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Females of three butterfly species of 
the Ithomiinae (Lepidoptera: Nymphali- 
dae) are associated with raiding swarms 
of the army ant Eciton burchelli (Hyme- 
noptera: Formicidae) and feed on bird 
droppings in the swarm vicinity. Many 
species of birds, primarily in the antbird 
family, Formicariidae, deposit droppings 
as they follow swarms of E. burchelli 
to feed on insects flushed from the leaf 
litter by the ants (1). Thus army ant 
swarms provide a predictable source of 
nutrients as bird droppings, and the 
odors associated with the swarms may 
allow the butterflies to orient to the loca- 
tion of fresh droppings to feed. 

As a result of an initial observation 
that, at Finca La Selva in Costa Rica (2), 
females of three species of ithomiines 
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Fig. 1. Adult of Mechanitis lysimnia doryssus 
laying eggs on its Solanum host plant at Finca 
La Selva, Costa Rica. Larvae feed in groups 
and sequester poisonous compounds from the 
leaves, which provide protection from pre- 
dation by antbirds, as adults. 
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pH 7.7, which is the optimum for continued 
sperm motility. 
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(Mechanitis polymnia isthmia, Mecha- 
nitis lysimnia doryssus, and Melinaea 
lilis imitata) assembled in high densities 
at E. burchelli swarms and fed on bird 
droppings there, we undertook a 1-year 
study of the behavior, sex ratios, and 
turnover within such assemblages. From 
these data we sought clues as to the na- 
ture of associations between the ants, 
birds, and butterflies. 

Nonfloral feeding by adult Lepidop- 
tera is a poorly explored phenomenon (3) 
although it can have significant effects on 
reproductive biology. Reproduction in 
most kinds of butterflies is thought to be 
restricted by the amount of nitrogenous 
reserves accumulated during larval feed- 
ing (4, 5). Many butterflies, particularly 
temperate butterflies, feed primarily 
from flowers and thereby obtain sugar to 
provide metabolic energy. For these but- 
terflies, larval reserves are the major, if 
not only, source of nitrogenous materials 
available for egg production. When the 
butterfly emerges from the pupal case, 
the number of eggs to be laid is thought 
to be a finite number determined by the 
quantity of nutrients accumulated during 
larval feeding (4, 6, 7). This general life 
pattern does not hold for several groups 
of butterflies. Adult Heliconius (Nym- 
phalidae: Heliconiinae) butterflies use 
free amino acids in pollen to augment 
egg production, thereby extending their 
reproductive life (8). Other Neotropical 
butterflies, including the subfamily Ith- 
omiinae, feed on bird droppings, and it is 
believed that they are using uric acid or 
partly digested proteins as a source of 
nutrients essential for egg production (6, 
8, 9). Some ithomiine species are able to 
live at least 4 months (8), and probably 
produce egg clusters (Fig. 1) throughout 
their lives (10). If ithomiines depend on 
bird droppings as a nutritional resource 
necessary for prolonged egg production, 
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then selection should favor efficient ex- 
ploitation of predictable sources of fresh 
bird droppings. Raiding swarms of the 
army ant E. burchelli are such a predict- 
able source. 

At Finca La Selva, two other types of 
adult ithomiine groupings are knpwn to 
occur. Male butterflies may be found in 
high densities at certain species of plants 
which provide precursors for the sex 
pheromone [ithomiine males bear scent 
scales which Emit the sex pheromone (3, 
11, 12)]. In addition, there are courtship 
aggregations composed mainly of males. 
Both males and females are attracted to 
the courtship area (12); however, the sex 
ratio is strongly shifted toward males 
(Table 1). At ant swarms we find the only 
ithomiine aggregations with female-bi- 
ased sex ratios (Table 1). 

At dense ant swarms, a large contin- 
gent of female butterflies, approximately 
8 to 12 at one time, may be observed fly- 
ing low over the front of the swarm. As 
many as 30 individuals have been cap- 
tured over a period of a few hours. It is 
possible that many more individuals may 
bepresent at the swarm, since it is diffi- 
cult to see and capture butterflies in a 
dense forest habitat. The butterflies ex- 
hibit searching behavior, dipping down 
momentarily in the midst of the dense 
swarm, and occasionally stop to feed at 
fresh bird droppings. 

It appears that the butterflies are at- 
tracted from a large area to the swarms, 
possibly by some odor produced by the 

Table 1. Sex fitios (male:female). 
. At, 

Phero- Court- emer- Ant 
Species mone ship gence swarms 

plants groups from 
pupae 

M.polymnia 3':1 1: 13 10i99 60:64 
M. lysimnia 1:0 22:4 2:40 
M. lilis 1:0 3:2 5:31 1i$ 

Table 2. Abundances. 

Individuals 

Species (number per hoUr) Prob- abil- 
and sex Ant* Without ityt 

swarms antst 

M. polymnia Y 2.65 .256 .001 
M. polymnia 6$ .267 .341 .4 
M. lysimnia ? 1.07 .085 .01 
M. lysimnia 6 .054 .085 .3 
M. lilis $ .829 0 8 x 10-5 
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*Thirteen swarms, for a total of 37.4 hours. tFive 
sessions, for a total of 11.7 hours. tComputed 
by meahs of a t-test. Each swarm or session is treat- 
ed as one datum; these are used to compute the 
mean, weighted by the length of the session. 
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there. The antbirds associated with swarm raids of these ants provide a predictable 
source of droppings, an otherwise sparsely distributed resource. 
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ants. While it was not possible to test 
this directly, data were gathered as to the 
absolute abundance of Melinaea and 
Mechanitis in the presence and in the ab- 
sence of ant swarms (13). Table 2 shows 
that capture of new female individuals 
per hour is significantly higher at 
swarms, roughly ten times the capture 
rate in the absence of a swarm, suggest- 
ing that the butterflies are strongly at- 
tracted to the swarm area or remain in 
the area once encountered, or both. 
Since females lack scent scales, the pre- 
dominantly female concentrations prob- 
ably are not self-aggregating as are the 
courtship groups. The butterflies may be 
using the strong odors produced by E. 
burchelli swarms for orientation to the 
swarm area, although once in the swarm 
vicinity, other factors, such as visual 
cues, are important in locating bird drop- 
pings. 

We observed the behavior of the but- 
terflies briefly before capturing them. At 
ant swarms, 49 percent of the butterflies 
captured were involved in feeding be- 
havior; 26 percent were actually feeding 
on bird droppings, while the other 23 
percent were flying low over the ground 
and stopping to examine white spots, 
such as lichens or fungal mycelium, 
which resemble bird droppings. Of the 
remaining 51 percent, 37 percent were 
flying, 7 percent were sitting on leaves, 
and 7 percent were alternating between 
flying and sitting. Some of these 51 per- 
cent may also have beeii involved in 
feeding behavior at the swarm, although 
this was not observed in the brief inter- 
val before capture. 

Ithomiine butterflies are well-known 
aposematic models for mimicry com- 
plexes (14) and are not attacked by the 
insectivorous birds present at the 
swarms. Bird droppings at ant swarms 
could be a resource available only (i) to 
those butterflies and other large insects 
that are protected from bird predation by 
distasteful compounds or (ii) to palatable 
Batesian mimics of such species. 

Drummond (15) first reported the asso- 
ciation between butterflies and army 
ants. He observed females of Mechanitis 
lysimnia doryssus and M. polymnia isth- 
mia (16) following a swarm of E. bur- 
chelli in Honduras. Drummond hypothe- 
sized that the Mechanitis were attracted 
to the swarm by an odor that mimicked 
the courtship scent of the male butter- 
flies, thus explaining why only females 
were attracted to the swarm. Since 
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ship scent (12); thus his hypothesis does 
not explain why predominantly females 

Drummond made this hypothesis, it has 
been shown that Mechanitis males as 
well as females are attracted to the court- 
ship scent (12); thus his hypothesis does 
not explain why predominantly females 

are found at the ant swarms. While 
Drummond observed the same dipping 
flight pattern that we observed, he did 
not see them alighting to feed on bird 
droppings. 

Young (9), who did not observe the 
phenomena, responded to Drummond by 
suggesting the alternative hypothesis 
that "butterflies were being 'fooled' by 
the swarm raid odors. The odors of 
decay associated with the swarm raid 
triggered food searching behavior by 
these butterflies, causing them to follow 
the army ants." Our observations sug- 
gest that the butterflies are not being 
fooled at all, but rather take advantage of 
the swarm as a predictable source of an 
important nutrient. 

THOMAS S. RAY 
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Harvard University, 
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species. 

Lack (1) postulated that clutch size in 
birds is adjusted to the maximum num- 
ber of nestlings for which the parents can 
find food. Provided that clutch size is 

largely inherited (2), the most productive 
clutch size will, by the force of natural 
selection, be the commonest one (1). 
Here I further develop this hypothesis, 
and propose that in a bird population 
there is not only one optimal clutch size 
but many. The optimal strategy for the 
birds is to be highly flexible in their 
choice of clutch size, in order to adapt 
clutch size to available resources. Terri- 
tory quality is the most important factor 
in determining the optimum clutch size 
in territorial birds. 

To support this hypothesis I present 
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experimental field data from a breeding 
population of magpie Pica pica, showing 
that the optimal clutch size is n for birds 
that choose to lay n eggs, regardless of 
the actual value of n. Clutch size varia- 
tion between different birds in the same 
territory and the same birds in different 
territories indicates that 81 to 86 percent 
of the within-years variation in magpie 
clutch size is linked to differences in ter- 
ritories. Furthermore, the influence of 
exclusive foraging areas on clutch size 
variation is reduced in birds breeding in 
colonies, and this leads to a smaller 
clutch size variation in colonial than in 
territorial species. 

To analyze optimal clutch sizes in a 
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Adaptive Variation in Relation to Territory Quality 

Abstract. Reproductive output from enlarged or reduced magpie broods showed 
that each female generally lays a clutch of optimal size. This size varies considerably 
between females. Approximately 85 percent of the within-years variation in clutch 
size was associated with differences between territories. Colonial bird species, lack- 
ing individualforaging territories, have a smaller clutch size variation than territorial 
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