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Pseudomyrmex nigropilosa: A Parasite of a Mutualism

Abstract. Pseudomyrmex nigropilosa is a parasite of the ant-acacia mutualism in Cen-
tral America in that it harvests the resources of swollen-thorn acacias but does not pro-
tect the acacias. In the process, it also lowers the rate of occupation by the obligate
acacia-ants, species of ants that do protect swollen-thorn acacias. Tenancy of an acacia
by P. nigropilosa must be temporary, since the unoccupied plant is shortly killed by herbi-
vores or competing plants, or is taken over by obligate acacia-ants. As expected of a spe-
cies of short-lived ant, a P. nigropilosa colony produces reproductives earlier in the life of
the colony and maintains fewer grams of workers per gram of brood than does a colony

of the long-lived obligate acacia-ants.

In lowland Mexico and Central America
there are 11 species of swollen-thorn
acacias (Acacia). They are occupied by at
least ten species of obligate acacia-ants
(Pseudomyrmex), the worker ants patrol
the surface of the acacias to keep off herbi-
vores and vines, and in return the acacias
produce food bodies and nesting struc-
tures. The ant colony cannot maintain it-
self away from the acacias, and in most
habitats the acacias cannot survive to re-
productive maturity without the services of

a colony of obligate acacia-ants (/-3).
Here, I describe a widespread parasite of
this mutualism and show how its colony
structure is adjusted to a parasitic way of
life.

Pseudomyrmex nigropilosa Emery is a
yellow-red pseudomyrmecine ant with
workers 6 to 8 mm long, a size similar to
that of obligate acacia-ants (4). The work-
ers cut their own entrance holes and nest
exclusively in the thorns of swollen-thorn
acacias (9), harvest the modified leaflet tips

as food bodies and feed them to their lar-
vae just as do obligate acacia-ants, and ob-
tain their sugars from the extrafloral nec-
taries on the acacia petiole. However, in
very striking contrast to the obligate
acacia-ants, the workers of P. nigropilosa
do not protect the acacia against vines, in-
sects, or vertebrates.

Pseudomyrmex nigropilosa neither at-
tacks foreign objects on the acacia nor
cleans its foliage of debris. When ap-
proached by an animal, the workers run
behind the branches and often into a thorn.
The workers are not active at night outside
the thorns. In short, they behave toward
foreign objects as do the workers of the
many species of twig-inhabiting Pseudo-
myrmex, except that P. nigropilosa does
not even scavenge moribund insects or
catch small live ones. It is a true parasite of
the coevolved system of aggressive obligate
acacia-ants and swollen-thorn acacias. By
occupying thorns and eating the food pro-
duced by the acacia, it lowers the rate of
colonization by obligate acacia-ants and
slows the growth of young obligate acacia-
ant colonies. In turn, this interaction low-
ers the fitness of the acacia because, with-
out protection from an obligate acacia-ant
colony, it is more likely to die before matu-
rity (2, 3).

How then does P. nigropilosa persist as
such an extreme food specialist, since the
acacia requires an aggressive, patrolling
obligate acacia-ant colony to stay alive? A
P. nigropilosa colony can survive as such a
specialist because of the lag of as much as
a year between the time when a swollen-
thorn acacia loses its obligate acacia-ant
colony and the time when it dies of herbi-
vory or shading, or gains another obligate
acacia-ant colony. Swollen-thorn acacias
lose their usual occupants through fire,
predation by birds, starvation of the colony
through deciduousness of the acacia during
an exceptional dry season, and unknown
causes of queen death. The founding
queens and colonies of P. nigropilosa sur-

Table 1. Three colonies of obligate acacia-ants (Pseudomyrmex belti, P. ferruginea, and P. nigrocincta) compared with one of Pseudomyrmex nigropi-

losa(11). All weights are ovendry.

Thorns on trees

Workers Alate virgins in colony Physo
Per-  gastric
Per . Indi- Indi- ueens
. Indi- . . Total Total Males/ cent- 4
Species Total unit of vidual vidual vidual queens males queens Total age un
® brood  (mgy ~ queen  male ® © (e/2) ™ with (V)
(g/2) (mg) (mg) brood
P. nigrocincta 5.67 0.84 0.48 1.06 0.55 09113 0.6454 0.708 1019 54 2
P. ferruginea 29.62 0.81 0.73 1.73 1.02 5.5443 1.4644 0.264 3488 46 1
P. belti 20.74 0.75 1.09 2.55 1.36 8.2256 5.4253 0.660 3131 51 1
P. nigropilosa 1.38 0.30 1.04 2.74 1.47 0.3099 0.2934 0.947 537* 59 11

* In addition to these, there were 230 thorns into which the P. nigropilosa workers had not bothered to cut entrance holes, which suggests that they are limited by food, not
space. All food bodies had been harvested from the leaves of the swollen-thorn acacia occupied by this colony.
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vive in seedlings or in abandoned large
swollen-thorn acacias until the plant dies
or an obligate acacia-ant colony moves in
and kills or evicts them (6). The amount of
time a swollen-thorn acacia can survive
without an ant colony varies strongly with
the amount and kind of competition by
other plants, the initial health of the tree,
the time of year it lost its obligate acacia-
ants, and the density of arthropod herbi-
vores. The time available for occupation
by P. nigropilosa is also greatly lengthened
in habitats that are very unfavorable to ob-
ligate acacia-ants, such as frequently
burned brushy pastures. Pseudomyrmex
nigropilosa is probably much more abun-
dant now than before the advent of cattle
pastures and roadsides in Central Amer-
ica; in these habitats, it is commonplace
for small unoccupied acacias to survive for
many months because of the lack of com-
petition and herbivorous insects. Here, P.
nigropilosa colonies sometimes become
quite large (but, I should add, do not at-
tack cattle browsing the swollen-thorn
acacias).

On an ephemeral resource such as the
unoccupied swollen-thorn acacia, I expect
the parasite to display a number of quan-
titative colony traits that set it aside from
the more long-lived acacia-ants (7).

1) A new queen of P. nigropilosa begins
to invest in the production of alate repro-
ductives of both sexes by the time the col-
ony has grown to contain about 20 work-
ers. This requires about 2 months (8). For
example, the P. nigropilosa ‘““colony” in
Table 1 had 11 physogastric queens and an
average of only 121 workers per queen, yet
every thorn contained reproductive brood.
In the same habitat, colonies of the obli-
gate acacia-ants Pseudomyrmex belti, P.
ferruginea, and P. nigrocincta all require
about 1 1/2 years of growth (a colony size
of about 1200 workers) before producing
male reproductives and are at least 2 years
old before producing reproductives of both
sexes (9).

2) Since the workers of P. nigropilosa
are needed only to care for brood and to
collect the food so readily available to
them, I predicted that there should be a
much lower standing crop of workers per
unit of brood in a P. nigropilosa colony
than in the colonies of the three aggressive
species mentioned above, since in the ag-
gressive species as many as one-third of the
workers in the colony are involved in pa-
trolling the acacia (/0). This prediction
was verified with the large P. nigropilosa
colony described in Table 1, and I observed
similar ratios on numerous occasions when
collecting other colonies of P. nigropilosa
in Central America.

3) I expect that, since relatively fewer re-
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sources appear to be going into the main-
tenance of a worker force, more resources
may be going into the production of repro-
ductives in P. nigropilosa than in the other
species. However, since acacia-ant colonies
produce alates throughout the year, it is
impossible to determine this from standing
crop data such as those in Table 1. The ra-
tio of grams of reproductives to grams of
workers in the colony tells us no more
about the species-specific rates of produc-
tion of reproductives than the depth of wa-
ter in a swimming pool tells us about the
rates of input and output.

4) Trivers and Hare (/2) predict a ratio
of 1 male to 3 females in ordinary ant colo-
nies. Accepting their arguments, I would
expect totally parasitic ants (species with
no workers) to have a sex ratio of exactly
1:1 since the queen should have total con-
trol of her offspring, but there are no data
in the literature on their reproductive
broods. I expect the sex ratio of P. nigropi-
losa to deviate in the direction of 1:1,
which it does (Table 1). However, again I
am forced to the conclusion that my data
cannot be used as a test of Trivers and
Hare’s hypothesis because I do not know
the sex-specific turnover rates of reproduc-
tive male and female tissue.

I have collected P. nigropilosa from
swollen-thorn acacias all along the Pacific
coast, from the vicinity of San Blas, Naya-
rit, Mexico, to Guanacaste Province,
Costa Rica. Over this range, it lives in at
least three swollen-thorn acacias (Acacia
hindsii, A. collinsii, and A. cornigera) and
is.regularly evicted by at least six species of
obligate acacia-ants, In all sites, it behaves
in the same manner; it exploits a temporar-
ily available resource by harvesting-it and
moving on rather than investing in the ma-
chinery to maintain and possess it in the
face of herbivores and competitors.

In conclusion, it is of interest to note
that P. nigropilosa is a member of a dis-
tinct subgroup of the genus Pseudomyr-
mex (13). This subgroup contains no mem-
bers that protect plants, but contains two
undescribed species that are extremely
similar to P. nigropilosa in their reaction
to swollen-thorn acacias, and one species,
Pseudomyrmex gracilis, that facultatively
lives in swollen-thorn acacias and treats
them as does P. nigropilosa.

DANIEL H. JANZEN
Department of Zoology, University of
Michigan, Ann Arbor 48104
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