces in the directional response between

individu al ® elds (Table 1), indicatin g that there was no bias in the apparatus. This was also

supported in ® eld-by- ® eld analyses of varianc e (not shown) where there were no signi ® cant

TABLE 3. Responses of C. nigritus to the odour of S. tuberosum: multiple

comparisons between mean of individual odour ® elds (n 5 63)

Odour Distance Time in odour Time spent

® eld
a

walked (mm) ® eld (s) walking (%)

S. tuberosum 1 348a
b

88a 53a

Clean air 2 (A) 399a 140a 38a

º º 3 (O) 202b 257b 10b

º º 4 (A) 349a 124a 37a

SE 6 39 6 26 6 4

P . F 0.003 0.03 0.003

a
A 5 ® elds adjacent to odour source; O 5 the ® eld opposite.

b
Means within a group with the same letter are not signi® cantly different.
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differen ces between parameters in any of the ® elds . Trials involving S. tuberosum odours also

reveale d no directio nal bias (Table 1). A signi ® cantly higher number of beetle s orientat ed

towards the combined odour of A. cyanophylli and S. tuberosum , exhibiti ng a typical upwind

orientati on, as shown in Figure 2(a).

Other responses (Tables 2 and 4) show that the presence of S. tuberosum with or withou t A.

cyanophylli volatile s did modify the behaviour of C. nigritus . Table 2 present s a treatment-by-

treatment analysi s of mean totals , which shows that the presenc e of S. tuberosum or A.

cyanophylli plus S. tuberos um increased the distanc e walked, the time spent walking and angular

velocity . Net speed was not generall y altered by the presence of these odours , though turning rate

was signi ® cantly lower in treatment 2. An explana tion of these results may be found in the

mechanis m of self-steered counter- turning linked to optomotor anemotaxis as postulat ed by (for

example) Kuenen and Baker (1983) , Kennedy (1986 ) and Preiss and Kramer (1986) , where a

`centra l nervou s turn generator’ was found to induce bursts of left and right activity in

lepidopt eran subjects . Evidenc e that similar mechanisms exist in other insec t groups may be

found in numerous referenc es, for example in the beetle , Leptinota rsus decemlineata Say (Thiery

& Visser, 1986) and the aphid , Cryptomyzus korschel ti BoÈ rner (Visser & Taanman, 1987) .

In the case of C. nigritus , odourle ss conditions induced non-dire ctional movement characte r-

ized by reduced orthokinesis. The turning rate was increased under these conditions when

compared with trials involving S. tuberos um odour s only , but was similar to that observe d when

beetle s were exposed to a combinatio n of S. tuberosum and A. cyanoph ylli volatile s (Table 2).

The low angular velocity is accounted for by the reduced amount of time spent walking . A

typical trace of insec t movement under these conditio ns (Figure 2(b)) agrees with the ® ndings of

Preiss and Kramer (1986) who tested de-winged gypsy moths , and of Thiery and Visser (1986)

with walking Colorado beetles , and shows relativel y straigh t segments interspe rsed with irregu-

lar, left and right circling . It is interesting to note in the curren t study that, although beetles in

all treatments frequent ly arrested on reachin g the extreme arms of the olfactometer, not one

beetle in over 200 replicates actually passed through into the tubes beyond , despite the fact that

they were of suf ® cient diameter to allow an exit in this manner.

In the presence of S. tuberos um volatile s, the turning rate was signi ® cantly lower than

treatments 1 and 3, while the angular velocity and time spent walking were relativel y high

(Tables 2 and 4). Paired analysi s (Table 4) also revealed a signi ® cantly highe r net speed , which ,

taken togethe r with the other data, suggest s relativel y shallower turning at high speed such as that

illustrat ed in Figure 2(c) (i.e. showing increased orthokin esis but decreas ed klinokinesis) .

Although no directional bias was detecte d in Table 1, the ® eld-by- ® eld analysi s of variance

(Table 3) indicated a differen ce in behavio ur in the ® eld opposit e the one carryin g host plant

odour (odou r ® eld 3). In this ® eld, beetle s travelled a shorte r distance , spent approximately twice

the amount of time there compared with the ® elds either side of the odour source and about three

times that spent in the odour ® eld itself . The time spent walking was reduced conside rably

compared with odour ® eld 1, but less so in relatio n to ® elds 2 and 4. As there is apparen tly no

reason why the clean , humidi ® ed air in ® eld 3 should initiate an arrestment response, it seems

safe to conclude that the presenc e of S. tuberosum volatile s in ® eld 1 increase d orthokinesis in

C. nigritus . The data in Table 3 sugges t that such behavio ur could also be interpre ted as a

repellen t effec t from the plant volatiles , but there was no evidence of such an effect in the ® rst

choice analysi s (Table 1). Beetles were also observed to enter and move deep into the odour ® eld

without exhibiti ng any reluctan ce (see Figure 2(c)).

With the additio n of volatile s from A. cyanoph ylli, the angula r velocity remained relativel y

high (Tables 2 and 4). Paired comparison s also revealed that the distanc e walked , the time spent

in the odour ® eld, the turning rate and the net speed were all signi ® cantly increase d in the

presence of odour from A. cyanophylli (Table 4). These factor s sugges t a more directional

movement (as shown in Figure 2(d)), where beetles orientat ed towards the mixture of volatile s

from S. tuberosum and A. cyanophylli while in the odour ® eld until the limits of the arena were

reached . Since individuals did not pass through the exit tubes, they eventua lly turned downwind

and, as inevitab ly occurs in such a small arena , the edge of the odour ® eld was reached and the
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FIGURE 2. (a) The ® rst few seconds of a trace of a beetle responding positively to odour from S. tuberosum and

A. cyanophylli. (b) A typical trace of a beetle responding to clean, humidi® ed air from all four arms of

the olfactometer. (c) A typical response of a beetle to S. tuberosum odour only. (d) The response of a

beetle to S. tuberosum plus A. cyanophylli odour. 1 5 odour source; 2,3,4 5 clean air; S 5 start of trace;

E 5 end of trace; A 5 point at which the beetle arrested. Lines crossing the centre mark the odour ® eld

boundary.
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cue lost. W ide reversal s then replaced counter -turnin g due to the self-steered mechanis m, and

speed declined . The higher turning rate and angular velocity were accounted for by the wide

reversal s at the edge of the ® eld and the upwind zig-zagg ing. Thus, in the presence of S.

tuberosu m with or withou t A. cyanoph ylli odours, C. nigritus exhibited a positiv e odour-con-

ditioned respons e, though increased upwind orientati on was detecte d only in the presenc e of the

odour from both sources . In the light of other studie s (e.g . Baker, 1986 ; Kennedy , 1986) , this is

probably due to an anemotactic response, though in this type of olfacto meter where odour ® elds

are likely to be heterogeneous (see Figure 1), the possibil ity of chemotaxis cannot be exclude d.

Since its size does not allow beetles to ¯ y, it is also dif ® cult to assess from this apparatu s whether

attractio n to A. cyanoph ylli is also exhibite d in ¯ ying beetles .

In summary, orthokinesis was increased in starved C. nigritus adults by the presence of S.

tuberosu m volatiles , although they did not exhibi t a strong orientati on towards them. Directiona l

response analysi s and genera l observa tions sugges t that this behavio ur was not caused by a

repellen t effect . These ® ndings are partially in agreement with those of Obata (1986) , who found

that beetles were attracted to the host plant by both visua l and olfactory cues, but spent less time

in its presenc e than that of the aphid host or the aphids in addition to the host plant. In the curren t

study , a strong direction al respons e occurre d only when S. tuberosum odours were supplemented

by A. cyanoph ylli volatile s. Such a mechanism would keep beetle s active in the favoured host

habitat , thus greatly enhancing the ability of coccidophagous coccine llids to ® nd their relativel y

rare and sessile prey among a forest or orchard full of suitable host plants . Aphidoph agous

species may, arguably, have less need for such a strategy , because there are few specie s of plant

which do not suppor t populati ons of their ephemeral and relativel y common prey on summer

hosts and random landing s are likely to yield some prey . However, even they would ® nd it

advantageous if they could detect and orientat e towards kairomones release d by host plants in

response to aphid feeding or semiochemicals released by the aphids themselves (e.g. aggrega tion

or alarm pheromones). In the autumn, orientat ion to aphids on woody winter hosts might well

be achieve d by homing in on sex pheromones.

Visual orientati on has not been examined in this study , though Obata (1986) found that the

combinatio n of visual and olfactor y cues had a synergis tic effec t on the attraction of H. axyridis

to its aphid host. Long-rang e vision is also though t to play a role in the aggrega tion behavio ur

of some coccinel lid specie s (Hagen , 1962; Hodek , 1973). It is suggested, therefor e, that like

parasito ids, predace ous coccinel lids possess a hierarch ical host ® nding mechanism, viz.

(1) a long distance , olfactory and (probab ly) visua l strategy , which operate s over (at least)

severa l metres and places the beetle in the correc t habita t to ® nd the host;

(2) a strongly direction al locatio n strategy , probably based on optomotor anemotaxis (linked

to self-steered counter- turning ) which single s out individu al host plants bearing host

insects ; and

(3) switching to a genera l pre-loca tion method (once the insect is in the immediate vicinity of

its prey) which utilize s short-ra nge visual cues, plan t topogra phy, plant morpholo gy and

photo - and geotaxe s to place the predato r at sites of high prey density .

This latte r process could be aided by leaf-marking , contac t chemoreception of arrestan t host cues ,

such as honeyde w and wax exuviae , and probably host odour. Such a close searching strategy

would be more likely to succeed at leaf and branch level than an entirely odour-o rientate d one

as there would be a grea t deal of air turbulen ce over and around these structures, leading to

confused, and therefor e unreliab le, odour plumes.

In conclus ion, C. nigritus is here conside red to show a genuin e attraction to A. cyanophylli

odours when produced in conjunc tion with the host plant. This response can be explaine d in

terms of the mechanis m of self-stee red counter- turning as postulat ed by other workers in this

® eld, and is most probably driven by optomotor anemotaxis , althoug h chemotaxis canno t be ruled

out and the optomotor link has not been examined in this study . However, while the olfacto meter

used is a powerful tool for detecting direction al responses, its size limitations and heteroge neous

odour ® elds render it unsuitable for unambiguou s diagnos tic studies of some odour-c onditioned
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responses of coccinel lids. This study adds a new dimension to predator±prey relationships

amongst the Coccinell idae and shows, for the ® rst time, that a member of this family was able

to orientat e towards its host using chemical cues. Future work now needs to be done to determine

the nature of the attractan t chemicals and whether or not they can be utilized to modify behavio ur

in this and other coccinel lid species .
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