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mine age, but our study was limited to stems
# 1 m in height. Bud scars will be less evident
on stems taller than 1 m.
We conclude that bud scar counting is a reliable method to estimate stem age of post oaks
and blackjack oaks if an error of 2 years is acceptable. Bud scar counts would not be suitable for studies that require the exact year of
stem emergence. Age determination from bud
scar counts, coupled with tree coring of larger
trees, would be adequate to determine age
structure of oaks for most studies.
Partial funding for this study was received from
the United States Army Research and Development
Center, Environmental Laboratory, Vicksburg, Mississippi. We are grateful to The Wilderness Society
for their support through the Gloria Barron Scholarship and to the Environmental Institute at
Oklahoma State University for their support through
the Presidential Fellowship program. Personnel at
The Nature Conservancy, Tulsa office and the United States Army Corps of Engineers, Keystone Office
provided use of equipment and allowed access to the
study site. This manuscript was approved for publication by the Director, Oklahoma Agricultural Experiment Station.
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ABSTRACT To examine how fire affects the invasive Argentine ant, Linepithema humile, I used
pitfall traps to estimate worker abundance immediately prior to and for approximately 3 months
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after a controlled burn in a northern California grassland. I found that L. humile abundance per
trap was, on average, 75% lower after the fire than before the fire.
RESUMEN Para examinar cómo el fuego afecta a la hormiga invasora, Linepithema humile, utilicé
trampas de hoyos para estimar la abundancia de las obreras inmediatamente antes y durante
aproximadamente tres meses después de una quema controlada en un prado del norte de California. Encontré que la abundancia de L. humile por trampa era, en promedio, el 75% más baja
después del fuego que antes del fuego.

Invasive species threaten native ecosystems
throughout the world (Vitousek et al., 1996;
Mack et al., 2000). One particularly problematic species is the Argentine ant, Linepithema
humile. Argentine ants are one of the most
widespread invasive ants, and they threaten the
persistence of native ant populations in many
locations throughout the world (Ward, 1987;
Human and Gordon, 1997; Holway, 1998b; Suarez et al., 1998; Sanders et al., 2001; Sanders et
al., 2003). As for many other invasive pest species, controlling the spread and effects of Argentine ants is an important task in preserving
native populations.
Fire, like invasive species, can alter the composition of ant communities, and there are
some data on its immediate effects on ant communities. Fire can lead to increased abundance and species richness (O’Dowd and Gill,
1984) or increased richness but decreased
abundance (Andersen and Yen, 1985). Fire
also can lead to decreased richness and abundance (Springett, 1976); an initial decrease in
abundance followed by an increase in abundance for some species, but just the opposite
for others (Punttila et al., 1994); and near
elimination of ants (Punttila and Haila, 1996).
Thus, conclusions on the immediate effects of
fire on ant communities are equivocal, perhaps
because there can be both direct and indirect
effects of fire on ant communities. For example, different species might be afforded different levels of protection because of their nesting behavior; those species that nest near the
soil surface are more likely to suffer because
of fire. Fire also might alter competitive dynamics among ant species by altering resource
availability and the densities of other species.
Each May and September since 1993, a Stanford graduate student (K. G. Human, 1993–
1996; N. J. Sanders, 1996–2000; N. E. Heller,
2000 to present) has documented the distribution and spread of Argentine ants at Jasper
Ridge Biological Preserve ( JRBP) in northern

California. Argentine ants are invading from
the edges of JRBP (Human et al., 1998) and
dominate communities such that native ant
species richness is reduced to zero at many
sites (Human and Gordon, 1997; Sanders et
al., 2001). Importantly for this study, Argentine
ants, unlike many native species at JRBP, nest
near the soil surface.
Some Australian communities are dominated by Iridomyrmex and Monomorium, much like
Argentine ants dominate communities where
they invade (Andersen and Patel, 1994; Andersen, 1997). Interestingly, Andersen and Yen
(1985) showed that when sites dominated by
Iridomyrmex and Monomorium were burned, the
richness of subordinate ant species increased,
and the abundance of Iridomyrmex and Monomorium decreased. This might be because Iridomyrmex and Monomorium devote more of
their workforce to foraging than do other species, which might have made them more susceptible to being burned in the fire. Similarly,
I hypothesized that if a site dominated by Argentine ants was burned, the abundance of Argentine ants would decrease. Thus, fire might
be a useful tool in managing the spread and
impact of this important invasive species. I tested this hypothesis in 1999, when a controlled
burn took place at JRBP.
JRBP is a 481-ha reserve in San Mateo County, California. The burn site was a 0.8-ha grassland within JRBP. Prior to the burn, the vegetation at the burn site consisted primarily of
star thistle (Centaurea solstitialis), nonnative
bunch grass (Phalaris aquatica), nonnative annual grasses, and Baccharis pilularis shrubs.
I used pitfall traps to sample ants before and
after the burn. Pitfall traps provide a good estimate of the ground-foraging species present
in a community (Bestelmeyer et al., 2000). Pitfall traps were 50-mL (2.5-cm diameter) centrifuge tubes, partially filled with a 1:1 mixture
of Sierra brand antifreeze (propylene glycol)
and water. I placed 33 pitfall traps at the site.
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FIG. 1 Effect of fire and sampling date on Argentine ant abundance in northern California. Bars
(6SE) represent the mean number of Argentine
ants per pitfall trap on all sampling dates. Bars with
different letters above them are statistically different
from each other as indicated by the Student-Newman-Keuls post hoc test.

Twenty-five of the traps were arranged in a 5
3 5 grid with 5-m spacing. The remaining 8
traps were placed approximately 20 m east of
the 5 3 5 grid and were arranged in 1 row of
5, with 5-m spacing, and 1 row of 3, with 5-m
spacing. I collected the pitfall traps after 72
hours. All traps were at least 10 m from the
edge of the burn site. This arrangement of pitfall traps and sampling effort allowed me to
sample the burn site adequately, while reducing the potentially confounding effect of sampling too near the edge of the burn, where
ants from outside the site might be foraging.
I first sampled the ants at the site from 24
to 27 June 1999, and the burn took place on
28 June 1999. I then sampled the ants after the
burn from 3 to 5 July. I continued to sample
the site approximately every 3 weeks until mid
October (total of 5 samples). During this time,
Argentine ant activity usually increases at JRBP
(Sanders et al., 2001). Therefore, if the fire did
not affect Argentine ants, I should see an in-

crease in the number of ants in pitfall traps at
the burn site.
To determine statistically the effect of fire
on Argentine ant abundance, I compared the
average numbers of Argentine ant workers in
pitfall traps across the 5 sampling periods using an ANOVA. For the analysis, I treated each
trap as a replicate, as other studies have done
(e.g., Christian, 2001). Though there are obvious statistical limitations to treating each trap
as a replicate, it was impossible to have multiple burned sites within JRBP so that the site
could be replicated. I used the Student-Newman-Keuls (SNK) test to examine (a posteriori) the differences among pairs of sampling
periods.
I collected 1,073 workers from 4 species in
the pitfall traps. All but 8 (,1%) of these workers were Argentine ants; these 8 were 2 Leptothorax nevadensis, 1 Solenopsis molesta, and 5 Hypoponera opacior.
The fire affected Argentine ant abundance
at the site (Fig. 1, Table 1). Prior to the fire,
there were approximately 14 Argentine ant
workers in each of the pitfall traps. Immediately after the fire, there were half as many. By
October, there was an average of 1 Argentine
ant worker per trap at the site. The SNK test
indicated that the abundance of Argentine
ants in pitfall traps prior to the fire was significantly different from the abundances on each
sampling date after the fire (Fig. 1), but sampling dates after the fire were not statistically
different from one another.
The controlled burn reduced the abundance of Argentine ants at the site. At least 4
mechanisms, both direct and indirect, could
lead to the decline of Argentine ants after a
burn. First, Argentine ant colonies nest near
the soil surface, so their colonies, unlike colonies of native species (Hölldobler and Wilson,
1990), could be susceptible to the extreme

TABLE 1—Effect of fire on Argentine ant abundance in northern California. The response variable is
abundance of Argentine ants in pitfall traps.
Source of
variation

SS

df

MS

F

P

Sampling date
Residual
Total

4,043.13
30,076.8
34,119.93

5
204
209

808.63
147.44

5.48

,0.0001
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heat from a fire. Second, Argentine ant colonies might devote a large proportion of their
colony workforce to foraging (Sanders, pers.
obser.). If that is the case, then many workers
could have been active outside the nest and
killed by the fire. Third, the effects of fire
could occur indirectly by inducing changes in
habitat structure and availability of resources
(Brian, 1955; Andersen, 1988; Andersen,
1991). If resources that Argentine ants rely on,
such as homopterans, were dramatically reduced, then colonies might have emigrated
from the burn site to suitable habitats nearby.
Fourth, the fire might have reduced available
moisture, which Argentine ant colonies require (Holway, 1998a; Human et al., 1998; Holway et al., 2002). If soil moisture was reduced,
Argentine ant colonies might have emigrated
from the site, and immigration into the site
might have been reduced.
The reduction in Argentine ant abundance
was caused by the fire and not by seasonal effects. On average, Argentine ant activity increases from January to September at JRBP
(Sanders et al., 2001). We have detected Argentine ants at more sites in the JRBP-wide
September surveys than in the January or May
surveys because Argentine ant colonies are
more active during the summer months, when
temperatures are high. Even though Argentine
ant activity should be higher in the late summer and early fall than in the early summer, I
detected little activity at the burn site; this is
strong evidence suggesting that the controlled
burn, and not seasonal effects (Sanders et al.,
2001) at this site reduced Argentine ant abundance.
This study focused on the short-term effects
of fire on sites dominated by Argentine ants.
The long-term effects are more important. It
might be that the competitive balance between
Argentine ants and native ants can be altered
by prescribed burns. For example, immediately
following a fire, it could be beneficial to stock
native ant species, such as Prenolepis imparis and
Messor andrei, at burned sites. The long-term
studies at JRBP suggest that these 2 species
might slow or even deter the spread of Argentine ants at this site (Sanders et al., 2001). If
the spread and subsequent impact of Argentine ants can be reduced, then it might be possible to salvage lost ant biodiversity at sites invaded by Argentine ants.
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ABSTRACT Examination of museum records and field observations have included 4 new records
for species of crayfish in Oklahoma (Cambarellus puer, Orconectes deanae, O. lancifer, and O. macrus)
and a new drainage record for O. neglectus neglectus. These records bring the number of crayfish
known in Oklahoma to 28 and emphasize the importance of revisiting aquatic habitats in regions
that have been visited previously. Such records can help in determining the conservation status
of poorly known taxonomic groups.
RESUMEN La revisión de registros de museos y observaciones de campo mostró 4 registros
nuevos de especies del cangrejo de rı́o en Oklahoma (Cambarellus puer, Orconectes deanae, O. lancifer
y O. macrus) y un nuevo registro de cuenca para O. neglectus neglectus. Estos registros suben el
número total de cangrejos de rı́o conocidos en Oklahoma a 28 y destacan la importancia de visitar
nuevamente hábitats acuáticos en regiones que se han visitado previamente. Tales registros pueden
ayudar en la determinación del estado de conservación de grupos taxonómicos poco conocidos.

