


multiplying a constant quality of service by quantity (as

proposed by Herrera 1987, 1989). Instead, we must

multiply the quantity of service by a quality of service

that is a nonlinear function of quantity. Here, we

quantify the nonlinear relationship between the quality

and quantity of mutualistic service, and offer an

integrated measure of total service provided by different

partner species.

We expect differences among partners to be partic-

ularly pronounced for mutualists that offer rewards

accessible to a variety of members of the surrounding

community. For example, extrafloral nectar (hereafter,

EFN) can be eaten by ‘‘practically any ant that

encounters it’’ (Carroll and Janzen 1973), and the average

EFN-bearing plant species is visited by six to nine ant

genera (Oliveira and Brandão 1991). EFN-visiting ants

often protect plants from herbivores, although interspe-

cific differences among the ant partners can have

significant effects on plant fitness (Horvitz and Schemske

1984, Rico-Gray and Thien 1989, Djieto-Lordon et al.

2004) and perhaps on selection pressures fostering the

mutualism (Rudgers 2004). Here, we use our integrated

measure of total service to assess how the quality and

quantity of protection provided by different ant species

contribute to their effectiveness as bodyguards.

We focus on the ant assemblage associated with

Ferocactus wislizeni (Cactaceae), an EFN-bearing cactus

of the Sonoran Desert. Although EFN-bearing cacti are

common in desert ecosystems (Lloyd 1908, Pemberton

1988) and the diversity of ants attracted to individual

species has been noted to be quite high (Blom and Clark

1980, Oliveira et al. 1999), little is known about the

benefits that EFN visitors confer (but see Pickett and

Clark 1979, Oliveira et al. 1999). The F. wislizeni system

has several characteristics that make it amenable to

studying the links between the quality and quantity of

protection provided by different ant species. Extrafloral

nectaries are spatially concentrated due to the plant’s

simple architecture (making it possible to observe ant





able to the presence of one another. We monitored a

subset of control plants without caterpillars added, to

clarify that any change in ant abundance was due to the

presence of caterpillars rather than observers. We also

added 10 caterpillars to plants without ants, to estimate

the rate that caterpillars might abandon the plants or be

removed by other predators in the absence of ants.

Integrating quantity and quality components of ant

effectiveness to predict protection

For each ant species, we computed a measure of total

protection service that integrates the quantity and

quality components of service. For each observation of
a given ant species in the 2003 surveys, we substituted

the observed number of workers and that ant’s

maximum likelihood estimate of b into Eq. 1 to obtain
a measure of potential herbivore removal for that

observation. We then averaged these values over all

observations of that ant species. As Eq. 1 is a nonlinear

(convex) function of the number of workers, the
alternative procedure of substituting the average number

of workers observed across surveys into Eq. 1 would

overestimate the average protection a plant would
receive when the ant species is present. Because the

survey describes the number of ants present prior to any

herbivore-induced response, we used the values of b
derived from abundance data before caterpillars were

added. To gauge the likely range of total protection, we

also estimated average protection as described previ-

ously but using the upper and lower 95% confidence
limits of b for each ant species. Because the observed

number of workers on occupied plants was less in April–

June than in July–September (see Results), estimates for
those two periods were separated.

Ant effectiveness and plant reproduction

We counted the numbers of floral buds, flowers that
failed to produce fruits, and mature fruits on each of the

259 plants on 1–3 October 2004. To measure plant

reproductive success during the bud maturation phase

(April–June), we computed the survival of buds to
flowering as the ratio of the observed number of floral

buds that flowered (i.e., the sum of senesced and/or

abscised flowers and mature fruits on each plant in













soft scales and mealybugs (Homoptera: Coccidae, Pseudo-
coccidae). Biotropica 23:282–286.

Carroll, R. C., and D. H. Janzen. 1973. Ecology of foraging by
ants. Annual Review of Ecology and Systematics 4:231–257.

Cronin, G. 1998. Between-species and temporal variation in
Acacia–herbivore interactions. Biotropica 30:135–139.


