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ANT COMMUNITY STRUCTURE:
EFFECTS OF PREDATORY ANT LIONS!

NicHoLAS J. GOTELLI
Department of Biology, University of Vermont, Burlington, Vermont 05405 USA

Abstract. This study examined the responses of ground-foraging ants to larval ant
lions (Neuroptera: Myrmeleontidae). In central Oklahoma, these sit-and-wait arthropod
predators are restricted by abiotic factors to sheltered cliff bases. A high-density ant lion
zone forms an effective ‘““minefield” of predation for local ant assemblages. The density
of ant-nest entrances and the number of pitfall-trap captures of ant foragers were signifi-
cantly lower in the ant lion zone than in the adjacent forest or grassland. Differences in
ant abundance could not be attributed to differences in thermal microhabitat within and
outside the ant lion zone. Over a 24-h period, ants foraged continuously at tuna-fish baits
placed on the forest floor, but never utilized baits placed within the ant lion zone. Field
behavioral tests with individual ant foragers confirmed that the risk of predation from ant
lions was high for common ant species in the assemblage. Among species, predation risk
was negatively correlated with worker body mass.

Manipulative field experiments tested whether ants use biotic or abiotic cues to avoid
ant lion aggregations. Ants foraged readily at baits on the forest floor and baits placed in
the center of experimental sand patches, but they avoided baits placed in sand patches that
contained ant lions. Ant foraging was also substantially lower in patches from which ant
lions had been removed 3 h prior to the start of the experiment. Ant foraging was slightly
reduced in patches with artificial ant lion pits that had never contained predators. These
experiments suggest that ants use biotic cues associated with the presence or recent presence
of predators. Previous studies have not implicated predation as an important factor struc-
turing ant communities. This study suggests that predators can have important community-

wide impacts on the distribution, abundance, and behavior of ground-foraging ants.
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INTRODUCTION

There is considerable evidence that the presence of
a predator can influence prey populations, even in the
absence of direct predation (Sih 1987, Lima and Dill
1990). These indirect effects (sensu Miller and Kerfoot
1987) include induced shifts in the behavior (Neill
1990), morphology (Appleton and Palmer 1988), and
life history (Washburn et al. 1988, Crowl and Covich
1990) of prey. Indirect effects may have important con-
sequences for the population dynamics of predators and
prey (Ives and Dobson 1987, Abrams 1990) and for
the growth of competing prey populations (Kotler and
Holt 1989, Osenberg et al. 1992). At the community
level, indirect effects may be responsible for higher
order interactions (Werner 1992), habitat associations
(Jeffries and Lawton 1984), and regional differences
in community structure (Schluter 1988).

Shifts in foraging behavior and habitat use by prey
in the face of predation risk are especially well doc-
umented (Sih 1987, Neill 1990, Nonacs and Dill 1991).
The particular foraging strategy employed depends on
the perceived and actual risk of predation, the quality
of the foraging reward, and the extent to which animals
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can behaviorally control the risk of predation (Fraser
and Huntingford 1986, Lima and Dill 1990). Unfor-
tunately, the responses of prey to predators can be dif-
ficult to study in the field because predators are si-
multaneously reacting to movements of prey (Sih
1984). The clearest cases may be those in which the
predator is limited in movement by abiotic factors or
other mechanisms that are unrelated to predation (Con-
nell 1975). In these cases, the response of the prey to
the predator must be distinguished from the correlated
response of the prey to abiotic factors.

In this study, I examine the distributional and be-
havioral responses of an assemblage of ground-for-
aging ants to high-density aggregations of predaceous
ant lion larvae (Neuroptera: Myrmeleontidae). In cen-
tral Oklahoma, these larvae are restricted by abiotic
factors to the sheltered bases of cliff ledges (Gotelli
1993), where they effectively constitute a ““minefield”
of predators. I tested the null hypothesis that the spatial
distribution of nest entrances, the short-term activity
of foragers, and the long-term abundance of foragers
were similar in the presence and absence of ant lion
predators. I conducted a series of field experiments to
quantify the risk of predation to foragers of different
species and to reveal the biotic and abiotic cues po-
tentially used by prey to avoid predators.
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Layout of pitfall traps. The black region represents the cliff ledge, and the shaded region represents the ant lion

zone. At each cliff ledge, six stations were established, with large and small pitfall traps placed inside and outside the ant

lion zone.

MATERIALS AND METHODS
Study sites

Ant assemblages were examined at three sandstone
cliff ledges in Caddo County, Oklahoma. These sites
support dense aggregations of larval ant lions (Myr-
meleon immaculatus and M. crudelis) in a well-defined
zone 1-2 m wide at the base of each cliff. High soil
surface temperatures and disturbance from rainfall re-
+strict both predator species to this sheltered microhab-
itat (Gotelli 1993). Both ant lion species pass through
three larval instars, and second and third instars are
common through most of the year. The two species are
not spatially segregated within the ant lion zone (Go-
telli 1993). Although their morphology and feeding
habits are similar, M. immaculatus is larger and less
common than M. crudelis in Caddo County.

The background habitat beyond the cliff ledge differs
among sites: open, disturbed prairie (Salyer East); nar-
row, partly shaded rock ledge (Salyer West) and mesic,
forested canyon floor (Pugh Canyon). All sites have a
southeast exposure and are separated from one another
by 0.5-3 km. See Gotelli (1993) for full site descrip-
tions and a map.

The mosaic of prairie and forest vegetation in these
canyons supports over 30 species of ants (M. Albrecht,
unpublished data). Numerically dominant species in-
clude Monomorium minimum, Pheidole bicarinata,
Pheidole dentata, Conomyrma flava, Crematogaster
punctulata, and Solenopsis spp. (primarily Solenopsis
molesta).

Pitfall traps

Ant abundance and species richness were estimated
from annual pitfall trap catches of individual ant for-
agers. At each site, a permanent array of six pitfall-trap
stations was established parallel to the cliff ledge, at 6-
m intervals. At each station, one large (50 mm diameter)
and one small (32 mm diameter) polyvinyl chloride
(PVC) sleeve (100 mm in length) were permanently bur-
ied and capped, within 0.75 m of one another. Large and

small traps were placed both within and 1 m beyond the
ant lion zone (Fig. 1). The permanent PVC sleeve al-
lowed traps to be inserted and removed with almost no
disturbance to the surrounding substratum.

At each trapping date, I removed the caps and in-
serted a large (38 mm diameter) or small (25 mm di-
ameter) glass jar, rimmed with foam insulation. Each
jar was filled to a depth of 25 mm with ethylene glycol,
a preservative and fixative, and the inner rim was coat-
ed with FLUON, a slippery industrial lubricant. Traps
were run for 72 consecutive hours in July of each year
from 1989 to 1993. Cores remained capped between
trapping intervals. Ants were the most abundant ar-
thropod in pitfall trap catches, and all individuals were
counted and identified to species whenever possible. In
July of 1992, the contents of two traps were lost to
small mammals.

Measurement of soil surface temperatures

Because of obvious differences in canopy cover, the
three sites varied in thermal exposure from the rela-
tively warm and exposed prairie site (Salyer East) to
the cooler, more mesic forest site (Pugh Canyon). But
even within sites, certain stations were characteristi-
cally warm or cool. Thermal constraints may be an
important limit to ant foraging and activity (Rogers
1974, Briese and Macauley 1980) and could account
for variation in pitfall trap catches. To quantify micro-
habitat variation in thermal conditions, I measured soil
surface temperature at each station at 0900, 1200, 1500
and 1800 with a Cole-Parmer Infrared Thermometer
(model number 08407-10). I measured soil surface tem-
peratures in July of 1992, concurrent with pitfall trap-
ping. Because of time constraints, I could measure soil
temperatures at only one site each day (Salyer East: 3
July 1992; Salyer West: 8 July 1992; Pugh Canyon: 6
July 1992). Peak air temperatures in the shade were
similar on 3 July 1992 (28.5°C) and 6 July 1992 (28°),
but were higher on 8 July 1992 (33.5°). At all sites,
soil surface temperatures peaked at 1200. If the stations
were ranked on the basis of total degree-hours, these
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rankings would correspond with soil surface temper-
ature at 1200, which was used as a simple thermal index
to correlate with pitfall catches.

Statistical analysis of pitfall trap data

I analyzed species richness, total abundance, and
abundance of the six most common species with a
mixed-model repeated-measures analysis of variance.
The within-subjects factor was years (1989-1993) and
the between-subjects factors were sites (Salyer East,
Salyer West, Pugh Canyon), microhabitats (predators
present, predators absent), and trap sizes (small, large).
Stations (1-6) were nested within sites. All factors in
the model were random except microhabitats, which
was fixed. Data were logarithmically transformed [In(n
+ 1)] before analysis to correct for non-normality. I
deleted third-order and fourth-order interaction terms
from the analyses, unless they were indicated by a sig-
nificant lack-of-fit test. Tests were based on the 5 yr of
July samples from 1989 to 1993. Similar patterns were
found in 1994, and in a set of seasonal data from May,
June, and July of 1989 (see Fig. 5 in Gotelli 1993).

Using only data from the large pitfall traps in July
1992, I compared trap catches in protected and exposed
microhabitats, with soil surface temperature as a co-
variate. The simple patterns in the data did not justify
a more complex analysis. I also compared species rich-
ness in exposed and protected microhabitats with rar-
efaction (Hurlbert 1971, Simberloff 1972). Rarefaction
curves give the expected species number in a small
random subsample of individuals from a collection. For
each site and year, I pooled the data from the pitfall
traps of the six exposed stations to estimate the full
species-abundance distribution. I then rarefied this col-
lection down to an equivalent number of individuals
collected from the six stations within the ant lion zone.
Confidence intervals about the expected species rich-
ness were calculated using the variance estimate in
Heck et al. (1975). This test compares species richness
in and out of the ant lion zone after adjusting for dif-
ferences in abundance (James and Rathbun 1981).

Spatial pattern of nest entrances

During July of 1992, I mapped all nest entrances that
could be found within and adjacent to the ant lion zone
at each site along a 10-15 m transect parallel to each
cliff ledge. Tuna-fish baits were used to lure ant for-
agers from nest entrances, which were then marked
with flagging and located with a pair of x-y coordinates.

Risk of predation

For several ant species at the Pugh Canyon site, I
estimated the probability of death by introducing for-
agers into the ant lion zone. Ten workers each of Cam-
ponotus modoc (major worker), C. modoc (minor work-
er), Aphaenogaster texana carolinensis, Crematogaster
laeviscula, Pheidole dentata (minor worker), and Mono-
morium minimum were tested. Individual foragers were
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collected with a suction aspirator from tuna-fish baits,
and then dropped from a height of 5 cm over a hap-
hazardly chosen location at the midpoint of the ant lion
zone. I followed each individual until it was captured
by an ant lion larva, escaped to the front of the ant lion
zone, or successfully reached the cliff base at the back
of the ant lion zone. The probability of death was defined
as the proportion of those 10 workers that was success-
fully captured by ant lions. The probability of capture
by an ant lion was measured for each prey species as
(total number of ants captured per total number of ant
lions encountered). An ant lion encounter was defined
as an ant entering or partially entering an ant lion pit
and eliciting a sand-throwing response from the predator.
These experiments were conducted on several days in
May and June of 1991. At that time in the year, the ant
lion zone is dominated by second- and third-instar larvae
of both Myrmeleon crudelis and M. immaculatus. The
different instars and predator species encountered by
ants were not distinguished in this experiment.

Between 3 and 10 workers each of Camponotus mo-
doc (minor worker), Aphaenogaster texana carolinen-
sis, Crematogaster laeviscula, Pheidole dentata (minor
worker), and Monomorium minimum were desiccated
to a constant mass to estimate individual body mass of
each species. Body masses were then correlated with
the probability of capture by ant lions.

Foraging behavior

To assess the foraging behavior of ants in the face
of predation risk, I established bait stations in the pres-
ence and absence of ant lion predators. Each bait station
consisted of 50 g of drained tuna fish (Bumblebee, oil-
packed) placed on a 12.5 X 20 cm lined index card.
Tuna fish represents a high-quality concentrated protein
reward for ant foragers. In central Oklahoma, the ant
species that forage at tuna-fish baits are the same ones
that are found at insect carcasses and carrion in the
field. Presence of species at tuna-fish baits is also cor-
related with pitfall-trap captures (M. Albrecht, unpub-
lished data). Tuna-fish baits are usually colonized by
ants within 2—10 min of placement.

On 25 June 1991, 20 bait stations were established
at the Pugh Canyon site. At 6 m intervals, I placed one
bait station in the center of the ant lion zone and a
parallel station on the forest floor, 2 m beyond the edge
of the ant lion zone. Bait stations were established at
0800 and censused hourly for 24 h. At each census, I
recorded the species identity and abundance of ants at
baits. For baits in the ant lion zone, I looked carefully
for evidence of ongoing predation in nearby ant lion
pits. Baits that were depleted by ant foraging were
replenished during the experiment.

Foraging cue experiments

I constructed artificial ant lion patches on the forest
floor in order to reveal the biotic and abiotic cues used
by ants in avoiding predators. Each patch consisted of



