Competition for food is an important de-
terminant of ecosystem structure and dynam-

son 1977), but, because the
importance of competition as a determinant
of community composition is debatable
(Schoener 1974, Wiens 1977), additional

competition have dealt with interactions be-
tween species of closely related taxa (Connell
1961, Brown 1971, Sheppard 1971, Grant
1972, MacArthur 1972, Pianka 1974, Schro-
der and Rosenzweig 1975), but only recently
have they included species of more distantly
related taxa (Hansen and Ueckert 1970,
Brown et al. 1975, Fenton and Fleming 1975,

1975, Sinclair 1975, Brown and Davidson
1977, Boyden 1978).

Although studies of harvester ants in North
America have included distribution (Hull and
Killough 1951, Sharp and Barr 1960, Cole
1968), damage and control (Cole 1932, Sever-
in 1955, Lavigne 1966, Race 1966, Wight
and Nicholes 1966), foraging activity (Cole
1934, Creighton 1953, Tevis 1958, Bernstein
1974, Rogers 1974, Whitford and Ettershank
1975, Whitford 1976), species diversity (Da-
vidson 1977a, 1977b, Mares and Rosenzweig
1978), and taxonomy (Cole 1968), only a few

studies in Arizona have examined com-

‘Department of Zoology, Brigham Young University, Provo, Utah 84602.

ics (Hairston et al. 1960, Brown and David-
relative

study is essential to provide necessary insights
into community relationships. Most studies of

Primack and Howe 1975, Pulliam and Brand

COMPETITION BETWEEN HARVESTER ANTS AND RODENTS
IN THE COLD DESERT!
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ABstracT.— Local distribution patterns of three rodent species (Perognathus parvus, Peromyscus maniculatus,
Reithrodontomys megalotis) were studied in areas of high and low densities of harvester ants (Pogonomyrmex
owyheei) in Raft River Valley, Idaho. Numbers of rodents were greatest in areas of high ant-density during May, but
partially reduced in August; whereas, the trend was reversed in areas of low ant-density. Seed abundance was prob-
ably not the factor limiting changes in rodent populations, because seed densities of annual plants were always great-
er in areas of high ant-density. Differences in seasonal population distributions of rodents between areas of high and
low ant-densities were probably due to interactions of seed availability, rodent energetics, and predation.

petition between ants and rodents (Brown et
al. 1975, Pulliam and Brand 1975, Brown and
Davidson 1977, Reichman, unpubl. ms.).
Reichman (unpubl. ms) demonstrated that ei-
ther taxon alone or both together impact the
density of seeds in the soil, but Pulliam and
Brand (1975) concluded that little com-
petition exists between ants and rodents ex-
cept in years of low seed production. Brown
and Davidson (1977) concluded that ants and
rodents do compete for seeds in southern hot
deserts, and harvester ants can affect rodent
distribution.

Our objective was to investigate local dis-
tribution patterns of rodents and ants to de-
termine if competition for seeds was an im-
portant factor in any observed interaction
between western harvester ants and rodents
in the cold desert.

Stupy SITES AND METHODS

This study was conducted in a sagebrush-
greasewood community at Raft River Valley,
Idaho, from May through August 1977 and
1978. Predominant plant species were sage-
brush (Artemisia tridentata), greasewood (Sar-
cobatus vermiculatus), squirreltail barley (Si-
tanion hystrix), and mustards (Lepidium
perfoliatum and Descurainia richardsonii).
Harvester ants were of the species Pogono-

'This research was sponsored by EG & G, Idaho, Inc., and supported by the U.S. Department of Energy Contract DE-A507-771D01674.
‘Present address: Rockwell Hanford Operations, Richland, Washington 99352.
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myrmex owyheei. Rodent species investigated
were the white-footed deer mouse (Per-
omyscus maniculatus), western harvest
mouse (Reithrodontomys megalotis), and
Great Basin pocket mouse (Perognathus par-
ous).

One 12 X 12 base grid with 15 m between
stations, and 10 4 X 5 mini-grids with 10 m
between stations were established to assess
ant-rodent interactions. Approximately half
of the base grid and five of the mini-grid
were located in areas of high ant-density, but
the remainder of the base grid and the other
five mini-grids supported only low ant-den-
sities.

Two Utah live traps (Garcia et al. 1974)
baited with rolled oats were placed at each
station on the base grid, which was trapped
for 10 consecutive nights during May and
August 1977 and 1978. The 10 mini-grids,
with one Utah live trap at each station, were
trapped simultaneously for four consecutive
nights each month. Mini-grids were trapped
prior to the base grid trapping in May and
August. All animals on the base grid and
mini-grids were marked for identification by
clipping the toes and released after species,
sex, and trap station were recorded. Numbers
of rodents for the mini-grids and centers of
activity on the base grid were estimated us-
ing Hayne’s (1949a, 1949b) methods.

Understory vegetation (<<30.5 cm high)
and overstory vegetation (>30.5 cm high)
were measured using the cover class and
point quarter methods, respectively. Relative
seed abundance and time of seed drop of an-
nual forbes (Descurainia richardsonii, Lepi-
dium perfoliatum) and grass (Sitanion hystrix)
was determined monthly on the 10 mini-grids
from soil samples, using the method of Franz
et al. (1973).

In order to establish a relationship between
distribution of P. maniculatus and seed abun-
dance during the May reproductive period,
sex ratios were calculated for specimens col-
lected from the 10 mini-grids.

Ant mound volumes were used in con-
junction with numbers of mounds per unit
area to estimate ant density at each mini-grid
(Fig. 1). Ant foraging activity was estimated
twice each day during the first week of each
month by placing a one-meter quadrat over
each of 22 stations located 15 m apart in the
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area of high ant-density of the main grid.
Numbers of active ants/m?®/minute were
counted and averaged to obtain a monthly es- l
timate of relative foraging activity. Seed
preferences of harvester ants were deter-
mined on 23 June and 6 and 28 July 1978 for
five mounds. Seeds were collected, identified, |
and counted from 75 returning foragers for
each mound at each sampling period.

ResuLTs

Areas of high ant-density had less total
cover (32.8 percent and 42.2 percent in high
and low ant-density areas, respectively) and
less grass cover (0 and 32.7 percent in high
and low ant-density areas, respectively) than
did areas of low ant-density. Densities of
seeds from annual plants (Descurainia rich-
ardsonii, Lepidium perfoliatum) were appar-
ently dropped in late May and early June,
whereas Sitanion hystrix seeds were dropped
in July and August (Table 1). This temporal
difference in seed drop was also reflected by
the foraging activities of the ants (Table 2).
In June, ants almost exclusively foraged on |
seeds from D. richardsonii and L. per-
foliatum, whereas in July they foraged on S. |
hystrix (Table 2). .

Ant foraging activity was lowest in May,
peaked in July, and decreased in August
(Table 3). There was a significant negative
correlation (p<<0.025) between ant densities
and rodent numbers (Fig. 2), but no signifi- |
cant correlation between rodent numbers and
seed abundance (p<<0.200).

Average numbers of rodents in areas of low
ant-density were 9+ 3.2 rodents/grid in May
and 16+2.7 in August, an 88 percent in-
crease; in areas of high ant-density the num-
bers of rodents were 26+8.3 in May and
11+2.7 in August, a 58 percent decrease
(Table 4). Centers of rodent activity on the
base grid shifted from the area of high ant-
density to the area of low ant-density during
August 1977 and 1978 (Table 4).

Sex ratios of P. maniculatus during the
May reproductive period on the five mini-
grids with low seed-density averaged 1.6:1
(1:1 to 2:1) males to females, and on the five
grids with high seed-density they averaged
1:1.3 (5:11 to 13:8). When fitted to a bino- |
mial distribution these ratios were signifi-
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cantly different (p<<0.08) in both high and
low seed-density areas. The female-to-male
sex ratios were also significantly greater
(p<<0.04) in the areas of high seed-densities.

DiscussioN

Studies of competition by Brown and Da-
vidson (1977) between ants and rodents in
Arizona indicate that seeds limit the distribu-
tion of either taxon, which also influences
each other. Although they demonstrated sig-
nificant evidence for exploitation com-
petition between ants and rodents, our data
from Idaho show that factors other than seed
abundance are more influential in changing
rodent distributions in areas of high ant-den-
sity. Our data indicate that D. richardsonii
and L. perfoliatum seeds were always more
abundant in areas of high ant-densities than
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they were in areas of low ant-densities (Table
1). Because this condition persisted in spite of
greater foraging pressure by ants and rodents,
these seeds probably did not limit rodent
populations or distribution. If seed of these
species were not the limiting factor, then ro-
dent populations should not have declined by
58 percent in areas of high ant-density. One
might suspect an error in our data due to in-
appropriate sampling, but comparable results
were obtained on the base grid. In August
1977 and 1978, significant shifts occurred in
the centers of activity from the area of high
ant-density to the area of low ant-density
(Table 4). In fact, two P. maniculatus that es-
tablished centers of activity in the area of
high ant-density during May established new
centers of activity in the area of low ant-den-
sity during August.

The negative correlation between ants and

®(y=4,329)

1.0 15" 20" 2530

36 40 45 50 55 60 65 70

Estimated Number of Active Ants (x x 100)

Fig. 1. Regression analysis of mound volume and estimated number of active ants (p<<0.050).
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TasLE 1. Relative seed abundance and time of seed drop for Descurainia richardsonii, Lepidium perfoliatum, and
Sitanion hystrix for May-August 1977.

Annual seeds Grass seeds
per sample per sample
High ant- Low ant- High ant- Low ant-

Date density density Average density density Average
May 128 25 T 0 27 14
June 242 53 147 4 31 18
July 199 126 163 2 86 44
August 144 16 81 0 78 39
Average 179 55 3 56

TasLe 2. Numbers and relative percentage of seeds from Descurainia richardsonii, Lepidium perfoliatum and Sita-
nion hystrix (grass) collected from 75 foraging ants at five ant mounds for the four sampling periods in 1978.

Percent of total

Number sl wirian e
Date Annual seeds Grass seeds combined Annual seeds Grass seeds
June 23 358 1 359 99.7 0.3
July 6 249 16 265 94.0 6.0
July 16 47 88 135 35.0 65.0
July 28 39 111 150 26.0 74.0

20

-
N

Rodent Density/gri

| | 1 |
1000 2000 3000 4000

Ant Density

Fig. 2. The correlation between ant and rodent density (p<<0.025) is shown for May-August 1978.
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rodents (Fig. 2), the 58 percent rodent popu-
latlon decline in areas of high ant-density
(Table 3), and the shifts in rodent centers of
[I activity ( Table 4) indicate that interactions
' did occur between ants and rodents. Com-
petition for seeds is probably not responsible
for these interactions; consequently, other
factors such as rodent energetics, predation,
and seed availability may logically be ex-
|pected to account for rodent distribution
changes in areas of high ant-density. During
the critical reproductive period in May, fe-
male rodents must secure sufficient energy
for existence and successful rearing of young.
At that time it seems critical that females be
in areas of relatively high food abundance in
order to maximize reproductive energy. As-
suming this to be the case, two predictions
can be generated: (1) rodent numbers will be
higher in areas where seed abundance is
greatest and (2) sex ratios will be weighted
toward females in areas of high seed-density.
Both of these predictions were realized in our
studies. Areas of high seed-density were also
the areas of highest ant densities (Table 1),
- but, because ants were inactive in May
(Table 3), competition between ants and ro-

TaBLE 3. Mean numbers + standard deviation or ro-
dents/grid in areas of high and low ant-densities, and
the relative ant-foraging activity for the period
- May-August 1978.

Mean no. rodents/grid

'- High ant- Low ant- Relative
: density density foraging
Date area area activity

- May 26+8.3 94+3.2 8+12
' June 29+6.2 24143 56 £ 30
July 17+ 4.1 18+2.8 104+ 70
- August 1127 16 +2.7 26+ 13
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dents for seeds was nonexistent at that time.
Because of the temporal difference in seed
drop between the annual herbaceous species
(D. richardsonii, L. perfoliatum) and grass (S.
hystrix), seeds from annual plants are more
available in May and June, whereas the grass
seeds are more available in July and August.
This difference in seed availability was also
reflected in the foraging activities of harves-
ter ants. They foraged almost entirely on
seeds from annual plants in June, but, as the
season progressed and these seeds became
less available due to ant-rodent foraging ac-
tivities and the loss of seeds into soil crevices
(Tevis 1958, Bernstein 1974), ants foraged
primarily on grass seeds that were more
available (Table 2). Since grasses were vir-
tually nonexistent in areas of high ant-density
(Table 1), rodents likely emmigrated to areas
where those seeds were more abundant.
Rodents living in areas of high ant-density
would probably be more susceptible to pre-
dators than those living in areas of low ant-
density for two reasons: (1) areas of high ant-
density have more open spaces and less total
cover than areas of low ant-density (Table 1),
(2) foraging time will increase as the seed
availability of D. richardsonii and L. per-
foliatum decrease. Observations in July and
August indicated that predator pressure on
rodents was greater in areas of high ant-den-
sity. Short-eared owls and burrowing owls
were observed almost exclusively in those
areas. Coyote signs were more abundant in
areas of high ant-density, and the only weasel
captured during the summer was on a grid
with high ant-density. Because ecological
theory suggests that small animals are more
likely to be regulated by predation than com-
petition (Hairston et al. 1960, Schoener
1974), our results suggest an alternative ex-

TasLE 4. Distribution of centers of rodent activity for areas of high and low ant-densities on the base grid for ‘Vla\'

‘and August 1977 and 1978,

{ Rodent May o August

- centers High ant- Low ant- High ant- Low ant-

of activity density area density area Total density area density area Tota]
| Number, 1977 16 27 43 3 12 15

' Number, 1978 31 34 65 16 29 45

| Percentage, 1977 37 63 20 80

Percentage, 1978 48 52 35 65
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planation for observed ant-rodent distribu-
tion patterns to that proposed by Brown and
Davidson (1977).

Ditferential predation pressure and seed
availability are factors that have not been
treated as complimentary mechanisms in-
fluencing rodent distributions in areas of high
ant-density. Although this is the first reported
study of ant-rodent interactions in a cold
desert, the results suggest that competition
for seeds between the two taxa may not be as
intense in cold deserts as indicated by Brown
et al. (1975), Brown and Davidson (1977), and
Reichman (unpubl. ms.) for the Sonoran
Desert. Pulliam and Brand (1975) reported
that competition for seeds between ants and
rodents in the plains grassland region of Ari-
zona may occur only in periods of drought.
Because 1978 was an exceptional year for
production of annuals (19.2 percent relative
cover compared to 6.8 percent in 1977), ac-
tive competition for seeds between the two
taxa may have been masked.

Ants may exert a stronger influence on ro-
dent distributions in cold desert environments
than our data have shown. Because ants have
an impact on the total vegetation cover of an
area (Rogers and Lavigne 1974, Clark and
Comanor 1975), their absence may allow in-
creases in total shrub and grass cover, thus af-
fecting rodent distributions. The decrease in
availability of seed from annual plants prob-
ably would not be as dramatic if there were
no ants present. If this were the case, then fo-
raging time and consequent predation would
not increase significantly as the season pro-
gressed. Further documentation of selection
pressures such as predation and seed avail-
ability during drought years are needed be-
fore the extent of competition between ants
and rodents in cold desert environments can

be fully evaluated.
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