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Food collection within an ant community in
semi-arid Australia, with special reference to seed
harvesters
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Abstract

The trophic structure of an ant community near
Deniliquin, in south western New South Wales,
was found to be complex. Individual species
covered a range of trophic levels and, apart from
a few specialized predators, most species showed
a broad diet. A total of twenty-seven species were
placed in six different categories, according to
food usage patterns:- specialist predators (2
spp.), generalist predators (1 sp.), predator-
scavengers (4 spp.), omnivore-nectar collectors
(10 spp.), omnivore-seed collectors (5 spp.) and
seed harvesters (5 spp.). Almost 50% of ant col-
onies were of the five seed-harvester species and
their food usage was examined more closely.
They showed marked seasonal changes in com-
position of diet, corresponding closely to periods
of seed production by different food plants. There
were also differences in seed selection between
species, and these were related to the size, phenol-
ogy and probably chemical properties of the seed.
Foraging behaviour by the various species
showed differing adaptations to efficient utiliza-
tion of a variable food supply.

Introduction

This paper is the third in a series examining the
ecology of an ant community in a semi-arid
habitat near Deniliquin, in south-western New
South Wales. The first described the physical
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Structure of the community in terms of species
composition and spatial distribution (Briese &
Macauley 1977) and the second described tem-
poral changes to the community, both on a daily
basis and in the longer term (Briese & Macauley
1980). This third paper begins to examine the
way in which the community functions.

There have been two basic approaches to the
study of function within a community. One is to
examine the trophic structure; this is, to deter-
mine by what paths food energy is transferred
throughout the system, and then attempt to
quantify some or all of the paths to determine
the relative importance of the component
species or trophic groups (Odum 1957; Phillip-
son 1966; Engelmann 1968). This has led to the
systems analysis approach of modelling com-
munities (Watt 1966). Attempts have been
made to construct models of energy flow
through ant communities (Baroni-Urbani 1972;
IBP Desert Biome Modelling Report No. 4,
1971), but actual experimental measurement of
energy transfer has been restricted to single
species. A review of results obtained to date has
been made by Petal (1978).

The second approach is to examine the type
and range of food resources being used by the
different species, rather than to reduce every-
thing to a common caloric equivalent. This
method enables the food requirements of a
species to be studied in finer detail and is espe-
cially useful when examining the partitioning of
resources between species sharing the same
trophic level (Hansen & Ueckert 1970; Ter-
borgh & Diamond 1970). Comparative studies
of resource use by related groups of ants have
been made by Abe (1971) and Whitford et. al.
(1976), and many studies have examined
resource use in single species (see Carroll &
Janzen 1973).

The present study, conducted at an experi-
mental sheep grazing plot (Briese & Macauley
1977), has incorporated both approaches. The
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initial step has been to construct a simplified
food chain for the ant community and to
examine briefly the trophic structure. Such a
food chain shows the various trophic levels at
which the ant species may function. However,
because a primary aim of this study was to
examine interactions between coexisting
species, the second approach was used to
examine the way in which individual members of
the various trophic groups partitioned the avail-
able resources. Consequently, the foraging
behaviour and diets of representative ant
species, in particular the seed-harvesting
species, are described.

Methods

Food collection by non-harvester species

The range of food items taken by the various
non-seed harvesting species was determined by
either one or both of two sampling techniques.
The first was to remove items from worker ants
returning to the nest and the second was to col-
lect rejected material from middens about the
nest entrance and identify the discarded frag-
ments. The latter technique was biased toward
species that collected insects with hard exoskele-
tons (e.g. Formicidae, Coleoptera) since the
remains of the soft-bodied insects were either
lost or too badly fragmented to be identified. In
cases where the ants imbibed the food before
returning to the nest, such as with honey-dew or
nectar, it was not possible to quantify the
amounts taken. Only presence-absence data
were recorded when ants were observed directly
collecting such material. Seasonal change in diet
was not examined but the forage data for each
species was pooled over a full range of seasons.

Food collection by seed-harvesting species

The composition of the diet of the seed-
harvesting ants was determined by removing and
identifying seeds from returning workers. All
species were sampled at monthly or bimonthly
intervals from winter 1971 to autumn 1973 cov-
ering two full harvesting seasons. Collections
were made in both a saltbush and an adjacent
grass plot (Briese & Macauley 1977), and data
on the contents of nest granaries were also
obtained.

Estimates were made of seed production by
the more common plant species in the latter half
of the sampling period. Estimates of plant
density were made using random quadrats (25 x
1/5 m̂  circles) and these were multiplied by the
number of seeds per plant. Seed counts for
shrubs were made by collecting seeds which had
fallen into mesh bags placed around the bases of
plants whereas, for the ground flora, counts were
made on ten randomly selected plants.

Laboratory experiments were conducted to
determine on what criteria seed selection could
be based for three harvester species, Chelaner
sp. A, Pheidole spp. A and B. A foraging arena
was attached to a plaster nest, and a mixture
containing twenty seeds of each of two species
was placed in this. Foraging was observed and
each foraged seed was replaced to maintain
equal numbers. After fifty seeds had been col-
lected, the proportion of each species taken was
recorded. This procedure was repeated with var-
ious combinations of seed species. By giving the
most favoured seed an arbitrary rating of 100,
preference spectra could be determined for each
harvester species.

Results

Trophic structure

There are three basic paths through which
energy enters the ant community from the plant
source; the first through the seed store to the
harvester ants; the second from phytophagous
insects to predatory and scavenger ants; and, the
third either passing through sap-sucking insects
to their attendant nectar-collecting ants or going
directly to these ants through plant nectaries.
These paths then anastamose as they pass
through the pool of predatory and scavenging
ants and on to the non-formicid predators and
scavengers (Fig. 1).

A complicating factor in the construction of
this food chain is that many of the species exhi-
bited broad food usage and overlap trophic
categories (Fig. 1.), for example, some species
which collected honey-dew and nectar, also
scavenged and acted as predators. However,
allowing for this overlap, six separate foraging
categories were recognized in the ant fauna
(Table 1). The convention used previously to
identify undescribed species (Briese &
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FIG. 1. Simplified food chain passing through the ant com-
munity

Macauley 1977) has been maintained. The
majority of species tend to be fairly
unspecialized omnivores (fifteen of the twenty-
seven species that were classified). In terms of
relative colony abundance, however, it can be
seen that although only five of the thirty-seven
species (14%) were harvester ants, they
accounted for 42 and 53% of colonies in the
saltbush and grass plots respectively (Table 1).
This suggests that the seed store to harvester ant
energy path is an important link in both the
saltbush and grassland systems. Ants that
attended sap-suckers or collected nectar as part
of their diet accounted for 31 and 14% of the
colonies respectively, and the other groups
showed a decrease in relative abundance as
more of their energy intake came from higher
trophic levels. Thus some idea of the relative
importance of these functional groups was
obtained without quantifying the variables in
energy terms.

Specialist predators. The specialist predators
{Cerapachys sp. and Sphinctomyrmex sp.) are
of uncertain importance in the ant community.
They are specific predators of the larvae and

TABLE 1.

Category

Functional categories

Species'

of the ant species

Number
of
species

Percentage
colonies
Saltbush

of total

Grass

Specialist
predator
Generalist
predator

Predator-
scavenger

Omnivore (nectar
collecting)

Omnivore (seed
collecting

Seed harvester

Unknown

Cerapachys sp.
Sphinctomyrmex sp.
Odontomachus sp.

Rhytidoponera spp. (3)
Melophorus sp. C

Iridomyrmex spp. (5)
Camponotus spp. (4)
Polyrhachis sp.

Melophorus sp. A
Tetramorium sp.
Meranoplus spp. (3)
Chelaner spp. (2)
Pheidole spp. (3)
Crematogaster sp.
Epopostruma sp.
Mesosiruma sp.
Monomorium sp.
Oligomyrmex sp.
Tapinoma spp. (2)
Camponotus sp. E
Iridomyrmex darwiniensis (Forel)
Melophorus fulvihirsutus

Clark

2 Unknown

1 1 7

4 11 14

10

5

5

10

31

12

42

14

10

53

•Bracketed values are the number of species of the genus.
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pupae of other ant species (Brown & Taylor
1970; Wilson 1958). In the present study they
entered the nests of prey species by underground
tunnels and fissures. Only one observation was
made of Cerapachys sp., when it was raiding a
nest oiRhytidoponera metallica and carrying off
immature forms. The ants were emerging from
the nest entrance, but rapidly retreated again
suggesting an aversion to surface activity. Only
two observations were made oi Sphinctomyrmex
sp. which is a smaller species, closely related to
Cerapachys. On both occasions it was taking
immatures from nests of Chelaner sp. B in simi-
lar circumstances to that described for the
Cerapachys raid.

Unfortunately, because of their subterranean
existence no estimate of their relative abun-
dance could be obtained. The prey species,
Chelaner sp. B, showed a distinctive escape
response by carrying larvae and pupae away
from the attacked nest. This prey response was
observed on four occasions which suggests these
subterranean predators may be a fairly impor-
tant part of the food chain.

Generalist predators. The only species
assigned to this category is Odontomachus sp.,
and like the two specialist predators it belongs to
the subfamily Ponerinae. It is possible that the
two myrmicine ants, Epopostruma sp. and
Mesostruma sp., should be included here. They
are both members of the tribe Dacetini which
Brown & Wilson (1959) describe as being pre-

dacious on small soft-bodied invertebrates,
mainly Collembola. However both species were
rare and, as no observations on their foraging
were made, they are left in the group of species
with unknown food use. Odontomachus sp. is a
solitary forager and, in the few observed inci-
dents, captured prey, before stinging, by snap-
ping repeatedly at them with its long toothed
jaws. From prey items removed from workers
and collections of midden fragments (Table 2) it
can be seen that other ants form a large part of its
food intake. Ant species taken included
Pheidole spp., Chelaner sp A, Iridomyrmex spp.
and Camponotus spp., suggesting a fairly wide
range. Harvester species however made up over
70% of the total ant prey, suggesting a strong
link in the food chain between these species.

Predator-scavengers. This group of the three
species of Rhytidoponera (also ponerines) and
the formicine Melophorus sp. C. are those
species which not only take live prey, but also
jcavenge dead invertebrates found on the
ground surface. The Rhytidoponera spp. are sol-
itary foragers, but Me/op/zoriw sp. Cforageswith
large numbers of workers running about rapidly
and in apparently random fashion, which
enables a large area to be covered in a compara-
tively short time. This seems to be an adaptive
behaviour as these ants are only active at high
surface temperatures (over 37°C) which reduces
the periods suitable for activity (Briese &
Macauley 1980). Melophorus sp. C showed the

TABLE 2. Forage items (percentage by number) taken by predator and predator-scavenger ants

Forage item

Formicidae
Coleoptera
Isoptera
Orthoptera
Araneida
Diptera
Lepidoptera
Unidentified
larvae

Unidentified
fragments

nt

Odontomachus sp.
F '

72
14
14
-
-
-
-

-

-

15

M

47.4
20.0
-

7.6
2.0

-
-

-

23.0

95

Rhytidoponera
metallica
F

53
6
6

-
9

20
3

3

-

34

M

76.0
1.5
1.5

-
3.0
3.0

-

-

15.0

67

Rhytidoponera
convexa
F

52
4
4

16
4

16
4

-

-

25

Melophorus sp. C
F M

73.0
2.7

-
4.0
2.7

-
-

100

13.6

2 74

•In this and Table 3 F = diet determined by forage collected from returning workers. M = middens fragments which are biased
towards species with hard exoskeletons.
t« = the number on which the sample was based. When the sample size was small the percentages of forage items was rounded.



Food collection in an ant community

least predacious behaviour of this group. The
range of forage items and identifiable midden
fragments are shown in Table 2. These species
again show a strong dependence on other ant
species as a source of energy. Melophorus sp. C
took a wide range of ant species {Pheidole spp.,
Chelaner spp., Odontomachus sp., Rhytidopon-
era spp., Iridomyrmex sp. A) of which harvester
ants formed 68% of individuals taken. Of the
species taken (which were collected from nest
middens) only Iridomyrmex sp. A is active at
similar times to Melophorus, which suggests that
the other ants taken were probably dead work-
ers that had been removed from their home
nests. The removal of dead ants from nests is a
stereotyped behaviour pattern in ants, induced
by decomposition products (Wilsone;. al. 1958).
Once abandoned the dead ants provide a poten-
tial food source for scavenging species such as
Melophorus. For Rhytidoponera spp. almost
50% of the ants in their diet consisted of newly-
released queens that had been captured on the
ground surface. Most of the remaining worker
ants taken were harvesters (90%). but again a
wider range of species were preyed on or
scavenged (Pheidole spp., Chelaner spp.,
Polyrhachis sp., Odontomachus sp., Iridomyr-
mex sp. A, Meranoplus spp).

Although the relationships are not quantified
these data show the importance of ant-ant pre-
datory interactions and point to one way in
which energy is channelled from the harvester
species to higher trophic levels. Although these
predators seems to have little influence on the
abundance of harvester ants (Briese & Macauley
1977), they do depend on them for a large prop-
ortion of their energy intake. Furthermore, they
also benefit from natural mortality in the harves-
ter ants by scavenging the discarded corpses.
The high proportion of ants taken by the predat-
ory species might reflect their contribution to the
total invertebrate biomass. However, ants are
not the only dietary items taken, and a wide
range of other invertebrate taxa were collected
(Table 2). The effect that the ants might have
had on these non-social species is not known.
However, it has been shown that predatory ants
reduced the density of various invertebrates by
up to 50% in a Polish meadow system (Petal et
al. 1971; Kajakcta/. 1972), which suggests that
they might be capable of exerting a strong influ-
ence on general community function.

Nectar-collecting omnivores. This class

includes those ants which derive a proportion of
their energy intake either by collecting nectar
directly from plants, or by collecting the
exudates (honeydew) of sap-sucking insects
(e.g. Aphidae, Coccidae, Homoptera). Many
species of ants collect nectar and honey dew
(Nixon 1951; Way 1963; Sudd 1967). Way
(1963) points out that, apart from sugars, hon-
eydew contains amino acids, proteins, minerals
and vitamins and could serve as a complete food
source. However, species that collect it also
show some predatory and scavenging behaviour,
and Carroll & Janzen (1973) suggested that the
sugars in these substances were important
primarily as a source of energy for the worker
ants while they were foraging for lipid- and
protein-rich prey to feed the larvae. Such food
items were collected by two species assigned to
this group - Iridomyrmex sp. A. which was the
most abundant ant on the saltbush plot, and /.
purpureus which formed large colonies else-
where in the saltbush area (Table 3).

Both species of Iridomyrmex take a wide
range of invertebrate food items, though other
species of ants form only a small part of this, in
contrast to the more predatory ants. Both
species form foraging trails and are able to
recruit workers rapidly to new food sources.
Further, cooperative efforts by workers enable
larger items to be brought back to the nest than a
single worker could move alone and, even if the
food source is too large to be moved, the ants can
monopolize it by sheer numbers until they have
dissected and carried fragments to the colony.
This occurred in the case of some large Orthopt-
era and Araneida that were being scavenged.
Most of the food items were in fact scavenged,
but predation did occur on relatively sedentary
and soft-bodied insects such as termites (Isopt-
era) and lepidopteran larvae.Iridomyrmex sp. A
also demonstrated its feeding opportunism by
collecting small annelids and crustaceans from
drying pools after heavy rains. In the saltbush
plot it appeared to derive a large proportion of
its energy intake from the exudates of sap-
sucking insects infesting Atriplex vesicaria
(mainly the coccid Fulvinaria maskelli OUiff,
plus a few unidentified Homoptera). Although
the table does not indicate the importance of this
as a food source, there was an increase in the
number of nests oi Iridomyrmex sp. A following
a rise in density of the coccids. This suggests the
energy obtained in this way might be significant.
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TABLE 3. Forage items (percentage by number) taken by omnivorous ants

Forage item

Formicidae
Coleoptera
Isoptera
Orthoptera
Araneida
Diptera
Lepidoptera
Other Hymenoptera
Hemiptera
Dermaptera
Unknown larvae
Unidentified fragments
Annelida
Crustacea
Nectar
Honeydew
Seeds
Plant fragments

n

Iridomyrmex sp. A

F*

7'.5
4.7

30.0
6.5

10.3
9.4
3.7
4.7 "'
8.4
1.8
6.5
5.6

+
+
+
+
-
+

107

Iridomyrmex
purpureus

F

7.4
3.7
5.6
7.4
3.7

27.8
1.8
5.6
1.8

-
20.4
14.8
_
_

-1-
-

-

+

54

Melophorus sp. A

F

40
_

4
4

_

8
-
-
-
-

8
-
_
_
_
_

16
20

25

Tetramorium sp.

F

35
5

_
-
_

10
-
-
-
-
_

10
_

_
_

30
10

20

M

68.0
7.6

-
-

1.5
3.0

-

1.5
-
-
_

13.8

_
_
_

-H

4.6

66

Meranoplus sp. A

F

7
-

4
-
.-
14
-
-
-
-
-

10
_
_
_
_

44
21

28

-I-Means items taken, but the amount not quantified.
*F = items collected from foraging ants, M = collection from nest middens.

/. purpureus was not observed tending such
insects but like Iridomyrmex sp. A, it collected
nectar from flowering plants—mainly Podolepis
muelleri. This group then is even more general-
ized than the predator-scavengers, both in the
range of animal food items collected and
because they tap a further food supply in plant
and animal exudates.

Seed collecting omnivores. This group of ants
shows scavenging behaviour similar to that of
the previous group. They are also occasionally
predatory. The difference between the two
groups is that the former supplement their diet
with collection of nectar and plant exudates,
whereas the latter collect seeds (Table 3).
Melophorus sp. A is mainly a scavenger, but will
take soft-bodied larvae as live prey and also
collects a small proportion of seeds such as those
of Danthonia caespitosa, Chloris truncata and
Atriplex vesicaria. Seed-harvesting by species of
Melophorus has previously been reported by
McAreavey (1947), Russell et al. (1967) and
Greenslade (1973). It is a formicine genus and
nearly all other substantiated claims of seed-
harvesting have been of ants belonging to the
sub-family Myrmicinae. Observations of col-

lected seed being eaten have only been made in
two other formicine genera, Lasius (Brian et al.
1965) and Frolasius (Ashton 1979). It would
seem then that granivorous behaviour occurs to
a small extent in the formicines even though the
peak of development of this behaviour has been
in the myrmicine ants. The other seed collecting
omnivores are in fact myrmicines and show dif-
ferent foraging behaviour. Melophorus sp. A
forages in the rapid, random fashion described
for the more carnivorous Melophorus sp. C, but
the myrmicine ants Tetramorium (Xiphomyf-
mex)* sp. and Meranoplus sp. A are both slow
moving solitary foragers. Greenslade (1979) has
mentioned that some species of Tetramorium
harvest seed, and several observations of seed
collecting in the genus Meranoplus have also
been made (Tryon 1888; Russell et al. 1967).
The granivorous behaviour of Tetramorium sp.
seems to be a case of feeding opportunism, since

•It has been recently drawn to the authors attention, that the
genus Xiphomyrmex has been synonymized with the genus
Tetramorium (Bolton 1976). Therefore the species referred to
in this paper as Tetramorium is the same as that referred to in
previous papers of this series (Briese & Macauley 1977,1980)
as Xiphomyrmex.
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these ants were seen taking seeds of only
Sporobolus caroli and Brachycome spp. when
there was a heavy crop. Midden fragments
included a large number of Sporobolus husks,
plus a range of invertebrate parts, mainly ant
fragments (68%) from Pheidole spp., Cam-
ponotus spp., Rhytidoponera spp., Iridomyrmex
sp. A and Monomorium sp. Harvester ants of the
genus Pheidole formed a large proportion of
these (60%), although only the minor worker
castes were taken. Predation of minor workers
oi Pheidole sp. B was observed in one instance,
but scavenging also occurred. Meranoplus sp. A
took the greatest proportion of seeds of this
group, collecting Danthonia, Sporobolus and
some unidentified composite seeds. It also
scavenged small invertebrates including the ant
Monomorium sp., and took the anthers and pol-
len of male Atriplex bushes when these were
produced. Thus these species also have a very
generalist foraging strategy.

Seed harvesters. The seed-harvesters are dis-
tinguished from the seed-collecting omnivores
because they obtain the greatest proportion of
their food intake from seeds of various plants,
whereas seeds are a relatively monor component
of the diet of the latter group. The seed-
harvester group comprises five species. These
are Chelaner spp. A (group of C. whitei
(Wheeler)), Chelaner sp. B (group of C. roths-
teini (Forel)) and Pheidole spp. A, B and C.
There have tjeen many references in the litera-
ture to seed-harvesting by members of the genus
Pheidole (Wheeler 1910; Sudd 1967). Reports
of harvesting in Australian species have been
made by Tryon (1888); Russell et al. (1967);
Campbell (1966); McGowan (1969); R. W.
Taylor (pers. comm.) and P. J. M. Greenslade
(pers. comm.). Fewer observations of seed-
harvesting have been made for the endemic
genus Chelaner, but those that do (Russell et al.
1967, R. W. Taylor pers. comm. and P. J. M.
Greenslade pers. comm.), suggest it is a common
behaviour in this genus. Ettershank (1965) men-
tions modifications of the clypeal teeth in some
species of Chelaner, which could be an adapta-
tion for gathering seeds. All five harvester
species at the study site show similar foraging
behaviour in that seeds are collected mainly
from the ground surface, by the worker ants,
which travel along trails to specific foraging
areas. Only one species, Chelaner sp. B, occa-

sionally removed seeds directly from the plants.
Collected seeds are then brought back to the
nest, either husked or unhusked, and stored in
underground granaries.

Observations on laboratory colonies showed
that the ants remove the pericarps of stored
seeds and then chew the endosperm to a paste
which is presented to the larvae. In some cases
whole seeds were given to the larvae. The adult
ants may ingest some of this material them-
selves, but Went et al. (1972) have suggested
that the larvae of harvester ants might digest the
food and pass it on to the adults. This could not
be proven in the present study, but some form of
trophallactic exchange between larvae and
adults was observed. Seeds are not only a valu-
able food source because they can be stored in
the nest for long periods, but also because they
have a high nutrient content - storing lipid, pro-
tein and, especially in the case of grass seeds,
starch (Baker 1972).

Diet of seed harvesters

Composition of forage. Table 4 shows the rela-
tive contribution of seed species to the overall
food intake of the harvester ants over the two
year period for both the saltbush and grassland
areas. The values are weighted in that the data
from each collecting period has been multiplied
by the proportion of nests of the species active at
that time. This gives a more realistic result than
lumping the data because it makes allowances
for seasonal changes in foraging intensity. The
data demonstrates differences in the way in
which the five seed-harvesters partition the
available food resources.

The ants collected a wide range of seed and
other items: Pheidole sp. A took thirty-two
species of seed, Chelaner sp. B took twenty-
seven, Chelaner sp. A took twenty-five, and
Pheidole spp. B and C each took ten (Tables 4
and 5). Other studies have also shown seed-
harvesters to collect many species of seed.
Species of the genus Pogonomyrmex gathered
from at least eleven and up to thirty-nine kinds
of seed (Cole 1932; Willard & Crowell 1965;
Rogers 1974), and Tevis (1958) listed seeds of
fourteen different species in the diet of Veromes-
sor pergandei (Mayr). Broad seed diets there-
fore seem to be common among harvester ants.

Although most of the seeds are common to the
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diets of all the harvester ants, there are marked
differences in the relative proportions of the var-
ious seeds species collected by the different
species of ant (Tables 4 and 5). In the saltbush,
the largest ant, Chelaner sp. A, collected mainly
the seeds of the dominant shrub Atriplex ves-
icaria, and to a much lesser extent the seeds of
other chenopods, with only a small proportion of
grass and forb seeds. The seeds collected most
frequently by Pheidole sp. A were also Atriplex
but this species also toQk arfrigh proportion of
smaller grass seeds, in particular those of
Sporobolus caroli. Chelaner sp. B. collected pre-
dominantly seeds of the grasses Sporobolus and
Chloris truncata and only a small amount of
Atriplex seed. Seeds of the composite shrub
Minuria cunninghami also formed a significant
part of its diet. The other harvester species took
virtually no Minuria seeds and this was the only
observed case of exclusive collection of a par-
ticular seed by one ant species. As Chelaner sp. B
took these seeds directly from the flower heads,
it could be that the other ants (which forage
exclusively on the ground surface) were denied
the opportunity to collect them. The smallest
harvester ants, Pheidole spp. B and C, took
mainly small grass seeds with small amounts of
forb and chenopod seeds. In all the species
except Chelaner sp. A a small proportion of
insect or other invertebrate matter (3.6 to 7%)
was taken, supplementing the basic seed diet.
Pheidole spp. B and C also collected considerable
non-seed plant matter, such as twigs, leaves,
male fruit and anthers oi Atriplex, other leaves
and pieces of straw etc. None of this material
seemed edible, apart from the pollen-rich
anthers, and much of it was ultimately found
discarded near the nest. The collection of such
material has been recorded for most harvester
ants (Tevis 1958, Willard & Crowell 1965;
Whitford et al. 1975). The reasons for this
behaviour are not understood, but Went et al.
(1972) suggest that ants might collect plant
fragments because these have odours similar to
the seeds.

The data for the grass plot showed trends simi-
lar to the saltbush. In the absence of the
chenopod shrubs, dwarf Maireana species are
abundant (Briese 1974), and Chelaner sp. A
collected a high proportion of their large seeds.
The grasses and forbs present between bushes in
the saltbush plot were also more abundant, with
a corresponding increase in the number of larger

grass seeds such as Danthonia caespitosa and
Stipa variabilis taken by Chelaner sp. A, in addi-
tion to the smaller seeds of Chloris. Other forb
seeds appeared to a lesser extent in the diet of
Chelaner sp. A. The proportion of the small
Sporobolus seeds increased in the diet of
Pheidole sp. A, as did the proportions of the
other grass and forb seeds. Maireana spp. seeds
were also taken, but fewer than were collected
by Chelaner sp. A. Chelaner sp. B took much the
same range of seeds as in the saltbush plot, con-
centrating on small grass seeds and the forb
Minuria. Pheidole sp. B also took small grass
seeds, and although no quantitative data were
obtained for Pheidole sp. C it was observed tak-
ing Sporobolus and Chloris seeds. The data on
collection of animal matter and non-seed plant
material largely corroborated the findings from
the saltbush plot.

The data were reanalysed on the basis of seed
weight (Table 5) to determine what contribution
each seed species makes to the overall energy
budget of the ants. Seed weight is a good
estimator of energy content, as the calorific con-
tent of the various seed species are similar, rang-
ing from 4.4 to 5.2 kcal/g (Cummins &
Wuycheck 1971).

On this basis, the importance of the smaller
seeds such as grasses like Sporobolus was
reduced and the larger forb and chenopod seeds
were emphasized. Thus, in the saltbush plot,
Atriplex is an even more important source of
energy for the ants than would be suggested by a
mere count of seeds and, in the grass plot, the
dwarf Maireana species are similarly important.
However, Sporobolus and Chloris still remain
important sources of food energy, especially in
the case of the smaller Pheidole species which
take few larger seeds.

Seasonal changes in forage. When the data for
individual collecting periods are examined, it
can be seen that there were marked seasonal
fluctuations in the relative proportions of seed
species harvested by the ants. These changes for
the three main harvesters Chelaner spp. and
Pheidole sp. A are shown in Figs. 2 and 3. The
forage intake has been grouped into five
categories to maintain clarity in the figures.
These are. Atriplex seeds, other chenopod seeds,
forb seeds, grass seeds and animal matter. Non-
edible plant matter has been omitted from the
data and the percentage of food items adjusted
accordingly. The data for the two smaller harves-
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FIG. 2. Seasonal changes in the diets of three species of harvester ants in the saltbush plot. Animal matter; • . grass seeds; D, forb
seeds; m, other chenopod seeds; W,Alriplex vesicaria seeds M. The seeding times of the more important plant species are included,
to show how seed intake is related to the time of production
(n.h. = not harvesting).
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FIG. 3. Seasonal changes in the diet of three species of harvester ant in the grassland plot. Key as for Fig. 2.
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ters Pheidole spp. B and C were insufficient to
allow an accurate seasonal breakdown.

The changes in food composition that occur-
red in the saltbush plot are shown in Fig. 2. The
pattern of change in Pheidole sp. A is character-
ized by three peaks in the proportion oiAtriplex
being harvested, and these occurred at times
during or just after heavy seed crops of this shrub
in November-December 1971, October-
November 1972 and April-May 1973. These
seeds remained concentrated under the bushes
and trails of ants led to particular bushes where
seeds were collected. In April-June 1971 and
May-June 1973 there was heavy production of
Sporobolus seeds, which Pheidole sp. A. har-
vested avidly. This was the main reason for the
high proportions of the grass seed category at
these times. The proportions of other chenopod
and forb seeds remained low and did not vary
greatly over the study period, though there were
changes in the individual component species.
Similarly, the proportion of animal matter
remained small but fairly constant suggesting
that scavenging, although it is opportunistic,
forms a regular source of food. Chelaner sp. A
also showed a similar response to the presence of
newly fallen Atriplex seeds by increasing its
foraging intensity and taking large amounts of
these seeds from under the bushes. There was a
slight increase in the grass seed intake when
these were produced in April-June 1972, but
generally the remainder of the diet consisted of
other chenopod and forb seeds, all of which were
harvested more intensely when they had newly
fallen. On only one occasion in October 1972,
was a piece of animal matter taken. The pattern
shown by Chelaner sp. B was considerably dif-
ferent from those of the other two species. When
they recommenced surface activity in October
1971 no fresh seed was available and their diet
consisted largely of Atriplex seeds which were
old and withered. However, following a fresh fall
of seeds of this species in November, they took
very few and preferred the seeds of the forb
Minuria cunninghami, which were removed
directly from the flower head of the plant. In
February and March 1972 grass seeds formed
the most important part of the diet, first the
earlier seeding Chloris and later Sporobolus.
When Chelaner sp. B resumed activity after the
winter dormancy in October 1972, there were
still large numbers of grass seeds remaining on
the surface and these were collected. As these

became scarcer the ants began to raid what were
apparently abandoned underground granaries
of Sporobolus and Chloris seeds. Fresh seeds of
these and Minuria were again taken after new
crops appeared in April-May 1973. As in
Pheidole sp. A the proportion of animal matter
intake remained small and regular.

The seasonal changes of forage items in the
grass plot (Fig. 3) largely reflect the findings for
the saltbush plot. Initially Pheidole sp. A col-
lected mainly Plantago varia and other old
weathered seeds but when fresh falls of the gras-
ses Sporobolus and Danthonia occurred in late
spring and early summer of 1971 it concentrated
on harvesting these. Increased harvesting of
Sporobolus seed occurred again in autumn 1972
and in autumn 1973, following heavy crops. The
large proportion of chenopod seeds taken in
April 1973 was in response to heavy seed fall by
the dwarf Maireana species. Again animal mat-
ter was consistently taken, though wider fluctua-
tions occurred than in the saltbush plot.
Chelaner sp. A took no animal matter at all. In
the pattern for this species the initial high prop-
ortions of grass seed were due mainly to the
harvesting of freshly fallen Danthonia, followed
by Stipa variabilis. By autumn 1972 the main
seeds collected were from new crops of the grass
Chloris and the dwarf chenopods. The two
species oiMaireana were collected in very large
numbers again following seeds falls in October
1972 and April-May 1973. In between these
periods the ants concentrated on a small crop of
new Danthonia seed. Chelaner sp. B also showed
the typical response of intense harvesting after a
fresh seed crop—in the case of the grasses
Danthonia in October 1971, Sporobolus in
April-May 1972 and April 1973, and Chloris in
April 1971, and of the forb Minuria in
December 1971 and April 1973. Furthermore,
small grass seeds were also removed from
underground stores in the summer of 1972 as
described for the saltbush plot. Animal matter
again formed a small and regular proportion of
the diet of this species.

These observations suggest that within their
particular preference framework, the harvester
ants will concentrate on freshly fallen seeds, par-
ticularly those which are abundant or occur in
dense patches {e.g. Atriplex). They respond to a
new crop by mobilizing foragers and harvesting
that particular seed intensely. This enables large
supplies of seed to be gathered and stored in a
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short period. Granaries from excavated nests
yeilded varying quantities of seed: a nest of
Chelaner sp. A excavated during a period of seed
fall by Atriplex contained over 2000 seeds
weighing, in total, 1.7 g. A Pheidole sp. 1 nest
excavated at the same time held almost 3500
seeds weighing 2.1 g. In both cases the seed
stores were mainly Atriplex. However, nests
excavated after a heavy crop of the grass
Sporobolus contained much larger seed stores.
In two nests oi Pheidole sp. A there were about
55,000 seeds weighing 2.9 g and 120,000 seeds
weighing 6.5 g. The largest granaries were found
in a nest of Chelaner sp. B, and contained over
700,000 Sporobolus seeds weighing 38 g. A nest
of Pheidole sp. C contained about 35,000 of
these seeds weighing 1.8 g and one of Pheidole
sp. B, which only forms small colonies, con-
tained about 2,000 Sporobolus seeds which
weighed 0.1 g. It should be noted that these
values are minimal estimates as it was not poss-
ible to excavate the deeper levels of the nests.
However, most of the granaries were found in
the upper 15 cm of the excavations. The size of
seed stores of Sporobolus in this period suggest
that the importance of this species was probably
underestimated by collections of seeds from
foraging ants.

Seed selection. If several species of ant show
different preferences for various seeds there
must be criteria influencing seed selection. Field
observations showed that there was not a direct
relationship between the proportion of seeds in
the diet and the relative abundance of seeds

(Briese 1974). The individual seed preference
spectra (Table 6) showed that Chelaner sp. A has
a strong preference for chenopod seeds and a
reduced preference for the smaller grass seeds.
These preferences strongly reflected field data
on forage intake. There were differences how-
ever between the laboratory results and field
data for the two Pheidole species (compare
Table 6 with Tables 4 and 5). Pheidole sp. A
showed the strongest preference for Danthonia
seed which formed only a small fraction of its
forage intake in the field. The two species which
formed the largest proportions, Atriplex and
Sporobolus., were less preferred by the laborat-
ory colony. Pheidole sp. B showed the strongest
preference for Chloris, whereas Sporobolus.,
which was taken in greatest amount in the field,
was less preferred in the laboratory. This species
is the smallest harvester and had difficulty pick-
ing up the large chenopod seeds which might
explain their low preference rating. However,
since these experiments provided equal numbers
of seeds to choose from, the preferences are real
and are not due to differences in relative abun-
dance.

Some possible criteria for such differential
seed selection are the size and phenology of the
seed, and its chemical attractiveness. In an
analysis of Colorado ants. Culver (1972) found
low overlap in the size of harvester ant workers
and suggested this could mean that the ants util-
ize different sized seeds. The harvester species
in the present study also showed size differentia-
tion and, when their diets were broken down on

TABLE 6. Seed preferences of three species of harvester ants, as determined in the laboratory
(values are relative to the most preferred seeds which have been given an arbitrary rating of 100)

Seed

Chenopods

Maireana pentagona
Matacocera tricornis
Atriplex vesicaria
Maireana cheelii

Grasses

Danthonia caespitosa
Chloris truncata
Sporobolus caroli

Preference

Chelaner sp

100
98
97
95

63
15
2

rating for ant species

. A Pheidole sp. A

45
*

53

100
56
42

Pheidole sp. B

10

10
15

54
100
58

•No data.
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the seed weight basis, there was a relationship
between the size of individual ants worker ants
and seed weight (Fig. 4). As ant size increased
there was an increase in the proportion of larger
seeds taken and a decrease in small seed intake.
An upper limit to the size of seeds that an ant
could handle might be expected, but the interest-
ing point is that the large Chelaner sp. A workers
seem to discriminate against the smaller seeds.
However, size differences coincide with seed
species differences and therefore chemical or
other stimuli may be determining their favoura-
bility to the ants. A laboratory experiment was
designed in which ants were given starch pellets
of varying sizes, in order to look at the effect of
size per se, but the ants would not collect these
pellets. Nickle & Neal (1972) carried out an
experiment on an American harvester ant
Pogonomyrmex badius (Latreille) which sug-
gested seed size might not be as important as a
selection criterion as chemical stimuli. They
found individual workers consistently took the
same seed species when given a choice. Those
taking wheat persisted to do so even when the
wheat was crushed into small fragments. How-
ever, when other seeds were rubbed into the
container used to crush the wheat, these were
collected by worker ants that had previously
taken only wheat seeds. This suggests that the
ants were responding to chemical stimuli of the
wheat seed rather than size or shape. The obser-
vation that individual worker ants consistently
brought back the same seed type suggests that
they form a chemical search image for these
seeds. Consequently, seed preference is deter-
mined to a large extent by the seeds previously
collected. This might explain why colonies of
Pheidole apparently preferred different seeds in
the laboratory than did colonies in the field.
More important though, such behaviour would
seem to be adaptive in a variable environment,
as it results in a concentration on specific seeds
and this leads to rapid and efficient exploitation
of new seed crops.

Field observations showed such behaviour of
ants in exploiting new seed sources and, furth-
ermore, old and weathered seeds were ignored
when fresh seeds were available. This also sug-
gests that chemical stimuli are important.
Nonetheless, the actual size and shape of the
seed did seem to contribute to seed selection.
Seeds which occurred in large fruits, such as the
chenopods, provided added resistance to being

carried. Large Chelaner sp. A workers could
carry an Atriplex fruit considerably further in a
given time than the smaller Pheidole sp. A work-
ers. In such cases, the relative ease and energy
cost of transporting seeds to the nest may be
important selective criteria. Overall, it seems
that seed size restricts the availability of some
seeds to the smaller harvester species but that,
within this limiting framework, chemical cues
are used to distinguish and select the appropriate
seeds.

Discussion

The most notable feature of food use by the
non-harvester species is that, apart from the
basic differences which have been used to distin-
guish the various foraging groups, there is a wide
overlap in the food items collected, even bet-
ween groups. This occurs especially in the case of
ants with large components of scavenged mater-
ial in their diet. However, as Carroll & Janzen
(1973) have pointed out, the food items taken by
scavengers are generated by a large number of
processes and are therefore highly unpredictable
in both quantity and location. Hence a very
generalist selection of the type of material avail-
able would appear to be necessary to ensure a
regular supply of food energy. There appears to
be some separation of food items—both
scavenged and prey—on the basis of size. The
smaller ants such as Meranoplus sp. A and Tet-
ramorium sp. were restricted to taking smaller
food items than the larger ants such as
Rhytidoponera and Melophorus species. The
size of the food item is not limiting in the case of
Iridomyrmex spp., as these ants forage in trails
and recruit large numbers of workers to a food
source, enabling transport of large items. The
phenology of prey items also serves as a basis for
species separation of forage. Ants more reliant
on scavenging, such as Iridomyrmex spp. and
Melophorus spp., restrict predation to soft-
bodied or relatively defenceless invertebrates
such as termite workers and larvae, whereas the
more specialized predators such as Odon-
tomachus sp. will take prey with hard exoskele-
tons such as Formicidae and Coleoptera.
Further differentiation is probably reflected in
the different methods of foraging. These vary
from solitary hunting in species of Rhytidopon-
era and Odontomachus, random running by
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FIG. 4. Distribution of seeds by weight in the diets of five species of harvester ants (the dimensions for Pheidole spp. are for minor
workers, as major workers did not forage).
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large numbers of ants in Melophorus and trail
formation with mass recruitment in some
Iridomyrmex species.

Where species depend on a continually
renewable resource, such as dead animal matter,
prey or honeydew, potential exploitative com-
petition for the available food seems to be
minimized in two main ways, either by temporal
separation of foraging periods (Briese &
Macauley 1980) or by spatial separation through
aggressive interactions (Briese & Macauley
1977). If a resource is being renewed continu-
ally, species which forage at different times are
essentially using different resource sets. Thus
the nocturnal and diurnal species of Cam-
ponotus do not interact with each other, and
members of the genus Melophorus are virtually
the only species active during very hot condi-
tions. These are extreme examples, but no two
species showed the same activity patterns which
means there is some degree of partitioning
among all the species (Briese & Macauley
1980). Aggressive interactions between con-
specifics have resulted in self-spacing of col-
onies, either through the defence of exclusive
territories, such as in Rhytidoponera and
Iridomyrmex spp. or other more subtle interac-
tions such as interference with founding colonies
(Briese & Macauley 1977).

These intraspecific interactions result in a col-
ony having the use of part of the resource set to
the exclusion of conspecifics and, because of
them, it is possible that food is not a limiting
factor in the population dynamics of the non-
harvester ants, since such mechanisms place
immediate restrictions on food use regardless of
whether it is actually or potentially limiting (Mil-
ler 1969).

In the harvester ants the food supply is not
continually renewable, but occurs through occa-
sional heavy production followed by a gradual
decline in abundance due to removal by seed
predators and climatic factors. More important
though, seed is a storable food resource. The
basic strategy of the harvester species then is to
maximize foraging activities when these periodic
pulses of production occur and saturate the food
supply and to accumulate rapidly large stores of
seed in their underground granaries, which can
then act as a buffer against periods of reduced
food availability.

Development of trails to specific foraging
areas appears to be an adaptation for the effi-

cient harvesting of seeds which have fallen or
collected in dense patches. In some species of
Pogonomyrmex, group foraging occurs during
periods of peak seed abundance, with a shift to
individual foraging when seed supplies are
scarce (Davidson 1977). This was not observed
in the present study. Rather, when the seed
became weathered and was dispersed by wind or
other agencies, the activity of Chelaner sp. A and
Pheidole sp. A was reduced and many nests
became inactive. Colonies of Chelaner sp. B, on
the other hand, continued to forage througout
the favourable period from October to May.
Foraging was carried out by large numbers of
workers which travelled along trails to a specific
area and then fanned out, covering a wider area.
Such a method of foraging probably results in
efficient harvesting of a scattered seed source.
This species also showed opportunism by inves-
tigating all holes in the area and, if underground
seed caches were found, they were raided.
Chelaner sp. A and Pheidole sp. A show a differ-
ent kind of opportunism in that they remain
relatively inactive until abundant seed supplies
become available and these are then harvested
intensely.

Schoener (1969) has suggested that an opti-
mal diet is one which facilitates the greatest
energy yield per unit feeding time. In this regard,
the large Chelaner sp. A can be considered to
optimize its energy intake by having relatively
few foragers which collect mainly large seeds.
Chelaner sp. B has large numbers of smaller
foragers, and their strategy of collecting many
small, easily-carried seed is probably more effi-
cient than expending large amounts of energy
while harvesting larger seeds. The strategy of
Pheidole sp. A falls between that of these two
species. One final point is that both Chelaner sp.
B and Pheidole sp. A take a small but regular
proportion of animal matter, which would sup-
plement their protein intake. Chelaner sp. A
however does not do this, suggesting that, of the
three species, it is probably the most closely
adapted to a granivorous feeding strategy. How-
ever, Chelaner sp. A is the only species showing
marked worker polymorphism (Briese 1974)
and Davidson (1978) has pointed out that such
morphological plasticity may reflect a finer
degree of adaptation to a variable resource sup-
ply, as the species will have a wider potential
dietary range.

Overall the majority of our species have a
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broad range of food intake even within such
seemingly restricted categories as seed-
harvesting. Such generalist strategies are found
in most species of ants (Carroll & Janzen 1973)
and, apparently, are a highly successful method
of resource use in terms of evolutionary success.
They would seem to be even more adaptive to
variable environments such as the semi-arid
ones, where they would result in the most effi-
cient use of an unpredictable food supply.
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