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Behavioral and Morphological Adaptations of the 
Coccinellid, Platynaspis luteorubra for Exploiting 
Ant-Attended Resources (Coleoptera: Coccinellidae) 

Wolfgang  VOlkl I 

Larvae of the coccinellid Piatynaspis luteorubra were found significantly more 
often in ant-attended aphid colonies than in unattended colonies. The larva of 
P. luteorubra are protected against detection by the ant Lasius niger by their 
unusual shape, by inconspicuous movements, and presumably by chemical cam- 
ouflage. Pupae were attacked by L. niger but protected by their dense hair 
cover. Adults were also attacked and responded either by fleeing or by pressing 
their body tightly against the plant surface. Fourth-instar larvae foraging in 
ant-attended aphid colonies had a higher success rate in capturing large prey 
items and benefitted from this by higher adult weights. Larval parasitism was 
higher in individuals feeding in unattended than in ant-attended colonies. 

KEY WORDS: Coccinellidae; ants; ant-coccineltid interactions; foraging success; adult fitness; 
parasitism. 

INTRODUCTION 

Many ant species cover their necessary carbohydrate supply by collecting the 
secretions of extrafloral nectaries or of so-called 'honeydew-producing insects' 
(Carroll and Janzen, 1973; H611dobler and Wilson, 1990). In return, these ants 
regularly protect their 'carbohydrate source' against predators and parasitoids 
(e.g., Way, 1954, 1963; Addicott, 1979; Pierce and Easteal, 1986; Buckley, 
1987; Koptur, 1991). However, a number of recent studies showed that this 
protection is incomplete and that ants cannot always provide an enemy-free space 
for their mutualistic partners. A number of phytophages (Maschwitz et al., 1984; 
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Letourneau, 1990), predators (Eisner et al., 1978; Pierce, 1987), and parasitoids 
(Stary, 1966; Takada and Hashimoto, 1985; VSlkl and Mackauer, 1993) gain 
access to ant-protected resources by various morphological and behavioral adap- 
tations or by chemical camouflage. Parasitoids that are able to develop within 
ant-attended colonies receive the same protection against natural enemies as the 
aphids. For example, the aphidiid wasps Lysiphlebus cardui (Marshall) and 
Lysiphlebus hirticornis Mackauer were significantly less attacked by hyperpar- 
asitoids when they developed in ant-attended aphid colonies (VSlkl, 1992; 
Mackauer and VSIkl, 1993). 

Larvae and adults of many coccinellid species, which prey on honeydew- 
producing Homoptera, are attacked by ants and therefore concentrate their for- 
aging widely on unattended host colonies (Banks, 1962; Way, 1963; Bradley, 
1973; Kreiter and Iperti, 1986; Cudjoe et al., 1993; Jiggins et al., 1993). 
However, larvae of Platynaspis luteorubra Goeze (Coleoptera: Coccinellidae) 
were commonly found unmolested while feeding on aphids associated with the 
ant Lasius niger L. in ant-shelters (ZwSlfer, 1958; Pontin, 1960) although there 
is no detailed information on the preference of the coccinellid for ant-attended 
aphid colonies. To achieve a sustained access to ant-attended resources, three 
requirements must be met by P. luteorubra: First, adults need to overcome ant 
aggression for oviposition; second, larvae must be able to feed and develop 
successfully in the presence of honeydew-collecting ants; third, pupae must be 
protected against predation by the foraging ants. 

In this study, I investigated the larval distribution of P. tuteorubra in rela- 
tion to ant attendance and interactions between larvae, pupae, and adults of this 
ladybird species and the ant L. niger. First, I study the abundance of P. luteo- 
rubra in ant-attended and unattended aphid colonies to analyze the patterns of 
distribution in the field. Then, I show that the access to ant-attended aphid 
colonies is gained through different morphological and behavioral adaptations 
of these three developmental stages. In a next step, I analyze the larval foraging 
behavior and coccinellid-aphid interactions in L. niger-attended aphid colonies 
as well as the relationship between P. luteorubra and its specific parasitoid, 
Homalotylus platynaspidis Hoffer (Hymenoptera: Encyrtidae), on differently 
structured host plants. I show that P. luteorubra achieves increased fitness from 
its capability to exploit ant-attended resources by higher foraging success of the 
larvae, which results in higher adult weights, and by reduced larval parasitism 
in ant shelters. 

METHODS 

Field Samples 

The field studies were carried out from late May to mid-August 1992 in 
urban mderal areas in Bonn, Germany. Eggs and larvae of P. luteorubra were 
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sampled on Cirsium arvense L.(Scop.) infested by Aphisfabae ssp. cirsiiacan- 
thoidis (Schrank) (six sites), Tanacetum vulgare (L.) infested by Metopeurum 
fuscoviride Stroyan (four sites), Lapsana communis (L.) infested by A. fabae 
ssp. fabae Scop. (two sites), Senecio vulgaris L. infested by Brachycaudus 
cardui (L.) (one site), and Pastinaca sativa L. infested by Anuraphis subter- 
ranea (Walker) (one site). Aphid colonies on C. arvense were feeding on the 
stem; colonies on T. vulgare were feeding on inflorescences; colonies on L. 
communis, S. vulgare, and P. sativa were feeding either on the lower part of 
the stem near the soil surface or on the upper parts of the roots. Colonies on 
above-ground parts of the latter three plants were covered by earth galleries built 
by the ant L. niger (=  "ant shelters"). 

The host plants could be ranked according to their structural complexity: 
The single plant stems protected by ant shelters represented the simplest structure 
since there were no additional plant structure at the aphids' feeding site. C. 
arvense was more complex, as thistle stems were usually branched and some 
leaves or leaflets met the aphid colony. On both plant types, aphid colonies 
have a more or less two-dimensional structure. T. vulgare inflorescensces are 
heavily branched and aphids colonies have an almost three-dimensional struc- 
ture. Thus, T. vulgare inflorescenses represent the most complex aphid feeding 
site. 

At each site, the number of plants with aphid colonies, aphid colony size, 
the number and developmental stage of P. luteorubra larvae (or eggs) present 
in a particular colony, and the presence/absence of honeydew-collecting ants 
were recorded. Recorded eggs or larvae were collected and reared in the lab 
until adult emergence. Some of these individuals were used in the experiments 
described below. 

Pupae were kept singly in small petri dishes together with the leaves to 
which they were attached. After the pupal skin had burst, the fully developed 
adults were theoretically able to leave the pupal exuvia. However, preliminary 
observations showed that P. luteorubra seems to remain longer than other coc- 
cinellids within the pupal exuvia. Therefore, these adults were observed daily 
at 3-h intervals to determine the time for which an adult remains within the 
exuvia. 

Interact ions  Be tween  Lasius niger and Platynaspis luteorubra 

L. niger was by far the most frequent ant species found in association with 
P. luteorubra. To get a detailed insight into the interactions between this ant 
and various developmental stages of P. luteorubra, four experiments were car- 
ried out. 

I. P. luteorubra larvae are characterized by their unusual "flattened" coc- 
cid-like shape, a lateral circle of long setae, very short legs which are completely 
hidden under the thorax, and piercing-sucking mouthparts used for extraintes- 
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tudinal digestion (Korschefsky, 1937; Hodek, 1973; Ricci, 1979). Interactions 
between these larvae and L. niger were studied in Aphis fabae colonies on 
Cirsium arvense (n = 10 colonies, each with three or more larvae) and in M. 
fuscoviride colonies on T. vulgare (n = 5 colonies; each with three or more 
larvae). Each colony was observed for 15 min. During this period, the outcome 
of all direct interactions between L. niger workers and P. luteorubra larvae and 
the response, if any, of all ants passing larvae within a distance of 5 mm without 
direct contacts were noted. 

2. Prepupae which were already fixed to the surface of a C. arvense leaf 
or leaf stem were exposed to L. niger on Cirsium arvense stems infested by A. 
fabae. The plant parts with the prepupae were fixed with a pin at the base of  a 
side branch closely below the aphid colony in the direct neighborhood of the 
ants' trail, i.e., in an area where pupae of P. luteorubra were recorded in the 
field. All ant responses to the presence of the prepupae were observed for 15 
min after presentation of the prepupae. 

3. Unparasitized pupae were exposed to ants following the same procedure 
as the one used for prepupae. P. luteorubra pupae are characterized by a dense 
cover of long hairs on the whole pupal surface which appears after the molt 
from prepupa into pupa. The tips of  these setae bear a fluid droplet consisting 
of an unknown substance which can persist for up to 6 months after adult 
emergence, even at high temperatures and low humidity (W. V61kl, unpublished 
data), but which is not renewed after being removed. The droplets can be washed 
off with water and thus might be regularly removed in the field, e.g., during 
heavy showers. To evaluate the potential role of hairs and fluid droplets in 
defense against ants, three different experiments were set up: (a) Normal pupae 
with setae and droplets (n = 20 trials); (b) pupae in which the droplets were 
completely removed by wet filter tissue (n = 20 trials) to simulate the potential 
situation after heavy rain, (c) pupae in which most setae were removed with 
microscissors (n = 10 trials). All ant responses to pupae in these three treatments 
were observed for 15 min after the pupa was presented. 

4. To evaluate ant-adult P. luteorubra interactions, C. arvense stems with 
L. niger-attended A. fabae colonies (approx. 300 aphids) were cut and carefully 
transferred to the laboratory. Most ants continued to search for honeydew after 
this disturbance without showing any obvious behavioral differences. In total, 
between 6 and 11 ants were counted in colonies on cut twigs. Single adult P. 
luteorubra females (reared from current-year larvae and starved for 2 days before 
the experiments) were released close to the aphid colony and observed for 30 
min or until they left the plant. Ant-coccinellid interactions were classified as 
follows: 

Coccinellids responded to an encounter with an ant by (a) immediately 
flying away, (b) fleeing by running very quickly up the stem and trying to hide 
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within a flower head, or (c) sitting still, drawing the legs and antennae under 
the body and holding themselves tightly against the plant surface (=  "cower- 
ing"). In the latter case, the coccinellids are like a " tank"  and almost unas- 
sailable to ant attacks. 

Ants (a) ignored P. luteorubra adults completely or tapped them only for 
a short time with the antennae, (b) treated "cowering" beetles in a very aggres- 
sive way (biting and trying to chew with the mandibles, applying formic acid), 
or (c) pursued fleeing beetles. 

Experiment 4 was carried out (a) with newly emerged coccinellids whose 
elytrae had not yet hardened (=  beetles which normally hide in the burst pupal 
exuvia; n = 12 replicates) and (b) with 10- to 15-day-old females with fully 
hardened elytra but no prior contact with ants (n = 20 replicates). These females 
were fed a surplus of A. fabae but starved for 2 days before the experiment. 

Aphid-Coccinellid Interactions and Foraging Success of  P. luteorubra 
Larvae in Relation to Ant Attendance 

T. vulgare stems infested either by L. niger-attended M. fuscoviride colo- 
nies (size: between approx. I00 and 150 aphids) or by unattended colonies (size: 
between approx. 100 and 150 aphids) were cut and carefully transferred to the 
laboratory. Most ants continued to search for honeydew for about 1/2 day after 
this disturbance without showing any obvious behavioral differences compared 
to ants foraging in colonies. In total, between 5 and 13 ants were counted to 
visit colonies on cut twigs. M. fuscoviride on ant-attended and unattended col- 
onies showed the same behavior as aphids in field colonies under these condi- 
tions. 

Single first-instar larvae of P. luteorubra (n = 10 trials both in unattended 
and L. niger-attended colonies) of unknown feeding condition, or 1-day starved 
fourth-instar larvae (n = 10 trials both in unattended and L. niger-attended 
colonies), were released onto a T. vulgare stem close to the aphid colony and, 
after a time lag of 30 min, observed continuously for 60 min. During this time 
interval, the numbers and instars of aphids attacked, the aphids' response to 
coccinellid attack, the coccinellids' foraging success, and the response of neigh- 
boring aphids were noted. 

To analyze the searching behavior of fourth-instar P. luteorubra larvae, I 
noted additionally position and distance of an encountered aphid in relation to 
the previous prey, and coccinellid larval movements in approx. 2-mm units 
(=  approximately the size of an adult M. fuscoviride) after feeding had stopped 
or after an unsuccessful attack. 

Potential fitness consequences of different larval foraging success, if any, 
in the presence/absence of ants were estimated by comparing the dry weight of 
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adult ladybirds. Ten males (white clypeus) and ten females (black clypeus) 
which had developed either in the presence or absence of ants in M. fuscoviride 
colonies were weighed with a microbalance (Microsartorius 4501). 

Parasitization Rates by Homalotylus platynaspidis 

The parasitization rates of P. luteorubra on particular host plants/host plant 
types were calculated from pooled data of  fourth-instar larvae collected on a 
plant type. The restriction to the fourth instar was made because the only known 
parasitoid of P. luteorubra, Homalotylus platynaspidis (Klausnitzer, 1969), ovi- 
posits exclusively into larvae but completes its development in the pupa, or 
occasionally in the prepupa, of P. luteorubra (W. Vflkl, unpublished). 

Interactions Between Lasius niger and Homalotylus platynaspidis 

To assess the potential impact of  ant attendance on the foraging behavior 
of this parasitoid, single H. platynaspidis females (n = 14; all females reared 
from current-year samples) were released into small circular plastic cages (diam- 
eter 10 cm, height 8 cm) and observed for 20 min. The cages contained a cut 
piece of a C. arvense stem with A. fabae, two third-instar larvae of P. luteo- 
rubra, and 8-10 ants. Ant-parasitoid interactions were classified as follows: 

Ants either ignored H. platynaspidis completely, tapped them shortly with 
the antennae ( <  1 s), or responded with long antennal tapping and mouth-mouth 
contact. 

Parasitoids responded to an approach of an ant by (a) immediately jumping 
away, (b) changing the walking direction to avoid a direct contact, or (c) anten- 
hal tapping and the attempt to establish a mouth-mouth contact with the ant 
(which resembled a mouth-mouth contact between two L. niger workers). 

RESULTS 

Larval Distribution in Relation to Ant Attendance and Aphid Colony Size 

P. luteorubra larvae were found significantly more often in ant-attended 
aphid colonies than in unattended ones, both on C. arvense (chi a = 12.674; df 
= 1, p < 0.001) and T. vulgare (chi 2 = 5.399; df = l , p  = 0.020), and 
occurred commonly in ant shelters around root-collar feeding aphid species 
(Table I). Lasius niger was by far the most abundant aphid-attending ant species 
in the study area and accounted for 92 % of all visits in ant-attended colonies 
(total n = 158), while Myrmica rugulosa, Myrmica ruginodis, and Formica 
pratensis played only a subordinate role. Consequently, the majority of  P. luteo- 
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Table I. Distribution of P. luteorubra Larvae (in %) in Ant-Attended and Unattended Aphid 
Colonies on C. arvense and T. vulgare and in Ant Shelters" 

Ant-attended Unattended 

With Without With Without 
larvae larvae n larvae larvae n 

C. arvense 60.3 39.7 68 13.6 86.4 22 
T. vulgare 46.3 53.7 67 11.8 88.2 17 
Ant shelters 

(all plants pooled) 60.1 39.1 23 -- -- --  

"Data are pooled for all sites and sampling dates, n. Number of samples. 

rubra larvae were found in association with L. niger, but larvae were also 

recorded within the two A. fabae colonies attended by M. rugulosa. 
Different larval stages from first to fourth instar within the same aphid 

colony were found in 59.3 % of  the P. luteorubra-infested aphid colonies. How- 
ever, since no oviposit ing females were observed,  it is not clear whether these 
larvae were progeny from the same or  different mothers. The total numbers of  
larvae were correlated with aphid colony size both on C. arvense (r  = 0.699, 
df  = 39, p < 0.001; Fig. la) and T. vulgare (r  = 0.520, df  = 29, p = 0.003; 
Fig. lb) and in ant shelters (r  = 0.611, df  = 12, p = 0.020; Fig. lc).  The 
number of  first-instar larvae was also correlated with aphid colony size (r  = 
0.487, df  = 43, p < 0 .00 t ;  all data pooled due to small sample sizes). 

B e h a v i o r  o f  E m e r g i n g  A d u l t s  

Emerging adults o f  P. luteorubra remained within the burst pupal exuvia 
until all sclerotized parts o f  the body,  especial ly the elytra,  were fully hardened. 
This period lasted on average 2.9 ___ 0.6 days (n = 58) and did not differ between 
males (2.9 + 0.7 d; n = 28) and females (3.0 + 0.6 d) (U = 396.5, df  = 56, 
p = 0.673). 

I n t e r a c t i o n s  B e t w e e n  Lasius niger a n d  Platynaspis luteorubra 

P. luteorubra larvae were completely ignored by L. niger at all encounters 
(both with legs and with antennae), independent o f  the coccinell id larval instar. 

The ants " c l e a n e d "  the tended aphid colony o f  empty skins o f  aphids sucked 
during predation by P. luteorubra in the same way as they remove aphid exu- 
viae. Prepupae were also completely ignored (n = 36 contacts). Both coccinell id 
larvae and prepupae did not secrete body fluid from the large pores in the 
abdominal segments when touched by an ant ' s  antenna or  leg. 

Ant behavior  toward P. luteorubra changed after pupation. The ants attacked 
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Fig. 1. Relationship between aphid colony size and the total number of P. 
luteorubra larvae in ant-attended aphid colonies on C. arvense and T. vulgare 
and in ant shelters. 
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Table II. The Outcome of L. niger Behavior (Values Given in %) Toward P. luteorubra 
Pupae in Three Different Designs 

L. niger aggressive 

Pupa removed Pupa not L. niger not 
Design within 15 min removed aggressive 

Pupa complete 5 90 5 
Droplets removed 0 95 5 
Setae + droplets removed 80 20 0 

I 

the pupae aggressively, and repeatedly, both in the presence and absence of 
fluid droplets on the pupal hairs (Table II). Ant workers tried to seize the pupa 
with their mandibles and presumably also squirted formic acid at them, since 
the ants' abdomens were bent forward during the attack. The dense setae of the 
pupae, whose length exceeded the mandible length of L. niger workers, pre- 
vented the pupa from being seized or injured, and all but one exposed pupa 
developed successfully into adult beetles. In contrast, all pupae with cut setae 
were seized by the ants. The majority of these pupae was removed from the 
plant surface and carried off by ants (Table II). 

Ants also readily attacked adult beetles and tried to bite them with their 
mandibles. Both newly emerged adult P. luteorubra with soft elytra and fully 
developed adults either tried to escape ants by running away (newly emerged: 
n = 3 observations; fully developed; n = 4) or by cowering (newly emerged: 
n = 9; fully developed: n = 14). Two fully developed adults also left the plant 
by an immediate takeoff. Running coccinellids were pursued by ants, but in the 
majority of the observations ( >  90%) the ants gave up after a few centimeters, 
since they could not catch up with the swift beetles. Cowering beetles were 
bitten and simultaneously squirted with formic acid for on average 47 + 30 s 
(newly emerged: 50 + 29 s, fully developed: 44 + 32 s; Mann-Whitney U = 
53, n = 23, p -- 0.528). Adult coccineilids were not observed to "reflex bleed" 
when attacked by ants. If newly emerged cowering beetles were attacked, both 
elytra and hindwings were severely injured by the ants. Three attacked individ- 
uals died within 12 h; the surviving nine beetles had permanently damaged 
elytra and were unable to fly. Fully hardened beetles received no obvious injuries 
from the ant attacks and continued to forage on the plant after the attack. These 
individuals remained unmolested by ants at subsequent encounters during the 
next 20 rain and were either totally ignored (n = 38 encounters with 12 females) 
or only tapped with the ants' antennae (n = 19 contacts with 9 females). These 
adults were also not attacked when feeding on tended aphids during this interval 
(n = 13). However, the same individuals (n = 10) were attacked by ants as 
described above when exposed to L. niger workers for 10 min 1 day later. 
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Aphid-Coccinei l id  Interact ions  and  Forag ing  Success o f  P. luteorubra 
Larvae in Relation to Ant Attendance 

The age structure o f  the aphids attacked by both first- and fourth-instar 
larvae did not differ significantly between unattended and L. niger-attended 
colonies (for first-instar larvae, chi ~ = 1.204, df  = 4, p = 0.877; for fourth- 
instar larvae, chi 2 = 0.963, d f  = 4, p = 0.915; Fig. 2). In both treatments, 
however, first-instar larvae consumed only small M. fuscoviride. They were 
unable to bite into the femur of  larger stages, probably due to a limited span of  
the mandibles. 

By contrast, fourth-instar P. luteorubra consumed all M. fuscoviride stages. 
Their "success rate" ( =  % successfully attacked prey items; Fig. 2) was not 
influenced significantly by the presence o f  ants when small aphids (LB, L2) were 
encountered (chi 2 = 0.091, df  = 1, p = 0.764). 
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Fig. 2. Relationship between aphid stage and tile propor- 
tion of attacks by first-instar larvae (Lt) and fourth-instar 
larvae (1,,4) of  P. luteorubra in the presence (shaded left 
bars) or absence (open right bars) of  L. niger. Dotted 
areas indicate the proportion of eaten aphids (= success- 
ful attacks). 
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However, the proportion of attacks of larger aphids (L3, L4, adults) that 
resulted in capture was significantly higher in the presence of ants (chi 2 = 
15.133, df = 2, p < 0.001; Fig. 2). 

The only obvious aphid defense behavior in response to a contact with a 
P. luteorubra larva was to lift the encountered leg. This defense was highly 
efficient, prevented a successful bite by the larva in 95% of all observations and 
accounted for all unsuccessful attacks. Leg-lifting increased significantly with 
aphid instar and in the absence of ants (Fig. 2, shaded areas). A high proportion 
of the coccinellid attacks against large aphids failed, especially in unattended 
colonies, whereas first- and second-instar M. fuscoviride rarely responded to a 
tactile contact and were almost always captured and consumed in both treat- 
ments. Neighboring aphids were never observed to respond to a coccinellid 
attack regardless of the presence or absence of ants, not even in the few cases 
when the captured aphid released siphuncular secretion. 

Fourth-instar larvae rarely moved more than 10 mm between two encoun- 
ters (Fig. 3) and, when hungry, usually attacked the aphid feeding next to the 
last aphid encountered both in L. niger-attended and unattended colonies (chi 2 
= 4.578, df = 5, p = 0.469). However, the average distance covered within 
1 h was significantly lower in ant-attended (24.4 +__ 7.7 mm) than unattended 
colonies (40.2 _+ 4.4 mm) (Mann-Whitney U = 3, df = 18, p < 0.001). This 
higher searching effort of the coccinellid larva corresponded to the increased 
aphid defense success in unattended colonies (Fig. 2). Nonfeeding larvae usually 
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remained within the aphid colony where the last aphid was consumed. They 
were never observed on the plant outside an aphid colony. 

Both male and female adults which developed on ant-attended colonies had 
on average a significantly higher body dry weight [males, L. niger-attended 
0.918 + 0.108 mg (n = 10); unattended 0.708 _+ 0.125 mg (n = I0), U = 
10, p = 0.003; females, L. niger-attended 0.994 _+ 0.096 mg (n = 10), unat- 
tended 0.894 ___ 0.099 mg (n = 10), U = 22.5, p = 0.038]. 

Parasitization Rates by Homalotylus platynaspidis 

The highest percentage of  H. platynaspidis-parasitized P. luteorubra larvae 
was found in unattended colonies and in ant-attended M. fuscoviride colonies 
on the inflorescences of  T. vulgate, while parasitism was significantly lower in 
samples collected from ant-attended A. fabae colonies on C. arvense stems and 
from ant shelters (Fig. 4). The decrease in parasitization by H. platynaspidis in 
ant-attended aphid colonies was correlated with a decrease in this structural 
complexity of  the aphids' feeding site (ant shelters < C. arvense < 7". vulgate). 
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Fig. 4. Parasitization rates (means + 95% C.I.) of  P. luteorubra by H. pla- 
tynaspidis in ant-attended aphid colonies (shaded bars) and in unattended col- 
onies (open bars) on C. arvense and T. vulgare and in ant shelters on different 
plant species. Means sharing the same letter do not differ at p < 0.05 (Z-test). 
*, No unattended colonies were found. 
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Interact ions Between  L. niger and H. platynaspidis 

Ants did not attack searching H. ptatynaspidis females. Parasitoid females 
usually avoided contacts with approaching L. niger workers if ants were per- 
ceived early enough, for example if ant-parasitoid distance exceeded twice the 
ants' body lengths. In most cases, parasitoids changed the walking direction (n 
= 48 observations; all females pooled), but jumping away was also a common 
response (n = 11 observations; all females pooled). Quick ant approaches toward 
the parasitoids' front side prevented the parasitoid from changing direction. The 
resulting encounters led to mutual antennal tapping followed by contact between 
the mouthparts of the ant and the parasitoid (n = 13 observations). However, 
it could not be confirmed whether H. platynaspidis received regurgitation or 
not. In contrast, if an ant approached from behind (i.e., abdomen side of H. 
platynaspidis), the encountered parasitoid always jumped away (n = 14 obser- 
vations). 

DISCUSSION 

The foraging behavior of predacious insects has motivated a considerable 
number of theoretical and empirical studies (e.g., Hassell and May, 1974; Ches- 
son, 1978; Sih, 1980; Carter and Dixon, 1982; Kareiva, 1984; Kareiva and 
Odeil, 1987; Kareiva and Perry, 1989). Most studies have focused on the optim- 
ization of predation success and energy intake, but little attention has been paid 
to oviposition decisions (e.g., Hemptinne and Dixon, 1991). To optimize the 
tong-term reproductive success, oviposition decisions should lead to an optimal 
survival and fitness of the progeny. Thus, females should select sites with low 
mortality risks and a predictable sufficient food supply for their descendants. 

Aphidophagous coccinellids are confronted with the problem of an unstable 
and fluctuating food supply (Dixon, 1985), which should crucially influence the 
oviposition decisions. The survival of newborn larvae is dependent on the abun- 
dance of small aphids (Dixon, 1959; Ricci, 1979) (Fig. 3), and larvae foraging 
in too small colonies may be at risk of  starvation. P. luteorubra meets this 
problem by a concentration of its progeny in ant-attended aphid colonies (Table 
I). Ant-attended colonies normally grow larger and persist longer than unat- 
tended ones (Addicott, 1979; Bristow, 1983; V61kl, 1990). They should there- 
fore represent a much more stable and predictable resource in terms of coccinellid 
larval survival. P. luteorubra gains access to these ant-attended colonies by a 
number of morphological and behavioral adaptations. Several factors may 
account for the complete ignoring of larvae by foraging L. niger workers. The 
lfat, "coccid-like" body shape, which is also highly adapted for moving and 
feeding in the narrow ant shelters and in underground ant runs, and the very 
slow, inconspicuous movements may help to prevent visual detection by ants. 
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Additionally, trophobiotic ants may also not respond directly to the presence of 
a predator but indirectly to a change in aphid behavior (Nault et al., 1976). In 
contrast to other coccinellids (Klingauf, 1967; Stadler, 1991), feeding P. luteo- 
rubra larvae did not cause an evident aphid defense behavior which might elicit 
ant aggression. However, since larvae were not treated aggressively even by L. 
niger which tapped them with the antennae, chemical cues are probably also 
involved in the prevention of ant aggression. Such specific odor cues to avoid 
detection by ants were reported for several predators and parasitoids which live 
in close association with ants (Vandermeer and Wojcik, 1982; Vanderrneer et 
al., 1989; Howard et al., 1990; Letourneau, 1990; Vrlkl and Mackauer, 1993) 
and were also assumed for the coccinellid species Coccinella magnifica (Red- 
tenbacher) which is also not attacked by ants (Majems, 1989). Ricci (1979) 
assumed that the release of a fluid from the large pores in the abdominal seg- 
ments might deter ants. Such secretions were never observed in response to an 
ant encounter, but hardened residues of this fluid were regularly found on the 
body surface of parasitized larvae. Fluid secretion was common if larvae were 
heavily tweaked with a forceps (W. Vrlkl, unpublished). Some significance of 
this body fluid in the protection against ants cannot be excluded, though its role 
as a defense against H. platynaspidis or other enemies is more likely. 

The potential chemical camouflage of the larvae disappeared after the molt 
from prepupa into pupa. Pupae were readily, and heavily, attacked by L. niger, 
but obviously protected against this aggression by their long, dense hair cover 
(Table III). These stiff hairs, which are built up during the prepupal period, are 
longer than the opening width of the mandibles of L. niger and represent a 
mechanical defense which prevents the pupae from being seized and injured, 
especially in ant shelters and on simply structured plants where pupae are usually 
fixed within the foraging range of honeydew-collecting ants. The fluid droplets 
at the tip of the hairs did not obviously repel L. niger workers. However, similar 
fluid droplets situated at the tip of hairs on the pupal body of the coccinellid 
Epitachna varivestis were reported to have a repellent effect on Leptothorax 
longispinosus workers (Attygalle et al., 1993). Thus, further studies are nec- 
essary to clarify whether the fluid droplets of P. luteorubra protect pupae against 
natural enemies other than ants, or whether the fluid droplets may have a deter- 
rent effect on ants in the absence of the mechanical defense. 

Adult P. luteorubra were heavily attacked by L. niger when detected for 
the first time. Ant attacks were particularly detrimental to newly emerged indi- 
viduals whose sclerotized body parts, especially the elytrae, were still soft and 
vulnerable. P. luteorubra avoided the threat of receiving severe injuries from 
surrounding ants by remaining in the burst pupal skin until all sclerotized body 
parts were fully hardened, a behavior which contrasts to other aphidophagous 
coccinellids species (Hodek, 1973). Fully developed beetles escaped L. niger 
attacks either by a quick "sprint" or by holding the body tightly against the 
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plant surface ("cowering"),  in the same way as reported for the coccinellid 
Hyperaspis congressis in response to the attack of the wood ant Formica obscu- 
ripes (Bradley, 1973). Cowering adults were almost impregnable to ants and 
could feed on ant-attended aphids unmolested, at least for the next 20 min, after 
the ants had given up their attacks. This time interval should suffice for females 
to lay eggs close to ant-attended colonies. Attacked P. Iuteorubra adults did not 
display a "reflex bleeding" from femur joints to deter ants, as other adult 
coccinellids do (Tursch et al., 1971; Pasteels et al.~. 1973; Eisner et at., 1986). 
This kind of defense might be widely useless si~ce the legs are completely 
hidden below the body and held tightly to the substratum. 

P. luteorubra larvae displayed an area-restricted search, as reported for 
many coccinellid species after an encounter with a prey (e.g., Carter and Dixon, 
1982; Nakamuta, 1985; Kareiva and Odell, 1987). This behavior was not influ- 
enced by the presence or absence of ant attendance, although the distances 
covered within l h were higher when no ants were around. The reduced search- 
ing efforts corresponded with an increased success in capturing large prey items 
(Fig. 3). P. luteorubra benefitted from this better foraging success by higher 
adult weights of individuals which had developed in ant-attended colonies. In 
other coccinellid species, higher body weights were positively correlated with 
a higher reproductive biomass and a higher fecundity (Dixon and Stewart, 1991) 
and thus should account for an individual fitness gain. On the other hand, there 
seem to be no severe costs for P. luteorubra from the coexistence with L. niger, 
even if we assume an increased metabolic input for the buildup of the dense 
hair cover during the prepupal period. By contrast, such "costs"  of ant atten- 
dance were shown for the lycaenid butterfly Jalrnenus evagoras, in which ant- 
attended individuals had significantly smaller pupal weights than unattended 
ones (Pierce et al., 1987). 

A second benefit of ant attendance was the reduction of parasitism espe- 
cially in ant shelters, although the specific parasitoid H. platynaspidis was not 
treated aggressively by L. niger. Direct ant-parasitoid contacts resulted in mutual 
antennal tapping and mouth-mouth contact, a behavior which is known for many 
symphiles (HSUdobler and Wilson, 1990). However, foraging H. platynaspidis 
females usually avoided encounters with L. niger by path changing or jumping 
off. Two explanations may hold for the decrease of parasitism on thistle stems 
and in ant shelters (Fig. 4). First, they are simply structured and provide only 
few retreat areas and path-changing possibilities for H. platynaspidis. Thus, H. 
platynaspidis may leave such areas earlier in response to permanent encounters 
with ants. Alternatively, the decrease of parasitism in ant shelters--and presum- 
ably also in underground ant runs on root aphids--may be the result of a reduced 
parasitoid-searching activity and host-finding rate in these concealed areas. Thus, 
the ability to forage and feed in concealed or underground resources provided 
a selective advantage for P. luteorubra through a reduced parasitoid attack. 
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To derive an optimal fitness gain from the exploitation of ant-attended aphid 
colonies, adult P. lu t eorubra  females need to be positively influenced in their 

oviposition decision by foraging ants. Ant attendance can act as an attractant 
and oviposition stimulus for lycaenid butterflies (Pierce and Elgar, 1985) and 
aphidiid wasps (V61kl, 1992, 1994). Larvae o fP .  l u t eorubra  were highly aggre- 
gated in ant-attended resources, and different age classes were usually found 
within the same colony, a fact which indicates multiple ovipositions in the 
presence of conspecific larvae. Thus, it may be that P. l u t eorubra  females might 
also be attracted and stimulated to oviposit by ants, but a detailed analysis of 
female oviposition decisions in relation to ant attendance and of the proximate 
mechanisms involved is needed to fully evaluate this hypothesis. 
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