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the fraction of the total bait occurrences for a species that were
found in month i.

The Czechanowski index is a symmetric index of niche over-
lap, such that O12=O21. The index approaches 0 for species that
share no resource states and approaches 1.0 for species pairs that
have identical resource utilization distributions. To characterize
the niche overlap patterns of the entire assemblage, we calculated
the mean and variance of niche overlap among all unique pairs of
species in the assemblage (Inger and Colwell 1977).

Next, we determined the statistical significance of the niche
overlap patterns by comparing them with an appropriate null mod-
el, in which the observed utilization data were randomized among
species. The data for each null model consists of a matrix in which
the rows are species and the columns are resource states (months
of the year, hours of the day, or individual bait stations within an
hour). The entries in the matrix are the utilization of each resource
state by each species. We used two kinds of randomization algo-
rithms (RA) to test for non-random niche overlap patterns.
Winemiller and Pianka (1990) have extensively analyzed these
niche overlap models and have evaluated their performance on
idealized data sets. For consistency, we used the same labels for
the algorithms as Winemiller and Pianka (1990):

1. RA3. In this algorithm, the entries in each row of the utiliza-
tion matrix were randomly reshuffled. This procedure retains
the observed niche breadth of the species, but it allows utiliza-
tion of any of the possible resource states. We used this algo-
rithm for the analysis of spatial niche overlap. Although we
used this algorithm in a preliminary analysis of temporal over-
lap, we do not believe that all resource states (different hours
of a day or different months of a year) could necessarily be
used by all species, even in the absence of species interactions.

Therefore it is not an appropriate null model for patterns of
temporal niche overlap (see also Tokeshi 1986; Loreau 1989).

2. RA4. In this algorithm, only the non-zero entries in each row
of the utilization matrix were randomly reshuffled. This proce-
dure retains both the niche breadth of the species and the pat-
tern of zero states. We used RA4 to analyze seasonal and diel
patterns of niche overlap. Although RA4 is a somewhat con-
servative algorithm (Winemiller and Pianka 1990), it tended to
produce higher expected niche overlap values with our data
than did other alternative algorithms (RA1, RA2, RA3). Con-
sequently, RA4 had the greatest chance of revealing significant
patterns of reduced niche overlap.

For each data set, we randomized the utilization data according to
algorithm RA3 or RA4 and created 1000 null assemblages. From
these, we calculated the mean niche overlap of all possible species
pairs and compared the observed mean to the distribution of simu-
lated means. From these, we calculated the mean niche overlap of
all possible species pairs as a community-level index of niche
overlap. We compared this index to the histogram of 1000 indices
that were calculated from the randomized data sets. We calculated
the two-tailed probability values by tabulating the number of sim-
ulated niche overlaps that were greater or less than the observed
overlap. Interspecific competition should cause mean niche over-
lap to be less than expected by chance, whereas abiotic constraints
on activity, such as air temperature, might cause all species to
have similar foraging patterns, so that observed niche overlap
would be greater than expected.

We also tested for patterns in the variance, as well as the mean,
of niche overlap. Inger and Colwell (1977) showed that if there is
guild organization within the species assemblage, the variance in
niche overlap will be greater than expected: species pairs within a
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nant species (Lynch et al. 1980; Fellers 1989; Andersen
1992). In our study, temperature appears to be an important
determinant of temporal activity patterns. The activity of
the two most abundant species correlated significantly but
negatively, suggesting differing physiological preferences
of these species. Similar patterns have been described for
woodland ant assemblages (Lynch et al. 1980).

Nest site availability is probably not limiting in this
grassland because all species found are ground-nesting




