
Summary. We compared intranidal variation in worker size
in the two closely related plant-ants Aphomomyrmex afer and
Petalomyrmex phylax. Each of these genera is monotypic,
and the two appear to be sister species among extant ants.
Workers of A. afer are larger on average and exhibit much
greater intranidal size variation. Workers of P. phylax are
smaller and much less variable in size. Both species show
weak allometry for some pairs of characters. Head shape is
also different in workers of the two species. We discuss these
differences in relation to the ecology of A. afer and P. phylax,
and propose a scenario for the evolutionary divergence of
worker morphology in these two species.  Based on compar-
isons of these two monotypic genera with related ants, we
suggest that reduced intranidal variation in worker size is a
derived trait in Petalomyrmex.

Key words: Worker polymorphism, ant-plant interaction,
mutualism, morphometrics.

Introduction

Among the great diversity of ecological lifestyles encounter-
ed in ants, representatives of at least 29 genera live in myr-
mecophytic plants, nesting in specialised structures (doma-
tia) such as swollen stems. Most “plant-ants” are involved in
mutualistic associations with their hosts, in which nest sites
and food rewards are exchanged for protection from herbi-
vores or competing plants (for a review see Davidson and

McKey, 1993a, b). Biological traits involved in the plant-pro-
tective behaviour of such ants have been well studied in
several species (e.g., Janzen, 1967; Fonseca, 1993; McKey,
1984), but little attention has focused on morphology and
morphometry of plant-ants in relation to these mutualisms
(Beattie, 1985; McKey, 1988). Selective pressures acting on
size and on size variation in these ants include novel com-
ponents. As in other twig-nesting ants, the dimensions of 
the plant’s domatia may place constraints on size and shape
of occupants (Davidson and McKey, 1993a). The size and
shape of entrance holes into the domatia, often made in
preformed structures of the plant and thus under the plant’s
partial control, also constrain ant size and shape (e.g.,
McKey, 1984). The ant inhabitants of some myrmecophytes
must navigate among the host plant’s dense trichomes
(Davidson et al., 1989).

Worker size and its variation are partly a product of
selection acting on how the colony’s investment in a worker
force is allocated. The trade-off between worker size and
worker number also includes novel features in ants special-
ised for life in myrmecophytes. Because ant fitness depends
largely on how well they protect their host, worker size, like
other traits important in host defence, may be expected to
vary between systems in relation to the requirements for
plant protection (Gaume et al., 1997). Some plant-ants are
very large, such as the ferociously stinging Tetraponera
aethiops (Pseudomyrmecinae) which protect Barteria fistu-
losa against herbivores as large as Colobus monkeys
(McKey, 1974) or even elephants (Janzen, 1972). Others are
very small, such as the Pheidole living in Central American
Piper (Letourneau, 1983) or South American Maieta (Vas-
concelos, 1991), and the African Petalomyrmex phylax in
Leonardoxa africana (McKey, 1984). Effectiveness of the
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protection that could be provided by such small ants has
sometimes been placed in doubt, but at least three field
studies have demonstrated that these small and “timid” ants
protect their host plant against its herbivores, which are small
insects (Letourneau, 1983; Vasconcelos, 1991; Gaume et al.,
1997).

Despite the potential importance of worker size and its
variability in the functioning of these mutualisms, worker
size range and the degree of polymorphism are aspects usual-
ly ignored by biologists working on these associations. Plant-
ants may offer opportunities to approach some questions of
general importance in worker evolution. Because the host
plant (to which foraging activities are restricted, in most
cases) represents a simplified environment in comparison to
the foraging territories of most ant species, the relationship
between worker form and function might be more easily
explored in symbiotic plant-ants than in most other ecologi-
cal categories of ants. This simplified environment might
also act to reduce worker size variability, both via the direct
effects of lower variability in resource abundance, and via the
indirect effects of selection favouring the most adapted
phenotype in a homogeneous environment.

We focus here on two related formicines inhabiting 
ant-plants in rainforest in Cameroon, Aphomomyrmex afer
and Petalomyrmex phylax, which contrast strongly in both
mean worker size and intranidal variation in worker size.
These two genera are both monotypic (Snelling, 1979), and
A. afer and P. phylax are sister species (Chenuil and McKey,
1996). While P. phylax is completely restricted to Leonardoxa
africana sensu stricto (Leguminosae: Caesalpinioideae), 
A. afer has been collected from two host plants, L. africana
taxon T3 and Vitex grandifolia (Verbenaceae) (Chenuil and
McKey, 1996). McKey (1984) described the highly special-
ised relationship between P. phylax and L. africana, and pro-
tection by this ant has been demonstrated by Gaume et al.
(1997). The relationship between A. afer and its host plants is
less specialised. In contrast to L. africana sensu stricto, the
host plants of A. afer provide few food resources directly to
ants, and A. afer, in contrast to P. phylax, tends homopterans
inside the domatia (McKey, 1991; Gaume et al., 1998). Snel-
ling (1979) described the workers of P. phylax as mono-
morphic and those of A. afer as polymorphic, but there has
been no quantitative study of worker morphometrics in these
two species. In this study, we present results describing poly-
morphism of A. afer workers based on analysis of several
colonies, compare worker morphometry in A. afer and P. phy-
lax, and propose hypotheses to account for the divergence of
worker size and intranidal variation in worker size since 
the evolution of these two ant species from their common
ancestor.

Materials and methods

Samples of workers of the two species were drawn from sexually mature
colonies, in large trees, preserved in alcohol. Colonies of P. phylax were
collected near Ebodié (2°35¢N, 9°50¢E), Southern Province, Cameroon,
in 1995, 1996 and 1997 (in March all 3 years). Colonies of A. afer were
collected from three sites in the Southwest Province, Cameroon: two

sites in Korup National Park (5°00¢N, 8°45¢E), Rengo Rock in March
1983 and Iriba Inéné in January and November 1996, and a third site
near Nguti (5°18¢N, 9°26¢E) in November 1989 and March 1995. In the
laboratory, workers were removed from alcohol, dissected and dried at
room temperature. Head, scape and hind leg of each worker were mount-
ed on double-sided adhesive tape to achieve a standardised orientation
and thus ensure adequate precision of measurement. Four measure-
ments were taken on each worker:

1) head length, from the beginning of the clypeus in top view to the end
of the head capsule;

2) head width (between the eyes) at the interocular line;
3) scape length (straight-line distance from base to apex of the scape,

which is curved);
4) length of the tibia of the hind leg.

All measurements were made using an electronically assisted mono-
cular lens (Nikon Measuroscope 10) under 30¥ or 50¥ magnification.

For both species, repeatability of these measurements was deter-
mined by performing the same measurements six times on each of a
series of individuals. Coefficients of variation of these repeated mea-
surements are 0.49–2.86%, depending on the part measured, for P. phy-
lax (N = 6 individuals) and 0.17–3.02% for A. afer (N = 9 individuals).
These error values are small compared to variation between individuals
in the same colony.

For A. afer we measured a total of 2,087 individuals (200–222 from
each colony). For P. phylax we measured 96 individuals from one
colony, supplementing our sample of this species with measurements of
a total of 103 workers from 3 other colonies (35, 35, and 33 workers,
respectively; L. Amsellem, unpublished data). In all cases our samples
were taken haphazardly and form a small proportion of a mature colony.

For interindividual comparisons, coefficients of variation ranged
from 7.0–16.3%, depending on the part measured and on the colony,
for A. afer and from 3.0–4.6% for P. phylax. The only body part for
which precision of measurement was insufficient to allow analysis of
interindividual variation was the scape of Petalomyrmex. The scape of
both species is curved, making it difficult to ascertain that all measure-
ments were made in the same plane, and in Petalomyrmex this part
varied little in size between individuals.

In this study, allometry is defined according to Wilson (1971), as
the following relation: log y = a ◊ log x + log b, where “x” and “y”
denote the dimensions of two body parts. The greater the departure of
“a” (the slope of the regression line) from unity, the more pronounced
is the differential growth, i.e., the allometry. We used Model I regression
to estimate the parameters of the allometric equations. Model I regres-
sion is simpler to apply than alternative methods but requires assuming
there is no error in the X variable (Harvey and Pagel, 1991). We chose
as the X variable in our regressions the body parts for which measures
were most repeatable. Departure of slopes from unity was tested using
the Proc Reg procedure in SAS (SAS, 1996).

For a sample of 50 workers from a single colony of Aphomomyrmex,
we determined the relationship between dimensions of the head and dry
mass of the entire worker. We considered dry mass to be an estimate of
relative amount of resources invested in producing workers of different
size. We selected workers to cover a large portion of the intranidal varia-
tion in worker size. Each worker was removed from alcohol, dried in an
oven at 40°C for four hours, weighed (Sartorius M3P. microbalance,
precision 1 mg), put back into alcohol, dissected and prepared for
measurement. Storage in alcohol dissolves some body constituents,
notably lipids, so that our values for dry mass are underestimates.
However, this should not differentially affect workers of different size,
so that the values obtained are reliable estimates of relative investment.

Following the same procedures, we also weighed workers and alate
females of Petalomyrmex and Aphomomyrmex, in order to compare the
difference between body mass in these two castes for the two species.
For each species, all individuals were dried at the same time, but each
species was dried separately. Thus, the conditions during drying may
have been different, excluding accurate interspecific comparisons of
dry weight. We believe that A. afer individuals were more thoroughly
dried compared to P. phylax individuals. We can, however, compare rela-
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tive mass of individuals of different castes in the same species, since
these individuals were dried under exactly the same conditions. For 
A. afer, we weighed a total of 89 alate females and 100 workers from 
10 colonies; for P. phylax a total of 30 alate females and 81 workers from
8 colonies.

Results

Mean, maximum, minimum, and standard deviation of mea-
surements for the two species are presented in Table 1.
Descriptive statistics are given for one colony sample for
each species. Results from additional colonies of both
species confirm our conclusions.

1) Polymorphism

For both species, some pairs of body parts show a very weak-
ly allometric relationship (i.e., “a” is slightly but statistically
significantly different from one) (Table 2). Workers of 
A. afer exhibit very weak monophasic allometry across a
considerable size range within colonies (Fig. 1), but the
degree of polymorphism is perhaps less than might be
implied by Snelling’s (1979) description, and much less than
in most species described as having polymorphic workers
(Hölldobler and Wilson, 1990). In P. phylax, there is slight
but significant allometry for the same pairs of characters as
in A. afer (Table 2; Fig. 1), but the size range over which this

allometry can be expressed is very small, justifying the
description of workers as monomorphic (Snelling, 1979).

2) Comparison of the two species

Worker size, and the range of worker size within a single
colony, are very different in the two species, the magnitude 
of the difference depending on the body parts considered
(Fig. 2). Dimensions of the largest workers of P. phylax are
only about 20% larger than those for the smallest workers. 
In contrast, dimensions of the largest workers of A. afer are
1.4 to 2 times as large as those for the smallest workers in 
the same colony. In P. phylax, worker size range (maximum
value – minimum value) was quite similar among different
colonies.

For head length of P. phylax the mean size range within
colonies (± standard deviation) was 0.078 ± 0.013 mm (N =
4 colonies, a total of 199 workers). Different colonies of A.
afer differed in mean worker size and in the frequency distri-
bution of size classes (some colonies showed a trend towards
bimodality in worker size). For head length of this species,
the mean size range within colonies (± standard deviation)
was 0.335 ± 0.089 mm (N = 10 colonies, a total of 2,087
workers). Some colonies exhibited less variation in worker
size than others, but in all cases, the range of size was greater
than within colonies of P. phylax.

The two species also differ in the shape of the head, which
is relatively broader in P. phylax than in A. afer (Fig. 1). The
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Species Head length Head width

mean min–max SD mean min–max SD

Aphomomyrmex after 0.770 0.605–0.992 0.059 0.436 0.348–0.547 0.030
Petalomyrmex phylax 0.501 0.457–0.542 0.015 0.354 0.328–0.376 0.011

Scape length Tibia length

mean min–max SD mean min–max SD

Aphomomyrmex after 0.426 0.333–0.531 0.031 0.559 0.434–0.741 0.044
Petalomyrmex phylax 0.371 0.337–0.414 0.013 0.437 0.393–0.493 0.020

Table 1. Mean, maximum, minimum, and
standard deviation of measurements (in mm)
for workers from a single colony each of Apho-
momyrmex after and Petalomyrmex phylax. N =
200 workers for all measurements of A. afer,
N = 96 workers for all measurements of 
P. phylax

Table 2. Linear regression equations, using log transformation, for pairs of body parts measured for A. afer (N = 200 workers) and P. phylax (N = 96
workers). Determination coefficients are significant (P < 0.0001) in all cases. Slopes “a” were tested for departure from 1

y x Aphomomyrmex afer Petalomyrmex phylax

Regression R2 P(a = 1) Regression R2 P(a=1)

Head width Head length log y = 0.86 ◊ log x – 0.26 0.89 0.0001 log y = 0.86 ◊ log x – 0.21 0.59 0.0043
Scape length Head length log y = 0.92 ◊ log x – 0.27 0.93 0.0001 log y = 0.75 ◊ log x – 0.26 0.37 0.015
Tibia length Head length log y = 0.97 ◊ log x – 0.14 0.88 0.21 log y = 1.15 ◊ log x – 0.02 0.56 0.16
Tibia length Head width log y = 1.03 ◊ log x – 0.12 0.84 0.31 log y = 1.10 ◊ log x – 0.14 0.56 0.31
Scape length Head width log y = 0.97 ◊ log x – 0.02 0.86 0.28 log y = 0.87 ◊ log x – 0.04 0.53 0.11
Scape length Head length log y = 0.86 ◊ log x – 0.15 0.86 0.0001 log y = 0.54 ◊ log x – 0.24 0.44 0.0001



best discrimination between the two species is given by head
length, the sole measure for which values for the two species
do not broadly overlap (Table 1).

The large range of linear dimensions among workers of a
single A. afer colony translates into an even larger range of
values for dry mass. For the 50 individually weighed workers
of a single colony of this species, dry mass varied from 
0.076 mg to 0.273 mg; the mass of the largest worker was 
3.6 times that of the smallest. The relationship between
dimensions of the head and worker dry mass is described by
the following regression equation: Dry mass = 0.489 · Head
length · Head width – 0.093; R2 = 0.73; N = 50.

Based on this relationship, we can estimate the range in dry
mass per worker in other colonies. In the colony with greatest
intranidal variation in worker size, estimated dry mass per
worker varied from 0.030 to 0.384 mg, a factor of 12.8.

The ratio (mean female mass/mean worker mass) varies –
between colonies – from 19.66 to 38.45 for P. phylax and only
from 6.74 to 11.68 for A. afer. Thus, the smaller size of Peta-
lomyrmex is especially characteristic of the worker caste.

Discussion

This study has shown that workers within a colony of Apho-
momyrmex afer are characterised by a relatively large size
range, and exhibit, for some pairs of measurements, a weak
monophasic allometry. Workers of P. phylax are smaller than
those of A. afer, and their restricted size range offers little
scope for underlying allometry to be expressed. Using Wil-
son’s (1971) criteria for polymorphism (i.e., detectable allo-
metric variation), the distinction between monomorphism and
weak polymorphism in such a case may depend more on the
investment employed to detect allometry (e.g., accuracy of
measurements and number of individuals and measurements
compared), than on a biologically meaningful difference. This
remark points to the need for consistency in the use of the term
“polymorphic”: a species with a relatively large size range is not
necessarily polymorphic, since worker shape may remain
unchanged over the entire size range of its workers. Also, a spe-
cies which exhibits allometry for some pairs of measurements
may be considered monomorphic if the size range is small.
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Figure 1. Bivariate plot showing the relation-
ship between head length and head width in
workers of a single colony of each of the two
species, and size-class distributions of workers
of A. afer (N = 200) and P. phylax (N = 96)

Figure 2. Comparison of maximum, minimum,
and mean values (∑: A. afer; ¥: P. phylax) for 
measurements of workers of a single colony of
each of the two species. Head length is the best
discriminating variable



Nevertheless, even in ants with monomorphic workers,
size differences may have a functional significance in terms
of division of labour (for examples see Hölldobler and
Wilson, 1990; Bourke and Franks, 1995). Also, intranidal
size variation certainly affects allocation of resources, since
large workers are more expensive than smaller ones (Bourke
and Franks, 1995). Our results show that the largest workers
in an A. afer colony contain 3–12 times the dry mass of the
smallest worker in the same colony. If metabolic rate does not
greatly vary with worker size, this would indicate that the
largest workers are 3–12 times more expensive to produce
and maintain than the smallest ones. Intranidal variation in
worker size (and/or polymorphism) may thus affect both
benefits (differential returns from workers of different sizes,
based on division of labour) and costs to the colony of its
worker force. Because performance of the colony feeds back
onto plant fitness, worker size variation may thus be a signi-
ficant factor in the evolutionary ecology of the mutualism. It
is important to note at the outset that the dry mass difference
between alate female and worker is much more pronounced
for P. phylax than for A. afer. Size reduction has affected
specifically the worker caste of P. phylax, and smaller work-
ers cannot be considered simply a pleiotropic consequence of
reduced size of queens. An explanation is required speci-
fically for evolutionary reduction in worker size.

Hypotheses to explain why worker size variability might
be different in different plant-ants can be grouped into three
types:

(1) The size range or degree of polymorphism of each plant-
associated ant is advantageous in their respective 
environments, and may be advantageous to the plant as
well. But the “match” results from ecological fitting, e.g.,
as the outcome of interspecific competition in which
these traits conferred an advantage, rather than from evo-
lutionary adaptation of the ant to the host plant. Inter-
specific competition within guilds of plant-ants probably
plays a role in producing the often predictable patterns of
ant-plant association (Davidson and McKey, 1993a,b).

(2) The size range or degree of polymorphism is advantage-
ous for the ant, and evolved after the origin of association
with the plant, possibly as an adaptation that enhances
mutualistic interactions with the plant.

(3) Worker size range or degree of polymorphism con-
fers no particular advantage with respect to the host
plant as environment, and simply reflects ancestral
characters maintained by phylogenetic niche conser-
vatism or other types of “phylogenetic inertia” (Harvey
and Pagel, 1991).

Which of these types of hypotheses might apply to the two
ants considered here? We must first know, for the worker
characters being considered, which state is primitive and
which is derived. Aphomomyrmex afer and Petalomyrmex
phylax are on present evidence sister species among extant
ants (Chenuil and McKey, 1996). Aphomomyrmex is less
specialised (more plesiomorphic) in several behavioural
and morphological traits than is Petalomyrmex (McKey,
1991), and Aphomomyrmex also appears to be closer to the
ancestral condition for the traits worker size and intranidal
variation in worker size. The ant genera most closely relat-
ed to these two species on present evidence (Chenuil and
McKey, 1996) are all characterised by substantial intranidal
variation in worker size. In most Cladomyrma spp., mean
worker size and the range of variation are similar to those
reported here for Aphomomyrmex (Wheeler, 1910 [for
Cladomyrma hewitti (D. Agosti and J. Moog, submitted), as
“Aphomomyrmex hewitti”]; Agosti, 1991). Allometry in
workers has not been studied in this genus, but Agosti
(1991) considers the worker caste to be dimorphic.
Gesomyrmex workers are polymorphic, with workers of
G. kalshoveni ranging in length from 2.8–6.6 mm (Whee-
ler, 1929a,b). Wheeler’s drawings show that head shape
changes over this size range. Snelling and Hunt (1975)
describe Myrmelachista workers as polymorphic, referring
to intranidal size variation. We are aware of no studies of
worker allometry in this genus. Brachymyrmex workers also
often exhibit strong intranidal size variation, and in some
species workers are dimorphic, differing in size and shape
of the head (for examples, see Santschi, 1923). Available
evidence thus strongly suggests that substantial intranidal
variation in worker size (and perhaps even polymorphism
sensu Wilson [1971]) characterised the common ancestor of
Aphomomyrmex and Petalomyrmex, and that reduced size
and monomorphism of Petalomyrmex workers are derived
traits.
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Aphomomyrmex afer Petalomyrmex phylax

a) Habitat heterogeneity: O occupies at least two O obligately associated
host plant species with a single host
differing in structure
of domatia

Worker activities O patrol young leaves O patrol young leaves
(other than care of brood): O visit foliar nectaries O visit foliar nectaries

O clean mature leaves
O tend at least two

homopteran species
inside domatia

b) Constraints on maximum O larger domatia O smaller domatia
size of workers: O larger prostoma O smaller prostoma

Table 3. Ecological differences between the 
two species that may be related to differences in
worker size and in intranidal size variation



Aphomomyrmex has retained plesiomorphic states of
these characters. Hypotheses of type (2) above can thus be
excluded for this species, and we must choose between hypo-
theses of type (1) and (3). The ecological differences between
Aphomomyrmex and Petalomyrmex listed in Table 3 suggest
reasons why maintenance of substantial intranidal size varia-
tion may be advantageous in Aphomomyrmex (points listed
under a). With at least two different host plants, the range 
of environments inhabited by A. afer may be more hetero-
geneous. On its hosts, A. afer performs a greater variety of
activities, not only patrolling young leaves but also cleaning
upper surfaces of mature leaves; and obtaining food not only
from visiting foliar nectaries but also from tending at least
two species of homopterans. The worker force of this species
appears to perform a larger number of different tasks than
does the worker force of a P. phylax colony. Points listed
under b in Table 3 suggest that constraints on maximum size
of workers are less severe in A. afer, because its host plant
produces larger domatia and larger prostomata than does 
the host of P. phylax. The retention of larger workers and of
marked intranidal variation in worker size appears at the very
least not to be maladaptive in this species. Whether these
ancestral traits give Aphomomyrmex an advantage in inter-
specific competition for L. africana T3 (hypothesis 1 above)
or whether their retention is simply due to some form 
of “phylogenetic inertia” (hypothesis 3 above) cannot be dis-
cerned from available evidence.

Comparison of occupied domatia of the Leonardoxa
associated with these two ants shows similarities, but also
differences in domatia structure and in the ways domatia are
modified by ant activities. In both species, pith (of watery,
rather than spongy consistency) appears to degenerate spon-
taneously, probably making it relatively easy to excavate. The
principal differences intrinsic to the plant are the diameter of
twigs and domatia (broader in L. africana T3) and the num-
ber of internodes included in a single domatium. In both
species, a domatium corresponds to a single unit of growth;
interruption of growth of the twig results in lignification of
its apex, so that a woody septum separates the domatium
from the new domatium formed during subsequent growth.
In L. africana sensu stricto, a flush of growth almost always
produces only a single leaf-bearing internode, and each
domatium is one internode long. In L. africana T3, in con-
trast, a flush of growth usually produces 2–3 leaf-bearing
internodes, which form a single continuous domatium with
continuous pith. Other differences between the two species
result from differences in the way ants modify domatia. Peta-
lomyrmex chews entrance holes into its host solely at the
prostoma (one per domatium). In contrast, Aphomomyrmex,
in addition to chewing an entrance hole at the prostoma (one
per domatium, in the apical internode), also chews entrance
holes at other locations along the twig. Entrance holes at
these sites are more difficult to excavate, and might require
the intervention of larger workers. A second difference is that
the internal surfaces of domatia occupied by Aphomomyrmex
are much less regular than those occupied by Petalomyrmex.
The internal surfaces of Petalomyrmex-occupied domatia
appear to correspond to the boundary between pith and

wood. The less regular surfaces of Aphomomyrmex-occupied
domatia suggest that Aphomomyrmex workers might enlarge
domatia volume by chewing into wood. This activity might
again require the intervention of larger workers.

At least part of the irregularity of inner surfaces of Apho-
momyrmex-occupied domatia may be due, directly or in-
directly, to the presence of coccoid homopterans. As in other
myrmecophytes, in older twigs in which secondary growth
has increased the distance between the internal surface of the
domatia and the vascular tissues from which the homop-
terans extract sap, the homopterans are nested in depressions.
The origin of such depressions, found in coccoid-sheltering
domatia of many myrmecophytes, is unknown. Some authors
believe that they are chewed by ants (Bailey [1922], p. 388;
Wheeler [1942], pp. 51–52 and 86–87), while others belie-
ve they are caused by growth-inhibiting secretions of coc-
coids themselves (Schremmer, 1984). We have no data to
assess the role of ants in this regard.

An important difference between Petalomyrmex and
Aphomomyrmex is that while the former is specific to a
single host plant, the latter occupies two very different host
plants. Twigs of Vitex, the other host of Aphomomyrmex,
differ in several respects from those of Leonardoxa. First,
they bear no apparent specializations for harbouring ants.
Twigs are robust (in keeping with the plant’s large leaves),
but not swollen, and there is no prostoma; workers must enter
the domatia through unspecialized woody tissue. Pith is
spongy rather than watery in consistence, and does not
spontaneously degenerate. Growth is relatively continuous,
and pith is also continuous over long sections, with few woody
septa. Workers may be able to enlarge domatia by chewing in
the dried pith of previously unoccupied twigs. Absence of a
prostoma, and possibly secondary enlargement of nesting
cavities, suggest that requirements for excavation may be
greater in Vitex, which may favour larger workers. These
differences between the two host plants of Aphomomyrmex
imply habitat heterogeneity, which could select for a greater
size range of workers in this ant than in the specialist Peta-
lomyrmex. While our observations suggest that excavation
activities are more extensive and difficult for Aphomomyr-
mex than for Petalomyrmex, and might thus require larger
workers, we do not know if there is a division of labour in 
these activities with respect to worker size.

In P. phylax, worker size and its intranidal variation have
diverged from the common-ancestral condition. Hypotheses
of type (1) and (3) can thus be excluded. Is there evidence
that the evolution of small monomorphic workers enhances
ant-plant mutualism in this species (hypothesis 2)? The eco-
logical differences between A. afer and P. phylax listed in
Table 3 suggest reasons why relatively invariable worker size
is advantageous in P. phylax (points under a), and why smal-
ler workers are favoured in this species (points under b). On
their sole obligate host, Petalomyrmex workers perform a
narrow range of tasks, patrolling only young leaves and
obtaining food from foliar nectaries. Absence of association
with homopterans is a derived trait in Petalomyrmex. Such
associations are widespread in related genera, including
Aphomomyrmex (McKey, 1991; Gaume et al., 1998), Cla-
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domyrma (Maschwitz et al., 1991), Myrmelachista (David-
son and McKey, 1993a), and Brachymyrmex (Santschi, 1923).
Gesomyrmex nest chambers in living plant stems found in
Malaysia and Philippines did not contain any homopterans. It
is not known whether the ants tend homopterans outside the
nest on the plant surface, however, this was never observed
(U. Maschwitz, J. Moog and A. Weissflog, pers. comm.). The
more restricted range of activities of P. phylax workers may
favour relatively constant worker size. The smaller domatia
and prostoma of its host (C. Brouat, unpubl. data) may
restrict maximum worker size in P. phylax.

Possessing uniformly small workers may confer an
important advantage in Petalomyrmex – more of them can be
produced from the same amount of resources. Leonardoxa is
a forest understorey tree, and produces food resources for
ants at a lower rate compared to myrmecophytes of light-rich
habitats (McKey, 1984). Gaume et al. (1997) argue that
partitioning of limited resources into a large number of small
workers enables a P. phylax colony to control a territory that,
compared to many myrmecophytes, is large in relation to the
amount of food resources it provides. Small size of these
workers is no handicap in plant protection, because the
plant’s herbivores are themselves very small (Gaume et al.,
1997).

Another reason may be suggested to explain why small
workers have evolved in Petalomyrmex. The host plant of 
A. afer, L. africana T3, only begins to produce habitable
domatia once the plant has reached substantial size, in gener-
al around 1 m height. A. afer is usually not the first occupant
of these juveniles. Plants usually acquire a colony of A. afer
above around 5 m height (Gaume and McKey, 1998). At this
stage, trees possess several domatia habitable by A. afer. In
contrast, the host of Petalomyrmex, L. africana sensu stricto,
produces habitable domatia already as a seedling, usually
before reaching 30 cm height, and is rapidly colonised by
ants. The domatia of these juvenile L. africana are especial-
ly small. Because nest sites are likely to be limiting, and
because the first colony to occupy a plant is likely to enjoy a
priority advantage, selection favoured ants capable of using
plants with small domatia and low total domatia volume.
Small size of workers may have been such a trait, by
shortening the time and minimising the space required to
produce enough workers to begin foraging and patrolling.
According to this hypothesis, high herbivore pressure drove
a coevolutionary process in which selection favoured traits of
both plants and ants that allowed earlier establishment of the
protective mutualism. This hypothesis suggests that the small
size of P. phylax workers is functionally analogous to the
widespread phenomenon of nanitic workers (Hölldobler and
Wilson, 1990) in fledgling ant colonies. We suggest the hypo-
thesis that the evolutionary reduction of worker size in P. phy-
lax may represent in developmental terms the retention of
nanitic workers in mature colonies. A partial test of this
hypothesis would be to compare worker size and form in
fledgling and mature colonies of A. afer and P. phylax. Pre-
dictions are that (i) worker size varies less between fledgling
and mature colonies in P. phylax than in A. afer, and (ii) size
and shape of nanitic workers of A. afer are more similar to

those of P. phylax than are workers of mature colonies of 
A. afer.

Our comparison of worker morphometrics in these two
species leaves several open questions. First, to what extent is
intranidal variation in size of Aphomomyrmex workers due to
size differences among overlapping cohorts of workers pro-
duced at different seasons? Such among-cohort differences
contribute to intranidal variation in worker size in other ant
species with weak worker polymorphism and may be adap-
tive in maintaining worker number in the face of seasonal
variation in resource abundance (Rissing, 1987). Secondly,
are the selective pressures that currently maintain small
worker size in Petalomyrmex the same as those that favoured
this trait at its origin? Third, what is the significance of other
morphological differences between Aphomomyrmex and
Petalomyrmex? The workers of Petalomyrmex do not simply
represent a truncated segment of the size range of those of
Aphomomyrmex (Fig. 1). They also differ in shape of the
head, palpal segmentation, scape length and location of the
ocelli (Snelling, 1979).

This study documents morphometric differences in
workers of two closely related arboricolous ants, and argues
that they can be explained in terms of divergent adaptation to
host plants. One approach to testing this adaptationist hypo-
thesis is to determine whether patterns are repeated in in-
dependently evolved plant-ants. While we expect mean size
of workers to increase or to decrease in different plant-ants,
depending for example on the size of the enemies against
which they protect their host (Gaume et al., 1997), we predict
that intranidal variation in worker size will decrease in
specialist plant-ants, relative to their more opportunistic
ancestors. This difference should be most marked when
increasing specialisation is accompanied by (1) evolution in
the host plant of traits such as the prostoma that reduce the
extent of excavation activities; and (2) simplification of the
trophic resources exploited by ants, for example, the loss of
trophobiotic homopterans and their replacement by a narrow
range of resources produced directly by the plant.
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