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M a n f r e d  V e r h a a g h

Pachycondyla luteola (Hymenoptera, 
Formicidae), an inhabitant of Cecropia 
trees in Peru
Abstract
Biological data of the rarely collected ponerlne ant Pachycon
dyla luteola (Roger, 1861) are presented. The „locus typicus" 
of this ant Is corrected to Sarayacu, a mission at the Rio 
Ucayali, Peru. The present known geographical distribution of 
the ant is limited to preandine lowland and submontane re
gions in Peru covered by evergreen and seasonal-evergreen 
tropical rain forest.
Ant colonies and colony founding queens were only found in 
the hollow stems of Cecropia trees and seedlings. The ants 
feed exclusively on Müllerian bodies produced by the plants in 
high numbers in special hair pads (trichilia) at the base of pe
tioles of young leaves. Ant queens already colonize very 
young plants. The older colony is supposed to be functional 
polygynous, because in one examined nest three physogastric 
queens were found together. This social status has been rare
ly encountered in ponerine ants, and certainly has been evol
ved in context with the unusual nest habit. The species build 
up colonies which belong to the largest known for ponerine 
species in the world (several thousands of workers, possibly 
even between 1 0 , 0 0 0  and 1 0 0 ,0 0 0 ).
The benefits to the plants seem to consist primarly in a good 
protection against herbivores, not only insects but also verte
brates, because the ant is armed with a powerful sting. The 
pain of its stings in humans lasts longer than known from any 
other ant, and any other Hymenoptera as well. It is concluded 
that the protection against large herbivores is an advantage 
especially for Cecropia trees that grow slowly in small forest 
gaps at low light intensities.

Kurzfassung
P a c h y c o n d y la  lu te o la  (Hymenoptera, Formicidae), eine 
Bewohnerin von Cecropien in Peru
Die selten gesammelte Ponerine Pachycondyla luteola (Ro
ger, 1861) ist bisher nur aus immergrünen bis saisonal-im
mergrünen Regenwäldern des vorandinen Tieflandes und der 
submontanen Zone Perus bekannt geworden. Als „Locus typi
cus“ dieser Ameise wird Sarayacu, eine Missionsstation am 
Rio Ucayali in Peru bestimmt.
Die Kolonien und koloniegründenden Königinnen der Ameise 
wurden nur in hohlen Stämmen von Cecropien-Bäumen und 
ihren Jungpflanzen gefunden. Die Ameisen fressen aus
schließlich Müllersche Körperchen, die die Pflanzen in großer 
Zahl in speziellen Haarpolstern (Trichilien) an der Basis junger 
Blattstiele produzieren. Die Ameisen-Königinnen besiedeln 
junge Cecropien bereits in einem sehr frühen Stadium. Die äl
tere Kolonie ist wahrscheinlich funktionell polygyn, da in ei
nem näher untersuchten Nest drei physogastrische Königin
nen zusammen lebten. Diese Form sozialer Organisation ist 
bei Ponerinen selten gefunden worden und scheint im Zusam
menhang mit der ungewöhnlichen Lebensweise entstanden 
zu sein. P. luteola baut Koloniestärken auf, die zu den größten 
unter den Ponerinen überhaupt gehören (mehrere tausend Ar

beiterinnen, wahrscheinlich sogar zwischen 1 0 . 0 0 0  und 
1 0 0 .0 0 0 ).
Der Nutzen für die Pflanzen liegt offenbar in einem guten 
Schutz gegenüber Herbivoren, Insekten wie Wirbeltieren, 
denn die Ameisen sind mit einem kräftigen Stachel ausgerü
stet, dessen Stich eine längere Wirkung erzielt, als von ir- 
géndeiner anderen Ameise oder Hymenoptere bekannt ist. 
Der Schutz gegen große Herbivoren scheint ein Vorteil spezi
ell für langsam wachsende Cecropien in kleinen Baumsturz
lücken im Innern des Waldes zu sein.

Resumen
P a c h y c o n d y la  lu te o la  (Hymenoptera, Formicidae), un 
habitante de C ec ro p ia  en Peru
Se presenta datos biológicos de la hormiga Pachycondyla lu
teola (Roger, 1861). Como „locus typicus“ de la hormiga esta 
fijado Sarayacu, una misión al lado del Río Ucayali en Peru. 
La distributión conocida se limite a bosques siempre verdes y 
estacional siempre verdes de la región preandina baja y sub
montañosa en Peru.
Las colonias de la hormiga y reinas colonizadoras fueron en
contradas solamente dentro de troncos huecos de arboles y 
arbolitos de Cecropia. Las hormigas se alimentan exclusiva
mente de los corpúsculos de Müller que las plantas producen 
a las bases des pecíolos entre cojines de pelos especiales 
(trichilia) en grandes cantidades. Reinas ya colonizan cecro- 
pias muy pequeñas. Presuntamente la colonia establecida es 
funcionalmente polygyna, porque en un nido examinado vi
vieron tres reinas fisogastricas juntas. Este modo de organiza
ción social es raramente encontrado en Ponerinae y parace 
ser evolucionado en relación con el tipo de nido. Las colonias 
de esta especie forman parte de las mas grandes conocidas 
en hormigas de la subfamilia Ponerinae (unas millares de tra
bajadoras, probablemente 1 0 .0 0 0 -1 0 0 .0 0 0 ).
Las plantas aprovechan de una buena protección contra ani
males herbívoros sea insectos o vertebrados porque las hor
migas tienen una lanceta muy efectiva. El dolor de las picadu
ras dura mas tiempo que en cada otra especie de hormiga o 
de cualquier otra Hymenoptera conocida. Esta concluido que 
la protección contre herbívoros grandes es una ventaja espe
cial para una especie de Cecropia que crece despacio en el 
interior del bosque con poca luz.
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1. Introduction

The biology of most of the hitherto approx. 2500 de
scribed neotropical ant species (K em pf  1972) is poorly 
known or even not at all. This holds true even for lar
ger species and includes such basic information as 
the nest site and nest type.
An astonishing example in this respect was, until re
cently, the ponerine Pachycondyla luteola. More than 
1 cm in size, it apparently got known to science for the 
second time 115 years after its discovery (leg. L. P ena 
1962). Ko e p c k e  (1972) reported for the first time that 
its colonies occupy a Cecropia and that two species of 
Icteridae (Clypicterus oseryi and Ocyalus latirostris) 
build their nests at leaves and petioles of Cecropia 
trees colonized by these ants. They are part of an inte
resting neotropical ant-plant-association and obviously 
build up the largest colonies among neotropical pone- 
rines, probably even outnumbering the populous colo
nies of nomadic Leptogenys species of South-East 
Asia (M a s c h w it z  et al. 1989). But nothing in detail 
was known about their biology up to the late 80s when 
Dav id so n  and co-workers started publishing results of 
their comparative work on ant-Cecrop/a-associations 
in south-eastern Peru (D a v id s o n  et al. 1988, 1989, 
1991, D a v id s o n  & F is h e r  1991, D a v id s o n  & M c K ey 
1993).
The observations on P. luteola presented here were 
made during a two-year-field study (1983 1985)
about the ant fauna at the biological station of Pangu- 
ana/Peru.

2. Taxonomy and Distribution

Taxonomy
Roger described this ponerine ant in the year 1861 from se
ven specimens under the name Ponera luteola in such a good 
manner that it can be recognized with great certainty already 
from his description. Very typical is the reddish brown or rusty 
color of the workers. Callow specimens are even yellow-red, 
hence the name. Workers are about 1.2 cm in size (combined 
head, thorax, petiolus and gaster length), the queens between 
1. 6  to more than 1. 8  cm, and dark brown coloured. In the origi
nal description Roger missed the weakly developed carina on 
the cheeks between the insertion of the mandibels and the 
compound eyes. This structure is better developed only in 
queens, and Emery (1890) was the first to mention it. This 
character sets the species between the species of the pantro- 
pical genus Pachycondyla (Smith, 1858) (=species without 
cheek carina) and the pure neotropical genus Neoponera 
(Emery, 1901) (=species with clearly developed carina), hen
ce explaining its taxonomic history:
Ponera luteola roger, 1861
Pachycondyla luteola (Roger 1863, Dalla Torre 1893) 
Neoponera luteola (Emery 1901, 1911, Kempf 1972)

Kempf (1964) already had profound doubts about the generic 
distinctness of Neoponera and Pachycondyla, and Brown 
(1973) proposed the synonymy of Neoponera and other pone-

rine genera with Pachycondyla. Hölldobler & Wilson (1990) 
followed Brown's opinion in their standard work.

Locus typicus
Roger (1861) closed his description as follows: „7 $ in der 
Kaiserlichen]. Sammlung zu Paris stammen von der Mission 
Sareyacu (Pampa del Sacramento) in Südamerika, von wo sie 
Mr. de Castelnau mitgebracht.“
The spelling of the location is wrong. The name should be cor
rectly the Quechua word „sarayacu“ (sara = maiz, yacu = wa
ter). The true position of this locality was never identified in the 
past. Roger (1863) himself believed it to be in Uruguay, 
Emery (1890) in Brazil (1911: Rio de Janeiro, Brazil), and 
Kempf (1972) in Bolivia. All interpretations turned out to be 
wrong shown at once by the label of a syntype in the Museum 
of Comparative Zoology at Harvard: „Pérou, Pampas del 
Sacramento, De Castelnau 1847“. This label must have been 
unknown to Roger and other myrmecologists.
In modern maps of Peru the mentioned pampas are not found, 
but in a map added to the book of Portillo (1901). Stiglich 
(1922) wrote about them: „Sacramento, chico y grande 
Hdas. en la Montaña de Paucartambo, Prov. de Pasco, Dist. 
de Ninacaca. Las Pampas del Sacramento son las vastas 
llanuras que se extienden al N y al E de la cuenca del Pachi-
tea y en ella están los salvajes cashibos.... “ Stephens &
Traylor (1983) defined this not sharply limited area accor
ding to the „Map of Hispanic America (MHA), American Geo
graphical Society, New York, 1922-1952“ as „SACRAMENTO, 
PAMPA DEL; Loreto/San Martin ca. 400-500 m in plain E of 
Cordillera Azul, leftbank of Rio Ucayali drainage." Ortiz 
(1974) gave a report about the discovery of this vast plain 
(=pampa), completely covered with forest, by some Francis
can friars on Corpus Christi Day (=dia del sacramento) in 
1726.
The mission Sarayacu was founded in 1791 by the Franciscan 
Francisco Girbal on the left bank of the Ucayali. It is situated 
at the northern border of the Pampas del Sacramento on a litt
le elevation (165 m a.s.l.) on the right side of a little affluent 
(Caño Sarayacu) about 10 km apart from the Ucayali itself 
(Stiglich 1922). The next larger settlement is Orellana about 
20 km to the south. Stephens & Traylor (1983) gave the co
ordinates with 6°44’S, 75°06’W and the altitude of 125 m a.s.l. 
according to the MHA. That is probably the altitude of the 
mouth of the caño into the Ucayali. Ortiz (1974) reported the 
arrival of de Castelnau to the mission (tome I: 304): „El año 
1846 recibe [el padre Plaza] en Sarayacu al expedicionario 
francés Castelnau..."

Distribution of P a c h y co n d y la  lu teo la
P. luteola is known only from the following locations in Peru: 
Sarayacu, Dep. Loreto (165 m); Panguana, Dep. Huánuco 
(220 m); Pozuzo, Dep. Cerro de Pasco (600 m), leg F. Gestr 
IV. 1985 and donated to the author; Cocha Cashu, Manu, 
Dep. Madre de Dios (400 m), leg. D. Davidson XI. 1985 (see 
also Davidson et al. 1991, Davidson & Fisher 1991); Quince- 
mil, Dep. Cusco (750 m), leg L. Pena XI. 1962 and IX. 1967; 
and Tambopata (200 m), Dep. Madre de Dios (Davidson et al. 
1991, Davidson & Fisher, 1991). Thus, the geographical dis
tribution of P. luteola so far known is confined to evergreen 
and seasonal-evergreen tropical rain forest of the lowland and 
submontane region of preandine Amazonian Peru (fig. 1). 
Specimens are deposited in Musée d‘ Histoire Naturelle, Pa
ris, Museum of Comparative Zoology, Cambridge, Mass., and 
Staatliches Museum für Naturkunde Karlsruhe.
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Plate 1. a) C ecrop ia  te ssm a n n ii with a colony of P achycondy la  lu teo la  in the garden of the biological station Panguana, b) Workers 
of P  lu teo la  on the stem of the host C ecrop ia . Note Mullerian bodies (M.b.) in trlchlllum at the base of petiole (bottom), the worker 
with a recently harvested M.b. between the mandibles (middle), and the entrance of the nest (top), c) Look in the interior of an 
internodium of the C. te ssm a n n ii with numerous M.b. and larvae between them, d) Single larva feeding on M.b.
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3. Study site and Material

Study site
The biological station Panguana (9°37’S, 74°56’W, Departa
mento Huánuco) is situated at 220 m a.s.l. at the left bank of 
the Rio Yuyapichis, an affluent of the Rio Pachitea. The aver
age rainfall (7 years measurement) is 2403 mm (minimum 
1998 mm, maximum 3004 mm), with 80% falling during the 
rainy season between October and April. The mean annual 
temperature at the forest border (station) is approx. 25 °C. For 
further details about the climate and soil types of Panguana 
see H a n a g a r t h  (1981) and Ró m b k e  &  V e r h a a g h  (1992).
The vegetation zone at Panguana is classified as preandine 
hylaea (H u e c k  1966); the region is naturally covered by sea
sonal-evergreen tropical rain forest (terra firme) and, to a 
small degree, by different inundation vegetation types (mator
rales, H a n a g a r th  1981). There are different anthropogeic bio
topes (pastures, plantations, and secondary forests in different 
stages of succession) near the station, too.

Material
The results presented here are based on 6  collected or ob
served colonies, 8  colony-founding queens and 6  solitary 
queens. Voucher specimens are deposited under the indica
ted field numbers in the collection of the Staatliches Museum 
für Naturkunde Karlsruhe.
VFor 237 (25.7.83): 25 from a colony on a 4-5 m high 
Cecropia in a recent clearing of primary forest (total colony 
size was estimated to at least 2000 individuals). The ants re
mained on the cut Cecropia for approx, one week then disap
peared with the whole brood. Whether they left the host plant 
with their brood or were eaten by animals is not known.
VFor 225 (5.10.83): 1 dealated 9 , solitary on a scrub in the 
garden behind the station.
VFor 433 (4.4.84): 1 $from a colony in dense, 3-year-old se
condary growth with numerous Cecropia.
VFor 456 (17.4.84): 1 alated 9 , at the station hut before noon. 
VFor 489 (29.5.84): 1 dealated 9  with two larvae and 6  eggs in 
the topmost internodium of a 70 cm high Cecropia in a secon
dary growth (no Müllerian Bodies, M.b. inside, but some in leaf 
trichilia). The internodium below contained a young nest of a 
Camponotus (Tanaemyrmex) species.
90/335 C-P (9.7.84): 1 dealated 9 with 7 pupae, 7 larvae and 9 
eggs in 45 cm height in a young Cecropia in secondary 
growth. Three internodia (total length 7 cm) were connected 
by holes in the nodial septa, a 6  x 3 mm large entrance was in 
the topmost internodium; no M.b. were found inside.
VFor 940a (3.4.85): 1 dealated 9  at 6  p.m. at the stem of a 
Cecropia in the garden of the station (see VFor 940c). Held 
permanently contact with some workers through antennation. 
Also mutual oral contact was observed but no exchange of re
gurgitated food.
VFor 940b (19.4.85): 2 dealated 9 9  (one of them still with wing 
remains) in close vicinity to the Cecropia in the garden but hid
den in a rotten palm stem from which the Cecropia grew. One 
of them left the hiding-place loudly stridulating when disturbed. 
VFor 940c (19.4.85): Complete nest from a 1.60 m high 
Cecropia (plate 1a, the same plant as VFor 940a,b) in the gar
den of the station (the plant was cut, put in a plastic bag and 
then poisened): 3 dealated physogastric 9 9 , 230 +/- 5 $$, 1 not 
yet fully coloured <J, 163 pupae, 241 larvae, 347 eggs, approx. 
5800 M.b. (tab. 1), remains of an alien ant male and of a tree 
hopper (Membracidae), 1 living mite (Galumnidae, Oribatei). 
The bottom 80 cm of the plant were small, woody and uninha

Figure 1. Geographical distribution of Pachycondyla luteola in 
Peru: 1 -  Sarayacu (Rio Ucayali); 2 -  Panguana (Rio Yuyapi
chis), 3 -  Pozuzo; 4 -  Cosha Cashu, Manu Park; 5 -  Quince- 
mil; 6  -  Tambopata Reserve.

bited. The wider, inhabited 18 internodia (tab. 1) were all 
connected by holes in the nodial septa. The youngest inter- 
nodium at the peak was still empty. The actual entrance was 
in the topmost inhabited chamber, but the lower ones still 
showed the pits of the former entrances, and occasionally the 
plant had two entrances. This slowly growing Cecropia had 
been colonized at least since a height of 50 cm.
VFor 1033a-d (12.5.85): 4 dealated 9 9  from one 20 cm high 
Cecropia with only 5 internodia from a small gap in a 20-year- 
old secondary forest; only the internodia 2 and 3 were inter
connected by holes in the nodial septa:
a) In internodia 2 and 3 (counted from the bottom), 1 9  with 1 
pupa, 9 larvae and 5 eggs. The larvae fed on M.b.; there were 
numerous mites (deuteronymphs of Tyroglyphidae, Acaridiae, 
Sarcoptiformes) inside the nest.
b) In the internodium above, 1 9  without brood and M.b.
c) In the top most internodium, 1 9  without brood but 4 M.b.; 
there were also some mites (Tyroglyphidae) in this internodi- 
um. All three 9 9  had an entrance to the Cecropia for their own, 
in which often the head or antennae were seen. Knocking at 
the Cecropia occasionally caused them to leave the interior.
d) A fourth 9  sat in front of the Cecropia on the forest ground 
and was stridulating. This specimen carried several phoretic 
Tyroglyphidae on the body.
VFor 1034 (12.5.85): 1 dealated 9  with 9 pupae, 13 larvae and 
12 eggs, but no M.b. in a 35 cm high Cecropia close to VFor 
1033. The 4 topmost internodia were interconnected by holes 
in the nodia. The entrance (in the topmost internodium) was 
closed by a plug of soft material (chewed parenchym?).
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Table 1. Distribution of brood and Mullerian bodies (M.b.) in 
the internodes (IN) of Cecropia tessmannii inhabited by 
Pachycondyla luteola (nest VFor 940). Numbers of internodes 
(IN) from top to bottom; magnitudes for M.b.: I = 1-100, II = 
101-1,000; III = 1,001-2,000; size of larvae arbitrarily divided 
into large, middle sized, and small.

IN M.b. brood remarks

1 II inner 0 =3 . 3  cm, 
4 cm long

2 II none
3 III none IN 1/3 filled
4 II large larvae
5 II large larvae
6 I large larvae/pupae
7 I large larvae/pupae
8 I large larvae/pupae IN nearly filled
9 I large larvae/pupae IN nearly filled
1 0 I large larvae/pupae IN nearly filled
1 1 I large larvae/pupae IN nearly filled
1 2 I large larvae/pupae IN nearly filled
13 I large larvae/pupae IN nearly filled
14 II small/middle sized larvae
15 III eggs
16 I eggs/small larvae
17 I eggs/small larvae
18 I few small larvae water in IN; 

inner 0 = 1 . 8  cm, 
4.5 cm long

VFor 1043 (12.5.85): 1 dealated j  without brood nor M.b. in 
the middle of three internodiums of a 20 cm high Cecropia in 
river bank vegetation (matorral) with the up to 1 1  m high grass 
Gynerium sagittatum. In the bottom internodium with closed 
entrance a dealated $ of Azteca sp. with eggs was found.
VFor 1045 (11.5.85): 1 $ from a colony on Cecropia in primary 
forest in a small gap caused by numerous colonies of Myrme- 
lachista sp. on Cordia and Duroia trees.
VFor 1056 (14.5.85): 1 dealated $ without brood but some 
M.b. in a 1 m high Cecropia at the transition of matorral and 
terra firme forest.
VFor 1251 (1.7.85): 56 ¡g, 69 pupae and 45 larvae from a nest 
(the rest of the completely sampled nest got lost) on a 2.5 m 
high Cecropia in primary forest in a nearly overgrown gap with 
Cordia and Duroia trees. Nesting scheme similar to that de
scribed from VFor 940c. Entry to the nest was in the topmost 
inhabited internodium. Brood was separated in pupae, larvae 
and eggs, too. There was no hint to other food than M.b. in the 
interior of the Cecropia. One worker held the head of a worker 
of Cephalotes atratus between its mandibles.
A further colony inside the primary forest could be shortly ob
served during a forest walk. The stem of the approx. 10 m 
high Cecropia was densely covered by workers. I estimate 
that this colony might have reached a number of approx. 
1 0 , 0 0 0  workers.

4. Results and Discussion 

Nest, and colony founding
Pachycondyla luteola was regularly found in the vicini
ty of Panguana, although it was never especially 
searched for. Koepcke (1972) examined 6 colonies in 
Panguana. The ant colonies lived exclusively on 
Cecropia trees (plate 1). Whether this was only one 
Cecropia species or more could not be verified as 
Cecropia seedlings often resemble each other. As far 
as noted, the young colonized Cecropia trees were 
densely covered by rather long, stiff hairs (plate 1b). 
The local people know both the ant and the Cecropia 
on which it lives as „pungara“ According to Ferreyra 
(1970), the Cecropia called „pungara“ in Peru is 
Cecropia tessmannii Mildbr., but this still lacks confir
mation. Berg (1978) questioned the specific distinct
ness of C. tessmannii from C. membranácea Trécul. 
P. luteola is also not uncommon in the vicinity of Cos- 
ha Cashu, Manu Park, and the Tambopata Reserve, 
as Davidson and co-workers examined 28 established 
colonies on C. tessmannii and 42 foundresses or inci
pient colonies on C. tessmannii, respectively 18 on C. 
membranácea (Davidson et al. 1991, Davidson & Fis
her 1991). According to these authors, C. tessmannii 
and C. membranácea look very similar but have diffe
rent ecological demands, C. tessmannii being a sha
de-tolerant, very slowly growing species typical for 
small forest gaps and edges of forest swamps (agua
jales) of which only seedlings can be found in clea
rings and riverine vegetation. In contrast, C. mem
branácea, is a fast growing, light-demanding species 
of stream and river bank disturbances and clearings 
which cannot survive under light limited conditions. In 
comparison with C. membranácea, C. tessmannii has 
shorter internodes, larger Müllerian bodies (0.16 mg 
dry weight versus 0.09 mg), starts earlier with produc
tion of M.b. (on the average with the 6th leaf when 
seedling still has not reached 10 cm height versus C. 
membranácea that on average starts production of 
M.b. with the 16th leaf; Davidson et al. 1991, David
son & McKey 1993). These authors found larger, 
established colonies only on C. tessmannii that grew 
in small forest gaps. Foundresses of P. luteola on C. 
membranácea, however, either died (possibly be
cause of limited food supply) or were replaced by fa
ster growing Azteca colonies on the same plant. In 
their investigation 90% of established C. tessmannii 
were colonized by P. luteola and 10% by Camponotus 
balzani, but both species excluded each other on the 
same tree. Davidson et al. conclude that the long stiff 
hairs on the stem and, especially, the urticating hairs 
around the large prostomata favour large-bodied P. lu
teola queens over smaller-sized Azteca queens in C. 
tessmannii. But C. membranácea exhibits the same 
traits and is regularly occupied by Azteca alfari, A. 
xanthochroa and Camponotus balzani as are other ra

©Staatl. Mus. f. Naturkde Karlsruhe & Naturwiss. Ver. Karlsruhe e.V.; download unter www.zobodat.at



V e r h a a g h : P achycondyla  (Formicidae), Peru 219

pidly growing Cecropia species, too (Davidson et al. 
1989, 1991, Davidson & Fisher 1991, Davidson & 
McKey 1993).
Keeping these results in mind, most likely the Cecro
pia trees in Panguana colonized by P. tuteóla were in
deed C. tessmannii, and probably only a few C. mem
branácea (e.g. VFor 489, and 90/335 C-P from secon
dary growth, and VFor 1043 and VFor 1056 from the 
matorral). Only in two of the examined Cecropia other 
ants were found besides P. luteola (once Camponotus 
sp. and once Azteca sp., both in presumed C. mem
branácea). The young trees were already colonized by 
the foundresses when only few (4-5) internodes were 
present, and it happened that several queens coloni
zed the same plant. Ant queens shed their wings after 
mating and search for a young Cecropia with still unin
habited internodes. Some also obviously seek reception 
in yet established colonies, and it seems reasonable to 
speculate that they even do this in the mother nest.
In all cases observed, the young queens entered the 
internodium through the prostoma, a thin preformed 
spot in the wall of each internodium, that is easily 
gnawed by the ants to make a round or elliptical (up to 
6 x 3  mm) entrance (plate 1b). Queens primarly colo
nized only one internodium and normally did not close 
the prostoma as do Azteca queens with chewed pa
renchyma (however, see the observation with VFor 
1034). They harvested M.b. very early and fed them to 
the young larvae and certainly consumed them their- 
selves (see VFor 1033 a,c). Queens of ponerine spe
cies have to nourish themselves during colony foun
ding because they are not supplied with great 
amounts of reserve material as queens of many myr- 
micine, formicine and dolichoderine species are. Co
lony founding queens of Pseudomyrmex ferruginea 
also regularly leave the swollen thorns of acacias to 
collect Beltian bodies (Janzen 1967). The observa
tions on foundresses of P. luteola made by Davidson 
et al. (1991) and Davidson & Fisher (1991) were simi
lar to the results from Panguana. They state that co
lony growth is very slow and possibly depends on the 
production of M.b. They found colonies with as few as 
2 - 4 workers a full year after colonization. Colony 
growth might also depend on the rate of parasitation of 
the pupae by parasitoids (Chalcidoidea) that have 
easy access to the brood because of the unclosed 
prostoma (Davidson & Fisher 1991).

Polygyny
Multiple colonization of young trees of different Cecro
pia species by queens of one or several different ant 
species is not uncommon, but normally only one co
lony survives with one queen (e.g. in Azteca). Deadly 
fights between the colony foundresses are indicated 
by the carcasses of Azteca or queens of other species 
often found inside the internodia. Obviously, P. luteola 
queens avoid deadly fights among each other - car

casses or body parts were never found. Possibly, the 
young colonies on the same Cecropia later fuse, as it 
is known from the obligate Acacia inhabitant Pseu
domyrmex venefica, too (Janzen 1973). The result 
would be a polygynous colony.
The strongest hint pointing to a polygynous colony 
form are three dealated queens found in the complete
ly examined colony on a C. tessmannii in the garden 
of the station (VFor 940c, plate 1). All three queens 
were physogastric. Because of the tubular construc
tion of the 3rd and 4th abdominal segment this is indi
cated in ponerine ants by the telescopically spreading 
of the abdominal segments and the protruding of the 
intersegmental membranes. Physogastry was especi
ally distinct in comparison with virgin not egg laying 
alated or dealated queens showing a „normal“, non- 
physogastric abdomen. The dissection of two of the 
three physogastric queens revealed that the ovaries 
were fully developed and mature eggs were present. 
As the third, not dissected, queen showed an identical 
enlarged abdomen I assume that the colony had three 
reproductive queens at the time of examination. Unfor
tunately, it cannot be stated whether the queens stay
ed together or separately in the nest. All internodia of 
the Cecropia were interconnected by holes in the 
nodal septa, and eggs were found in three neighbou
ring internodia (tab. 1).
The observation at this nest on April 3rd, 1985 of a de
alated queen communicating by antennal and oral 
contact with workers on the Cecropia stem may have 
been part of an adoption process of an alien queen. 
The colony did not yet produce queens on its own 
(there was only a single callow male inside when the 
nest was examined). Two other dealated queens were 
observed at the base of the same Cecropia on April 19 
and April 20, 1985, possibly indicating that such adop
tion processes occur regularly.
Besides these observations, there are good theoretical 
reasons why P. luteola colonies are likely to be poly
gynous.Functional polygyny (facultative or obligatory 
one, for definitions see Buschinger 1974) in which all 
queens of a colony contribute to the reproduction of 
alates can be achieved in different ways within an ant 
colony (Holldobler & Wilson 1977,1990):
-  Several queens found a new colony together (= 

pleometrosis and primary polygyny).
-  Queens found colonies independent from one each 

other, and later colonies adopt alien or own fertilized 
queens (= haplometrosis and secondary polygyny).

-  Fertilized queens leave the nest with a number of 
workers for new nesting sites (= budding). Often, 
the daughter-colonies stay in contact with the mo
ther-colony, thus resulting polydomous colonies.

Pleometrosis and primary polygyny have been inter
preted in several cases to maximize fitness during the 
difficult period of colony founding, but often only one 
queen survives the fights which start later when colo
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nies grow (see e.g. T s c h in k e l  & H o w a r d  1983, Ris- 
sing  & Po llo c k  1987). Transitions from primary to se
condary polygyny are observed in species in which 
queens found colonies independently but young colo
nies soon fuse and later adopt additional queens, too. 
This is the case, for example, in Pseudomyrmex vené
fica living on bull-horn acacia (Jan zen  1973).
In most cases of permanent, i.e. secondary polygyny a 
selective advantage for the colony as a whole is sup
posed (group selection; O ster  & W ilson  1978) which 
surpasses the importance of the kin selection (e.g. Bu- 
SCHINGER 1974, HÓLLDOBLER & WILSON 1977, NONACS 
1988). That means, the adoption of new, mostly alien 
queens must have advantages for the established co
lony and for the queens seeking adoption, as well. For 
the foundresses the chance for reproduction seems to 
be better in an established colony because nest sites,
i.e. young Cecropia are limited in number. For colo
nies, in general, a number of ecological reasons are 
discussed in which a polygynous social organization is 
favored (see e.g. W ils o n  1963, 1971, 1974 J a n z e n  
1973, BUSCHINGER 1974, HÓLLDOBLER & WILSON 1977, 
1990, W a r d  1983, V ar g o  1988). For P. luteola the fol
lowing reasons are likely to be important:
1. While the reproductive capacity of most ponerine 

queens is rather limited (in comparison to ant spe
cies from other subfamilies) polygyny enables a po
nerine species to increase its colony size rapidly 
enough which, on the other hand, is necessary for 
complete occupation and defense of the steadily 
growing nest {^Cecropia tree).

2. Polygyny prolongs the lifetime of a colony indepen
dently of the individual lifetime of the single queen. 
Thus, a Cecropia can be colonized by the same co
lony over several decades.

3. The Cecropia trees occupied by P. luteola are long- 
living nest sites but unpredictable in space and limi
ted in number.

4. The effective breeding size of the population increa
ses which is especially important for rare species 
and those limited to very special or rare habitats.

At present it is not known whether the supposed poly
gyny in P. luteola is an obligatory or a facultative one, 
in the latter case being a plastic response to a different 
resource availability (i.e. amount of production of M.b.) 
or competiton (i.e. for limited Cecropia number) as ob
served in several plant-ants (see literature in D a v id 
son  & M c K ey 1993).
The estimated number of up to 10,000 or more wor
kers within colonies on adult Cecropia trees is very un
usual for ponerines. Da v id s o n  & M c K ey  (1993) even 
estimate colony sizes up to 100,000 workers on ma
ture C. tessmannii trees that reach a stature of 30 - 35 
m after several or even many decades. Thus, they 
constitute the largest ponerine colonies in the neotro- 
pis, possibly even in the world, rivaling with nomadic 
Leptogenys colonies in South-East Asia (M a s c h w it z

et al. 1989). Reasons for the normally small colony 
size (several dozens to some hundreds; W ilso n  1971, 
H ô lld o b le r  & W ilson  1990) in ponerines are:
1. Colonies most frequently are monogynous (for excep

tions see e.g. W ard  1981, P eeters  & C rew e 1985).
2. Queens most often do not differ very much in size 

from that of the workers and are often replaced by 
ergatogynes or gamergates (= reproductive indivi
duals with worker-like habits; e.g. P ee te r s  & C ree - 
WE 1985, WlLDMAN & CREWE 1988).

3. Ponerine species are mainly predacious and often 
restricted in their diet (see overwievs in B rian  1983 
and Hô lld o b le r  & W ilso n  1990).

4. Hunting and prey transport is mainly done by single 
workers or by just some few after tandem recruit
ment. Group and mass recruitment are seldom de
veloped (e.g. in Megaponera, Pachycondyia, Lepto
genys, Ectatomma) and is often associated with a 
special diet (e.g. very large prey, or other social in
sects) and/or nomadic behaviour (W h e e le r  1936, 
W ilson  1958, 1971, H ô lld o b le r  & W ilson  1990).

The first two points limit the egg production, the third 
and fourth the food supply for the brood. All points to
gether result in small to medium colony sizes. Excep
tions like nomadic monogynous Leptogenys species 
(M a s c h w it z  et al. 1989) are certainly not food restric
ted, and in P. luteola, possibly all four points do not 
match: Colonies are supposingly polygynous, queens 
and workers differ quite much in size, the ants feed 
exclusively on a plant product which is always availa
ble (see below), and the ants must not hunt but just 
collect M.b. from the plant.

Nutrition
Obviously, P. luteola’s diet consists exclusively of Mül
lerian bodies (M.b.), which are produced in special 
hair pads (trichilia) at the base of the petioles (plate 
1b). Analyses of M.b. of Cecropia peltata revealed 
that, in contrast to other cells of Cecropia containing 
starch as reserve carbohydrate, they are rich in glyco
gen that is stored in plastid dérivâtes (R ickso n  1971). 
Because M.b. also contain protein and lipids, Cecropia 
trees offer their ants a complete diet, which makes 
them independent of other nutritional resources.
M.b. produced by Cecropia tessmannii are white and 
average 1.0 x 1.3 mm in size (plate 1c,d). They weigh 
on average 0.16 mg, i.e. they have double or triple the 
size of those of most other Cecropia species mainly 
colonized by Azteca ants. More than 50% of the trichi
lia of a plant were actively producing M.b. in green
house experiments, and production was declining with 
leaf age (D a v id s o n  et al. 1991, D a v id s o n  & F isc h e r  
1991). Therefore, it is not surprising that the ants al
ways shift the nest entrance to the topmost internodia 
close to the most productive trichilia. For P. luteola 
foundresses it might even be vital to stay outside the 
plant as short time as possible.
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Workers of P. luteola pull the M.b. with their mandibles 
out of the trichilia as soon as they are ripe and project 
from the hairs. Sometimes they even try to pull them 
out when they still deeply stick in the trichilia (same 
observations were made for Azteca by B e q u a e r t  
1922). The workers carry the M.b. immediately into the 
interior of the Cecropia (plate 1b). In the complete ex
amined nest (VFor 940) they were stored in the first 
three internodes and distributed to the other internodia 
with brood (tab. 1, plate 1c). The whole plant con
tained approx. 5800 M.b., i.e. on average, 12 per adult 
ant or larva.
During the opening of nests, several times larvae were 
found feeding directly on M.b. (plate 1d). The larvae 
are of the pogonomyrmecoid type with ectatommoid 
mandibles and have a very distinct „neck“, giving the 
head much mobility. (This is a character believed to be 
typical for Pachycondyla species and to separate them 
from Neoponera species, W h ee ler  & W h ee ler  1976). 
There were few hints in the nests on possible other 
food than M.b. taken by P. luteola: In nest VFor 940 
remnants of a treehopper (Membracidae) and of a 
male ant were found; and one worker (in nest VFor 
1251) held the head of a Cephalotes atratus ant bet
ween the mandibles. But except for one worker that 
was found sitting 20 cm apart from the base of a 
Cecropia cleaning itself (after it had fallen from the 
plant?) workers never could be observed away from 
their host plant. Additionally, D a v id s o n  & F is h e r  
(1991) found out that P. luteola rejected standard ant 
baits like tuna and cheese. Thus, it seems more likely 
that workers kill other insects because they had inva
ded the Cecropia rather than to feed on them. In con
trast to Cecropia trees occupied by Azteca, scale in
sects were never encountered inside the plants.

Mutualistic advantages
Mutualistic advantages in plant-ant-associations are 
known from many cases (see for recent reviews e.g. 
B ea ttie  1984, J o u v e t  1986, H u xle y  & C u tle r  1991, 
Dav id so n  & M c K ey 1993).
The relationship between P. luteola and C. tessmannii 
obviously is obligatory for the ant and of great advan
tage: The plant offers a nest site that grows with in
creasing colony size and plenty of food. On the other 
hand, the plant is protected by hyperaggressive ants, 
which are easy to stimulate and very vigilant. Access 
to abundant carbohydrate-rich food is apparently often 
linked with an increased colony size and aggression in 
ants (D a v id s o n  & M c K ey  1993). During the day wor
kers always patrol over the stem and in lower number 
over the leaves. At the slightest disturbance they get 
excited searching the whole surface of the plant for 
the source of the disturbance. This is already the case 
when somebody approaches the plant. The ants seem 
to be able to detect the human smell (and probably 
that of other vertebrates, too). J a n ze n  (1967) suppo

sed the same for Pseudomyrmex ferruginea. The re
action of the ants is stronger and lasts longer if the 
plant is touched. Also at night, there are always some 
workers sitting on top of the plant and close to the en
trance, which react and alert nestmates at the slightest 
disturbance.
Corresponding to the high aggression and vigilance of 
P. luteola the rate of damage by herbivores on coloni
zed C. tessmannii is low. Two intensely examined 
trees showed no leaf damage. While sampling the 
Cecropia nest VFor 940 only two arthropods could be 
detected on the leaves: a small salticid spider, and a 
small beetle. Also in the study of Da v id s o n  & F isher  
(1991), C. tessmannii presented the lowest number of 
herbivorous insects on the leaves among all examined 
Cecropia species.
P. luteola offers its host plant not only a good protec
tion against phytophagous insects but, in contrast to 
Cecropia colonizing Azteca species, also against 
phytophagous vertebrates by means of its powerful 
sting. The stings of P. luteola are very painful for hu
mans as I could learn by own experience. The skin 
burned and swelled, the intense pain lasted in one 
case (sting in the belly) 2 hours, in another case about 
half an hour. More interesting than the acute pain, that 
is known from other ponerines as well (S c h m id t

1986), is the long lasting residual pain. The sting in the 
belly was felt for a whole week. Ko ep c ke  (1972) repor
ted a two weeks lasting pain. Thus, the sting has a 
longer effect than of any other ant known to the author 
including several other species of Pachycondyla, 
Odontomachus, Pseudomyrmex, and even Parapone- 
ra clavata, the most painful of all. According to 
S c h m id t  (1986, tab. 16), the pain even lasts for a lon
ger time than in any other hymenopteran so far known. 
Cecropia trees colonized by Azteca ants have been 
observed to suffer damage from monkeys and sloths 
(B eq u a er t  1922, W h ee ler  & B e q u a e r t  1929, W h e e 
ler  1942, B erg  1978, J o livet  1986). Whereas Azteca 
workers defend their colony only by biting and chemi
cal repellents, which seem to be tolerable at least for 
some time for larger animals with dense fur or thick 
skin, the sting of P. luteola is strong enough to pene
trate vertebrate skin not protected by dense fur. The 
pain of the sting should repell every animal intending 
to climb the Cecropia, and the pain lasts long enough 
to accelerate a learning process to avoid this „dange
rous tree“ in the future. Dav id so n  states that the stings 
reinforce vertebrate learning for a period of 7 to 10 
weeks (D av id so n  & M c K ey 1993).
Janzen (1967) already made the observation that lar
ge mammals like deers (Mazama), donkeys and cattle 
avoid to browse on Acacia, which are colonized by 
painful stinging Pseudomyrmex ferruginea. In Africa, 
Tetraponera living on Barteria fistulosa defend their 
trees also with stings against big herbivores and are 
successful even against elefants (Janzen 1972).
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During his study on Acacia ants J a n z e n  (1967) ob
served that the herbivores learned the intensive, for a 
human even in 3 m distance still detectable odour of 
rancid onions that is part of the alarm pheromone of P. 
ferruginea, and avoided the colonized Acacia even at 
night. A similar displeasant odour is released by the 
Tetraponera on Barteria, too. P. luteola does not pos
sess such a smell, but a similar function may have the 
striking stridulation of the workers. Even for the human 
ear it is audible up to a distance of several decimeters. 
The workers are stridulating nearly all the time while 
patroling over the plant or harvesting Mullerian bodies, 
but immediately intensify it, if they feel a disturbance 
by a mecanical stimulus or just by detecting a strange 
odour.
Ponerine ants stridulate with the abdominal tergites III 
and IV, and 48% of examined ponerine species pos
sess the necessary structures (M a r k l  1973, 1983, 
1985). In most cases the stridulation of ants is not au
dible for humans because the frequences are too high, 
and sound energy and range are too low. This is also 
the reason why ants certainly cannot detect air con
ducted sound but only receive vibrations through di
rect contact or a substrate (e.g. M a r k l  et al. 1977, 
Stu a r t  & B ell  1980, M a r k l  1983, 1985). Some large 
ponerine ants, however, produce sounds similar to 
chirping that are audible for humans, too (S har p  1893, 
H o w s e  1984, and own observations). Stridulation in 
ants has been observed in a whole array of situations 
e.g. when movements were restricted, when ants got 
burned alive, in fights with other ants, in queens after 
copulation to keep males away, when capturing large 
prey, during recruitment, while feeding other ants 
(trophallaxis), during nest movements, and other 
„stress“ situations (see e.g. M a r k l  1967, S p a n g le r  
1967, M a r k l  et al. 1977, Z h a n tie v  & S u lka n o v  1977, 
M a r k l  & H o lld o b le r  1978, Stu a r t  & B ell  1980). In 
Megaponera foetens, a large African ponerine, stridu
lation has been interpretated as aposemantic signal 
against predators (M a s t e r s  1979, H o w s e  1984). 
These communication signals have a low intensity, a 
low range, and a low capacity to provoke a specific re
action (=low range signals). However, they can be pre
cisely tuned, are not energy expensive, only effective 
as long they are directly practised, do not immediately 
alert to many nestmates, and cannot be used by ene
mies. Thus they are especially suited to function as 
alarm system respectively as trigger and/or amplifier of 
other communication systems in the often highly com- 
partmented nests of social insects (Ma r k l  1983, 1985). 
In P. luteola at least two functions of the stridulation 
seem to be obvious:
1. As alarm system via a substrate, such as the stem 
and leaves of a Cecropia. Possibly, the hollow stem of 
the plant additionally amplifies these signals. An ana
logous alarm system is known from several Campono- 
tus species that „knock“ with the tip of their abdomen

or with the mandibels against the thin wooden walls of 
their nests in trees (F uc h s  1976) o r against the walls 
of their silk nests (Camponotus senex, pers. observati
on). In such strongly compartmented nests vibrations 
as communication form are possibly more effective 
and better tunable than chemical substances. The 
same seems to be plausible for the Cecropia nest, a 
hypothesis worth to be tested.
2. As aposemantic acoustical signal against verte
brates which approach the host plant. This could be 
important against terrestrial herbivores and any bigger 
animal able to damage young Cecropia trees mecha
nically, but especially against arboreal herbivores like 
iguanas, coendus, monkeys or sloths. Although 
Cecropia trees contain considerable amounts of tan
nins (Dav id so n  & F isher  1991) and are often densely 
covered by stiff hairs their leaves are consumed by dif
ferent mammals, e.g. the primates Aiouatta and Ateles 
(H la d ik  & H la d ik  1969) or the three-toed sloths Bra- 
dypus variegatus and B. tridactylus. The latter are 
known to consume leaves of Cecropia trees regularly 
(the Brazilian name „imbauba“ for Cecropia means 
„sloth tree“, W h e e le r  1942) and stay sometimes for 
several day in a single tree (B eebe  1922, S u n d q u is t  & 
M o n tg o m er y  1973, H usson  1978: 251). It is not known 
whether sloths also consume leaves of Cecropia inhabi
ted by P. luteola. An acoustical warning signal which 
vertebrates are likely to learn quickly would be especial
ly valuable against nocturnal herbivores such as coen
dus, two-toed sloths and partly three-toed sloths.
At last, it should be mentioned that according to Da 
v id s o n  et al. (1988) P. luteola facultatively prunes 
vines and other plants that got attached to the host 
tree. The authors could observe this behaviour when 
other ants, especially predacious or behaviourally 
competing species, occurred on these plants. In Pan
guana, workers of the examined nest in the garden 
neither showed any interest to vines experimentally 
brought in contact with the Cecropia nor to a winding 
Pueraria phaseoioides (Fabaceae) which was clim
bing the stem of the Cecropia. As most C. tessmannii 
grow under shaded conditions, vines that climb over 
them are expected to be rare anyway.

5. Conclusion

Pachycondyla luteola is one of the very few ponerine 
ant species known to nest regularly in myrmecophytes 
D a v id s o n  & M c K ey  (1993). In P. luteola several life 
traits are uncommon for a ponerine ant: The nest site, 
the completely vegetarian diet in form of glycogen rich 
Mullerian bodies that Cecropia tessmannii produces in 
abundance, and also the presumed functional poly
gyny. It is concluded that these traits enable the spe
cies to build up the most populous ponerine colonies 
in the world. For the Cecropia species colonized by
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this ant there seems to be an additional advantage 
compared to associations of Cecropia trees and Azte- 
ca ants. Besides pruning vines and eliminating herbi
vorous insects as do Azteca species, P. luteola also 
protects its host plant effectively against herbivorous 
vertebrates because of its powerful sting which produ
ces a long residual pain. Certainly, the birds nesting 
on Cecropia trees colonized by P. luteola profit from 
fewer predators in these trees (Koepcke 1972).
Thus, the possession of this ant is likely to facilitate C. 
tessmannii to grow, though slowly, even at localities, 
where other Cecropia species cannot survive, like very 
small gaps in the primary forest. Because protection of 
myrmecophytes by ants is often far from being perfect 
(see e.g. Verhaagh 1988), at such places where low 
light intensities limit the growth of a plant, the loss of 
photosynthetic active (leaf) surface is certainly more di
sastrous compared with a place with plenty of light. 
Light flooded forest edges or river banks are sites 
where most of the fast growing Cecropia species live 
with Azteca ants as inhabitants. Davidson et al.(1991) 
and Davidson & McKey (1993) therefore conclude that 
it is advantageous for slowly growing, shade tolerant 
myrmecophytes to invest early during their develop
ment in biological protection, i.e. ants, against herbivor
es. Such an association is likely to be species-specific, 
as in C. tessmannii and P. luteola. In contrast, associa
tions between rapidly growing Cecropia species and 
Azteca ants often seem to be habitat-specific (Harada 
& Benson 1988, Longino 1989, Davidson et al. 1991, 
Davidson & Fisher 1991, Davidson & McKey 1993).
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