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Invasive species pose serious threats to community structure and
ecosystem function worldwide. The impacts of invasive species can
be more pervasive than simple reduction of species numbers. By
using 7 years of data in a biological preserve in northern California,
we documented the disassembly of native ant communities during
an invasion by the Argentine ant. In sites without the Argentine
ant, native ant communities exhibit significant species segrega-
tion, consistent with competitive dynamics. In sites with the
Argentine ant, native ant communities appear random or weakly
aggregated in species co-occurrence. Comparisons of the same
sites before and after invasion indicate that the shift from a
structured to a random community is rapid and occurs within a year
of invasion. Our results show that invasive species not only reduce
biodiversity but rapidly disassemble communities and, as a result,
alter community organization among the species that persist.
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By displacing native species or reducing their abundance,
biological invaders have severely disrupted the organization

and function of many native communities and ecosystems (1, 2).
The loss of biodiversity in the face of invasive species reflects the
breakdown of community assembly rules (3) that structure intact
assemblages. However, the disruption of community assembly
rules has not been documented during the course of a biological
invasion. Studies of invasions as natural experiments (4) are
usually snapshot analyses that often lack preinvasion data on
community structure. In this study, we used 7 years of data from
monitoring an invasion in progress to assess the impact of a
widespread invasive species, the Argentine ant (Linepithema
humile), on the organization and disassembly of native ant
communities in northern California. We used null model analysis
(5) to ask three related, but distinct, questions with these data:
(i



rences) are preserved but columns (sample plots) are treated as
equiprobable (20). This model allows species number per sample
plot to vary in the null assemblages and also takes into account
‘‘empty’’ sample plots, which did not contain species but which
might have been occupied in a randomly assembled community.
This algorithm behaves well in benchmark tests for type I and
type II statistical errors (20). We obtained similar results from
a parallel set of analyses in which we used only those plots that
contained at least one native ant species. For each presence–
absence matrix, we created 5,000 random matrices by reshuffling
the elements of each row of the matrix. We then calculated the
C-score for each random matrix and estimated the tail proba-
bility (one-tailed test) of the observed matrix by comparing it
with the histogram of simulated values.

To test for differences in co-occurrence between intact and
invaded sample plots and pre- and postinvaded plots, we used a
simple partition test as a null model (21). We first organized the
data from one time period as a single matrix in which each row
is a species and each column is a sample plot (invaded or intact).
Next, we reshuffled the plot labels of ‘‘invaded’’ and ‘‘intact’’



Arnett (26) documented similar effects of the red imported fire
ant, Solenopsis invicta, on native communities. Like most studies
of invasions, Gotelli and Arnett’s study was a snapshot study.
One problem with such snapshot studies is that invaded and
intact sites may differ in some way, such as in the level of
disturbance, that can promote the success of the invader but
hinder native populations. Another problem is that snapshot
studies lack preinvasion data on native communities, so it is
impossible to determine whether sites that were subsequently
invaded already differed from intact sites in native species
richness or co-occurrence patterns. One part of our study, like
others, compares invaded areas with uninvaded areas (Fig. 1). In
contrast to most other studies of the impact of invasive species,
a second part of our study compares organization in communi-
ties before invasion and immediately after invasion (Fig. 2).

Our study also documents dynamic changes in community
organization that occurred over several consecutive years. Stud-
ies over several years of a S. invicta invasion in Texas have shown
that native ant species richness is rapidly reduced (27), but that
the impact of S. invicta may vary with time (28). Our comparison
of pre- and postinvasion plots (Fig. 2) suggests that the reorga-
nization of native ant communities is rapid, and the shift from
segregated toward random or aggregated species occurrences
begins within 1 year of the appearance of L. humile. Thus, our
results suggest that this invasive species, by its ability to exploit
resources and interfere with competitors, causes rapid and
drastic changes in ant community organization.

Our results indicate that assembly rules act to organize these
ant communities. The most influential and fiercely debated
assembly rule comes from Diamond’s work (29) on the distri-
bution of bird species of the Bismarck Archipelago: ‘‘Some pairs
of species never coexist, either by themselves or as part of a larger
combination.’’ Stone and Roberts’s (18) C-score is a related
index. Substantial evidence supports Diamond’s assembly rule
(30). When distribution data are based on retrospective analyses,
the processes underlying such patterns often remain elusive. For
example, checkerboard distributions may arise because pre-
ferred habitat occurs in checkerboards or because of evolution-
ary or biogeographic history. By studying an invasion in progress
and using pre- and postinvasion data as a natural experiment, our
results clearly show that competition by a dominant species
influences community co-occurrence patterns in this system.
Our results thus confirm Diamond’s assembly rule in these ant

communities by showing how competition can disassemble a
community.

Native ant communities before invasion by L. humile were
highly structured. Among uninvaded plots and plots before
invasion, native ant species co-occurred less often than expected
based on chance alone, suggesting that communities may have
been structured by competition. In plots invaded by L. humile
or postinvasion plots, co-occurrence patterns tended toward
randomness.

The shifts from segregated to random or aggregated co-
occurrence patterns did not arise because L. humile preferen-
tially invades sample plots with low native ant species richness or
because habitat characteristics promote invasion by L. humile



climatic variation over years (13). Although we compared co-
occurrence patterns of native communities within years, L.
humile may not be well established in some plots because the
invasion is progressing more slowly in some areas than others.
Thus, its impact on native community organization may vary
because rate of spread varies.

Recent studies have shown that, over the course of many years,
invasion by Argentine ants can disrupt tightly evolved interac-
tions such as those between specialist predators and their prey
(31) or between plants and their seed dispersers (32). Interspe-
cific competition is a major force structuring intact ant commu-

nities (33–35), and species co-occurrence patterns may reflect a
shared evolutionary history resulting from competition among
native ant species (36). Our study reveals the subtle nature of
community disassembly as native species are lost and interac-
tions among surviving species are altered.


