N
N

N

HAL

open science

Evolutionary Perspectives on Myrmecophily in
Ladybirds

Amélie Vantaux, Olivier Roux, Alexandra Magro, Jérome Orivel

» To cite this version:

Amélie Vantaux, Olivier Roux, Alexandra Magro, Jérome Orivel. Evolutionary Perspectives on
Myrmecophily in Ladybirds. PSYCHE, 2012, 2012, pp.1-7. 10.1155/2012/591570 . hal-02062391

HAL Id: hal-02062391
https://hal.science/hal-02062391
Submitted on 18 Mar 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-02062391
https://hal.archives-ouvertes.fr

Hindawi Publishing Corporation

Psyche

Volume 2012, Article ID 591570, 7 pages
doi:10.1155/2012/591570

Review Article

Evolutionary Perspectives on Myrmecophily in Ladybirds

Amélie Vantaux,! Olivier Roux,?> Alexandra Magro,>* and Jérome Orivel®

I Entomology Laboratory, Zoological Institute, Catholic University of Leuven, Naamsestraat 59, Box 2466, 3000 Leuven, Belgium

2 Institut de Recherche pour le Développement, UMR MiVEGEC-Maladies Infectieuses et Vecteurs Ecologie, Génétique,
Evolution et Controle, Antenne de Bobo-Dioulasso, 01 BP 171, Bobo Dioulasso 01, Burkina Faso

3CNRS, UMR EDB-Evolution et Diversité Biologique, 118 Route de Narbonne, 31062 Toulouse, France

*ENFA, UMR EDB-Evolution et Diversité Biologique, Université de Toulouse, 2 Route de Narbonne,

31320 Castanet Tolosan, France

3CNRS, UMR EcoFoG-Ecologie des Foréts de Guyane, Campus Agronomique, BP 316, 97379 Kourou Cedex, France

Correspondence should be addressed to Amélie Vantaux, amelie.vantaux@gmail.com

Received 4 October 2011; Accepted 4 December 2011

Academic Editor: Volker Witte

Copyright © 2012 Amélie Vantaux et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly

cited.

Myrmecophiles are species that usually have developed specialized traits to cope with the aggressiveness of ants enabling them
to live in their vicinity. Many coccinellid species are predators of Hemiptera; the latter is also often protected by ants. Therefore
these ladybirds frequently interact with ants, and some species have become myrmecophilous. In this paper, we aim to provide an
overview of the evolution of myrmecophilous traits in ladybirds. We then discuss the costs and benefits of myrmecophily and the

dietary shift to myrmecophagy observed in a few species.

1. Introduction

Ants represent a highly ecologically successful and most often
dominant group of insects. Their predominance in almost all
terrestrial ecosystems leads them to interact with many other
organisms. One of the best-known examples of such inter-
action is their mutualism with Hemiptera. Ants protect the
sap-feeding insects, and in return they benefit from the
honeydew provided by the Hemiptera [1-3]. Honeydew is
rich in carbohydrates and in some amino acids, which are
attractive and nutritionally valuable for ants [4-7]. Addition-
ally, the ants sometimes use aphids as a source of protein by
consuming them [8-11]. Aside from protecting the Hemi-
ptera, ants may also reduce their risk of getting fungal infec-
tions via hygienic behaviors [12-14], reduce indirect com-
petition with untended Hemiptera [15], and they can even
transport the Hemiptera to suitable feeding sites when a host
plant’s quality deteriorates [16]. Nevertheless, the main ben-
efit for the Hemiptera when tended by ants is the protection
the ants provide from natural enemies [1, 3, 13, 17-21].
Untended colonies experience higher predation and para-
sitism rates. The colonies of the aphid Tuberculatus quercicola

(Matsumura), for example, had lower survival rates when
ants were excluded [17], and the black cherry aphid Myzus
cerasi (Fabricius) reached higher densities of individuals on
trees with ants than on those without ants [18]. As a result of
the protection they provide to Hemiptera, ants are in com-
petition with predators such as ladybirds and syrphid larvae
as well as parasitoids.

Ladybird species are well known for their aphido- and
coccidophagy, which have popularized them as biocontrol
agents in agricultural systems and private gardens. They ex-
hibit, however, a large trophic diversity from mycophagous
and phytophagous to predatory species. The latter species
mainly eat coccids or aphids and, also to some extent, aley-
rodes, psyllids, chrysomelids, and mites, although cocci-
dophagy is considered more primitive than aphidophagy [22,
23]. The fact that many ladybird species prey on Hemiptera
brings them into frequent contact with ants. Some of them
use behavioral, physical, and chemical characteristics to cope
with these aggressive competitors. Species found living regu-
larly or only with ants are called “myrmecophiles” (from the
Greek words for ants, “myrmex”, and loving, “philos”). Their
interactions span from facultative and diffuse relationships,



which in ladybirds stems from their general defensive traits,
to more obligate and integrated interactions which rely on
specific adaptations. In this paper, we aim to provide an over-
view of the evolution of myrmecophilous traits in ladybirds
[22-24]. We then discuss the costs and benefits of such spe-
cialization on ant-tended Hemiptera and the dietary shift to
myrmecophagy demonstrated in a few species.

2. Diversity and Biology of
Myrmecophilous Species

The Coccinellidae family consists of seven subfamilies [25]
among which five include myrmecophilous species: Scymni-
nae, Ortaliinae, Chilocorinae, Coccinellinae, and Cocciduli-
nae [26-31] (Table 1). Interestingly, only one myrmecophi-
lous species has been recorded to date in each of the three
subfamilies Ortaliinae, Chilocorinae, and Coccinellinae and
two in the subfamily Coccidulinae whereas there are eight
species from the Scymninae subfamily belonging to four dif-
ferent tribes: one species from the Diomini tribe, two species
from the Hyperaspidini and Brachiacanthadini tribes, and
three species from the Scymnini tribe. Therefore, myrme-
cophilous species seem to be more strongly represented at the
base of the phylogenetic tree [22-24]. Some myrmecophilous
species have evolved more obligate relationships with ants
and use chemical mimicry (i.e., the passive or active acqui-
sition of a chemical signature by the myrmecophile allowing
acceptance by the host) to evade ant aggressiveness. This
adaptive trait has appeared in two different subfamilies with
mimicry of the ant brood in the Scymninae [28, 32] and
mimicry of the aphid prey in the Chilocorinae [33]. All of
these characteristics and their distribution in the phylogeny
show that myrmecophily appeared independently several
times during the evolution of ladybirds [22-24], even in the
case of the dietary shift to myrmecophagy which appeared
both in the Scymninae [27, 28] and the Ortaliinae [34].

2.1. General Defensive Traits

2.1.1. Physical Traits. Many ladybird species, though not
strictly myrmecophilous, encounter ants and show variation
in their sensitivity to ant aggressiveness or to their venom
[35]. Adults can, for example, hold the body tightly pressed
against the plant surface when attacked by ants. Some species
can completely conceal their legs under the body when cow-
ering, such as individuals from the Chilocorinae subfamily,
so that ants cannot seize any appendages which usually caus-
es ant aggression to quickly cease [33, 35]. Moreover, lady-
birds use reflex bleeding as a general defense mechanism
against their natural enemies. It has a mechanical protective
effect since, as the haemolymph coagulates, it becomes more
viscous and sticky, impeding the ants’ movements [36].
Adult ladybirds are rather well protected by their sclero-
tized elytrae, while their larvae and pupae have soft bodies
that are more sensitive to ant bites. The pupae are often pro-
tected by the larval skin shielding them and sometimes by
their ability to use reflex bleeding [36] or by a dense covering
of hair [33]. In some species, the pupae are also able to move
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up and down in response to a tactile stimulus [37], which
could deter ant attacks. Many ladybird larvae have a waxy
covering protecting them from their natural enemies, includ-
ing ants [38]. When ants try to attack the larvae, their man-
dibles become covered by the covering’s sticky filaments, and
this usually causes them to stop and start grooming them-
selves. The two myrmecophilous species, Scymnus nigrinus
(Kugelann) and S. interruptus (Goeze), are able to prey on
ant-tended aphid colonies and to better survive predator
attacks thanks to their waxy covering [30]. Myrmecophilous
Brachiacantha quadripunctata (Melsheimer) and B. ursina
(Fabricius) even get inside the ants’ nest where they feed on
ant-tended coccids and adelgids (Hemiptera, Aldegidae) [39,
40]. The waxy filaments also allow the myrmecophilous lady-
bird Azya orbigera (Mulsant) to feed on coccids tended by
Azyeca instabilis (E. Smith) [29], and the larvae of the lady-
bird Ortalia pallens (Mulsant) to feed on Pheidole punctulata
(Mayr) workers [34]. However, this waxy coating does not
always provide an efficient protection as Pheidole megacepha-
la (Fabricius) ants prey on Cryptolaemus montrouzieri (Mul-
sant) and A. orbigera ladybird larvae since they are able to
remove their protective coating [19].

Some ladybird larvae that are devoid of a waxy covering,
such as Diomus thoracicus (Fabricius) [28], Platynaspis lute-
orubra (Goeze) [33], and Scymnodes bellus (Blackburn) [27],
show a convergent adaptation to ants in their general mor-
phology: they are all ovate and flat with expanded marginal
setae and short, stout legs. This body shape, with few exposed
extremities, could be considered a protective type as has been
found in other myrmecophilous Coleoptera [41].

2.1.2. Behavioural Traits. In myrmecophilous species, the
larvae tend to move slowly and inconspicuously, as has been
observed for Coccinella magnifica (Redtenbacher), P. lute-
orubra, and B. quadripunctata [33, 40, 42]. The comparison
between the myrmecophilous species C. magnifica and its
close nonmyrmecophilous relative C. septempunctata (Lin-
naeus) has shown that C. magnifica uses physical, behavioral,
and chemical defenses adapted from the general defenses
observed in Coccinellidae [42, 43]. No novel behavior or de-
velopment of specific traits have been observed in C. mag-
nifica [43]. One way for C. magnifica larvae to limit ant ag-
gressiveness is to minimize the time spent on an aphid colony
and thus the chance of encountering ants; for example,
the larvae frequently pick up and carry their prey away
from the colony before consuming it [42]. The fact that the
nonmyrmecophilous C. septempunctata is also sometimes
observed near ant-tended aphid colonies, especially at the
end of the colonies’ cycle when aphid colonies become scarce,
and that reciprocally C. magnifica has been observed preying
on untended colonies, suggests that the scarcity of prey may
have been a selective pressure in the evolution of myrme-
cophily [43, 44]. Indeed, during prey shortages, the limited
availability of untended colonies might have forced ladybirds
to prey on ant-tended colonies, opening the path to devel-
oping a tolerance towards ant aggressiveness. However,
the myrmecophily of C. magnifica ladybirds has not been
observed throughout its European habitat, suggesting that
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TasLE 1: Taxonomy and some biological characteristics of myrmecophilous ladybirds. Facultatively myrmecophilous species and species for

which no reliable information is available are not included.

Taxon Ant associate Larval diet Myrmecophilous traits References
Chilocorinae
. Lasius niger, Myrmica rugulosa, . Behavior, prey.odor mimicry,
Platynaspis luteorubra ) . Ant-tended aphids flat body, marginal setae, short [33]
Tetramorium caepsicum
and stout legs

Coccinellinae

Coccinella magnifica Formica rufa Ant-tended aphids Behavior, chemical deterrent [42, 43]
Coccidulinae

Azya orbigera Azteca instabilis Ant-tended coccids Waxy covering [29]

Bucolus fourneti Unknown Ant workers Waxy covering (31]
Ortalinae

Ortalia pallens Pheidole punctulata Ant workers Waxy covering [34]
Scymninae

B 1 Lasi 3 Ant-ten hids an . .

ot Anenda s ond i vy o0

Brachiacantha ursina Lasius sp. Ant-tenjdeg;i}:fsnds and Waxy covering [39]

. . . L Apparently ant-tended .

Hyperaspis reppensis Tapinoma nigerrimum fulgorids Body oval, and waxy covering [60]

Scymnodes bellus Iridomyrmex sp. Ant workers Flat bod};;ﬁasrtg;l Sf}:ge;ae, short [27]

Scymnus interruptus Lasius niger Ant-tended aphids Waxy covering [30]

Scymnus nigrinus Formica polyctena Ant-tended aphids Waxy covering [30]

Prey odor mimicry, flat body,
Diomus thoracicus Wasmannia auropunctata Ant brood marginal setae, short and stout (28]
legs
Thalassa saginata Dolichoderus bidens Unknown Ant mimicry [32]

myrmecophily might be facultative or limited to some popu-
lations [45]. Concerning oviposition, two strategies have
been observed. The eggs can be laid close to untended aphid
colonies on which the emerging larvae can feed such as in
C. magnifica [42], or females may try to oviposit directly in
the Hemiptera colony despite possible ant aggressiveness. In
the case of A. orbigera, females oviposit in the coccid colonies
and lay the eggs under scale exuvia or carcasses to protect
them from predation [46].

2.1.3. Chemical Traits. In addition to its mechanical imped-
iment of ant movement, the haemolymph released during
a reflex bleeding event often has a repellent effect due to
the presence of alkaloids [47]. The alkaloids are synthesized
by the ladybirds and seem to originate from fatty acids, as
has been shown for the biosynthesis of coccinelline in C.
septempunctata fat bodies [48]. Furthermore, their presence
in eggs also provides them with a chemical protection that
deters predators [47]. They could also act as an ant repellent
but this remains to be demonstrated. The extremely repellent
effect of the myrmecophilous ladybird C. magnifica has been
suggested, but it has not been demonstrated yet [42, 43].
Finally the waxy coating might also possess chemical prop-
erties helping to attenuate ant aggressiveness as it does for
Scymnus louisianae (Chapin) [49].

2.2. Chemical Adaptation. Some myrmecophilous species
employ a chemical strategy using a specific chemical signa-
ture on the cuticle [28, 32, 33]. They rely on a specific cutic-
ular profile which can be obtained through passive or active
acquisition [50] and results in the chemical mimicry of its
prey odour, such as in P. luteorubra [33], or of the ant’s brood
in Thalassa saginata (Mulsant) [32] and D. thoracicus [28].
Thus, chemical mimicry helps some ladybirds to decrease
ant aggressiveness, as in the case of P. luteorubra larvae, and
even to disguise themselves as nestmates as in the case of
T. saginata and D. thoracicus. Interestingly, chemical mimicry
probably results from an adaptation as opposed to a preex-
isting trait, and it has only been observed in larvae thus far.
Indeed, we would expect a preexisting trait to be observed
in adults too, as it would help them to get the same benefits
as their larvae, in particular avoiding ant aggressiveness at
emergence. This adaptation might not be necessary in adults
since they are protected by their hard elytrae and can readily
fly away from the aphid colony in the case of P. luteorubra or
even occupy a different niche as in the two nest-integrated
ladybird larvae.

3. Why Specialize on Ant-Tended
Hemipteran Colonies?

Since myrmecophilous interactions vary from facultative to
obligate, the extent of the associated costs and benefits varies



accordingly with the most integrated species having the high-
est costs but also the highest benefits.

3.1. Benefits. The first and most obvious benefit of being able
to prey on ant-tended Hemiptera is gaining access to better
food sources [19, 20, 26, 44]. Indeed, ant-tended hemipteran
colonies are usually larger, have a longer lifespan, and thus
persist longer in late summer in temperate regions than
untended colonies. For P. luteorubra, better foraging success
was measured in ant-tended colonies and resulted in a high-
er adult weight, which is likely to positively influence adult
fitness and survival [33]. This better foraging success has
been explained by a decrease in the defensive behavior of
aphids and a shorter searching distance in ant-tended colo-
nies [33].

A second and important benefit of myrmecophily may
arise from the access it provides to an enemy-free space. Ants
limit interspecific and intraguild competition as well as
access to the parasitoids and predators of ladybirds [29, 30,
33, 51, 52]. The competitors of S. interruptus and S. nigrinus,
for example, have been noted as being less present on ant-
tended colonies [30]. Moreover, the presence of ants reduced
larval parasitism by Homalotylus platynaspidis (Hoffer)
(Hymenoptera, Chalcidoidea) in P. luteorubra [33], and the
aggressive behaviour of A. instabilis disturbed the oviposition
behavior of H. shuvakhinae (Trjapitzin), the most common
parasitoid of A. orbigera [29]. Nonetheless, the observed
decreases in parasitism rates do not always directly result
from ant protection. C. magnifica larvae are less parasitized
by the parasitoid Dinocampus coccinellae (Schrank) than the
larvae of its close nonmyrmecophilous relative C. septem-
punctata found in the same area. Laboratory studies have
shown that this is linked to the unsuccessful parasitism of C.
magnifica and not to the presence of ants [53].

Ant parasitoids might also influence the interaction
between ants and ladybirds. Phorid flies affect ant worker
behavior by decreasing their activity [54-57]. During periods
of low ant activity induced by the disturbance generated by
phorid flies, A. orbigera adults can prey on the coccids at the
same rate as in untended colonies and oviposit in the colony
[46].

3.2. Costs. As discussed above, the specialization in preying
on ant-tended Hemiptera depends mostly on the ability of
ladybirds at all stages to be protected from ants. Ants aggres-
sively protect the Hemiptera colonies, which disturbs lady-
bird foraging and can cause them to leave and stop exploiting
a patch, and most importantly they can be injured or killed.
Another possible cost is that adaptation to ants would
render the respective coccinellid species difficult to live with-
out them. Myrmecophilous ladybirds could be poor com-
petitors or poorly defended against predators and parasites
as suggested by Majerus et al. [26]. The production of chem-
ical defenses might be at the cost of other traits such as
immunity or strong defenses against predators or parasites
[26]. Furthermore, the association with ants is likely to de-
crease the habitat range available for the ladybird, especially
for the most specific parasites specialized on one ant species.
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Consequently, any reduction in the host habitat or abun-
dance would directly affect the ladybirds’ fitness and survival.

4. Dietary Shift to Myrmecophagy

Only four ladybird species larvae are currently known to feed
on ants: Bucolus fourneti (Mulsant) [31], O. pallens that eats
P. punctulata ants [34], S. bellus feeding on Iridomyrmex sp.
[27], and D. thoracicus feeding on Wasmannia auropunctata
(Roger) [28]. The first three species feed on ant workers out-
side the ant nest, relying on ant’s foraging habits to get close
to them. Thus, these species can stay relatively immobile and
wait for prey to approach. In the case of D. thoracicus, the
larvae are parasites that live inside the ant nest. The larvae are
usually found in or near the brood pile where they have access
to a constant food source. The integration of this species into
the ant colonies relies on the chemical mimicry of its cutic-
ular profile with the one of the ants’ brood [28]. Only the
adults leave the colonies early after emergence to avoid being
attacked, as they do not share the same cuticular profile as
the ants.

Such a dietary shift to myrmecophagy provides several
important benefits. First, the ladybirds gain access to a food
source available all year round and for many years since ant
colonies are usually long-lived. Second, in the case of D. tho-
racicus, the larvae might be better protected from predators,
parasitoids, and competitors lacking the adaptations needed
to enter the ant nest. They may also benefit from a rather
homeostatic environment in which temperature and humid-
ity are rather constant and individuals are protected from
climatic events.

The shift by ladybirds to myrmecophagy most probably
followed the development of myrmecophily and as such
bears the same costs, such as a more restricted niche due
to specialization on ants. Nevertheless, these costs are largely
balanced out by the access to a constant food resource both
in time and quantity. This removes the constraints of re-
source limitation which are important in the evolution of
habitat preferences and diet in predatory ladybirds [58].
Hemipteran colonies, and especially aphids, are a transient
resource, and even if adult ladybirds can track them down
by moving between patches, ladybird larvae are less mobile
and limited to the colonies surrounding them. Therefore,
the females of aphidophagous species tend to lay eggs early
in the development of an aphid colony, known as the “egg
window” [59], to ensure that their larvae have sufficient food.
By feeding on ants, such limitation does not occur, which
probably compensates for the costs of a myrmecophilous life
style.

5. Perspectives

Despite being a highly species-rich group with around 6000
species described, the biology of most ladybird species, espe-
cially those found in the tropics, remains largely or even
completely unknown. Only a few myrmecophilous species
have been identified to date, but because most coccinellids
encounter ants very frequently and often supplement their
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essential food sources with other food items (which might
help in their being able to shift to new diet and habitat), it
would not be surprising that many more myrmecophilous
species still remain to be discovered. Among the seven sub-
families of Coccinellidae, myrmecophilous species have been
identified in only five of them with, moreover, most of
them concentrated in the Scymninae subfamily [26—30]. The
predominance of myrmecophily in the Scymninae raises the
question of the evolution of traits that promoted such inter-
actions with ants. Gaining more knowledge on the biology
of myrmecophilous ladybirds, especially the ones having
shifted to myrmecophagy, would provide insights on the ev-
olution of myrmecophily and myrmecophagy in this family.

The ladybird diet is usually similar in larvae and adults;
nonetheless, ants attack adult D. thoracicus suggesting that
they rely on a different food source than do the larvae. The
biologies of adult O. pallens and S. bellus ladybirds are un-
known as well. Unraveling the diet of all stages in these three
species would shed light on the origin of the dietary shift to
myrmecophagy. The adults might be adapted to preying on
ant-tended Hemiptera colonies which would have favored a
dietary shift in the larvae. It has also been hypothesized that
the limited availability of prey at some point in time might
have been a selective pressure in the evolution of myrme-
cophily in the case of C. magnifica [43, 44]. A similar con-
straint could apply to the tropical and subtropical myrme-
cophagous species with the advantage of a dietary shift to
ants associated with a food source available all year round
since there is no dormancy period. In temperate areas, lady-
birds overwinter at the adult stage. Thus, one can hypothesize
that the lifecycles of ladybirds and ants might not be synchro-
nized enough to have permitted myrmecophagy to appear
in these regions. Finally, another hypothesis might be that
since both ladybird species from subfamilies rooted at the
base of the phylogenetic tree and coccids are more abundant
and diversified in the Southern hemisphere, there might
be more opportunities for myrmecophily to arise in these
areas, both from a larger number of possible interactions and
alonger common evolutionary history.
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