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Abstract We investigated the effect of broad-scale wildfire on the diversity, abundance,
and community structure of ground foraging ants within southern California. In October and
November of 2003, two wildfires burned a total of approximately 130,000 hectares of wildlands
within San Diego County. Between January 2005 and September 2006, we surveyed 63 plots
across four sites to measure the effect of the fires on the native ant assemblage present in four
vegetation types, (1) coastal sage scrub, (2) chaparral, (3) grassland, and (4) woodland riparian.
Thirty-six of the 63 plots were previously sampled before the fires between March 2001 and
June 2003. Mixed model regression analyses, accounting for burn history and pre- and post-fire
sampling efforts, revealed that fire had an overall, net negative effect on ant diversity.
Multivariate analyses showed that ant community structure varied significantly among
vegetation types, but only the ant assemblage associated with coastal sage scrub exhibited a
significant difference between burned and unburned plots. Most notably, the relative abundance
of Messor andrei (Mayr), increased from less than 1% of pre-fire coastal sage scrub ant samples
to 32.1% in burned plots post-fire. We theorize that M. andrei was able to capitalize on the use
of bare ground and post fire seed production, leading to an increase in abundance. Collectively,
our results suggest that wildfires can have substantial short-term impacts on the diversity and
species composition of ground foraging ants in coastal sage scrub. We discuss these impacts in

relation to management implications and directions for future research.

Keywords: ant community, species diversity, wildfire, southern California, coastal sage scrub
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Wildfires have long been a part of the natural and human-altered environments of southern
California. Large, landscape-level fires occurred in the past and will likely persist as long as
southern California continues to experience episodes of severe fire weather (e.g., fast, dry winds;
Keeley et al. 1999, 2004). Despite fire suppression efforts and management plans, wildfires
continue to occur from both natural ignition sources and those associated with increasing human
population (Keeley et al. 2004). Native vegetative communities have evolved with episodic fire
and adapted various survival strategies in response (Hanes 1971, Vogl and Schorr 1972, Keeley
and Keeley 1981, 1984; Keeley and Fotheringham 2001, Zedler et al. 1983). As fire return
intervals decrease, however, shrublands, such as chaparral and coastal sage scrub, are susceptible
to becoming type converted to grasslands (Zedler et al. 1983, Keeley 2005). As fires alter the
vegetative composition and physical structure of habitats, we expect associated animal
communities to experience concomitant shifts in composition and richness.

Ants are ecologically diverse and constitute a large proportion of the total animal biomass
within many of the vegetative communities they occupy (Holldobler and Wilson 1990, Alonso
and Agnosti 2000). Ants play keystone roles as herbivores, predators, and seed dispersers in
many of the communities they inhabit (H6lldobler and Wilson 1990, Alonso and Agnosti 2000).
Ants improve soil quality (Folgrait 1998), often increasing plant mass in the vicinity of their
nests (Holldobler and Wilson 1990). Locally, the native ant community constitutes the dietary
staple of several sensitive or endangered species including the coastal horned lizard
(Phrynosoma coronatum, Suarez et al. 2000), the night lizard (Xantusia henshawii, Brattstrom
1952), and the arroyo toad (Bufo californicus, Sweet and Sullivan 2005). Species-specific
variation in migration patterns and longevity of colonies provide for a range of responses to

disturbance (Alonso and Agnosti 2000). Their sensitivity to changes in the local environment
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(Luque et al. 2007) and relatively small foraging range, closely link ants to the microhabitat they
occupy. Lack of movement at a broader scale makes ants good indicators of local habitat changes
because they are strongly linked to local conditions at the nest and foraging sites (Bromham et al.
1999, Stephens and Wagner 2006). Ground foraging ants are especially good indicators of
disturbance, as they are moderately diverse, sensitive to microclimate change, and can be easily
sampled (Alonso and Agnosti 2000).

In October and November of 2003, large-scale mega-fires swept across southern
California, consuming over 300,000 hectares of wildlands. The total burned area included over
130,000 hectares in San Diego County, burning as a result of the Cedar and Otay fires. In
addition to the loss of nearly 5,000 structures and 15 human fatalities, these two broad-scale fires
are likely to have impacted local invertebrate communities in a region already recognized as
being at great risk for biodiversity loss (Mittermeier et al. 1997). Ant communities are likely
useful indicators for assessing ecosystem health and change following catastrophic fire. The
effects of large wildfires on ant diversity and community structure, however, have not been
widely evaluated (but see Zimmer and Parmenter 1998, Ratchford et al. 2005, Stephens and
Wagner 2006), and to our knowledge this relationship has not been explored in southern
California. In the short term, fire may affect ants by causing direct mortality, loss of habitat and
changes in resource availability (Arnan et al. 2006). Fire may also have positive impacts,
especially for those species that favor open or disturbed habitats for nest sites, foraging, or
reproduction. Species that forage upon the pollen, nectar, or seeds of early successional plants
may also show a positive response to fire.

The objective of this study was to determine the effect of the fires on ant diversity,

community composition, and the distribution of individual species in multiple habitat types
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common to the coastal areas of southern California. Ongoing monitoring of sample sites is likely
to determine whether observed changes reported in this study are transient or permanent.
Additional impetus for this project came from the Natural Communities Conservation Planning
(NCCP) efforts within the city of San Diego. Multiple Species Conservation Plan (MSCP) lands
make up one of the first large habitat reserves created in the country (Hierl et al. 2008). The
MSCP lands were directly in the footprint of these two fires with half of the protected areas
within the reserve affected. This research was driven largely by the concern over the recovery of
the natural areas within the reserve system given the great potential for biodiversity loss
associated with the fires. The threats and challenges to maintaining biodiversity and ecosystem
function within urbanized landscapes are not well understood and these large-scale

“experiments” provide information regarding functional reserve design for the region.

Methods

Study Areas. This research was conducted within San Diego County, California at four
separate study areas, (1) Elliot Chaparral Reserve, (2) Little Cedar Ridge, (3) Rancho Jamul
Ecological Reserve-Hollenbeck Canyon Wildlife Area and (4) Santa Ysabel Open Space
Preserve (Fig. 1). Elliott Chaparral Reserve (Elliot) has an average elevation of 195 m. The site
completely burned in October 2003. Prior to the Cedar Fire, the majority of the reserve burned in
1944 or 1945. Major vegetation communities are chaparral and coastal sage scrub, dominated by
chamise (Adenostoma fasciculatum), California buckwheat (Eriogonum fasciculatum), and
annual, non-native grasses (Avena and Bromus). Little Cedar Ridge (Cedar) is located on the
northern slopes of the Otay Mountain Wilderness. The Otay Wilderness encompasses

approximately 6,800 ha and ranges in elevation from 250 to 1,000 m. Our study plots cover a
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small portion of the wilderness with an average elevation of 400 m. The majority of vegetation is
characterized as chaparral and coastal sage scrub. Dominant plants include chamise, Tecate
cypress (Cupressus forbesii), annual, non-native grasses, and California buckwheat. The entire
area burned during the Otay Fire in October 2003. No record of previous fire could be found for
the area. The Rancho Jamul Ecological Reserve and Hollenbeck Canyon Wildlife Area
(collectively referred to as Rancho Jamul) has an average elevation of 250 m. It covers
approximately 3,000 ha. Southern portions of this site burned during the Otay Fire of 2003.
Rancho Jamul encompasses a diversity of vegetation communities, including native and non-
native grasslands, coastal sage scrub, and upland and riparian woodlands dominated by oaks,
sycamores, and willows. In addition to natural vegetation communities, there are extensive,
fallow agricultural fields. Dominant plant species at the site include annual, non-native grasses,
California buckwheat, California sagebrush (4Artemisia californica), coast live oak (Quercus
agrifolia), western sycamore (Platanus racemosa), laurel sumac (Malosma laurina), and San
Diego sunflower (Viguiera laciniata). Elliot, Cedar, and Rancho Jamul all experience similar
weather patterns and temperatures. Average July maximum temperatures range from 28°C to
29°C. Average January low temperatures fall between 5°C and 6°C. Annual precipitation
averages between 28 and 31 cm. At an average elevation of 1,078 m, Santa Ysabel Open Space
Preserve (Santa Ysabel) covers 1,500 ha and is the highest of our four study sites. The area
supports oak and pine woodlands, native and non-native grasslands, chaparral, coastal sage
scrub, and riparian woodlands. Dominating the various vegetation communities are coast live
oak, annual, non-native grasses, chamise, Engelmann oak (Quercus engelmannii), and white sage

(Salvia apiana). The average July high is 33°C; the average January daily low temperature is
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1°C, and the average annual rainfall is 53 cm. The eastern portion of the site burned in 2003

Cedar fire.

Ground Foraging Ant Sampling. Within each of the four sites, we used pitfall traps to
sample the ground foraging ant assemblage. Data on ant species abundance and distribution
obtained through pitfall trapping have been used extensively (Andersen 1995, Suarez et al. 1998,
2000, Bess et al. 2002, Boulton et al 2005, Wilkinson et al. 2005, Stephens and Wagner 2006).
Pitfall trapping techniques give a reasonable estimate of ant species composition (Andersen
1991, Stephens and Wagner 2006). Bestelmeyer et al. (2000) evaluated pitfall traps as a
sampling method for ground-dwelling ants and found that most epigaeic species are well
represented, especially in open vegetation communities. Pitfall sampling also provides an
efficient, and low cost method of collecting a relatively complete sample of ground foraging ants
(Andersen 1991, Alonso and Agnosti 2000, Stephens and Wagner 2006).

In total, we sampled 63 locations, across the four sites. Sample locations were associated
with herpetofauna arrays established as part of a large multi-taxa project conducted by the U.S.
Geological Survey. At each of the 63 sampling locations, we set five ant traps in a “+” pattern
overlaying the herpetofauna arrays, with a center trap and four end traps, with each end trap 15
m from the center. Ant pitfall traps were 28-mm diameter, 115-mm deep, 50-mL plastic
centrifuge tubes partially filled with propylene glycol (antifreeze). Propylene glycol is a safer,
non-toxic alternative to traditional ethylene glycol and serves as a preservative for the specimens
(Suarez et al. 1998). We nested the traps in 2.54-cm diameter PVC pipe buried at ground level,
so the top of the tube was flush with the ground surface (Majer 1978). The PVC pipe and a

closed, empty centrifuge tube remained in place between sampling periods to prevent trap
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locations from filling with soil and debris. Sampling locations were classified into four general
vegetation communities: grassland, woodland riparian, chaparral, or coastal sage scrub (CSS).
Classification was based on pre-fire vegetation transect surveys conducted between 1995 and
2002 using a 50-m point-intercept technique (Sawyer and Keeler-Wolf 1995) centered at each
herpetofaunal array. Post fire vegetation surveys were performed in spring 2005 and spring 2006
to assess the recovery (i.e., changes in shrub and tree cover estimates) of the vegetation
surrounding each plot.

We sampled ground foraging ants prior to the fires between March 2001 and June 2003 at
two sites, Rancho Jamul and Santa Ysabel (Table 1). Post-fire sampling was conducted between
January 2005 and September 2006 at all four study sites. Plots that did not burn are referred to as
‘reference’ plots. Plots that burned are referred to as ‘impact’ plots. We collected the first post-
fire samples 14 months following the fire. Samples were collected twice per year, once during
winter (January — March) and again in summer months (June — September). Due to site access
issues, there were two exceptions regarding when the Santa Ysabel winter sample was taken; on
one occasion the sample was taken in November and another time in May. Each sample period
consisted of ten consecutive days after which the traps were closed and collected. We transported
the contents of each pitfall trap back to the laboratory for sorting, identification, and vouchers.
Ant specimens were separated from other invertebrates, stored in 95% ethanol, and identified to
species whenever possible. Only workers were counted. Winged queens and males were noted,
but not used in analyses since they might have originated outside the sampling locations. Most
voucher specimens are stored at the U.S. Geological Survey San Diego Field Station, San Diego,

CA (see appendix 1 for total specimens collected and specimen locations).
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Data Analyses. Capture rates of ants can be highly variable over short time periods due
to shifts in activity levels related to variation in daily and seasonal environmental factors. Traps
located next to established foraging trails can also yield exceptionally large capture numbers. To
account for variability in captures across sample periods, we averaged the results from multiple
trapping sessions at each sample location into two samples (a pre and post-fire average) per
location. In the cases where locations were not surveyed in the pre-fire period, we averaged the
results into a single, post-fire sample. Within the pre- and post-fire samples we averaged the
count data per species to generate a single, averaged number of ants captured for each species. In
total, we had 99 averaged samples for each species, with 36 samples from the pre-fire period and
63 samples from the post-fire period.

In order to test for an effect of fire on ant diversity, we employed hierarchical linear
modeling (mixed or multilevel modeling) techniques. We used the Shannon Diversity Index
(Shannon 1948) as our response variable, applying the Shannon diversity calculation to the
averaged count data for each of the samples from the pre- and post-fire periods. We used mixed
models to test a set of a priori hypotheses in which the main effects and interactions of habitat
type, burn condition (reference vs. impact plots), percent shrub and tree cover, and elevation
explain differences in the diversity measure among samples. In all models, we included site as a
random effect. To account for correlations among multiple observations from individual plots,
we also tested for random plot effects by nesting plot location within sites. We checked for
deviations from normality of residuals using Shapiro-Wilk and Kolmogorov-Smirnov tests.
Models satisfying the normality assumption were then evaluated and weighted using Akaike’s
Information Criterion (AIC) as described by Burnham and Anderson (2002). We then used

contrast tests of least squares means of four different conditions: (post-fire impact- pre-fire
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impact) - (post-fire reference - pre-fire reference) to investigate the effects of ‘burn condition’ on
changes in species diversity following the fire. All models were run using SAS Statistical
Software (Version 9.1, SAS Institute, Cary, North Carolina).

Because changes in the ground-foraging ant assemblage may not be reflected in a single
diversity measure, we also tested for changes in the abundance of individual species and for
shifts in the overall ant community structure by additional multivariate and univariate
techniques. We performed multivariate analyses first, using the statistical software PRIMER-E
(Version 6, Plymouth, UK; Clarke 1993). To have sufficient power to test whether fire had a
significant effect on community composition within or among vegetation types, we reclassified
burn condition into a condensed data classification, specifically, razed (post-fire impacted plots)
and non-razed (pre-fire reference plots, post-fire reference plots, and pre-fire impact plots).
Before analyzing the data with PRIMER-E, we square-root transformed the data to remove some
weight from the most abundant species for a more balanced community analysis and created a
Bray-Curtis similarity matrix (Clarke and Green 1988). Using the Bray-Curtis similarity
matrices, we tested our hypotheses in a stepwise fashion using two-way crossed analysis of
similarity (ANOSIM) tests, a multivariate permutation-based test similar to the analysis of
variance (ANOVA) test in univariate statistics (Clarke and Green 1988). We first tested whether
the factors of vegetation type, site, or both were significantly predictive of differences in
community composition. If vegetation was significant, the effect of the fire was tested separately
for each vegetation type. If site was significant, it was used as a blocking factor in individual
ANOSIM tests. To visualize the results of the similarity matrix, PRIMER-E generates multi-
dimensional scaling (MDS) plots to ordinate the similarities between samples (Kruskal 1964),

with similar samples appearing closer together and dissimilar samples farther apart (Clark and

10



204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

Warwick 2001). Because we used a condensed data classification to compare our non-razed
samples to the razed samples, we carefully reviewed MDS plots for each subset of samples to
ensure no systematic effects of time or burn condition were causing erroneous test results. We
used the ANOSIM results as an omnibus test for limiting Type I error and determining if any
further analyses were warranted. First, we thoroughly reviewed these multivariate data for any
potential systematic bias that could give erroneous results. If condensed burn condition (i.e.,
razed vs. non-razed) was not a significant predictor of community composition within or among
vegetation types, we conducted no further tests. If the condensed burn condition was significant,
we used the BIO-ENV procedure (Clarke 1993) to determine if the total cover of shrubs and
trees was significantly associated with observed patterns.

Prior to testing for the effects of fire on the relative abundance of individual species
within and between vegetation types, we first log-transformed species-specific capture data to
decrease the weight of the most frequently captured ant species in the analyses. We calculated
relative abundance by dividing transformed species-specific capture rates by the total sum of
transformed capture rates for all species within the assemblage. We conducted contrast tests to
check if changes in the relative abundance of individual species at the impact plots were
significantly different from changes at reference plots. Contrasts were not paired tests due to the
lack of pre-fire data at two of the sites. Variances were pooled across sample plots within each
vegetation type. We used the Fisher’s Exact Test to determine if there were significant changes
in the proportion of sites occupied by each species after the fire. We considered any test result to
be significant when its p-value < 0.10. Because there were a large number of species captured
across all habitat types, many of which had low capture rates, we chose to focus our analyses and

interpretation on the species which comprised the majority of the pre-fire and post-fire

11
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communities. Therefore, we report results for the species which comprised > 5% of the
community within each habitat (Table 3).
Results

Vegetation. Across the burned plots, percent shrub and tree cover declined in chaparral
and CSS but remained relatively constant in grassland and woodland riparian pre to post-fire. At
impacted chaparral plots shrub and tree cover dropped from a mean of 67% (SE = 5.4) pre-fire to
31% (SE = 3.9) post-fire, while reference plots showed little change, with a mean of 68% (SE =
5.5) pre-fire compared to 66% (SE = 10.8) post-fire. Similarly, impact plots in CSS showed large
declines in shrub and tree cover, dropping from 50% (SE = 6.3) pre-fire to 12.6% (SE = 3.7)
post-fire, while reference plots showed modest differences between pre-fire (58% [SE = 8.2])
and post-fire (55% [SE = 8.6]) cover. Both the reference and impact plots in GRASS had very
low shrub and tree cover pre-fire, at 8% (SE = 5.6) and 1% (SE = 0.8), respectively. Post-fire, we
only measured 2% (SE = 1.3) in the impact plots and 3% (SE = 1.7) shrub and tree cover in
reference plots. Our impact plots in woodland riparian did decline in shrub and tree cover. Pre-
fire averages on the woodland riparian impact plots were 35% (SE = 10.8) and post-fire
measured 24% (SE = 6.4). Shrub and tree cover on the reference woodland riparian plots
remained relatively unchanged pre-fire to post-fire, with 30% (SE = 34.4) and 37% (SE = 31.3)
cover values, respectively. The woodland riparian plots had highly variable shrub and tree
coverage as this grouping included not only oak woodlands and pine forest, but also seeps, which

typically had lower cover values.

Ant Species Diversity and Community Structure. A total of 34,371 worker ants

encompassing 23 genera and 61 separate species were sampled during the course of this study.
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The total species captures represented 51% of 45 genera and 23% of the 270 species present in
California (California Academy of Sciences, 2008). Eight species, Dorymyrmex bicolor
(Wheeler), Formica francoeuri (Bolton), Forelius mccooki (McCook), Forelius pruinosus
(Roger), Messor andrei (Mayr), Pheidole vistana (Emery), Pogonomyrmex rugosus (Emery) and
Solenopsis xyloni (McCook) represented the majority (82%) of all ants collected before and after
the 2003 fires. Regardless of vegetation type, whether an array burned or not was the most
predictive factor of differences in ant diversity measures among samples. Results of the
hierarchical modeling efforts showed the top mixed regression model included the fixed effect,
‘burn condition’, and random effects of site and array (Table 2). This top model accounted for
74% of the total model weights and was six times more likely than the next highest-ranking
model to be selected as the best-fitting model if the data were to be collected again under
identical conditions. Contrast tests revealed an overall increase in diversity after the fire in both
the reference and impact plots, with the increase significantly less pronounced (Estimate= -
0.220, Z=-1.786, p = 0.074) in the impact plots than the unburned reference plots, suggesting an
overall negative effect of fire on ant diversity.

The initial ANOSIM test revealed that structure of the ant assemblage varied significantly
among vegetation types and sites. Subsequent ANOISM analyses performed within each
vegetation type separately with site included as a blocking factor, showed that ant community
composition in razed plots was significantly different from the community composition in non-
razed plots in CSS (R = 0.578, p=0.003), but not chaparral (R =-0.213, p = 0.935), grassland (R
=0.096, p = 0.227), or woodland riparian (R = 0.070, p = 0.157). Results of the BIO-ENV for

CSS showed that percent shrub and tree cover was a significant predictor of change in
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community composition (p = 0.292, p < 0.001; Fig. 2). On average, shrub and tree cover in razed
CSS plots was only 13% (SE = 3.7) compared to 53% (SE = 4.3) in non-razed plots.

The proportions (relative abundance) of dominant individual species by vegetation type
and burn condition are presented in Table 3. Because changes in ant community composition
were significant only in coastal sage scrub, we conducted contrast tests on the most abundant ant
species (species comprising > 5% of the total ant abundance) recorded in this community during
pre-fire and post-fire sampling. Contrast tests allowed us to evaluate the effects of the burn on
the relative proportions of individual species, while controlling for post-fire changes in the
reference plots. The eight focal species were Crematogaster californica (Wheeler),
Crematogaster hespera (Wheeler), Forelius mccooki, Forelius pruinosus, Messor andrei,
Pogonomyrmex rugosus, Pheidole vistana, and Solenopsis xyloni. In CSS, results of the contrast
tests showed that the single species, M. andrei, largely accounted for much of the difference
between the structure of the pre- and post-fire ant communities. Messor andrei comprised less
than 1% of all pre-fire ant captures across all plots. However, in CSS the species comprised
32.1% of all captures in the impact plots following the fires in comparison to 3% of the post-fire
reference plots (Diff = 0.29, SE = 0.12, p = 0.022). The proportion of impacted plots occupied by
M. andrei increased from ~1% pre-fire to 86.7% post-fire in CSS. Although not significant, M.
andprei also appeared to increase across all other vegetation types following the fire (Fig. 3).
Further results of the individual species contrast tests showed a significant net decrease in
Crematogaster californica, an acrobat ant (Diff = -0.10, SE = 0.04., p = 0.019). It comprised
21.2% of the pre-fire CSS community, but only 2.3% of the total population in impact plots.

Although the relative abundance of only M. andrei and C. californica populations showed the
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only significant effects of the burn, net changes for the most abundant species in CSS are

represented in Fig. 4.

Discussion
Overall, in the second and third year following wildfire, we found a negative effect of fire on the
diversity of ground foraging ants in southern California. The most significant changes to ant
community structure occurred in the native ant assemblage present in coastal sage scrub habitat.
In this vegetation type, burned plots lost more shrub and tree cover than any other vegetation
type, including chaparral, woodland riparian, and grassland. Native ants present in coastal sage
scrub declined in diversity and showed significant shifts in community composition. In general,
ecologists have found the response of ant communities to landscape change to be varied and
often erratic (Alonso and Agnosti 2000). Wilkinson et al. (2005) found greater ant species
richness and abundance in burned plots compared to unburned plots in the first year following
fire, but not after a second year in Sonora, Mexico. Andersen and Yen (1985) found increased
species richness one year after a wildfire in Victoria, Australia. In the Siskiyou Mountains in
northern California and southern Oregon, Ratchford et al. (2005) found a fire effect to be
dependent upon vegetation type, with fens retaining more species in burned areas, while forested
sites retained less species in burned areas. Underwood and Fisher (2006) reviewed several
studies on ants and disturbance and found disturbance from fire to result in wide range of
responses ranging from significant to no response. Observed variation in ant community
responses to fire may in part be due to individual fire properties: time since a fire, fire intensity,

and habitat (Ratchford et al. 2005, Arnan et al 2006).
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Although we found a negative effect of fire on species diversity, across all study sites, ant
diversity increased between the pre- and post-fire periods. The patchy nature of the fire at
Rancho Jamul and Santa Ysabel left a mixture of burned and unburned habitats. This mosaic
may provide a larger variety of microhabitats that could support more species. The changes in
species diversity in the impact and reference plots suggest that ant communities had some
resiliency to the effects of fire. Favorable landscape factors likely contributed to the recovery of
the ant community. The high diversity at reference plots suggests that unburned areas retained
healthy, viable ant populations in that area. Unburned patches within a fire site can provide
refuge and source populations from which to re-colonize (Kaspari and Majer 2000, Ferrenberg et
al. 2006). In addition, ants may be well equipped to survive fire due to limited foraging activity
and available refugia. Stephens and Wagner (2006) found that a mature ant colony has only 2%
of its total population active on the surface, so if fire breaks out, direct mortality is limited to this
small percentage of foragers while the majority of the colony survives. Ants active on the surface
at the time of fire may be able to find shelter in rocks, downed wood, and soil cracks
(Underwood and Fisher 2006). Insulation provided by soil is the largest source of refuge. The
insulating properties of soil (Sweeney 1956, Force 1981, Andersen 1991) shelter nests containing
the majority of the colony from high temperatures of the fire. These factors may help explain

why a number of impact plots did not lose species following the fire.

Community Composition and Individual Species Responses. Overall, our study
showed that the ant community composition was significantly different in coastal sage scrub
after the fire. This habitat had the largest decline in average shrub and tree cover two to three

years after the fire. Although average shrub and tree cover also declined in chaparral, the plants
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of this community are fire adapted (Keeley and Keeley 1984), and therefore the ant community
may also be equally resilient to fire. The low number of non-razed plots in chaparral also may
have decreased the power to which we could estimate and detect burn effects. However, Suarez
et al. (2000) sampled ants before the fire using pitfall traps at the Elliot Chaparral Reserve and
reported the native ant community consisted primarily of the same species we detected post-fire:
P. vistana, F. mccooki, C. californica, M. andrei, Temnothorax andrei (Emery), and S. xyloni.
We did not find significant differences in woodland or grassland plots. Woodland riparian plots
may be more fire resistant as generally higher soil and plant moisture levels prevent the habitat
from completely burning, retaining some of its structure and possibly serving as refugia for ants
during the fire (Keeley and Keeley 1984). Grasslands may retain much of their native ant
diversity by being able to recover quickly after fires (Keeley and Keeley 1984). Coastal sage
scrub may be the most vulnerable vegetation type (Keeley and Keeley 1984), with post-fire
changes in structure and species composition being reflected in the ant community.

In our study, the difference in the post-fire ant community in coastal sage scrub was
primarily shaped by the increase in abundance of Messor andrei, as well as a decrease in
abundance of Crematogaster californica. Messor andrei, a harvester ant, increased in abundance
following the fire across all vegetation types and most significantly in coastal sage scrub.
Favorable changes in landscape and habitat resources appear to have benefited M. andrei. Along
with environmental changes, inter-specific competition may have shifted, allowing M. andrei to
expand from its pre-fire distribution (Andersen and Yen 1985). Fire cleared land consists of bare
soil with higher surface temperatures. The increase of bare soil affects the availability of nesting
sites and temperature affects foraging activity of some species (MacKay and MacKay 1989,

Ratchford et al. 2005, Lafleur et al. 2006). M. andrei may tolerate or prefer the prolonged higher
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ground temperatures associated with the retention of heat by exposed soil. This tolerance would
allow for increased foraging and increased food availability to the colony, which in turn can lead
to an increase in abundance. Fire may also affect available food sources, such as the seeds that
harvester ants gather (Ratchford et al. 2005). Underwood and Christian (2009) found an increase
in burned plots of seed harvesters in the genus Messor, including M. andrei.(which was the most
abundant species in their study) which they attributed to changes in vegetation related
characteristics, such as forb cover. Arnan et.al (2006) found that congener Messor capitatus
(Latreille) benefited from increased production of seeds after fire. Altered habitat structure and a
potential increase in resource availability after the fire may have given M. andrei a similar
competitive advantage.

It is also expected then that species with specialized adaptations to closed-canopy habitats
would decline after a fire due to a reduction in suitable habitat. There was a significant decline in
C. californica in burned plots. The decline may be related to direct mortality and nesting habits.
C. californica is known to cultivate aphids and coccids at the bases and on roots of various
plants, so their decline may be due to the vulnerability of these plants and/or non-soil nests
(http://www.utep.edu/leb/ants/Crematogaster.htm, 2001). Crematogaster species make nests in
plants, logs or decaying wood, or nests fashioned out of carton they manufacture themselves,
these colonies are more susceptible to mortality than Crematogaster colonies that nest under
rocks in the soil (Wheeler and Wheeler, 1986). Losing these colonies and the habitat they

occupied during the fire is a likely source of decline.

Conservation and Management Implications. In general, the MSCP reserve system

supports a diverse assemblage of native ground foraging ants. To date, the MSCP reserve system
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remains relatively free of invasion by exotic ants and protects a number of vegetation types
supporting this ant assemblage. The difference in the number of species occupying reference and
impact plots following the wildfires suggests that the ant diversity has declined in the burn areas
within the San Diego MSCP lands. Severe fires appear to be occurring more frequently in recent
years in southern California and San Diego County (e.g., Cedar and Otay Fires in 2003, Harris
and Witch Creek Fires in 2007). Shorter fire intervals and/or high intensity fires may disrupt
populations beyond their ability to recover successfully after a fire, permanently altering natural
systems in wilderness areas. This shift in the natural fire cycle is predicted to lead to the
conversion of coastal sage scrub and chaparral vegetation to grassland (Zedler et al. 1983,
Keeley 2005). The results of our work suggest conversion of native shrubland to exotic grassland
may lead to a reduction in ant species diversity, favoring ant species best suited to open habitat
and frequent disturbance. Changes in ant species distributions are likely to affect the abundance
of other plants and animals. For instance, the coastal horned lizard, Phrynosoma coronatum,
prefers to forage in open habitats (Stebbins 1985), with harvester ants making up a large portion
of the diet of adults (Suarez et al. 2000). At our study sites, an increase was detected in the
number of P. coronatum in CSS post-fire plots (R Fisher, unpublished data). The increased
presence of M. andrei in the burned scrub habitats is potentially benefiting P. coronatum.
Because M. andrei plays a key role as a seed disperser, the increased abundance of M. andrei
may also affect the distribution of plants in the vicinity of its nest (Brown and Human 1997,
Hobbs 1985). The association between increased M. andrei presence and fire may allow M.
andrei to serve as an indicator species of fire in southern California coastal sage scrub. In
general, ants are good indicators of environmental change as they require minimal effort to

sample and are linked closely with the microhabitats they occupy (Alonso and Agnosti 2000).
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Ants have effects on soil, vegetation, and other animals (H6lldobler and Wilson 1990, Folgrait
1998, Alonso and Agnosti 2000). Since most ants are not directly affected by fire, changes in the
ant community could provide valuable information about how a landscape has changed as a
result of fire. Longer term studies are needed to monitor the long-term effects of fire on ants,
including the growth and reproduction of colonies (Arnan et al. 2006). Future studies designed to
sample changes in ant community structure in the months immediately following a fire may
provide valuable information on the short term impacts of fire that may only last a few months
(Underwood and Christian 2009). Incorporating studies using ant functional groups or trophic
structure could provide information about the competitive interactions in our local ant fauna.
Functional groups provide insight into whether ants can continue to perform their ecosystem
functions with increased fire frequency. If severe fire weather is to become a frequent occurrence
in the future of southern California, discovering patterns of ant recovery following wildfire may
serve as a valuable tool in the overall assessment and prediction of the region’s ability to recover

from large-scale wildfire.
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Table 1. Total number of sample plots for both post and pre-fire periods by site, condition,

and habitat type. Number of plots sampled during the pre-fire period is in parentheses.

Site
Elliot Cedar Rancho Jamul Santa Ysabel
Habitat Reference  Impact  Reference  Impact  Reference  Impact  Reference Impact  Total
Chaparral - 5 - 5 - - 2 4 16 (6)
@ “4)
Coastal Sage - 5 - 4 4 4 2 2 21
Scrub “ “) )] () (10)
Grassland - - - - 4 4 2 1 11
“4) “4) @ (M )
Woodland - - - - 2 2 4 7 15(9)
Riparian (@) @) (@) “
Total - 10 - 9 10 10 10 14 63
(10) &) (N (10 (36)
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Table 2. Species diversity models using mixed regression techniques weighted by

descending AIC values.

Random No. Model Log-
Effect(s) Fixed Effect(s)” parameters AAIC” Weight likelihood
Array(Site) Condition 5 0.000 0.738 -54.65
Array(Site) Elevation 5 3.500 0.128 -56.40
Array(Site) Condition+Habitat 8 3.800 0.110 -53.55
Site ShrubCover*Habitat 8 8.400 0.011 -55.85
Array(Site) Null 4 10.500 0.004 -60.90
Array(Site) ShrubCover 5 10.700 0.004 -60.00
Array(Site) Condition*Habitat 9 11.200 0.003 -56.25
Array(Site) Habitat 7 14.700 0.000 -60.00
Array(Site) ShrubCover*Habitat 9 14.800 0.000 -58.05
Site ShrubCover 4 14.900 0.000 -63.10
Site Condition+Habitat 7 16.400 0.000 -60.85
Site Condition 4 17.100 0.000 -64.20
Site Null 3 18.400 0.000 -65.85
Site Habitat 6 18.800 0.000 -63.05
Site Elevation 4 19.100 0.000 -65.20
Site Condition*Habitat 8 20.000 0.000 -61.65

“Key: condition (reference vs. impact); elevation (low and high); habitat (Chaparral, Coastal
Sage Scrub, Grassland, Woodland Riparian); ShrubCover (Percent shrub and tree cover).
°Difference in AIC values between each model and the low-AIC model; when comparing the
relative fits of a suite of models, differences in AIC values among models indicate the relative
support for different models.

‘AIC model weight; weights have a probabilistic interpretation: of these models, w; is the
probability that model i would be selected as the best-fitting model if the data were collected

again under identical conditions.



Table 3. Pre- and post-fire relative abundance (following log-transformation of species-
specific, averaged capture data) and standard error (in parentheses) of ant species at

impact and reference plots by vegetation community.

Reference Impact

Habitat Species Pre-fire Post-fire Pre-fire Post-fire
Crematogaster

Coastal californica* 0.15 (0.03)  0.06 (0.01) 0.21 (0.04)  0.02 (0.01)

sage scrub®  Forelius mccooki 0.08 (0.03)  0.08 (0.03) 0.20 (0.03)  0.07 (0.03)
Pogonomyrmex
rugosus 0.55 (0.08) 045 (0.07) 0.19 (0.08)  0.02 (0.01)
Pheidole vistana 0.03 (0.01) 0.01 (0.00) 0.15 (0.03) 0.29 (0.04)
Solenopsis xyloni 0.07 (0.02) 0.05 (0.01) 0.05 (0.01) 0.09 (0.02)
Crematogaster
hespera 0.00 (0.00)  0.00 (0.00) 0.00 (0.00)  0.05 (0.02)
Forelius pruinosus 0.00 (0.00)  0.09 (0.04) 0.00 (0.00)  0.03 (0.02)
Messor andrei* 0.00 (0.00)  0.03 (0.01) 0.00 (0.00) 0.32 (0.05)
Other” 0.11 0.22 0.20 0.11

Total 1.00 1.00 1.00 1.00
Camponotus

Chaparral dumetorum 0.03 (0.01) 0.04 (0.01) 0.38 0.07)  0.10 (0.04)
Pheidole hyatti 0.12 (0.03)  0.02 (0.00) 0.22 (0.05)  0.05 (0.02)
Camponotus vicinus ~ 0.01 (0.00)  0.00 (0.00) 0.11 (0.04)  0.00 (0.00)
Formica moki 0.01 (0.00) 0.01 (0.00) 0.06 (0.01) 0.04 (0.02)
Crematogaster
mormonum 0.00 (0.00)  0.03 (0.01) 0.05 (0.01)  0.05 (0.02)
Messor andrei 0.14 (0.03) 0.17 (0.04) 0.00 (0.00)0  0.07 (0.03)

Dorymyrmex bicolor  0.28 (0.08) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Forelius pruinosus 0.00 (0.00) 0.17 (0.05) 0.00 (0.00) 0.00 (0.00)

Pheidole vistana 0.15 (0.02)  0.08 (0.02) 0.00 (0.00) 0.40 (0.07)
Pogonomyrmex
subnitidus 0.00 (0.00) 0.27 (0.03) 0.00 (0.00)  0.00 (0.00)
Solenopsis xyloni 0.05 (0.01) 0.02 (0.00) 0.00 (0.00) 0.17 (0.05)
Other 0.21 0.20 0.18 0.12

Total 1.00 1.00 1.00 1.00

Grassland Pheidole vistana 0.00 (0.00)  0.00 (0.00) 0.27 (0.07) 035 (0.06)
Crematogaster
californica 0.17 (0.05) 0.04 (0.01) 0.18 (0.04) 0.01 (0.00)
Solenopsis xyloni 0.03 (0.01) 0.12 (0.03) 0.11 (0.04) 0.13 (0.04)
Pheidole hyatti 0.04 (0.02) 0.01 (0.00) 0.11 (0.05)  0.05 (0.02)
Messor andrei 0.00 (0.00)0 0.13 (0.04) 0.10 (0.04) 030 (0.08)
Pheidole
clementensis 0.05 (0.02)  0.01 (0.00) 0.03 (0.01)  0.05 (0.01)
Forelius mccooki 0.25 (0.08)  0.36 (0.10) 0.03 (0.01)  0.00 (0.00)
Monomorium
ergatogyna 0.06 0.02) 0.04 (0.02) 0.03 (0.01)  0.00 (0.00)
Camponotus
semitestaceus 0.06 (0.03) 0.03 (0.02) 0.01 (0.00) 0.01 (0.00)
Pogonomyrmex
ruUgosus 0.15 0.07)  0.05 (0.02) 0.00 (0.00)  0.02 (0.01)
Pogonomyrmex
subnitidus 0.11 (0.04) 0.08 (0.04) 0.00 (0.00)  0.00 (0.00)
Other 0.09 0.12 0.14 0.08

Total 1.00 1.00 1.00 1.00




Reference Impact

Habitat Species Pre-fire Post-fire Pre-fire Post-fire

Woodland ~ Dorymyrmex bicolor ~ 0.00 (0.00)  0.00 (0.00) 0.20 (0.09) 0.11 (0.06)
Riparian Formica francoeuri  0.24 (0.10) 0.30 (0.09) 0.17 (0.08) 0.11 (0.06)

Pheidole hyatti 0.03 (0.01) 0.03 (0.01) 0.14 (0.03) 0.14 (0.06)
Camponotus

semitestaceus 0.01 (0.00) 0.04 (0.02) 0.13 (0.03) 0.03 (0.01)
Tapinoma sessile 0.02 (0.00)  0.05 (0.01) 0.12 (0.03) 0.03 (0.01)
Formica moki 0.05 (0.01)  0.05 (0.02) 0.06 (0.02)  0.05 (0.02)
Messor andrei 0.01 (0.00)  0.07 (0.03) 0.04 (0.01) o0.10 (0.04)
Forelius mccooki 0.06 (0.02)  0.03 (0.01) 0.01 (0.01) 0.09 (0.05)
Liometopum

occidentale 0.18 0.05) 0.17 (0.05) 0.01 (0.00) 0.04 (0.02)
Crematogaster

californica 0.00 (0.00)  0.05 (0.02) 0.00 (0.00) 0.01 (0.01)
Forelius pruinosus 0.00 (0.00) 0.01 (0.01) 0.00 (0.00) 0.10 (0.06)
Neivamyrmex

californicus 0.00 (0.00)  0.00 (0.00) 0.00 (0.00)  0.07 (0.03)
Pogonomyrmex

rugosus 0.12 (0.05)  0.04 (0.02) 0.00 (0.00)  0.00 (0.00)

Prenolepis imparis ~ 0.11  (0.04)  0.03  (0.01) 000  (0.00) 001  (0.00)
Solenopsis molesta  0.05  (0.02)  0.02  (0.01) 000  (0.00) 005  (0.03)
Other 0.14 0.11 0.12 0.07

Total 1.00 1.00 1.00 1.00

“Contrast tests comparing ant species abundance in impact vs. reference plots were only performed for coastal sage scrub (per
ANOSIM results) and for M. andrei across all habitat types.
I’Species comprising < 5% in each habitat was grouped and listed as “other”

9 <0.10



Figure 1. Map of San Diego County, California, showing the four study sites and indicating

extent of the Cedar and Otay Fires of 2003.

Figure 2. Multidimensional Scaling (MDS) bubble plot of the above ground ant assemblage in
Coastal Sage Scrub. Each bubble represents a single sample with “B” and “U” labels referring to
razed (n = 15)) and non-razed conditions (n = 16), respectively. Bubble size is proportional to
percent shrub and tree cover. Relative distances between points represent the relative similarity

of sampled ant assemblage.

Figure 3. Change in relative abundance of M. andrei in pre-fire and post-fire plots across all

habitat types. Error bars represent +/- one standard error. Asterisk indicates p < 0.10.

Figure 4. Relative abundance of ant species in coastal sage scrub. Error bars represent +/- one
standard error. A) Comparison of relative abundance in razed plots versus non-razed plots.
Post-fire values are subtracted from pre-fire values to determine relative abundance. B) Net

change in relative abundance between razed and non-razed plots. Asterisk indicates p < 0.10.
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Appendix 1. Table of Species present. Count represents sum of individuals by site.

Subfamily Site
Rancho  Santa Grand
Species Cedar Elliot  Jamul Ysabel Total
Dolichoderinae
Dorymyrmex bicolor 8271 434 8705
Dorymyrmex insanus 38 35° 34 107
Forelius foetidus 269 3535 23 3827
Forelius pruinosus 1 2682 2683
Liometopum occidentale 260° 119¢ 379
Tapinoma sessile 1 64 122 187
Ecitonae
Neviamyrmex californicus 1 166 92 259
Neviamyrmex nigrescens 16 33° 145 194
Neviamyrmex opacithorax 3° 3
Formicinae
Brachymyrmex depilis 1 1
Camponotus anthrax 1 12¢ 13
Camponotus dumetorum 18 26021 278
Camponotus sayi 5 5
Camponotus semitestaceus 43 413%¢ 456
Camponotus sp" 9f 9
Camponotus sp CA-01 471 47
Camponotus sp CA-02 1 4 7424 79
Camponotus vicinus 2 4421 46
Camponotus yogi 124 1
Formica francoeuri 1578 1578
Formica moki 42 1 27 190 260
Formica xerophila 22d 2
Myrmecocystus mimicus 10 36° 20 66
Myrmecocystus semirufus 2° 2
Myrmecocystus testaceus 31 42 73
Myrmecocystus wheeleri 4" 4
Paratrechina c. f. terricola 2 2 4
Prenolepis imparis 1 1 51 534 106




Subfamily Site
Rancho Santa Grand
Species Cedar Elliot Jamul Ysabel Total
Myrmicinae
Cardiocondyla ectopia® 1 1
Crematogaster californica 77 78 185° 383%¢ 723
Crematogaster coarctata 17 26 12 392 ¢ 94
Crematogaster depilis 2 2
Crematogaster hespera 275 25 31 57 388
Crematogaster mormonum 50 164 25 8o ¢ 319
Messor andrei 817 1068  986° 1263 4134
Messor stoddardi 532d 53
Monomorium ergatogyna 111 111
Myrmica rugiventris 22 2
Myrmicina americana 3 3
Pheidole californica 3 11¢ 14
Pheidole cerebrosior 1 13° 12¢ 26
Pheidole clementensis 61° 61
Pheidole hyatti 62° 616 678
Pheidole vistana 1941 977 505 209 3632
Pogonomyrmex californicus 4 87" 91
Pogonomyrmex maricopa 10 10
Pogonomyrmex rugosus 1 1852° 2 1855
Pogonomyrmex subdentatus 1 1
Pogonomyrmex subnitidus 514° 514
Solenopsis amblychila 2 6 8
Solenopsis aurea 45 22 2 69
Solenopsis molesta 2 71 128 201
Solenopsis sp" 3" 3
Solenopsis xyloni 203 812 738 114 1867
Stenamma diecki 1 1
Temnothorax andrei 19° 13¢ 32
Temnothorax nevadensis 1¢ 1
Temnothorax nitens 1¢ 1
Temnothorax sp CA-04 4 4
Temnothorax sp CA-07 1 1
Tetramorium spinosum 97° 97
Grand Total 3559 3459 17220 10133 34371
Species Total 17 20 35 52 61

oSIKQ DO OO T

at least one record vouchered at UC Davis Bohart Museum

at least one record vouchered at UC Berkeley Essig Museum of Entomology

at least one record vouchered at Museum of Comparative Zoology

at least one record verified by Phil Ward, UC Davis

at least one record verified by Andrew Suarez, University of Illinois

in process of verification
exotic species

Ants identified to Genus level contribute to the total number of species as different and unique from other congeners in

the list



http://www.mip.berkeley.edu/essig/
http://www.mcz.harvard.edu/
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