SHORT COMMUNICATIONS

ECOTROPICA 5: 59-64, 1999
© The German Society for Tropical Ecology

MYRMECOPHILY AND PARASITOID INFESTATION
OF SOUTH-EAST ASIAN LYCAENID BUTTERFLY LARVAE

Peter Seufert & Konrad Fiedler'

Lehrstuhl Tierokologie |, Universitat Bayreuth, D-95440 Bayreuth, Germany

Key words: Ants, Braconidae, caterpillars, Formicidae, Lycaenidae, mutualism, parasitoids, Tachinidae, tropical rainforest.

INTRODUCTION

Parasitoids are major selective factors in the life-
history evolution of many insects (Weseloh 1993,
Godfray 1994). Among the Lepidoptera, early stages
such as larvae are often heavily artacked by para-
sitoids. Larval life-history traits like gregariousness
(Fitzgerald 1993) or host plant selection (Gauld &
Gaston 1992) have been shown to reduce the risk
of parasitoid infestation. Larvae of many species in
the bucterfly family Lycaenidae possess an addition-
al means of protection against enemies: they are
attended by ants, at least during the later part of
their development. These butterfly-ant interactions,
termed “myrmecophily” (Pierce 1987, Fiedler 1991),
are thought to be mutualistic in most cases. Rela-
tionships between myrmecophilous caterpillars and
ants range from loose, unspecific, faculrative incer-
actions to obligatory, spccies—speciﬁc associations
(e.g., Fiedler e al. 1996). The larvae of some lycaenid
species, however, never associate with ants (“myrme-
coxenes”). Attendant ants have been shown in a few
cases to protect lycaenid immatures from attack by
certain enemies, including parasitoids. So far, the
scanty available data suggest that the protective ser-
vices of ants are very important among obligatory and
specific myrmecopbhiles (Pierce e /. 1987, Seufert
& Fiedler 1996a), while among facultatively myrme-
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cophilous species this protective effect was less
pronounced (Pierce & Easteal 1986) or not detect-
able ac all (Peterson 1993, Wagner & Kurina 1997).
However, most previous studies have concentrated on
single species and have been conducted in temperate
or subtropical regions with rather depauperate fau-
nas, such as North America or Australia. More in-
formation for a broader range of taxa and including
species-rich tropical faunas is required before reliable
generalizations about the relative importance of para-
sitoids and predators in the evolutionary ecology of
lycaenid-ant interactions can be made. We here pre-
sent the results of a multi-species comparison as a first
rough approach to assessing the relationship between
enemy pressure and myrmecophily in a species-rich
tropical rainforest fauna. Specifically, we investigate
whether an overall correlation exists between levels
of parasitism and intimacy of the ant-association
among South-East Asian members of the butterfly
family Lycaenidae, using our data on natural para-
sitization rates collated over some years.

MATERIAL AND METHODS
During extended field studies on the life cycles and

ecology of Malaysian lycaenids, as many lycaenid lar-
vae as possible were sampled and reared in the labor-
atory until emergence of either adult butterflies or
parasitoids. This was carried out under ambient light
and temperature in closed transparent plastic con-
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tainers. Freshly-cut foliage or inflorescences of narural
host plants were provided every second day, or as
needed. Collections took place in 1988 and from
1991 to 1995 in the Gombak valley (Peninsular Ma-
laysia, located about 20 km north of Kuala Lumpur,
3°21'N, 101°42’E, elevation 200-400 m), and in
1994 and 1997 in Mt Kinabalu National Park
(vicinity of Poring, 6°05’N, 160°33’E, 500-800 m)
on the island of Borneo. All collections were made
in dipterocarp forests (ranging from almost pristine
to advanced secondary forest) and were restricted to
the vegetation layer that could be reached from che
ground (i.e., up to 3 m in heigho).

We excluded from the analyses caterpillars that
had been sampled as first instars, because first-instar
larvae turned out never to be infested by parasitoids.
Likewise, available field observations and experiments
indicate that parasitoid females oviposit mainly on
or into second or chird instars of lycaenids, but not
in younger and rarely in older larvae (Seufert 1997,
Baumgarten & Fiedler 1998). Furthermore, al larvae
were excluded from analysis (1) thac died from
infections or unknown reasons during rearing, (2)
that were killed and preserved for morphological stu-
dies prior to completion of their development, or (3)
if che species concerned was represented in the sam-
ple with less chan six individuals. Data were pooled
for the genus Curetss, because species of this taxon
cannor be reliably identified using larval morphology
only (Fiedler er al. 1995a). However, larvae of C. bu-
Uis, C. santana, C. tagalica, and C. regula co-occurred
on the same host plants and were indistinguishable
with regard to their feeding habics and relationships
towards ans, so that specific differences with regard
to parasitoid infestation are most unlikely to occur.
Altogether we were thus able to assemble 576 larvae
representing 26 species (Table 1) over a cumulative
fieldwork period covering 93 weeks.

From this daca set the rate of parasitoid infesta-
tion for each species was estimated as the percentage
of parasitized individuals of the respective species
total. This simple measure does not account for
spatial or temporal variation in parasitoid pressure.
Given the low abundance of most rainforest bucter-
flies most of the time, however, more precise estimates
are impossible for all but a small minority of the
species. Furthermore, since we are interested here in
differences across a wide range of species in their over-
all parasitoid load and possible trade-offs with myr-
mecophily, racher than in the population dynamics
of particular host-parasite systems, this rough esti-
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mate is considered as sufficient for the present com-
parative analysis.

Information on intensity of interactions with ants
and parasitoid infestation among the 26 lycacnid
species under investigation is presented in Table 1,
together with data on some other characteristic larval
life-hiscory craits. This information was derived from
our own field observations and experiments, supple-
mented by host plant records from the literature.
Incensity of lycaenid-ant interactions was scored in
four classes: (1) not ant-attended (= myrmecoxe-
nous), (2) weakly anc-attended (<50% of larvae
associated with ants), (3) regularly ant-attended
(> 50 % of larvac associated with ants), (4) obligately
attended by specific ants. The distinction between
categories (2) and {3) was more pronounced than
suggested by our numerical division, because in
weakly ant-attended species less than 25% of the
larvae were found in association with ancs, where-
as in the regularly ant-attended class usually more
than two-thirds were actually tended (e.g., Seufert
1997). All statistical analyses were performed using

STATISTICA 5.1 (StatSoft 1995).

RESULTS AND DISCUSSION

Lycaenid larvac in our sample were parasitized by
species of Tachinidac (81 cases), Braconidae (58),
Ichneumonidae (16), and Chalcidoidea (1). Propor-
tions of parasitoid infestation ranged from 0 t0 90%
across species (Table 1). Parasitism increased signifi-
cantly with the intensity and intimacy of interactions
wich ants (gamma rank correlation for multiple ties:
Y = 0.3832, P = 0.027, sce Fig. 1), generating the
counter-intuitive pattern that obligately myrmeco-
philous lycaenid larvae often suffer from very high
rates of parasitoid infestation. The strongest evidence
for protection of caterpillars from predation or pa-
rasitoid attacks through ant guards has so far been
found among obligate myrmeccophiles (Pierce ¢t al.
1987, Seufert & Fiedler 1996a). Such data obtained
from ant-exclusion experiments and intraspecific
comparisons might suggest that specialization and
optimization of larval communication signals (Fied-
ler er al. 1996) could enhance the protective efficiency
of attendant ants, for example by attracting a greater
number of ant workers per larva and stabilizing the
mutualistic association.

Our daca derived from an interspecific compar-
ison, however, challenge this view. Two arguments
can be proposed to explain why more strongly ant-
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TABLE 1. Larval life-history traits and incidence of parasitoid infestation of 26 South-East Asian Lycaenidae
bucterfly species. Degree of myrmecophily: 1 = not ant-attended; 2 = <50 % of larvae ant-attended; 3 = >50%
of larvae ant-attended; 4 = obligately attended by specific ants.

Number of

= E -

:'—g_ f larvae parasitized by :é 3
[ycacnid species ; E E ;‘; 1; E E Tg 2 %‘0 <

a Z & 2 £ & 2 0 R & =
Poritia sumatrae 1 1 aggregated  exposed 0 0 0 0 0 0.00 18
Curetis spp. 1 ! solitary exposed 2 4 0 1 7 50.00 14
Arbopala amphimuta 4 ] solitary exposed 12 0 0 0 12 3243 37
Arbopala dajagaka 4 1 solitary exposed 1 8 0 0 9 9000 10
Arhopala major 3 1 solitary exposed 0 20 0 21667 12
Arbopala metamuta 31 solitary  concealed 1 0 0 0 1 714 14
Arbopala muta 3 1 solicary  concealed 0 0 0 0 0 0.00 6
Surendra florimel 3 1 solitary exposed 0 8 0 0 8 3810 21
Cheritra freja 1 8 solitary exposed 0 20 0 2 7.41 27
Drupadia ravindra 3 7 solitary exposed 0 1 5 0 6 2143 28
Drupadia theda 4 6 aggregated  exposed 9 11 0 0 20 37.04 54
Eooxylides tharis 3 1 aggregated  exposed 0 0 0 0 0 0.00 13
Hypolycaena othona 2} solitary  concealed 0 1 0 0 1 313 32
Rapala dieneces 4 12 solitary exposed 11 0 o0 0 11 5500 20
Rapala pheretima 4 11 solitary exposed 0 0 0 0 0 0.00 13
Anthene emolus 4 10 aggregated  exposed 0 17 0 0 17 36.69 46
Jamides pura 3 2 solitary exposed 7 0 6 0 13 2826 46
Jamides caeruleus 2 2 aggregated  concealed 13 0 0 0 13 3421 38
Jamides virgulatus 3 2 aggregated  concealed 0 0 2 0 2 1053 19
Jamides alecto 301 solitary  concealed 0 0 0 0 0 0.00 18
Jamides malaccanns 31 aggregated  exposed 18 30 o 2t 7778 27
Prosotas dubiosa 2 4 solitary exposed 0 0 0 0 0 0.00 23
Caleta manovus 1 ] solitary exposed 0 1 0 0 1 14.29 7
Caleta roxus 1 1 solitary exposed 0 0 0 0 0 0.00 9
Actyolepls puspa 3 14 solitary exposed 7 0 0 0 7 5358 13
Plautella cossaea 3 1 solitary exposed 0 0 3 0 32727 1t
Sum 81 58 16 1 156 576
(% of total) (14.1) (10.) (2.8) (0.1) (27.])

actended lycaenids experience higher rates of parasi-
tism. First, evidence already exists that certain para-
sitoids can use ants as cues to locate their hosts (Pierce
et al. 1987, Nash 1989). Specialized ichneumonids
even endure attacks from ants when stinging their
hosts (Thomas & Elmes 1993). Second, obligate
myrmecophiles may provide particularly rewarding

targets for parasitoids, because the close association
of such caterpillars with ecologically dominant ant
species usually results in clumped and rather pre-
dicrable discributions of host larvae (Seufert & Fied-
ler 1996b). The use of myrmecophilous hosts might
further provide enemy-free space for primary para-
sitoids through protection from hyperparasitoids
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FIG. 1. Relationship between intimacy of anr-association and the incidence of larval parasitism in 26 South-
East Asian Lycaenidae specles. The gamma rank correlation ¥ indicates that parasitism increases significantly

with intensity of myrmecophily.

(Volkl 1997, see also Fiedler er 4. 1995b). Therefore,
ant-adapred parasitoids can substantially dilute the
benefits which otherwise accrue to obligately myrme-
cophilous lycaenids from their specialization on
aggressive and dominant ant partners. Accordingly,
unspecific and less intense mutualism with ants is not
per se an inferior strategy of trophobionrs, which is
in accordance with the worldwide preponderance
of faculrative mutualism among lycaenids (Fiedler
1991), homopterans (Bristow 1990), and plants (Fiala
& Linsenmair 1995).

One might assume that parasiroids of obligate
myrmecophiles are more strongly host-specific than
those of faculrative myrmecophiles, where the ant
guard is less well developed. Available taxonomic evi-
dence, however, docs not support this idea. Most of
the braconids recorded, which all belonged to the
Apanteles group (subfamily Microgasterinac), were so
far found in onc particular lycaenid species only
(J. Papp, pers. comm.), irrespective of the intensity
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of their hosts’ myrmecophily. By contrast, all tachi-
nids reported in Table | belonged ro a single species,
Aplomya flavisquama Wulp (H. Shima, pers. comm.),
which is evidently neither specialized with regard to
its lycaenid hosts nor to the ants which might atcend
them,

We cbserved that exposed-feeding larvae were
more heavily attacked by parasitoids than rheir con-
cealed-feeding relatives (mean parasitization rate per
species, + 1 SE; exposed feeders: 29.32 + 5.88 %,
n = 20; concealed feeders: 9.17 £5.28 %, n = ). Also
on the basis of caterpillar individuals, the advantage
of concealed feeding habits was pronounced {(exposed
feeders: 30.96 % parasitized, total n = 449; concealed
feeders: 13.38 % parasitized, total n = 127, 245 =
8.2, P < 0.005). This mighr indicate thar it is more
difficult for parasitoid females to locate their poren-
tial hosts when hidden inside plant tissue or shelters
(Hawkins ez 2. 1990, Mills 1993), although studies

on species-rich leaf-miner parasitoid communities



demonstrate that concealed feeding does not create
a strictly “enemy-free space” (Memmott ef 2/, 1994).

If compared across species, larval aggregation be-
havior had no appatent influence on parasitoid in-
festation (mean parasitization rate per species, +1 SE;
solitary species: 23.42 +7.72 %, n = 19; aggregated
species: 28.07 2 10.41 %, n = 7). Larval aggregations
are common among strongly myrmecophilous ly-
caenids and may help to reduce the costs associated
with maintaining the mutualism (Axén & Pierce
1998). Therefore, our observation that group-living
does not inflict anocher severe cost in rerms of para-
sitism is important for the cost-benefir balance. If
analyzed on the individual kevel, solitary larvac seem
to suffer less heavily from parasirism than gregatious
ones (aggregated larvae: 33.95 % parasitized, total
n = 215; solitary larvac: 23.0 % parasitized, total n
=361; ¥21r = 8.2, P < 0.005). However, an analysis
of larval groups, rarher than individuals, as inde-
pendent data points would be required to address this
question more adequately, and our database does not
allow this type of comparison. Hence, the potential
role of aggregarion as a cost factor in relation to
parasitism cannot yet be conclusively addressed.

Life-history traits such as gregariousness, intimacy
of ant-association, dict breadth, and feeding habits
may often be intercorrelated (e.g., Fiedler 1995, Axén
& Pierce 1998), rendering statistical analyses of their
effects on rates of parasitism more complicated. A
factor analysis, however, indicated that in our data
set the four aforementioned variables were reasonably
independent of cach other.

A more serious general critique, which might be
put forward against an analysis such as that presented
above, is that we have treated species as independent
dara points, without accounting for phylogenetic
relatedness (Harvey & Pagel 1991). Clearly, life-
history traits often show phylogeneric idiosyncrasies
(Miller & Wenzel 1995), and this is generally true
for the relarionships of lycaenid butterflies to ants
(Fiedler 1991) and host plants (Fiedler 1995). How-
ever, in the sample of 26 South-East Astan species
assembled for the present study, life-histery variation
within gencra (Arbopala, Jamides) or groups of related
genera (Drupadia, Cheritra: Seufert & Fiedler 1996a)
is not smaller than between distantly related raxa, and
the same applics to variation in rates of parasitism.
Furthermore, when we collapsed all patrs of closely
refated species, for which the life-history characters
mentioned in Table 1 were identical, into operational
raxonomic units (i.c., Arbapala ampbimuta + dajagaka;
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A metamuta + muta, Caleta roxus + manovus), all
patterns concerning parasitism in relation to myrme-
cophily or feeding habits persisted. Hence, the pat-
terns emerging from our comparative analysis are
robust with regard o phylogenetic effects. Never-
theless, as more precise phylogeneric information
becomes available, it will be interesting to re-examine
the interrelationships between the incidence of pa-
rasitism and other life-history traits more rigorously.

As ir stands, the straightforward idea that more
intimate associations with anes generally provide
stronger protection from parasitoids does not reccive
support for a relatively large set of lycaenid butter-
fly species from one of the most diverse biotas in the
world, Furthermore, our data on a broad range of
lycaenids suggest that the role of parasitoids in the
evolutionary ecology of butterfly-ant interactions
may have been overemphasized. As pointed out
by DeVries (1991) for the faculeatively myrmeco-
philous Neotropical riodinid Thisbe irenea, genera-
list predators such as polisrine wasps may account
for a significant fraction of caterpillar mortality in
tropical rainforests. In the South-East Asian obligate
myrmecophile Drupadia theda, we likewise observed
that flying predarors such as polistine wasps can play
a major role (Seufert & Fiedler 1996a, Seufert 1997).
Hence, a better understanding of the sclective forees
acting on lycaenid-ant interactions should involve
both a more complete assessment of mortality costs
due to predators and parasites, and a broader cover-
age of the diversity of lycaenid butterflies,
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