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A cuckoo-like parasitic moth leads 
African weaver ant colonies to  
their ruin
Alain Dejean1,2,3, Jérôme Orivel3, Frédéric Azémar1,2, Bruno Hérault4 & Bruno Corbara5,6

In myrmecophilous Lepidoptera, mostly lycaenids and riodinids, caterpillars trick ants into transporting 
them to the ant nest where they feed on the brood or, in the more derived “cuckoo strategy”, trigger 
regurgitations (trophallaxis) from the ants and obtain trophic eggs. We show for the first time that the 
caterpillars of a moth (Eublemma albifascia; Noctuidae; Acontiinae) also use this strategy to obtain 
regurgitations and trophic eggs from ants (Oecophylla longinoda). Females short-circuit the adoption 
process by laying eggs directly on the ant nests, and workers carry just-hatched caterpillars inside. 
Parasitized colonies sheltered 44 to 359 caterpillars, each receiving more trophallaxis and trophic 
eggs than control queens. The thus-starved queens lose weight, stop laying eggs (which transport the 
pheromones that induce infertility in the workers) and die. Consequently, the workers lay male-destined 
eggs before and after the queen’s death, allowing the colony to invest its remaining resources in male 
production before it vanishes.

Due to their enormous ecological success, ant colonies, especially large ones, are major resources for other inver-
tebrates, including a diversity of myrmecophilous taxa1,2. Although many myrmecophiles are commensals that 
feed on ant waste, others are parasites that prey on ant workers or ant brood1,3–7. In the “cuckoo strategy”, thought 
to be derived relative from ant brood predation8, the myrmecophile is able to trigger regurgitation, or trophal-
laxis, from the host ants by using its antennae and/or its forelegs to imitate a soliciting worker antennating the 
head of a donor. In some cases, even simple contact with the host ant’s labium can be sufficient1,4,9. Although 
approximate, these interspecific solicitations are rewarded because, in ants, the antennation of the donor head 
by the soliciting worker is enough for trophallaxis to occur, so that the adaptive process took place only on the 
myrmecophile side (i.e., there was no parallel evolution on the ant side10).

Most ant species have “closed” colonies where colony mate recognition is based on a mixture of low-volatile 
cuticular hydrocarbons constituting the “colony odor” which, once learned by the workers, represents a neural 
template. Discrimining between colony mates and aliens is based on the qualitative and quantitative comparison 
of the hydrocarbons making up the colony odor (i.e., the template) with those of the encountered individuals, a 
mismatch usually resulting in aggressiveness11. The integration of myrmecophiles into ant colonies is based on 
the chemical similarities of their cuticular profiles with that of their host7,11 and/or the use of defensive strate-
gies. Chemical mimicry has been noted in lycaenid caterpillars, and the cuticular hydrocarbon profile of certain 
of them is sufficiently similar to that of the host ant brood to induce workers to carry them into their nests12,13. 
Acoustical signals can also be used; the caterpillars can even imitate those of their host ant queens, thus obtaining 
a high status in the host ant colony hierarchy14–16. The caterpillars of some lycaenids and riodinids have evolved 
several means of defense from ant attacks such as a very thick cuticle, a retractable head, and specialized exo-
crine glands that inhibit ant aggressiveness and, in certain subfamilies, attract/alert ants plus secrete nutritious 
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compounds. Most of them are herbivorous while others are predators of ant-attended hemipterans and still others 
are myrmecophagous and prey on the host ant brood or have evolved a cuckoo-like strategy4.

Specialized hemipteran feeders have also been noted in several moth families3, and the caterpillars of certain 
species are able to solicit honeydew from hemipterans17. Moreover, in the Cyclotornidae, the first instar cater-
pillars follow the tracks of Iridomyrmex ants to feed on attended leafhoppers; second instars trick these ants into 
transporting them to the nest where they feed on the ant brood and reward the workers with anal secretions18. 
Other cases of moth caterpillars living as brood predators in ant colonies are known3, but the cuckoo-like strategy 
has never before been noted.

Here we report such a case of a cuckoo-like strategy by the caterpillars of the noctuid moth Eublemma albifas-
cia in the nests of the African weaver ant Oecophylla longinoda. In the genus Eublemma, the caterpillars of most 
species are known to be specialized coccid predators3,19,20 that can be tolerated by the attending ants21,22; the ability 
to prey on sap-sucking hemipterans is considered one of the prerequisites in the evolution toward myrmecoph-
ily23,24. In addition to gathering information on the natural history of E. albifascia, we quantified the pressure the 
caterpillars exert on the host ant colonies and its consequences.

Methods
Study sites and focal species. Field studies were conducted from 205 O. longinoda colonies in Gabon 
(Forêt des Abeilles; 0°40′ S, 11°54′ E; five colonies) and in different sites in Cameroon: in the city of Yaoundé 
(03°52′ N, 11°31′ E; 39 colonies) and its surroundings including Batchenga (03°51′ N, 11°42′ E; 21 colonies), Kala 
(03°50′ N, 11°21′ E; 46 colonies), Matomb (03°53′ N, 11°14′ E; 34 colonies), Mbalmayo (03°29′ N, 11°30′ E; 14 colo-
nies), and Nkolbisson (03°59′ N, 11°28′ E; 32 colonies); and in areas close to Edea (3°47′ N, 10°08′ E; 11 colonies), 
Kribi (2°56′ N, 9°54′ E; seven colonies), Ebolowa (2°54′ N, 11°09′ E; five colonies) and Buéa (4°09′ N, 9°14′ E; four 
colonies).

Oecophylla longinoda, of the subfamily Formicinae, is a “territorially dominant arboreal ant species”1,25–28 
characterized by large, polydomous (multiple nests) arboreal colonies; the workers construct the nests by manip-
ulating larvae to glue leaves together with the silk they produce. Contrary to most formicine ants, the larvae 
pupate without enclosing themselves in silk cocoons. While plentiful in tree crop plantations where it is used as 
a biocontrol agent, in natural conditions this species occurs in relatively young or recently disturbed vegetation, 
whereas very old tropical rainforest trees rather shelter arboreal, carton-nesting Crematogaster spp.1,25–28.

As for most other ant species, Oecophylla workers cannot mate due to the lack of the appropriate appara-
tuses, but majors have fully functional ovaries and so can lay trophic eggs that are generally given to the queen. 
They produce unfertilized, chorioned eggs which can develop into fully functional males when the queen dies29. 
Because the colonies are very populous (more than 500,000 individuals1), it is difficult to conduct experiments 
on them. Swarms occur all throughout the year (AD, pers. obs.) which permitted us to compare the production 
of winged sexuals and moths.

In moths, the number of larval instars can vary intraspecifically. In the genus Eublemma (Noctuidae; 
Acontiinae), this number varies from eight to ten30–31 rendering it difficult to identify the different instars. 
Therefore, we differentiated only four “steps” in the larval life of E. albifascia (see Fig. 1 for the entire life cycle). 
Newly-hatched caterpillars, or first instars, develop into ≈  4 mm-long second instars frequently found among the 
ant brood. The “intermediary” instars are caterpillars 8–20 mm-long able to solicit trophallaxis from workers, the 
same being true for last instars, up to 40 mm in length, that then pupate.

Voucher specimens of ants, moths (identified by Dr. M.R. Honey) and parasitoid wasps (identified by Dr. J. 
LaSalle) were deposited in the Museum of Natural History, London.

The search for parasitized Oecophylla longinoda colonies. To evaluate the rate of parasitism by 
E. albifascia caterpillars, all of the nests of 205 O. longinoda colonies (N ≥  20 to avoid incipient colonies) on 
small trees (< 6 m tall) to permit easy access were first inspected externally to verify if clusters of Eublemma 
eggs had been laid on the leaves of the nests; if so, we counted the number of eggs. The nests were then opened 
to verify their content, including the presence of caterpillars (the last instars were counted), dealated queen(s), 
winged males and females as well as their pupae (plus large last instar female larvae). Although the ants were very 
alarmed, this process is not destructive (except for the colonies gathered for specific studies, see below) and the 
workers repaired the opened nests (see the opening of the nests and the observations inside artificial nests32). In 
addition, ≈  40 more colonies were inspected during preliminary and complementary studies.

Behavioral relationships between Eublemma albifascia caterpillars and Oecophylla longinoda 
workers. Laboratory studies were conducted on 13 O. longinoda colonies sheltering Eublemma albifascia cat-
erpillars gathered in Yaoundé or Nkolbisson to avoid a high rate of caterpillar mortality from being transported 
over a long distance. Nests were collected by cutting down the supporting branches using a clipping pole, putting 
them into plastic bags and taking them to the laboratory. They were installed in 40 ×  20 ×  5 cm plastic boxes with 
a transparent cover (which we covered with a screen outside of observational periods to keep the workers from 
occulting this surface with silk) opening onto a table through holes 0.8 cm in diameter permitting the passage of 
emerging adult moths. The bases of the legs of the tables were placed in boxes filled with oil to prevent the workers 
from escaping. Extrafloral nectar-bearing potted plants (Alchornea chordifolia or Hibiscus spp.) were placed on 
the tables to permit the workers to forage for nectar and honeydew as they attend scale insects on these plants. 
The workers wove new nests in the foliage of these plants. The colonies were also provided ad libitum with water, 
honey and prey (mostly cricket larvae and small mealworms).

Although the workers became quickly used to being observed, most of the inside nest observations were 
conducted at night using red lighting. Other observations were conducted between 8:00 and 12:00 to record the 
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number of cases when a major worker furnished trophic eggs to the queen in control colonies and to four last 
instar caterpillars in parasitized colonies.

To verify if E. albifascia caterpillars acquired the colony odor inside their host nests or, rather, have an intrin-
sic, appeasing odor for their host ants, we conducted two series of confrontation experiments based on the notion 
of colony mate recognition11. A control experiment was conducted using 40 O. longinoda workers transferred 
from one nest to another from the same colony and 40 others between two nests from two different colonies. We 
then transferred 20 caterpillars from one nest to another belonging to a neighboring, alien colony. Then, 20 other 
caterpillars were transferred from one nest to a distant one belonging to the same colony (two colonies used, one 
of them reared in artificial nests).

The impact of caterpillar pressure on the sex ratio in Oecophylla longinoda colonies. All of the 
nests from each colony were gathered, put into large plastic bags and transported to the laboratory where they 
were placed in a refrigerator. Then, we counted the caterpillars in parasitized colonies as well as the pupae and 
winged males and females in both types of colonies. While doing so, we noticed that parasitized colonies can 
have a queen morphologically similar to those in control colonies (thereafter “normal queens”) or a queen with a 
“contracted gaster” (Fig. 1).

We first used a general linear model (GLM) (R v. 2.14.2 software; R Development Core Team used for all sta-
tistical comparisons) to test the hypothesis that highly parasitized colonies (N =  8; they sheltered 131, 139, 144, 
151, 177, 184, 201 and 214 last instar caterpillars, respectively; Table 1) contained more males than did control 
colonies (N =  12; no caterpillar found whatever the instar; queens with a normal gaster). Because our response 
variable (i.e., the sex of the ants) was binary, we modeled it with a binomial error distribution and tested the effect 
of the presence of parasites on the probability of being a male. These two lots of colonies were composed of a 
similar number of nests (mean ±  SE: 28.75 ±  2.00 ‘nests’ per control colony vs. 29.50 ±  2.65 ‘nests’ per parasitized 
colony; t =  0.23; 18 df; P =  0.82).

Second, in the four parasitized colonies having a queen with a contracted gaster (i.e., containing 206, 241, 260 
and 274 last instar caterpillars, respectively; Table 1), the male pupae and adults were too numerous to be counted. 
So, we counted the pupae and winged females in the field and verified if worker pupae were present.

Third, the same process was applied to six parasitized colonies having lost their queen (i.e., containing 55, 64, 
69, 288, 235 and 359 last instar caterpillars, respectively); some nests belonging to the first three colonies were full 
of agglutinated cocoons (Fig. 1 and Table 1). The numbers of pupae and winged males and females, which corre-
spond to discrete, positive variables, were compared using a Poisson error distribution in a GLM.

After opening the nests of both the control colonies and the parasitized colonies, we noted the number of 
eggs surrounding the queen in each colony on an ordinal scale or gathered them using a fine paintbrush, and put 

Figure 1. Representation of the different phases in the life cycle of Eublemma albifascia. (a) Egg cluster 
(N =  113). (b) Second instar caterpillar transported by a minor worker. (c) Left, a trophallactic exchange 
between a last instar caterpillar and a major worker while another worker licks the cuticle of the caterpillar; 
right (see arrow), a worker imbibes the anal secretion of another last instar caterpillar. (d) Last instar caterpillars 
in a highly parasitized colony with many males. (e) A group of agglutinated cocoons. (f) An adult moth. (g) A 
drawing representing the contracted gaster of an Oecophylla longinoda queen in certain parasitized colony (I) 
and a “normal queen” in control colonies and other parasitized colonies (II).
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them into a box to be counted in the laboratory. To test the effect of parasites on the number of eggs, we used the 
non-parametric Wilcoxon rank test to account for the ordinal nature of the response variable (Table 1).

Starvation of Oecophylla longinoda queens in parasitized colonies. For two O. longinoda control 
colonies and four parasitized colonies bred in the laboratory, we conducted 54 series of 10-minute observations 
(9 h) during which we noted each time it occurred the duration of worker-queen trophallaxis in the former case 
and worker-caterpillar trophallaxis in the latter case (one caterpillar targeted in each colony during each obser-
vation session). The durations of the trophallaxis, an over-dispersed positive variable, were compared using a 
GLM with a quasi Poisson error distribution. The numbers of trophallactic events, a discrete and positive but not 
over-dispersed variable, were compared using a GLM with a Poisson error distribution.

For the same colonies, we also compared using a GLM with a Poisson error distribution the numbers of 
trophic eggs provided by major workers to the queens in control colonies and to caterpillars in parasitized colo-
nies (20 series of 10-minute observations per queen and per caterpillar).

Using a microscale (Mettler®  AE 260), we weighed minor, media and major workers, males, winged queens 
and mated queens (N =  10 in each case) taken from control colonies, and last instar caterpillars (N =  28) as well as 
“normal” queens (N =  5) and queens with a contracted gaster (N =  4) taken from parasitized colonies. The weight 
of 10 queens from control colonies and nine from parasitized colonies were compared with a classical GLM with 
a normal error distribution.

Control, non-parasitized colonies (all have a queen) Colonies parasitized by Eublemma albifascia pupae

No. of 
queens No. of ♂ No. of ♀

Σ♂/
Σ♀(n + w♀)

Sex 
ratio

Worker 
pupae

No. 
eggs*

No. of 
caterpillars 
per colony

No. of 
queens No. of ♂ No. of ♀ Σ♂/Σ♀

Sex 
ratio

Worker 
pupae

No. 
eggs*

1 0 672 0/672 0 Yes > 100 69 0 TNTC 0 TNTC/0 ∞ 0 / Orphaned colonies
Numerous moth
cocoons

1 1450 211 1450/211 6.87 Yes > 100 64 0 TNTC 0 TNTC/0 ∞ 0 /

1 766 428 766/428 1.79 Yes > 100 55 0 TNTC 0 TNTC/0 ∞ 0 /

1 199 1358 199/1358 0.15 Yes >100 359 0 TNTC 0 TNTC/0 ∞ 0 /
Fewer or absence of
moth cocoons1 344 1081 344/1081 0.32 Yes > 100 335 0 TNTC 0 TNTC/0 ∞ A few /

1 234 741 234/741 0.31 Yes > 100 288 0 TNTC 0 TNTC /0 ∞ A few /

1 865 1130 865/1130 0.76 Yes > 100 274 1* TNTC 10 TNTC/10 M-b A few 0

* Queen with a
contracted gaster

1 42 853 42/853 0.05 Yes > 100 260 1* TNTC 44 TNTC/44 M-b A few 0

1 80 273 80/273 0.29 Yes > 100 241 1* TNTC 22 TNTC/22 M-b A few 0

1 1137 3518 1137/351 3.24 Yes > 100 206 1* TNTC 6 TNTC /6 M-b A few 0

1 78 232 78/232 0.33 Yes > 100 214 1 793 140 793/140 5.66 Yes 22

Queen present,
its gaster seems
“normal”

1 305 479 305/479 0.64 Yes > 100 201 1 604 138 604/138 4.37 Yes 0

184 1 291 207 291/207 1.41 Yes 23

177 1 415 178 415/178 2.33 Yes ≈  30

151 1 303 262 303/262 1.16 Yes ≈  50

144 1 172 187 172/187 0.919 Yes ≈  60

139 1 670 83 670/83 8.08 Yes ≈  80

131 1 133 160 133/160 0.831 Yes ≈  80

249 1 Yes Yes Yes / A few 24

Only presence -
absence noted
Queen present,
its gaster seems
“normal”

230 1 Yes Yes Yes / Yes 0

191 1 Yes Yes Yes / Yes 28

169 1 Yes Yes Yes / Yes ≈  80

163 1 Yes Yes Yes / Yes ≈  50

155 1 Yes Yes Yes / Yes ≈  80

128 1 Yes Yes Yes / Yes ≈  50

121 1 Yes Yes Yes / Yes 17

112 1 Yes Yes Yes / Yes ≈  30

98 1 Yes Yes Yes / Yes ≈  50

86 1 Yes Yes Yes / Yes > 100

74 1 Yes Yes Yes / Yes ≈  60

49 1 Yes Yes Yes / Yes > 100

44 1 Yes Yes Yes / Yes > 100

Table 1. Composition of the colonies studied. TNTC: too numerous to count under field monitoring; M-b: 
male-biased situation; No. eggs*: number of eggs in the queen’s chamber. All parasitized colonies contained last 
instar caterpillars, but some with only second and/or intermediary instar caterpillars were recorded during the 
preliminary and additional studies.
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Results
The search for parasitized Oecophylla longinoda colonies. Of the 205 colonies monitored, 32 
(15.61%) were parasitized by E. albifascia caterpillars, all containing 44 to 359 last instar individuals during the 
campaigns of investigation (Table 1; colonies parasitized by only earlier instars noted during preliminary studies).

The number of E. albifascia eggs per cluster varied between 86 and 133 (mean ±  SE: 107.9 ±  3.5; N =  16; 
Fig. 1a). The highest number of last instar caterpillars per parasitized colony (335–359; Table 1) likely corresponds 
to three egg clusters laid concomitantly on different nests of the same colony (observed once). The lowest values 
(44 to 86 last instar caterpillars; Table 1), rather corresponded to clusters in which some eggs were parasitized by 
tiny parasitoid hymenopterans (Encyrtidae; Ooencyrtus sp.; emerging individuals were noted and captured once). 
Another parasitoid hymenoptera (Pedobius sp.; Elophidae) develops inside the caterpillars (individuals captured 
from laboratory-bred colonies).

Behavioral relationships between Eublemma albifascia caterpillars and Oecophylla longinoda 
workers. We noted from laboratory breeding that the O. longinoda workers seized just-hatched first instar  
E. albifascia caterpillars with their mandibles and transported them to their colony, placing them among the 
brood (Fig. 1b). Larger, second instar caterpillars, their pink color contrasting with that of the brood and the 
workers (Fig. 2a), can remain among the brood. There, to obtain food, they use their abdominal prolegs to anchor 
themselves on an ant larva and bend their body upwards so that their head and thoracic legs reach the mouth 
parts of passing worker nurses that regurgitate food. Still using their abdominal prolegs, these caterpillars can 
anchor themselves under a worker’s head and steal food during inter-worker trophallaxis or, anchored on a work-
er’s head, thorax or gaster, move their thoracic legs to obtain trophallaxis from passing workers (Fig. 2a). Larger 
intermediary and last instar caterpillars, their abdominal prolegs anchored on the substrate, quasi permanently 
solicit food (Figs 1c and 2b). They obtain both regurgitations and trophic eggs from Oecophylla workers which 
generally circle around the anterior part of their body, taking turns in furnishing food (Fig. 2b). The workers 
frequently lick the body of each caterpillar and recuperate anal secretions (Fig. 1c).

All 20 last instar caterpillars transferred between nests belonging to the same colony were gently seized by 
their thoracic legs by one or two major workers which pulled them backward inside the new nests. We saw that 
those introduced into an artificial nest recovered their food-soliciting behavior after a few minutes. On the con-
trary, all 20 caterpillars transferred to a nest from an alien colony were fiercely attacked, and then spread-eagled 
and killed by several workers (a common behavior in Oecophylla during predation or territorial conflicts1,25). 
Oecophylla longinoda workers transferred between two nests belonging to the same colony were ignored, while all 
those transferred to an alien colony were attacked, spread-eagled and killed.

When emerging from their cocoons (observed 52 times in laboratory breeding), the adult moths, their wings 
still folded and crumpled, crawled outside the nest and looked for an isolated area, generally by climbing on one 
of the potted plants placed on the table bearing the artificial nests. There, they spread their wings (see an adult 
moth Fig. 1f). Most of the O. longinoda workers ignored them; occasionally a major attempted to bite them, but 
its mandibles closed on the long deciduous scales that cover them. These workers then spent a long time cleaning 
their mandibles while the newly eclosed adult moths remained unmolested.

The impact of caterpillar pressure on the sex ratio in Oecophylla longinoda colonies. The num-
ber of last instar caterpillars represented a proxy of three levels of parasitism as the colonies can also shelter 
younger caterpillars. First, the queens in some parasitized colonies (i.e., 44 to 214 last instar caterpillars per 
colony; Table 1) seemed “normal” compared to those in control, non-parasitized colonies. Yet, colonies shel-
tering 131 to 214 caterpillars produced significantly more males than did the control ones, the sex ratio being 
male-biased (P <  0.001; Fig. 3a). Second, in parasitized colonies whose queen had a contracted gaster (i.e., 206 
to 274 last instar caterpillars per colony; Table 1; Fig. 1g) the sex ratio was strongly male-biased (Fig. 3a). Third, 
parasitized colonies having lost their queen were split into two lots: sheltering as many as 288 to 359 last instar 
caterpillars, or as few as 55 to 69 but with numerous agglutinated cocoons (Table 1 and Fig. 1e). This time, female 

Figure 2. Behavioral relationships between Eublemma albifascia caterpillars and Oecophylla longinoda 
workers. (a) A second instar caterpillar riding beneath a worker’s head. (b) An intermediary instar caterpillar 
involved in a trophallactic exchange with a major worker while a major worker is in the process of laying a 
trophic egg to be provided to the caterpillar (see arrow).
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pupae and winged females were absent, while males abounded, their number likely surpassing that of the workers 
(Fig. 1d).

To these three levels of parasitism corresponded the obvious scarcity or even the absence of eggs surrounding 
the queens in parasitized colonies, while the control queens were surrounded by several egg piles (more than 100 
eggs surrounding the queen in 12 cases out of 12 in the control colonies versus 3 cases out of 22 in parasitized 
colonies with a queen having a “normal” gaster; Wilcoxon rank test: P <  0.001; Table 1). Accordingly, we noted a 
significant decrease in the number of female pupae plus winged females at each step when comparing (1) control 
colonies to (2) parasitized colonies with a “normal” queen (P <  0.001), (3) to parasitized colonies whose queen 
had a contracted gaster (P <  0.001), and (3) to parasitized, orphaned colonies (P <  0.001; Fig. 3b).

Starvation of Oecophylla longinoda queens in parasitized colonies. The workers, engaged in feed-
ing the numerous caterpillars, completely neglected their queen. Moreover, each caterpillar benefited from sig-
nificantly more trophallaxis than did the queens in control, non-parasitized colonies (161.1 ±  6.79 vs. 97.3 ±  16.4 
trophallaxis for 9 h of observation; Z =  − 13.04: P <  0.001).Yet, the durations of worker-caterpillar trophallaxis 
were significantly lower than for worker-queen exchanges (1 to 268 seconds vs. 1 to 34 seconds; t =  − 17.29; 
P <  0.001). Concerning protein supply, the queens (with a “normal” gaster) in parasitized colonies were pro-
vided significantly fewer trophic eggs from major workers than were either the queens in control colonies or last 
instar caterpillars (P <  0.001), the difference between the two latter situations being non-significant (NS; Fig. 3c). 
Because the parasitized colonies contained 44 to 359 last instar caterpillars (not taking into account that younger 
caterpillars can be present) the queens of parasitized colonies were progressively starved. Accordingly, the queens 
in the control colonies were significantly heavier than the “normal” queens in the parasitized colonies (P <  0.001) 
and the queens with a contracted gaster (P <  0.001; Fig. 3d).

Because ants and moths are holometabolous and the diet of the E. albifascia caterpillars presents strong sim-
ilarities with that of their host O. longinoda, particularly the queens, we estimated the trade-off between the 

Figure 3. Comparisons concerning control, non-parasitized Oecophylla longinoda colonies and those 
parasitized by Eublemma albifascia caterpillars (Boxes represent the 25–75th percentiles, the bar inside 
the boxes the medians, and the whiskers the minimum and the maximum values; different letters indicate 
significant differences at P < 0.001). (a) Differences in sex ratio between control and parasitized colonies  
(i.e., the queens had a contracted gaster) (GLM with Binomial error distribution: Z =  22.19; P <  0.001).  
(b) Comparison of the number of winged females (adults plus pupae) between control colonies and parasitized 
colonies with a “normal” queen (GLM with Poisson error distribution; Z =  − 45.74; P <  0.001), with queens 
having a contracted gaster (Z =  − 31.14; P <  0.001) and with orphaned colonies (Z =  − 8.27; P <  0.001) 
(orphaned colonies: colonies having lost their queen). (c) Comparison of the number of trophic eggs provided 
by major workers to the queens in two control colonies, the queens in four parasitized colonies (with a normally 
developed gaster) and the caterpillars in these parasitized colonies (N =  20 in each of these 10 situations; GLM 
with Poisson error distribution; queens from control colonies vs. caterpillars: Z =  1.68; NS; vs. queens from 
parasitized colonies: Z =  − 4.92, P <  0.001). (d) Comparison of the weights of queens between control colonies 
and parasitized colonies with a “normal” queen (GLM with normal error distribution; t =  − 4.66; P <  0.001) and 
with queens with a contracted gaster (t =  − 13.33; P <  0.001).
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production of caterpillars and that of workers, males and winged females (Table 2). For example, feeding 44 
caterpillars (the lowest recorded value) corresponds to the production of 1,614.8 winged females or more than 
the maximum number of female pupae plus winged females noted in control colonies in a snapshot control 
(i.e., 1,358 individuals; Table 1); the highest number, 359 caterpillars, corresponds to the production of 13,175.1 
winged females or 9.7 times the above-cited maximum number.

Discussion
That E. albifascia caterpillars obtain food through a cuckoo-like behavior is, to the best of our knowledge, a new 
finding in moths and therefore represents an evolutionary convergence with lycaenid butterflies. Furthermore, 
second instar caterpillars, able to ride on the workers’ bodies, can steal food while their transporting worker is 
engaged in trophallaxis with a nestmate or are able to solicit passing workers and thus possess a set of behaviors 
reminiscent of that of myrmecophilous gamasid mites of the genus Antennophorus33. The intermediary-to-last 
instar caterpillars are not only provided energy-rich food by the workers lining up to feed them, they also obtain 
trophic eggs, something reported for lycaenids with a cuckoo-like parasitic behavior4,34.

Eublemma females short-circuit the adoption process by laying eggs directly on the ant nests, and just-hatched 
caterpillars are carried by ant workers inside their nest. The caterpillars of only a few Theclinae and Miletinae 
lycaenids are obligate parasites of ant colonies from their first instar onwards (i.e., without a phytophagous or a 
coccidophagous first phase35,36).

As shown for several intranidal myrmecophilous parasites, E. albifascia caterpillars likely acquire the specific 
colony odor inside their host ant nests; such mimicry results in their treatment as colony members3,4,13,18.

The cuckoo-like strategy leads the host O. longinoda colonies to ruin as the queen is neglected to the benefit 
of the E. albifascia caterpillars. Indeed, each of them seems to take the queen’s place, obtaining more trophic eggs 
and more trophallaxis (but for a shorter duration) than the queen in a control colony. Furthermore, this effect is 
multiplied by their number (44 to 359 caterpillars per colony). Consequently, E. albifascia caterpillars exert so 
strong a pressure on their host colonies that the process generally ends in the death of the queen and progressively 
of the colony. This is in contrast to the cuckoo-like myrmecophily of lycaenid caterpillars which has less delete-
rious consequences for their host colony, especially compared to those which prey on their hosts’ brood37. Also, 
P. alcon and P. arion caterpillars can imitate the acoustical signals of their host Myrmica queens, obtaining in this 
way a high status in the host ant colony hierarchy14,15.

As for myrmecophilous lycaenids4, E. albifascia caterpillars are regulated by parasitoid hymenopterans. 
Furthermore, E. albifascia is attacked by both egg and larval parasitoids, which may have had important conse-
quences on Oecophylla abundance at our study sites38.

Because O. longinoda queens are starved in colonies parasitized by E. albifascia caterpillars, their weight 
decreased and their gaster become contracted while the number of last instar caterpillars increase. So, the queens 
lay fewer and fewer eggs that are the vehicle for the pheromones that induce infertility in workers. Indeed, these 
inhibiting pheromones are composed of hydrocarbons that cover the eggs which are distributed to the differ-
ent nests of the colony39–42. Consequently, workers lay male-destined haploid eggs rather than laying trophic 
eggs. Accordingly, we noted a decrease in the number of winged females (pupae and adults) accompanied by an 
increased production of males, likely from workers, and, so, a change in the sex ratio. After the death of the queen, 
the workers continued to lay eggs and to produce males (see also Hölldobler & Wilson1), something that allowed 
the colony to invest its remaining resources before it vanished entirely.

In conclusion, the caterpillars of most Eublemma species (Noctuidae; Acontiinae) are specialized coccid pred-
ators3,19,20, the latter frequently found associated with ants, so that this ability is likely one of the prerequisites in 
the evolution toward myrmecophily21,22. Indeed, a convergence exists with the subfamily Melitinae (Lycaenidae) 
whose caterpillars are all aphytophagous; certain of them, specialized Hemiptera feeders, have derived semi-
ochemicals that lure ants, while others became parasites of ant colonies35.

References
1. Hölldobler, B. & Wilson, E. O. The ants (Harvard University Press, Cambridge, 1990).
2. Parker, J. & Grimaldi, D. A. Specialized myrmecophily at the ecological dawn of modern ants. Cur. Biol. 24, 2428–2434 (2014).
3. Pierce, N. E. Predatory and parasitic Lepidoptera: carnivores living on plants. J. Lepidopt. Soc. 49, 412–453 (1995).

Last instar caterpillars
Winged 
females Major workers

Media 
workers

Minor 
workers Males

3725.0 ±  224.7 101.5 ±  3.8 12.6 ±  0.38 7.9 ±  0.46 2.4 ±  0.09 7.1 ±  0.25

Proxy of ratios

One last instar caterpillar ≈  37 296 472 1552 525

x 44 ≈  1,615 13,008 20,747 68,292 23,085

x 159 ≈  5,835 47,006 74,971 256,781 83,419

x 359 ≈  13,175 106,133 169,275 557,198 188,349

Table 2.  Mean weight (±SE) in mg of last instar Eublemma albifascia caterpillars and the different castes 
and sub-castes produced by the host Oecophylla longinoda colonies and proxy of the equivalent number 
of individuals from these castes and sub-castes corresponding to the feeding of one caterpillar prior to its 
pupation as well as 44, 159 and 359 caterpillars (the minimum, the median and the maximum values noted 
for parasitized colonies).



www.nature.com/scientificreports/

8Scientific RepoRts | 6:23778 | DOI: 10.1038/srep23778

4. Pierce, N. E. et al. The ecology and evolution of ant association in the Lycaenidae (Lepidoptera). Annu. Rev. Entomol. 47, 733–771 
(2002).

5. Geiselhardt, S. F., Peschke, K. & Nagel, P. A review of myrmecophily in ant nest beetles (Coleoptera: Carabidae: Paussinae): linking 
early observations with recent findings. Naturwissenschaften 94, 871–94 (2007).

6. Cushing, P. E. Spider-ant associations: an updated review of myrmecomorphy, myrmecophily, and myrmecophagy in spiders. Psyche 
2012, ID 151989 (2012).

7. Lenoir, A. et al. Chemical integration of Thorictus myrmecophilous beetles into Cataglyphis ant nests. Bioch. Syst. Ecol. 51, 335–342 
(2013).

8. Thomas, J. A. & Elmes, G. W. Higher productivity at the cost of increased host-specificity when Maculinea butterfly larvae exploit 
ant colonies through trophallaxis rather than by predation. Ecol. Entomol. 23, 457–64 (1998).

9. Cammaerts, R. Regurgitation behavior of the Lasius flavus workers (Formicidae) towards the myrmecophilous beetle Claviger 
testaceus (Pselaphidae) and other recipients. Behav. Proc. 34, 241–264 (1995).

10. Passera, L. & Aron S. Les fourmis: comportement, organisation sociale et évolution (Les Presses scientifiques du CNRC, 2005).
11. Lenoir, A., d’Ettorre, P., Errard, C. & Hefetz, A. Chemical ecology and social parasitism in ants. Annu. Rev. Entomol. 46, 573–599 

(2001).
12. Akino, T., Knapp, J. J., Thomas, J. A. & Elmes, G. W. Chemical mimicry and host specificity in the butterfly Maculinea rebeli, a social 

parasite of Myrmica ant colonies. Proc. R. Soc. London B 266, 1419–26 (1999).
13. Akino, T. Chemical strategies to deal with ants: a review of mimicry, camouflage, propaganda and phytomimesis by ants 

(Hymenoptera: Formicidae) and other arthropods. Myrmecol. News 11, 173–181 (2008).
14. Barbero, F., Bonelli, S., Thomas, J. A., Balletto, E. & Schönrogge, K. Queen ants make distinctive sounds that are mimicked by a 

butterfly social parasite. Science 323, 782–785 (2009).
15. Thomas, J. A., Schönrogge, K., Bonelli, S, Barbero, F. & Balletto, E. Corruption of ant acoustical signals by mimetic social parasites -  

Maculinea butterflies achieve elevated status in host societies by mimicking the acoustics of queen ants. Comm. Integr. Biol. 3, 
169–171 (2010).

16. Sala, M., Casacci, L. P., Balletto, E., Bonelli, S. & Barbero, F. Variation in butterfly larval acoustics as a strategy to infiltrate and exploit 
host ant colony resources. Plos ONE 9, e94341 (2014).

17. Komatsu, T. & Itino, T. Moth caterpillar solicits for homopteran honeydew. Sci. Rep. 4, 3922 (2014).
18. Common, I. F. B. Moths of Australia (E. J. Brill and Melbourne University Press, 1990).
19. Bhattacharya, A., Jaiswal, A. K., Kumar, S. & Kumar, K. K. Management of lepidopteran insect predators of lac insect through habitat 

manipulation. Entomon. 31, 53–56 (2006).
20. Vu, N. T., Eastwood, R., Nguyen, C. T. & Pham, L. V. The fig wax scale Ceroplastes rusci (Linnaeus) (Homoptera: Coccidae) in south-

east Vietnam: pest status, life history and biological trials with Eublemma amabilis Moore (Lepidoptera: Noctuidae). Entomol. Res. 
36, 196–201 (2006).

21. Lamborn, W. A. On the relationship between certain West African insects, especially ants, Lycaenidae and Homoptera. Trans. 
Entomol. Soc. London 1913, 436–498 (1914).

22. Panis, A. Action prédatrice d’Eublemma scitula (Lepidoptera Noctuidae, Erastriinae) dans le sud de la France. Entomophaga 19, 
493–500 (1974).

23. Fiedler, K. The host genera of ant-parasitic Lycaenidae butterflies: a review. Psyche 2012, ID 153975 (2012).
24. Vantaux, A., Roux, O., Magro, A. & Orivel, J. Evolutionary perspectives on myrmecophily in ladybirds. Psyche 2012, ID 591570 

(2012).
25. Dejean, A., Corbara, B., Orivel, J. & Leponce, M. Rainforest canopy ants: the implications of territoriality and predatory behavior. 

Funct. Ecosyst. Commun. 1, 105–120 (2007).
26. Dejean, A. et al. The dynamics of ant mosaics in tropical rainforests characterized using the Self-Organizing Map algorithm. Insect 

Sc. doi: 10.1111/1744-7917.12208 (2015).
27. Dejean, A. et al. How territoriality and host-tree taxa determine the structure of ant mosaics. Sci. Nat. 102, 33 (2015).
28. Van Mele, P. A historical review of research on the weaver ant Oecophylla in biological control. Agr. Forest Entomol. 10, 13–22 (2008).
29. Hölldobler, B. & Wilson, E. O. Queen control in colonies of weaver ants (Hymenoptera: Formicidae). Ann. Entomol. Soc. Am. 76, 

235–238 (1983).
30. Esperk, T., Tammaru, T. & Nylin, S. R. Intraspecific variability in number of larval instars in insects. J. Econ. Entomol. 100, 627–645 

(2007).
31. Islam, M. D. A note on sex pheromone gland of Eublemma amabilis Moore (Lepidoptera: Noctuidae). Pakistan Entomol. 32, 111–115 

(2010).
32. Collet, J.-Y. The tree and the ants. Video movie 50′ , The Discovery Channel http://www.jeanyvescollet.com/les-films-extraits-

dossiers/95-films/extraits-flash/145-l-arbre-et-les-fourmis (1996). (Accessed: 4th January 2016).
33. Wheeler, W. M. Two new myrmecophilous mites of the genus Antennophorus. Psyche 17, 1–6 (1910).
34. Als, T. D. et al. The evolution of alternative parasitic life histories in large blue butterflies. Nature 432, 386–390 (2004).
35. Braby, M. F. Butterflies of Australia, their identification, biology and distribution (CSIRO Publishing, Collingwood, Australia, 2000).
36. Kaliszewska, Z. A. et al. When caterpillars attack: biogeography and life history evolution of the Miletinae (Lepidoptera: Lycaenidae). 

Evolution 69, 571–588 (2015).
37. Thomas, J. A. & Wardlaw, J. C. The capacity of a Myrmica ant nest to support a predacious species of Maculinea butterfly. Oecologia 

91, 101–109 (1992).
38. Grieshop, M. J., Flinn, P. W. & Nechols, J. R. Biological control of Indian meal moth (Lepidoptera: Pyralidae) on finished stored 

products using egg and larval parasitoids. J. Econ. Entomol. 99, 1080–1084 (2006).
39. Hölldobler, B. & Carlin, N. F. Colony founding, queen control and worker reproduction in the ant Aphaenogaster (=  Novomessor) 

cockerelli (Hymenoptera: Formicidae). Psyche 96, 131–151 (1989).
40. Endler, A. et al. Surface hydrocarbons of queen eggs regulate worker reproduction in a social insect. Proc. Natl. Acad. Sci. USA 101, 

2945–2950 (2004).
41. Holman, L., Jørgensen, C. G., Nielsen, J. & d’Ettorre, P. Identification of an ant queen pheromone regulating worker sterility. Proc R. 

Soc. London B 277, 3793–3800 (2010).
42. Van Oystaeyen, A. et al. Conserved class of queen pheromones stops social insect workers from reproducing. Science 343, 287–290 

(2014).

Acknowledgements
We are grateful to Andrea Yockey-Dejean for proofreading the manuscript and to C. Djiéto-Lordon for his 
participation in the fieldwork.

Author Contributions
A.D. conceived, designed and performed the experiments. A.D., B.C. and J.O. organized the data and wrote the 
manuscript. F.A. prepared the figures. B.H. analyzed the data. All authors reviewed the manuscript.

http://www.jeanyvescollet.com/les-films-extraits-dossiers/95-films/extraits-flash/145-l-arbre-et-les-fourmis
http://www.jeanyvescollet.com/les-films-extraits-dossiers/95-films/extraits-flash/145-l-arbre-et-les-fourmis


www.nature.com/scientificreports/

9Scientific RepoRts | 6:23778 | DOI: 10.1038/srep23778

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Dejean, A. et al. A cuckoo-like parasitic moth leads African weaver ant colonies to their 
ruin. Sci. Rep. 6, 23778; doi: 10.1038/srep23778 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/

http://creativecommons.org/licenses/by/4.0/

	A cuckoo-like parasitic moth leads African weaver ant colonies to their ruin
	Introduction
	Methods
	Study sites and focal species
	The search for parasitized Oecophylla longinoda colonies
	Behavioral relationships between Eublemma albifascia caterpillars and Oecophylla longinoda workers
	The impact of caterpillar pressure on the sex ratio in Oecophylla longinoda colonies
	Starvation of Oecophylla longinoda queens in parasitized colonies

	Results
	The search for parasitized Oecophylla longinoda colonies
	Behavioral relationships between Eublemma albifascia caterpillars and Oecophylla longinoda workers
	The impact of caterpillar pressure on the sex ratio in Oecophylla longinoda colonies
	Starvation of Oecophylla longinoda queens in parasitized colonies

	Discussion
	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                A cuckoo-like parasitic moth leads African weaver ant colonies to their ruin
            
         
          
             
                srep ,  (2016). doi:10.1038/srep23778
            
         
          
             
                Alain Dejean
                Jérôme Orivel
                Frédéric Azémar
                Bruno Hérault
                Bruno Corbara
            
         
          doi:10.1038/srep23778
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep23778
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep23778
            
         
      
       
          
          
          
             
                doi:10.1038/srep23778
            
         
          
             
                srep ,  (2016). doi:10.1038/srep23778
            
         
          
          
      
       
       
          True
      
   




