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Butterflies and ants: the communicative domain
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Abstract. Associations with ants, termed myrmecophily, are widespread in the butterfly family Lycaenidae and
range from mere co-existence to more or less specific mutualistic or even parasitic interactions. Secretions of
specialized epidermal glands are crucial for mediating the interactions. Transfer of nutrients (carbohydrates, amino
acids) from butterfly larvae to ants plays a major role, but manipulative communication with the help of odour
signals is also involved. By means of myrmecophily, lycaenid butterflies largely escape ant predation, and certain
species gain protection through attendant ants or achieve developmental benefits from ant-attendance. Benefits to
the ants range from minimal to substantial food rewards. While most lycaenid species maintain facultative
relationships with a variety of ant genera, highly specific and obligatory associations have convergently evolved in
a number of butterfly lineages. As a corollary, communication systems are largely unspecific in the former, but may
be highly specialized in the latter. The sophisticated communication between obligate myrmecophiles and their host
ants is tightly connected with the evolutionary rise of specialized life-cycles and thus is a source of augmenting

diversity within the butterflies.
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In most terrestrial ecosystems, social insects like ants,
termites, and many wasps or bees, make up a significant
part of the animal life!?>. Ants, in particular, are not
only dominant in terms of abundance and biomass, but
also are the leading invertebrate predators®. Keystone
ant species often play a prominent role in shaping and
structuring  whole arthropod guilds and fau-
nag’®-66.74.78.101.123.126_ Not surprisingly, a large number
of animals, the so-called myrmecophiles, have evolved
to utilize these omnipresent hymenopterans or their
nests as resources®* 72,

Ants utilize highly sophisticated (mostly chemical)
means of communication, by which they operate com-
plex systems of division of labour and which enable
them to discriminate effectively between nestmates and
alien competitors®?. Hence, to evolve into a myrme-
cophile by necessity requires the ability to break
the ants’ communication codes. Myrmecophilous
arthropods employ a broad array of strategies to deal
with their hosts®~!!-37-61.63.64.117 We here use a particu-
lar example to illustrate the fascinating diversity of
interspecific communicative phenomena and their eco-
logical ramifications: the butterfly family Lycaenidae
(fig. 1).

Soft-bodied slowly moving caterpillars of butterflies and
moths are classical prey organisms of ants®®68.74.104,
Therefore, the occurrence of non-aggressive associa-
tions between the larvae of lycaenid butterflies and ants
is a startling paradigm of interspecific communication.
How do caterpillars circumvent ant attacks? And how
do ants recognize caterpillars as non-prey? Further-

more, interactions between lycaenids and ants are by no
means resiricted to the larval stages, but may occur
during any part of the life-cycle from the egg to the
adult, and butterfly-ant relationships cover the whole
continuum from mutualism to commensalism and even
parasitism®. Myrmecophily among Lycaenidae butter-
flies has attracted naturalists since the discovery of the
first examples at the end of the 18th century3!-%67.75-122,
but with the development of new theoretical concepts in
behavioural ecology the phenomenon has been explored
in numerous directions as a model for the ecology and
evolution of interspecific interactions?: !7-21-35-37.35.56.88~
8113114116 In this essay, we first focus on commu-

Figure 1. Mature caterpillar of the South East Asian lycaenid
butterfly, Fooxylides tharis, tended by a Myrmicaria worker ant.
The caterpillar {length ca. 14 mm) offers a nutrient-rich secretion
droplet from the dorsal nectar organ and simultaneously everts
the whitish membraneous tentacle organs. (Photograph: K.
Fiedler.)
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nicative processes involved in caterpillar-ant relation-
ships. Then, we turn briefly to the other stages in the
butterflies’ life cycle and we will draw some parallels
with other myrmecophiles. Finally we touch on ecolog-
ical and evolutionary patterns.

Mutual recognition of partners

When a foraging ant encounters a lycaenid caterpillar
which is feeding or resting on its hostplant, the pri-
mary decision of the ant is whether or not to attack
the caterpillar as prey. Lycaenid caterpillars use a
number of signals to manipulate this decision. Most
important are chemical signals emitted from specialized
epidermal glands, the so-called myrmecophilous organs
(fig. 2)">7. Although the chemistry of these secretions
is still barely explored, many behavioural observations
and experiments demonstrate that they play an impor-
tant role in the interspecific interactions. Almost all
lycaenid larvae possess minute, hair-derived glands
(‘pore cupola organs’) which are scattered over the
surface or concentrated at taxon-specific locations.
During encounters, ants intensively antennate these
glands and press their mouthparts onto these organs,
apparently collecting the secretions’. The same indi-
vidual caterpillar may be attended at different times by
a variety of ant species belonging to different sub-
families®”. On the other hand, not all lycaenid caterpil-
lars equipped with pore cupolas release antennation
behaviour of equal intensity. Some species elicit little
attraction in ants, while others receive constant anten-
nal drumming>3>7,

Since the response of ants usually starts after initial
tactile contact with a caterpillar, we assume that the
chemical signals are of low volatility®®. Malicky’, who
first demonstrated the glandular nature and be-
havioural significance of the pore cupolas, suggested
that their secretions resemble ant-brood signals. Later,
the substances were categorized as either ‘adoption’®
or ‘appeasement’ signals®*., Chemical evidence is still
scant, but suggests that amino acids are secreted by
some species®® and mimics of brood pheromones by
others®'- 114,

Based on the morphology of the pore cupolas, we
assume their secretions permanently percolate through
the pores in the sieve plate where they accumulate.
Furthermore, other hair-derived structures like den-
dritic setae® (also Fiedler, unpublished) receive particu-
lar antennation by ants and are strongly suspect of
being glands involved in myrmecophily. As a conse-
quence, even during moult phases (e.g. pupation)
caterpillars often remain highly attractive to ants.
Freshly killed caterpillars (e.g. after deep-freezing:
Fiedler, unpublished), or larval carcasses after the
emergence of parasitoids®®, or pupal cases after the
imago has emerged, retain their attractiveness for

Experientia 52 (1996), Birkhduser Verlag, CH-4010 Basel/Switzerland 15

\C

h
Figure 2. Myrmecophilous organs of lycaenid immatures involved
in butterfly-ant communication. 4 The half-everted dorsal nectar
organ of a mature larva of Jamides virgulatus from Malaysia. The
gland opening is surrounded by secretory pore cupola organs and
mechanoreceptive setae of peculiar shape. Scale: 100 ym. B Pore
cupola organ of a pupa of Polyommatus thersites from central
Europe. The hair shaft of this type of setae is transformed into a
sieve-plate with numerous minute pores, through which secretions
attractive to ants are emitted. Scale: 5 um. C A dendritic seta on
the pupa of Jamides talinga from Borneo. Dendritic setae of
myrmecophilous caterpillars or pupae receive intensive antenna-

tion behaviour in attendant ants. Scale: 10 um. (Photographs: A.
Gerber/K. Fiedler.)

hours or days. Obviously, the ‘adoption’ or ‘appease-
ment’ components involved in caterpillar-ant commu-
nication are quite persistent and continuously present
signals.

Other signals are produced in discrete units. Most
myrmecophilous lycaenid caterpillars possess a glandu-
lar dorsal nectar organ. After antennal drumming
around the gland opening’, the caterpillars deliver
droplets of an aqueous solution rich in carbohydrates
and/or amino acids to their attendant ants!®3488%121,
The nectar-like secretions provide ants with small, but
nevertheless valuable amounts of nutrients*'-%-%7. Ants
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encountering the nectar-like secretions often recruit
nestmates to the caterpillars®®, thereby monopolizing
the food resource and stabilizing the caterpillar-ant
association. The caterpillars also offer nectar droplets
when attending ants sometimes behave aggressively™,
or when a caterpillar with a stable ant-association is
experimentally harassed (imitating a predator’s at-
tack””; also Fiedler, unpublished data).

Many myrmecophilous caterpillars possess eversible
tentacle organs equipped with finely branched setac on
top. These organs are located just behind the nectar
gland. These membraneous tentacles are most fre-
quently everted when a caterpillar-ant interaction com-
mences” '35 when caterpillars are travelling from
feeding to resting places'>>%3', or when caterpillars are
disturbed”. The attendant ants react to such tentacle
waving by running around and over the caterpillar
with increased speed®** or they may even jerk towards
the everted tentacles, which are immediately withdrawn
whenever touched. Although supporting chemical evi-
dence is available for only one South African Aloeides
species®!, the commonly observed alert behaviour of
ants in response to tentacle eversions suggests that
these structures emit volatile substances which may
mimic short-range alarm pheromones of the ants.

In addition, caterpillars'®'*?* and pupae**> of Ly-
caenidae and Riodinidae butterflies produce substrate-
borne vibrations. DeVries'® observed that stridulating
caterpillars of the Neotropical riodinid butterfly Thisbe
irenea were attended by a larger group of ant guards
than larvae experimentally rendered mute. Recent
work on European lycaenid species revealed that vibra-
tory signals do not attract a larger number of ants over
a distance, but rather accelerate and stabilize the estab-
lishment of caterpillar-ant associations, presumably by
modulating the recruitment process (Wieland and
Fiedler, unpublished data). Although the significance
of vibratory communication in myrmecophilous inter-
actions has been documented in only a few species,
and such vibrations may also have other, not yet
known functions, it seems safe to conclude that imma-
tures of myrmecophilous lycaenid and riodinid butterfl-
ies use mechanical, as well as a vartety of chemical,
signals and nutrient rewards to prevent ants from
attacking.

Thus, lycaenid butterflies employ a complex set of
communicative signals to gain acceptance by ants. In
contrast, the means by which caterpillars recognize the
ants appear to be much simpler. Most lycaenid larvae
do not actively seek out their ant mutualists, but wait
for the ants to come. Specialized mechanoreceptors
located around the dorsal nectar organ of the caterpil-
lars, which allow a fine temporal resolution of tactile
stimulation patterns''!, are used to distinguish between
antennal drumming of ants or tactile stimulation by
other insects. These receptors can sometimes be fooled,
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however, by experimental stimulation®®, and insects
like thysanopterans, lycaenid adults or braconid
wasps?#197 have been observed to ‘steal’ secretions
from the nectar organ by stimulating it with their
mouthparts or antennae.

More specific recognition of appropriate host ants has
rarely been documented among myrmecophilous ly-
caenids. Though some myrmecophilous insects and
snakes locate their host ants by following the ants’
pheromone trailg!®'":62.190.12¢ " for Iycaenids this has
only been conclusively demonstrated in the Australian
obligate myrmecophile Jalmenus evagoras®. Other
cases where trail following had been suspected later
proved to be inconclusive or erroneous’® 1%, However,
there are numerous anecdotal reports of apparent trail
following behaviour in tropical obligate myrme-
cophiles®, which deserve to be studied in greater de-
tail. In particular, it must be tested experimentally
whether lycaenid larvae just follow their own silk trails
or really respond to the ants’ trail pheromones. Prefer-
ential pupation inside ant nests has also been re-
ported?”'?!, but this needs to be verified by additional
observations. It is likely that in the course of future
research more cases of orientation using ant-derived
chemical cues will be found among the caterpillars or
adults of myrmecophilous Lycaenidae.

Caterpillar signals: honesty or deceit?

Do caterpillars honestly signal their value as a tropho-
biotic partner? Or do they deceive and manipulate ants
by fobbing them off with negligible pseudo-rewards?
This is important with respect to the evolutionary sta-
bility of caterpillar-ant associations. Detailed cost-
benefit analyses exist for only a small number of
lycaenid species, but these suggest that lycaenids em-
ploy honest signalling as well as chemical manipula-
tion. Caterpillars of the Australian hairstreak species
Jalmenus evagoras®®®” and the Western Palearctic blue
butterfly Polyommatus coridon*' produce secretions in
amounts large enough to contribute substantially to
the nourishment of ants. Experiments with ants being
caged with lycaenid immatures’> (also Fiedler and
Saam, unpublished data) likewise showed that ants sur-
vived better when they had access to the nectar-like
secretions of myrmecophilous caterpillars. Lifetime in-
vestment of caterpillars in nectar secretions has been
estimated for a couple of species, based on extensive
studies of their secretory behaviour” 344765 and
these estimates also confirm that caterpillar secretions
may contribute to the food supply of ants. Accord-
ingly, given the beneficial effects of ant-attendance on
caterpillar survival?'-9%9%97 (also Seufert and Fiedler,
unpublished data) or growth!>4%46.65.120 " aggociations
between lycaenid larvae and ants are at least poten-
tially mutualistic.
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Besides the attractive odour of caterpillars, their tenta-
cle organs may provide honest signals. Larvae of Poly-
ommatus icarus’ and P. coridon (Fiedler, unpublished
data) evert their tentacles in response to simulated
predator attacks and simultaneously offer an additional
nectar droplet. Hence, such caterpillars alert their ant
guards and immediately reward them with food. Tenta-
cle eversion rates in myrmecophilous larvae of P. icarus
and Aricia agestis are significantly correlated with their
secretory capacity”-%%, though such correlations were
absent or unstable in experiments with other spe-
cies*>3. In addition, lycaenid species whose larvae pro-
duce nectar secretions at high rates, like the strongly
ant-associated Polyommatus coridon, generally evert
their tentacles more frequently than moderately myrme-
cophilous species like the congeneric P. icarus®®. These
observations seem to suggest that one function of the
tentacle organs is to advertise the profitability of a
caterpillar and to direct the attendant ants towards the
nectar source, although this does not apply to all ly-
caenid species'”.

On the other hand, lycaenid caterpillars use a variety of
strategies to minimize their investment in myrme-
cophily. After the initial phase of an encounter, secre-
tion rates and tentacle eversion frequency rapidly
decrease as soon as a stable caterpillar-ant association
has been established”*-6%. Such a process, termed ‘en-
ticement and binding’ by DeVries'”, shows that manipu-
lative elements are involved in these facultative
mutualisms: with time caterpillars apparently substitute
odour for food rewards. Furthermore, caterpillars finely
adjust their secretion rates according to the number of
ants present, the stability of their ant-association, their
developmental status and the resources available from
their food plants®7-34.36.39.65.90.98 - Accordingly, caterpil-
lars of the same lycaenid species exhibit a remarkable
temporal or individual variability with regard to their
profitability as food resource for ants®®, and this is often
reflected in the ants’ reaction. Caterpillars of Glaucopsy-
che lygdamus®, P. icarus® or Jalmenus evagoras®,
which had been fed nutrient-poor diets, attracted fewer
ants than those on favourable food. Nevertheless, food-
constrained larvae of P. icarus (e.g. if reared on foliage
instead of flowers of their hostplants) are still able to
induce long-lasting associations with Lasius ants in the
laboratory’.

From the energetic point of view, tending instead of
consuming a caterpillar is profitable for the ants only if
the ant colony can derive a larger reward from harvest-
ing the secretions than from consuming all caterpillars
that the worker ants encounter. This conflict is further
enhanced by the foraging costs which ants experience
when tending caterpillars (costs of travel between nest
and feeding place, mortality risks while outside the
nest). The dimension of this conflict is difficult to esti-
mate. In many lycaenid species myrmecophilous inter-
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actions occur from the third larval instar onwards,
when all myrmecophilous organs have become func-
tional®>”, The fresh weights of such larvae typically
range from 2-5 mg with a water content of 80-90%.
The corresponding dry mass of 0.2-1 mg contains
lipids, proteins and carbohydrates in unknown ratios. If
this dry mass were entirely proteins and carbohydrates,
its energy content (calculated as thermic equivalent)
would be 3-17 J, and 7-39 J if the caterpillar consisted
only of fat body. These figures cover the same range as
estimates of the carbohydrate-based energy content of
nectar secretions which can be harvested over the life-
time of an individual caterpillar (3—70 J7-3%41.44.47.65)
The latter figures are underestimates, because amino
acid components in the nectar or pore cupola secre-
tions'*-#92-121 were not considered.

Nevertheless, the nutritive benefits accruing to ants
from tending lycaenid immatures apparently do not
much exceed those they could gain from consuming the
larvae. It must be taken into account, however, that
more significant benefits could be obtained on the long
term. Through tending, ants can decrease caterpillar
mortality, and thus increase population size, in com-
parison to non-tended prey species®. Eventually, this
might lead to a predictable net benefit over the years for
long-lived superorganisms like ant societies.

The above crude energetic argument provides two alter-
native, but not mutually exclusive, explanations for why
ants do not attack lycaenid caterpillars. Either the cater-
pillar secretions contain components (e.g. particular
amino acids) which are so essential for the ants’ diet
that even the delivery of relatively small quantities in
the secretions is beneficial; or the ‘adoption’ or ‘ap-
peasement’ signals are sufficiently close to the chemical
code of the ants (e.g. to brood odour components) to
serve as effective mimics. In the latter case, there would
be little opportunity for selection against this type of
‘fooling’, since the worker ants’ fitness essentially de-
pends on their caring for brood® and, therefore, gives
little selective leverage to the ants to abandon tending
behaviour.

This leads to an unresolved question in the mechanistic
analysis of trophobioses in ants in general. Be it ly-
caenid caterpillars or honeydew-excreting homopter-
ans, an essential part of all their symbiotic interactions
with ants is the avoidance of fatal ant attacks. The
chemical nature of the appeasement or adoption sub-
stances is almost unknown. Nevertheless, they are obvi-
ously effective across an amazing taxonomic range of
different ant subfamilies and of trophobionts from sev-
eral insect orders. Most likely, therefore, these signals
are very simple basal components of the ants’ odour
language. Evidence from adoption experiments with ant
brood suggests that brood odours also contain, besides
more specific signals, unspecific compounds which
sometimes allow for adoption of larvae even across
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subfamily borders®?. Trophobionts may have evolved to
communicate with such basal signals, whereas advanced
highly integrated myrmecophiles, like many beetles,
have specifically adapted to break their host ants’ spe-
cies-specific code®’—61-6%64117 The chemical identifica-
tion of generalized as well as specialized adoption
signals will obviously make a major contribution to our
further understanding of myrmecophilous interactions
in general.

The family Lycaenidae contains a considerable number
of species in various taxonomic groups whose larvae
possess only pore cupolas, and sometimes dendritic
setae, but not a dorsal nectar organ. Such ‘myrmecoxe-
nous’ lycaenids®-7® are usually not attacked during in-
teractions with ants. After an initial phase of more or
less intensive antennation®’?, myrmecoxenous caterpil-
lars are usually abandoned by the ants, but occasionally
associations may last for some time**. Similarly, ly-
caenid pupae do not possess a nectar organ (but
see>*!1%), but are often highly attractive to ants and may
induce stable, long-lasting symbiotic associations
through the release of recruitment behavior®>*?, Due to
the lack of nectar-like secretions, worker ants soon die
if caged exclusively with pupae or myrmecoxenous lar-
vae (Fiedler and Saam, unpublished data). Thus, at
least in these cases the secretion of appeasement or
adoption substances is clearly manipulative: ants gain
little benefit from harvesting the secretions, while the
lycaenid immatures escape ant predation. It remains to
be ascertained whether pupae or myrmecoxenous larvae
of lycaenid butterflies may even benefit from the ants’
protection against other predators or parasitoids.

Specificity of interactions

As already stated, the majority of myrmecophilous rela-
tionships observed in the butterfly family Lycaenidae
are not specific with respect to the ants involved. Fur-
thermore, not all individuals in a population are tended
by ants in nature, and the immatures are able to de-
velop and survive without attendant ants. These species
are termed facultative myrmecophiles, and the degree of
such associations ranges within wide limits from very
occasional interactions to species whose caterpillars are
almost invariably tendeds.

A number of lycaenid species, however, have evolved to
become obligate myrmecophiles. These are specifically
bound to a particular host ant species or genus®, and
survival without ants is almost impossible due to intense
predation®” (also Seufert and Fiedler, unpublished
data). Some obligate myrmecophiles spontaneously de-
liver secretions in such large amounts that they die from
fungal attack in captivity if deprived of their ant part-
ners (Seufert and Fiedler, unpublished data). Such close
and obligate symbioses require that strategies have been
evolved to locate and select the correct ant host. The
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Figure 3. A female butterfly of the South East Asian obligate
myrmecophile, Drupadia theda, has laid an egg (white arrow)
while being antennated by a worker of its specific Crematogaster
host ant. (Photograph: P. Seufert.)

most common way is that adult female butterflies search
for the anpropriate host ant (fig. 3), when selecting
oviposition sites* #4445 70.71.94.108.110 " There exjists some
evidence that ant pheromone trails are used as recogni-
tion cues®®>!, although visual orientation cannot be
excluded. During oviposition, the females are often an-
tennated by their host ants, but in many cases these
encounters are totally unaggressive®>-321%  suggesting
that the adult butterflies also have some chemical ap-
peasement signal. In the Oriental Anthene emolus, the
host ant Oecophylla smaragdina initially tries to attack
alighting females, but as soon as oviposition has
commenced, ant aggression ceases*. Here, the freshly
laid eggs apparently disseminate the appeasement
signal.

If the specificity of an ant-association is initiated by the
egg-laying female, what about the communication sig-
nals in the subsequent larval or pupal stage? Ongoing
studies on obligate myrmecophiles in South East Asia
have revealed a variety of opportunities. Caterpillars of
the aforementioned A. emolus are always tended by
Oecophylla smaragdina in nature, but associations with
a couple of different ant genera could experimentally be
established. These ‘alien’ ants intensively antennated the
caterpillars and imbibed the nectar secretions (table 1).
Caterpillars of two other obligate myrmecophiles (Ra-
pala dieneces and Drupadia theda), in contrast, were
totally ignored when caged with the ‘wrong’ ants. In the
case of D. theda, the ants even neglected a nectar
droplet provided by the larva. Hence, some obligatorily
myrmecophilous caterpillars use highly specific odour
signals and may even have adapted their food rewards
to their specific partners. Studies of certain temperate-
zone species suggest a similar specificity between ants
and lycaenids®. On the other hand, specializations in
the larval communication signals are not a necessary
character of obligate myrmecophiles.
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Table 1. Outcome of interactions between mature lycaenid larvae and various ant genera.

Lycaenid species
Degree of

Drupadia theda Anthene emolus

Drupadia ravindra Jamides pura Cheritra freja

myrmecophily obligate myrmecophile obligate myrmecophile facultative myrmecophile facultative myrmecophile myrmecoxene
Naturally specific to  Crematogaster Qecophylla unspecific unspecific unspecific
Ant genus

Crematogaster + + /aggr. + + 0
Acanthomyrmex 0 — + + 0
Rhoptromyrmex 0 — + + -
Technomyrmex 0 + + + 0
Tapinoma 0 +/0 + + 0
Iridomyrmex 0 + + + 0
Camponotus 0 — — - 0
Qecophylla aggr. + aggr. agar. aggr.
Cladomyrma aggr. ager. aggr. aggr. aggr.

In Peninsular Malaysia, at least ten Iycaenid species utilize the legume tree Saraca thaipingensis as larval hostplant. The interactions between the
five more common species of these butterflies and representative abundant ants were investigated under field conditions and in experimentally
provoked encounters. The abbreviations denote the following behaviours:

+: the ants continuously tend the larva after an association has been established, and the larva secretes droplets from its dorsal nectar organ

which the ants imbibe.
0: the ants mainly ignore the larva.

aggr.: the ants react aggressively after encountering the larva and finally kill it.

—: neither tested experimentally nor so far observed in the field.

The Palearctic genus Maculinea has a highly specialized
life-cycle. Caterpillars feed inside flowers of specific
hostplants throughout the initial three larval instars.
Then, in the final instar, they leave their hostplant and
are carried by Myrmica ants into the nests, where the
caterpillars turn into predators of ant brood or solicit
trophallaxis from their host ants®-3%5%36.112=116 Qyr.
prisingly, this adoption appears to be a relatively
haphazard process, despite the fact that Maculinea cater-
pillars fully depend on arriving in an appropriate host
ant nest. An earlier claim that caterpillars would actively
search and follow the ants’ pheromone trails'® has never
been confirmed??''2. From observations of oviposition
behaviour, there is also no solid evidence that Maculinea
females respond to the presence of Myrmica ants during
egg-laying® 12, Nevertheless, Maculinea eggs tend to be
clumped on hostplants where the appropriate specific
Myrmica hosts are abundant!'®. It remains to be tested
whether this spatial association is really the result of host
recognition, or whether the females use environmental
variables (such as vegetation density or height, microcli-
mate) which are correlated with the preferred habitat of
the specific Myrmica species. In Maculinea, adoption can
occur with any Myrmica species, but once in the nest the
caterpillars only survive if housed with a specific Myr-
mica host species''®. Hence, adoption is genus-specific
(most likely governed by brood-pheromone mimics),
whereas subsequent permanent acceptance requires a
finer matching of signalg?*2%-30.113.115. 116,

The limits of appeasement

The preceding Maculinea example raised the question
of whether their myrmecophilous signals exempt ly-

caenids from all ant predation. This is not the case.
Ant predation occurs, for example, in certain obligate
myrmecophiles if these are found by the ‘wrong’
ants'%. Certain Formica wood ants show a greater ten-
dency to attack Iycaenid larvae than others”™®. In
Malaysia, we observed that weaver ants (Oecophylla
smaragdina) only accepted those caterpillar species
which associate with this ant in nature. Other species
were immediately attacked and killed when offered in
experiments (fig. 4). The formicine ant Cladomyrma
petalae® provides another striking example. This ant
species lives in the hollow twigs of myrmecophytic
Saraca thaipingensis (Caesalpiniaceae) trees®', but not
all these trees are actually colonized. While trees with-
out Cladomyrma ants frequently serve as hostplants for
at least ten lycaenid species in Peninsular Malaysia,
colonized trees are usually free of lycaenid immatures
(Seufert ‘'and Fiedler, unpublished). Without a single
exception, Cladomyrma ants attacked and killed all ly-
caenid larvae experimentally placed on leaf flushes of
S. thaipingensis. Only one lycaenid species whose lar-
vae bore inside the inflorescences escapes ant predation
by inaccessibility.

These examples reveal that communication with,
and ‘manipulation’ of, ants by lycaenid butterflies
requires a subtle balance between the investment in
communication signals and food rewards on the one
hand, and the range of target ants on the other. Un-
specific signals prevent a large guild of ants from
attacking. Specific signals may fail towards the ‘wrong’
addressee. And certain ants with particular life cycles,
like the Cladomyrma species involved In myr-
mecophytism, may be refractory to all attempts at
deceit.
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Figure 4. Interactions between South East Asian weaver ants (Oecophylla smaragdina) and lycaenid butterfly larvae with contrasting
results. 4 A group of mature larvae of the obligate myrmecophile Anthene emolus is permanently attended by ant guards which defend
the caterpillars against enemies. B Upon encounter, the larva of the non-myrmecophilous species Cheritra freja is immediately attacked
and killed by a group of cooperating ants. In this case the communication between caterpillars and ants fails completely. (Photographs:

P. Seufert.)

Diversity of communication: an avenue to species
diversity?

At present, systematists have recognized some 4500
species of Lycaenidae butterflies (excluding the Rio-
dinidae'®), and the total species diversity is likely to be
in the range of 5000~6000%2. Far more than half of these
live in some kind of association with ants at least during
part of the life cycle®°!, and even the non-tended
myrmecoxenous species do communicate with ants in
some way, as evidenced by their ability to appease ants
in encounters. It is thus tempting to assume that

communication with ants has played a role in the rise of
species diversity in that butterfly family®>!''s. A conclu-
sive answer is out of reach, but in certain cases the
importance of communication with ants is obvious.

Lycaenid larvae which enter ant nests to live there as
predators of ant brood or commensals could never gain
access to those niches without appropriate communica-
tion signals. Therefore, the multiple evolution of such
aberrant life cycles among the normally phytophagous
butterflies' '*'*3> is closely connected with the evolu-
tion of highly specialized interspecific communication
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and has clearly added to the current diversity. Although
not that numerous, there are some 30 species in which
obligate non-mutualistic, and mostly parasitic, inquilin-
ism has been documented (scattered over the genera
Allotinus, Thestor, Liphyra, Euliphyra, Aphnaeus,
Spindasis, Cigaritis, Oxychaeta, Acrodipsas, Maculinea,
Lepidochrysops and others®13:14:35.76.82,102.114 4]0 Sane-
tra and Fiedler, unpublished data), and more exam-
ples still await discovery, especially in dry tropical
regions.

In butterfly species with an obligate and specific associa-
tion with ants, certain factors may lead to shifts to
novel host ants. Like switches to novel hostplants, such
shifts to new host ants could be facilitated in isolated
butterfly populations®, for example if the usual host ant
becomes scarce. In fact, regional differences in host-ant
relationships (‘host-ant races’) have been documented
in a couple of lycaenid species with fragmented popula-
tions?-%. This suggests that adaptations in the commu-
nication signals to new host ants do occur in the
‘micro-evolution’ of lycaenid butterflies and may be an
important selective mechanism in the evolution, and
eventually speciation, among obligate myrmecophiles.
As far as their life cycles are known, however, the
majority of Lycaenidae species are facultative myrme-
cophiles or myrmecoxenes®>. Among these, interactions
with ants are less likely to play an important role during
the process of speciation®®. Nevertheless, there are at
least two ways in which myrmecophily may foster diver-
sity even in this group of species. Ants protect lycaenid
caterpillars against parasitoids and predators®®°, and
as a consequence populations of myrmecophilous ly-
caenids may be better buffered against the large-scale
fluctuations in population size so commonly observed in
the herbivorous Lepidoptera®. In this respect, small
isolated colonies or founder populations of myrme-
cophilous lycaenids may survive better than non-
myrmecophilous species, and this could ultimately lead
to further speciation.

In addition, different ways of communicating with ants
facilitates the use of the same hostplant resources. For
example, on the Oriental legume tree Saraca thaipingen-
sis with its associated set of ten lycaenid species, direct
competition for food is weakened since most of these
species differ in their particular ways of interacting with
ants'%,

We hope we have demonstrated that communication
between Lycaenidae butterflies and ants is not only a
fascinating phenomenon from the physiologist’s or be-
havioural ecologist’s point of view, but its consequences
extend far into community ecology and phylogeny.
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