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Extreme climatic events are predicted to increase in frequency and magnitude, but their
ecological impacts are poorly understood. Such events are large, infrequent, stochastic
perturbations that can change the outcome of entrained ecological processes. Here we show
how an extreme flood event affected a desert rodent community that has been monitored
for 30 years. The flood: 1) caused catastrophic, species-specific mortality; 2) eliminated the
incumbency advantage of previously dominant species; 3) reset long-term population and
community trends; 4) interacted with competitive and metapopulation dynamics; and 5)
resulted in rapid, wholesale reorganization of the community. This and a previous extreme
rainfall event were punctuational perturbations — they caused large, rapid population- and
community-level changes that were superimposed on a background of more gradual trends
driven by climate and vegetation change. Captured by chance through long-term
monitoring, the impacts of such large, infrequent events provide unique insights into the
processes that structure ecological communities.

extreme event | community assembly | temporal dynamics | incumbency advantage

As global climate change scenarios consistently forecast, recent years have witnessed increases
in the intensity and frequency of extreme climatic events, including greater variability in
precipitation in the southwestern US (1-4). These events have raised questions about their
ecological impacts on the structure and dynamics of populations and communities. Changing
climate has caused short-term changes in primary productivity and abundances of individual
species (5-8), as well as longer-term shifts in geographic ranges, phenology, and vegetation
structure (7-11) and even evolutionary changes (12). Increasing variability of rainfall has been

shown to alter the competitive dynamics and species composition of plant communities (13, 14).
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Still missing, however, is a general perspective on how such large perturbations affect
assemblages of diverse kinds of organisms (10, 15-17).

Extreme climatic events, such as floods and droughts, are stochastic perturbations that
have the potential to alter the outcomes of entrained population and community processes. The
assembly of communities is a dynamic process in which species composition changes as some
species, native or exotic, colonize or increase in abundance, while other species decrease or go
locally extinct (18-20). Although driven in part by deterministic intrinsic interactions, such as
competition (21) and predation (22), community assembly is also influenced by stochastic
extrinsic perturbations, such as physical disturbances (23), disease epidemics, and colonization
of new species (24). Extreme climatic events represent massive, infrequent abiotic perturbations
that can differentially affect certain species, thereby altering species composition, resource use,
and interactions (10, 14-16). Effects of such perturbations on the long-term dynamics of
communities are neither well documented nor well understood, most likely as a result of their
rarity and stochasticity. By their very nature, infrequent unpredictable phenomena will never be
subject to statistical inference that requires replication, control of variables, or large sample sizes.
Nevertheless, impacts of these events can provide valuable insights into the processes — extrinsic
and intrinsic, biotic and abiotic, deterministic and stochastic — that structure communities.

Long-term monitoring of community dynamics provides unique opportunities to observe
extreme climatic events and to document their ecological impacts (8, 25-27). Since 1977, a
community of seed-eating rodents near Portal, Arizona, USA, has been censused monthly, and
two extreme precipitation events have been documented. The first occurred in 1983 when
Tropical Storm Octave brought 129 mm of rain (approximately 50% of average annual rainfall)

over six days (25). The second and most recent occurred when a summer thunderstorm dropped
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30 mm of rain in less than 2 hours on August 14, 1999, causing sheet flooding to an average
depth of approximately 35 cm (28). These two events had large, but strikingly different, impacts
on the rodent community.

Here we document the immediate and long-term impacts of the 1999 flood, and then
briefly compare them to the impacts of the 1983 event. The long-term study includes
standardized monthly censuses of rodents, which allow us to: 1) measure species-specific
responses; 2) compare community composition and dynamics before and after; and 3) evaluate
the effects of both massive perturbations and background processes, both stochastic and

deterministic phenomena.

The Setting: Pre-Flood Community Dynamics

Since 1977, the seed-eating rodent community at Portal has experienced gradual yet profound
changes due to climate and vegetation change (29, 30). Higher than average winter precipitation
increased shrub cover three-fold (29). Total abundance of seed-eating rodents fluctuated in the
short term and increased significantly over the three decades (Fig. 1; ref. 31). Major changes in
rodent species composition also occurred (30). Previously dominant, large-bodied kangaroo rats
declined; Dipodomys spectabilis, formerly the second most abundant species and a keystone
species of desert grasslands, went locally extinct in 1994 (25). These declines were compensated
by large increases in smaller pocket mice characteristic of shrub habitat, especially Chaetodipus
penicillatus and C. baileyi (31, 32). The latter, a native species previously restricted to shrubbier
habitats in the surrounding region, first appeared on the site in 1995 (Fig. 2e; ref. 33).
Colonization by C. baileyi followed a protracted drought when rodent abundance was well below
the long-term average (Fig. 1; 28), and one species, the kangaroo rat D. merriami, comprised

more than 80% of the total (Fig. 2a). After colonization in 1995, C. baileyi increased near-
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exponentially (33), but by the time of the 1999 flood, it was still a distant third in relative
abundance (8% ) compared to the kangaroo rats D. merriami and D. ordii (56% and 15%,
respectively; Fig. 2).

Results of the Flood

The impact of the downpour and resulting sheet flooding was immediately evident. An all-time
record low number of rodents was captured the following month (Fig. 1). Species were affected
differentially. Six of the eight seed-eating rodent species present before the flood suffered
dramatically increased mortality. These included the kangaroo rats, Dipodomys spp., the
historically dominant members of the community; less than 10% of the individuals present in the
six months before the flood survived to be recaptured in the subsequent six-month period, much
lower than the pre-flood survival rate of 35-45% (Fig. 3). For example, only 7 of the 103 marked
D. merriami individuals were recaptured after the flood. Interestingly, however, the flood caused
no detectable mortality in the two pocket mouse species C. baileyi and C. penicillatus. In the six
months after the flood, C. baileyi survivorship remained near pre-flood levels (33.8 vs. 36.6%),
whereas C. penicillatus survivorship actually increased (48.5 vs. 28.6%, Fig 3). Moreover,
survivorship of both pocket mouse species was elevated above long-term average rates for two
subsequent six-month periods (Fig 3).

Total rodent abundance returned to pre-flood levels within three months (Fig. 1). A
lasting effect of the flood, however, was to alter species’ population trends (Fig. 2). The data
points and regression lines in the left panels of Figure 2 depict the long-term changes in relative
abundance of the four most abundant species: D. merriami, D. ordii, C. penicillatus, and C.
baileyi. The points and lines in the right panels of Figure 2 show the trends for these same

species, but only since 1995 when C. baileyi colonized. Both depictions clearly show the striking
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differences between the pre- and post-flood population trends for all four species: the kangaroo
rats, which experienced high rates of mortality due to the flood, never regained their previous
abundances, whereas the pocket mice, which showed no evidence of flood-caused mortality,
immediately increased and then maintained permanently elevated relative abundances. On both
time scales, D. merriami had accounted for about 50% of the rodents and had been increasing
prior to the flood (Fig. 2a,b; Table 1). Immediately following the flood, however, D. merriami’s
relative abundance declined and has continued to decline, remaining 62% lower on average than
predicted by extrapolating pre-flood trends (Table 1). Similarly, D. ordii, the less abundant
kangaroo rat, also showed statistically significant but quantitatively less dramatic declines, with
relative abundances 16% lower on average than expected by extrapolating pre-flood trends (Fig.
2c,d; Table 1).

The flood triggered immediate and sustained increases in the two pocket mouse species.
C. baileyi, which had been increasing steadily since its colonization in 1995 (Fig. 2e,f), increased
at an even greater rate immediately after the flood, to 116% of the relative abundance predicted
by extrapolating pre-storm trends (Fig. 2e,f; Table 1). Only one year after the flood, by 2000, C.
baileyi had reached a relative abundance (27%) that it would not have attained until 2009 if pre-
flood trends had continued unabated (Table 1). The greatest changes occurred in C. penicillatus,
which generally had been increasing over the course of the entire study, but had begun to decline
after the colonization of C. baileyi (Fig. 2g,h). Analyses at both time scales show that after the
flood C. penicillatus attained its highest abundances, up to 350% greater than the long-term
average (Fig. 2g,h; Table 1).

These changes in species’ population trends resulted in an immediate and permanent

change in the composition of the rodent community. Using Euclidean distance (ED) to quantify
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shifts in species composition between successive six-month intervals reveals three episodes of
dramatic change (Fig. 1). The largest (ED = 0.53) occurred at the time of the 1999 flood; the
magnitude of this change was nearly four times greater than the long-term average (0.14+0.08).
Furthermore, after this large shift, the new community composition was maintained, as
evidenced by post-flood EDs near the long-term average (Fig. 1). Prior to the flood, D. merriami
was consistently the dominant rodent species, comprising 32-81% (mean = 48.3+12.1%) of the
individuals and 20-82% (mean = 43.5+17.9%) of the biomass. Subsequently, four species, D.
merriami, D. ordii, C. penicillatus, and C. baileyi, have been approximately co-dominant, with
none accounting for more than 27% of the individuals or biomass, on average (Table 1, ref. 30).
After the flood D. merriami reached record low relative abundances, while the two Chaetodipus

species reached record highs (Fig. 2).

Discussion

The August 1999 flood at our Portal study site was an idiosyncratic event. However, the impact
of this event on the desert rodent community offers a unique perspective that should be of
general interest, especially to those concerned about ecological responses to extreme events and
climatic changes.

An extreme event.—The 1999 flood was indeed an extreme event, the only one of its kind
observed in our 30-year study. Its immediate impact was highly differential across species (Fig.
3). The two kangaroo rats suffered more than 90% mortality due to the flood, whereas the two
pocket mice experienced no detectable mortality. The deaths were probably due to drowning,
because bipedal kangaroo rats are poor swimmers and poor climbers. The decreases in relative
abundance of kangaroo rats, and in the overall abundance of the rodents (Fig. 1), were the

greatest recorded in the 30-year history of the study. If this event is representative, the
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susceptibility of other kinds of organisms to impacts of extreme weather and climate change may
also be highly differential across species (16). Which species die or survive may depend on
highly specific, seemingly idiosyncratic features of biology.

Resetting long-term population trends.—One consequence of the flood was that long-term trends
in the relative abundances of the four most abundant species were reset or accelerated by the
perturbation (Fig. 2). The kangaroo rat, D. merriami, the most dominant species for the 22 years
prior to the flood, still has not recovered 8 years after the perturbation. In contrast, the pocket
mouse, C. baileyi, which had colonized the study site in 1995 and been increasing steadily,
experienced accelerated population growth, likely facilitated by the greatly reduced abundance of
its closest competitor, D. merriami. Moreover, the other pocket mouse, C. penicillatus, which
had reached relative abundances of less than 10% prior to the flood, now comprises over 35% of
the community. These results show that large short-term perturbations can have effects on
populations that last much longer than would be expected from simple recovery dynamics.
Changing community composition.—An immediate and long-lasting effect of the above
population-level responses was a wholesale reorganization of the rodent community, a
permanent shift of unprecedented magnitude to a new community composition dominated by
pocket mice and not seen in the 22 years prior to the flood (Figs. 1,2). This community
reorganization resulted in the invading species, C. baileyi, becoming the most abundant species
in 2000, displacing D. merriami. C. penicillatus became the most abundant species in 2005 and
has held that position through June 2007. Previously, another dramatic change in community
composition marked the colonization of the site by the pocket mouse C. baileyi in 1995 (Fig. 1),
following a prolonged period of below average precipitation (28). The ongoing population

increase of this species was accelerated by the flood, and it became the most abundant species
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less than five years after its arrival. So, community structure and dynamics can be reset on a new,
relatively stable trajectory by both biotic and abiotic perturbations. One kind of biotic
perturbation, seen here, is the invasion of a new species, which can be facilitated by abiotic
disturbance. An important process in these dynamics is immigration from the pool of individuals
and species in surrounding habitats (the metacommunity). The rapidity of population increases
and the low frequencies of reproductive individuals (authors’ unpublished data) indicate that the
increases of pocket mice immediately after the flood were due predominantly to immigration.
Comparison to 1983 flood event.—The third major shift in community composition during the
30-year history of the study occurred in response to another extreme climatic event, the
excessive rainfall associated with tropical storm Octave in October 1983 (Fig. 1). The nature of
this storm and its impact on the rodent community were markedly different from the August
1999 thunderstorm. Compared to the two-hour thunderstorm, Octave lasted for six days. Rather
than causing sheet flooding and immediate mortality, the prolonged heavy rainfall saturated the
soil to great depth, likely causing spoilage of the seeds stored by rodents in deep granaries (25,
28). The greatest impact was on the largest and second most abundant rodent, the kangaroo rat,
D. spectabilis. Already decreasing gradually in abundance due to vegetation change prior to the
storm, it suffered unprecedented mortality over the ensuing months, the winter and spring of
1983-84 (25). The effect of Octave was to reset the existing decline, so that D. spectabilis never
recovered its pre-storm abundance and went locally extinct in 1994.

Comparison of these two extreme rainfall events shows both similarities and differences.
Both storm events caused massive and highly species-specific mortality of dominant species,
which resulted in long-lasting shifts in community composition. The causes of deaths, the time

lag between the event and mortality, and the species affected, however, were totally different.
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The soaking of soil and spoilage of seed stores that caused the gradual die-off in D. spectabilis, a
larder hoarding species, had no detectable impact on D. merriami, whose seed stores in shallow
surface caches presumably dried rapidly and were undamaged. So again, a general message from
comparing the two storms is that extreme events can have species-specific impacts, which
depend crucially on seemingly idiosyncratic details of biology, but which can nevertheless set in
motion wholesale and long-lasting reorganization of the community.

Intersection of extrinsic perturbations and intrinsic interactions.—The dynamics of the rodent
community at Portal can be characterized as continually changing, with relatively gradual long-
term trends due to background climate and vegetation change punctuated by wholesale
reorganizations initiated by infrequent extrinsic perturbations (i.e., short-term extreme
rainstorms) with massive impacts (25, 29, 30). To understand the impacts of the extrinsic abiotic
drivers, it is essential to take account of the intrinsic competitive interactions among the rodent
species. Most of the time, the seed-eating rodents at Portal are food-limited, and competition is
intense because they share a common resource (35-37). This is evidenced by: i) zero-sum
dynamics, such that the collective rate of energy use by all rodent species remained relatively
constant over the 30 years (31, 32); and ii) consistent, positive responses of small species,
especially pocket mice, to our kangaroo rat removal experiments (33, 38). From this evidence,
we infer that: (1) the long-term change in precipitation regime was a gradual perturbation that
favored some species to the detriment of others, resulting in gradual compositional change and
long-term compensatory dynamics driven by competition for limited resources (32); and (2) the
extreme storms were large perturbations that also differentially impacted species and resulted in
community reorganization under the influence of strong competition. However, in the second

case, reassembly, driven by either immigration after the localized thunderstorm or reproduction
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after the spatially extensive tropical storm, was very rapid, and a new relatively stable species
composition was established in a matter of months. Although some responses to these different
types of perturbations were similar, the resulting compositions of the reassembled communities
were very different, due to the interaction between the selective mortality and preexisting species
composition and environmental conditions.

Overcoming incumbency advantage.— Reassembly following the flood did not change the
identity of the four most abundant species, but it did change the interactions among these
species. The long-term increase of D. merriami in response to the increase in shrubby vegetation
and the decline of its larger competitor, D. spectabilis, was reversed (Fig. 2), and the ensuing
decline of D. merriami allowed pocket mice to increase and ultimately dominate the community.
These dynamics indicate that the differential mortality caused by the flood altered the pre-
existing dominance hierarchy, allowing formerly subordinate species that survived the event to
dominate. The best explanation for these changes is that resident individuals and species had an
incumbency advantage (39). Such a phenomenon has been documented for territorial individuals
within species (40, 41). Here, however, loss of incumbency advantage altered interspecific
competitive interactions, with profound, long-lasting effects on community structure. Such an
advantage is not surprising in these desert rodents, which have established home ranges, seed
stores, and burrow systems, and which rely on acquired knowledge of their territory for food
finding and predator avoidance (42). Incumbency not only facilitates defense of the territory by
the resident individual, but also inheritance of the home range by an offspring or conspecific
upon the death of the resident. Under background conditions the effect of the incumbency

advantage was to slow down and stabilize population and community dynamics.
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The extreme storm event had a destabilizing effect. By causing wholesale mortality of the
dominant resident rodents, the perturbation largely eliminated their incumbency advantage, made
competitive interactions more nearly equal, and allowed new individuals of previously
subordinate species to colonize and establish territories. The mortality of dominant residents
made available the resources that they had stored and defended, and previously subordinate
rodents were able to immigrate and increase. The effect of the flood in facilitating immigration
of previously rare native species was similar to effects of other perturbations in facilitating
colonization of exotic invasive species (24, 39, 43, 44). So, disrupting the incumbency advantage
is one way that an extrinsic abiotic perturbation can interface with intrinsic competitive
processes to alter assembly rules and cause wholesale community reorganization. Similar
responses have been reported in plant communities in response to fire or grazing (39). Priority
effects, a form of incumbency advantage for sessile organisms, are frequently invoked to account
for such dynamics (45).

Concluding remarks.—Our long-term record of community dynamics on ecological time scales
seems to be similar to the long-term fossil record of species dynamics on evolutionary time
scales. At Portal, gradual long-term trends were punctuated by mass mortality triggered by two
extreme precipitation events. In the fossil record, gradual long-term trends were punctuated by
mass extinctions triggered by asteroid impacts or other perturbations (34). And in both cases,
massive mortality of previously dominant taxa removed their priority effects, allowed rapid
increases in some surviving, previously subordinate taxa, and resulted in novel species
compositions.

Global warming is predicted to increase the frequency and magnitude of extreme climate

and weather events (2, 4). Efforts to document these perturbations and to understand their

p
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environmental implications have been hampered by a lack of data, due in large part to a paucity
of studies of sufficient duration and intensity (3, 13, 16). Consequently, many of the ‘extreme
events’ that have been studied are more frequent and predictable than the two storms
documented here. For example, there is a substantial literature on the ecological impacts of the
El Nifio Southern Oscillation, and in particular on the effects of the high rainfall and severe
drought during EI Nifio and La Nifia years, respectively (8). Some of the impacts are similar to
those reported here. In coastal Chile, for example, El Nifio events resulted in substantial changes
in desert rodent community composition, due in large part to immigration from surrounding
habitats (46, 47). But other impacts are very different. For example, the main effect of El Nifio
was prolonged population increases fueled by a pulse of abundant new food resources, whereas
the main effect of our severe storms was rapid population decreases due to catastrophic
mortality. Moreover, El Nifio did not have such a dramatic impact on the rodent community at
Portal, where several El Nifio events were not followed by increases in abundances (28).

Given the diverse phenomena that have been termed ‘extreme events’, the relatively
small number of such events that have been studied, and the diverse ecological responses that
have been documented at population, community, and ecosystem levels (see above), it is
premature to make sweeping generalizations. Nevertheless, comparisons between the two
extreme storms at Portal, and between them and other weather and climate events reported in the
literature, suggest that there may be some emerging common themes. For example, massive
differential mortality and resetting of community dynamics also occurred in plant communities
in response to extreme drought conditions (16, 17). Mortality caused by a hurricane interacted
with intrinsic predator-prey interactions to alter population trends in insular spider and lizard

communities (48, 49). The effects of such perturbations would have been very difficult to



K. M. Thibault and J. H. Brown 14

predict, but once documented, they provide invaluable insights into the processes of population
dynamics and community assembly. Our study is unique using intensive long-term sampling to
document how extreme climatic events can decimate resident species populations, alter species
composition and interspecific interactions, and influence invasion dynamics. These unexpected
and important results emphasize the need for additional empirical and theoretical work on the

ecological consequences of global climate change.

Methods

In 1977, J. H. Brown and colleagues began a long-term study in the Chihuahuan Desert near
Portal, Arizona. Detailed information on the history of the study, monitoring protocols,
experimental design, and previous results can be found in Brown (38). This study is restricted to
the granivorous rodent community at the site, comprised of eight species prior to the flood
(Dipodomys merriami, D. ordii, Chaetodipus baileyi, C. penicillatus, Perognathus flavus,
Reithrodontomys megalotis, Peromyscus eremicus, P. maniculatus). To assess trends over time,
we calculated relative abundances of species, averaging monthly capture data over six-month
periods (Jan-Jun, Jul-Dec). Using relative rather than absolute abundances accounts for variation
in total abundance of all species, which fluctuated with resource availability (Fig. 1). Trends in
relative abundances before the flood are shown on two time scales: i) to allow comparisons of
long-term population dynamics, we analyzed all data since 1977; and ii) to better characterize
shorter-term trends prior to the flood and take into account the impact of the newly colonized
species, we used only data after the first appearance of C. baileyi in 1995. Temporal trends were
quantified using ordinary least squares (OLS) regression. There were significant temporal
autocorrelations in the population dynamics, but regressions were used only to describe trends,

not to compare statistical significance. Expected abundances for six-month periods following the
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flood were calculated by extrapolating the OLS regression equations; these post-flood expected

values were then compared to observed values for the corresponding six-month period using
paired t-tests. Relative abundances were arcsine-transformed ( p’ = arcsin \/B ). Percent

survivorship of each rodent species was calculated as the percentage of individuals captured in
one six-month period (e.g., Jan-Jun 1999, immediately preceding the flood) that were recaptured
in subsequent six-month periods. The background rates of survivorship were calculated as the
percentages of all individuals marked from 1978 through 1999 that were recaptured in
subsequent six-month periods. As these values are simply percentages based on all data, there is
only one value per species per six-month period, and therefore no statistical comparison was
performed. We used recapture rate as a surrogate for survivorship, because: (1) it is a simple
calculation, unburdened by assumptions about trappability, movement, and death; and (2) the
actual fate of each individual not recaptured is unknown and irrelevant to our conclusions, but
the rapid, concerted, unprecedented disappearance of large numbers of individuals can only
reasonably be attributed to mortality. To quantify changes in community composition through
time, we followed Ernest and Brown (32) and used the Euclidean Distance (ED) to measure the

difference in relative abundances of all species between successive six-month periods.
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Figure Legends
Figure 1. Total number of rodents captured during each monthly trapping session on the control
plots (closed circles), and the change in average community composition, as measured by
Euclidean distance, between subsequent six-month periods (open circles). Three notable events
are marked by the vertical dashed lines: 1983 Tropical Storm Octave, 1995 colonization by
Chaetodipus baileyi, and the 1999 flood event. The long-term mean for rodent abundance is
indicated by the horizontal dotted line, revealing the period of markedly low rodent abundance
preceding the colonization of the site by Chaetodipus baileyi. A record low number of rodents
was captured following the flood in 1999, but total abundance returned to pre-flood levels within

three months.

Figure 2. Temporal trends in relative abundances (six-month averages) of the four most common
rodent species on the control plots. Trends since the beginning of the study (1978-2005) are
shown on the left, and trends only since the arrival of Chaetodipus baileyi in September 1995 are
shown on the right. The solid trend lines represent the OLS regression lines (see Table 1 for
relevant statistics) and are extrapolated using dashed lines (black = pre-flood, grey = post-flood).
The relative abundances of the two species of pocket mice (Chaetodipus spp.) are significantly
higher than expected after the flood, and have remained so through the present, whereas those of
the historically most abundant species, Merriam’s kangaroo rat (D. merriami), and its congener,

D. ordii, are significantly lower than expected.

Figure 3. Survival of the four most abundant rodent species during the period immediately
before and after the flood compared with survival before the flood. Survival is measured as the
percentage of marked individuals that survived from one 6-mo period to each of three subsequent

6-mo periods, as indicated by recapture. Pre-flood survival is calculated over the course of the
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entire study (closed circles) and is compared with survival from the 6-mo period before the
August 1999 flood event to the following periods (open circles). The survivorship of the
kangaroo rats (Dipodomys spp.) decreased markedly as a result of the flood, whereas that of the

pocket mice (Chaetodipus spp.) remained at or above pre-flood levels.
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Table 1. Temporal trends in relative abundance before and after the flood.

Species PreI;IA?Od Pr;;lg:scsi ioOnLS 2 iﬁ;;ozdsgf t P
(mean + SD) Observed  Expected
Pre-flood since 1978
D. merriami 0.48+0.12  y=0.0062x +0.340  0.39 0.25+0.08 0.66+0.02 -14.2 <0.001
D. ordii 0.12+0.05 y =0.0012x + 0.089  0.10 0.11+0.04 0.15+0.00 -2.56 0.034
C. baileyi 0.05+0.03 y =0.0094x-0.332  0.65 0.2240.05 0.13+0.03 5.78 <0.001

C. penicillatus 0.04+0.05 y=0.0022x - 0.010  0.34 0.26+0.07  0.10+0.01  8.94 <0.001

Pre-flood since 1995

D. merriami 0.49+0.06  y=0.0106x +0.062  0.16 0.25+0.08  0.62+0.04 -11.6 <0.001
D. ordii 0.13+0.03 y =0.0068x - 0.150  0.24 0.11+0.04  0.20+0.03 -5.35 <0.001
C. baileyi 0.05+0.03 y=0.0094x - 0.332  0.65 0.22+0.05 0.13+0.03  5.78 <0.001

C. penicillatus 0.11+0.06 y =0.0143x + 0.692  0.35 0.26+0.07  0.01+0.02  15.36 <0.001

Data from the four most common rodent species are shown, before the flood [1978-1999 or
1995-1999 (post-C. baileyi colonization)] compared to observed and expected trends after the
event (1999-2005). Trends were characterized using OLS regression (all Ps <0.05), and
differences between observed and expected were tested with paired t-tests on arcsine transformed
data.

D = Dipodomys, C = Chaetodipus, RA = relative abundance.



