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ABSTRACT Surface-active arthropods were sampled after a lightning-caused wildÞre in desert
grassland habitat on the Sevilleta National Wildlife Refuge, Socorro County, NM. Pitfall traps (n�
32 per treatment) were used to evaluate species-speciÞc “activity-density” indices after the June
wildÞre in both burned and unburned areas. In total, 5,302 individuals were collected from 69 taxa.
Herbivore activity-densities generally decreased, whereas predators often increased in the burned
area; pitfall trap bias likely contributed to this latter observation. Fire caused the virtual extir-
pation of scaly crickets (Mogoplistidae), Þeld crickets (Gryllidae), and camel crickets (Raphi-
dophoridae), but recolonization began during the Þrst postÞre growing season. Several grass-
hoppers (Acrididae) also exhibited signiÞcant postÞre declines [Ageneotettix deorum (Scudder),
Eritettix simplex (Scudder),Melanoplus bowditchi Scudder, andAmphitornus coloradus (Thomas)]. Some
beetles showed lower activity-density, including Pasimachus obsoletus LeConte (Carabidae) and
Eleodes extricatus (Say) (Tenebrionidae). Taxa exhibiting signiÞcant postÞre increases in activity-
density included acridid grasshoppers (Aulocara femoratum (Scudder), Hesperotettix viridis
(Thomas), Trimerotropis pallidipennis (Burmeis.), and Xanthippus corallipes Haldeman); carabid
beetles (Amblycheila picolominii Reiche, Cicindela punctulata Olivier), tenebrionid beetles (Ele-
odes longicollis LeConte, Edrotes rotundus (Say), Glyptasida sordida (LeConte), Stenomorpha
consors (Casey); the centipedes Taiyubius harrietae Chamberlin (Lithobiidae) and Scolopendra
polymorpha Wood (Scolopendridae); scorpions (Vaejovis spp.; Vaejovidae); and sun spiders
(Eremobates spp.; Eremobatidae). Native sand roaches (Arenivaga erratica Rehn, Eremoblata
subdiaphana (Scudder); Polyphagidae) displayed no signiÞcant Þre response. Overall, arthropod
responses to Þre in this desert grassland (with comparatively low and patchy fuel loads) were
comparable to those in mesic grasslands with much higher and more continuous fuel
loads.
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Fire in grassland ecosystems has substantial effects on
local arthropod communities through the immediate
killing of vulnerable individuals (e.g., grass-dwelling
species) and alteration of habitat characteristics, in-
cluding the reduction or elimination of prey, food
plants, and foliage habitat structure, shifts in micro-
climate means and extremes, and physical substrate
changes, such as the creation of soil ash layers (see
reviews by Warren et al. (1987) and Swengel (2001),
and references therein).

Although considerable research has focused on
the impact of Þre on arthropod assemblages in the
North American tallgrass prairie ecosystem (Evans

1984, 1988a, 1988b; Scifres et al. 1988; Panzer 2002;
Fay 2003; Joern 2004, 2005; Vogel et al. 2010) and
other mesic grasslands (Gillon 1983; Porter and Re-
dak 1996, 1997; Reed 1997; Siemann et al. 1997;
Chambers and Samways 1998; Kerstyn and Stiling
1999; Blanche et al. 2001; Branson 2005; Knight and
Holt 2005; Langlands et al. 2006; Nadeau et al. 2006;
Nunes et al. 2006; Uys et al. 2006; Branson and
Vermeire 2007; Hartley et al. 2007; Johnson et al.
2008; Uehara-Prado et al. 2010; Matsuda et al. 2011),
few studies have addressed such responses in semi-
arid and arid grasslands (Hansen 1986, Bock and
Bock 1991, Ford 2001, Zimmer and Parmenter 1998,
Ford 2007). Arid and semiarid grasslands often sup-
port smaller and more spatially patchy fuel loads
than mesic grasslands, contributing to both lower
soil temperatures during passing Þre fronts and a
greater probability of unburned patches of vegeta-
tion remaining after a Þre (McPherson 1995). These
attributes make Þres in desert grasslands qualita-
tively different from those in mesic grasslands, and
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hence, may have less severe direct impacts on res-
ident arthropods.

The purpose of this study was to capitalize on the
serendipitous occurrence of a natural lightning-
caused wildÞre in a well-studied desert grassland
ecosystem in central New Mexico, and record the
resulting short-term (Þrst growing season) differ-
ences in the surface-active arthropod community of
burned and unburned habitat. SpeciÞcally, for each
arthropod taxon, we asked if Þre eliminated, re-
duced, increased, or had no effect on the activity-
density of each taxon in the burned area relative to
unburned “control” grassland. The results of these
postÞre observations in this desert grassland could
then be compared with those from more mesic
grassland Þre regimes.

Materials and Methods

Study Area. The study was conducted in the desert
grassland habitat of the Sevilleta National Wildlife
Refuge (NWR), Socorro County, NM (Fig. 1), in an
area known locally as the Deep Well region of Mc-
Kenzie Flats (Lat. 34� 21� 33� N, 106� 41� 26� W, Elev.
1,600 m). This area has hosted many detailed studies
of the Sevilleta Long Term Ecological Research
(LTER) program since 1989, and considerable back-
ground information exists on the ßora, fauna, soils, and
climate of the region. The site was a broad, ßat grassy
plain, dominated by perennial grasses (Table 1), in-
cluding Bouteloua eriopoda, B. gracilis, Pleuraphis
jamesii, Aristida purpurea, several species of Sporobo-
lus, and a variety of forbs. Annual precipitation (1988Ð

Fig. 1. Maps of the study area on McKenzie Flats, Sevilleta National Wildlife Refuge, NM. Maps show the location of the
Sevilleta NWR in New Mexico, the area of McKenzie Flats within the Sevilleta NWR, a LANDSAT image of McKenzie Flats
with the wildÞre area in gray highlight, and a schematic map showing the locations of the burned area, the two 300-m burned
pitfall trap transects, the four 100-m plant transects (Table 1) crossing the wildÞre boundary, the Deep Well meteorological
station, and the unburned “control” pitfall trap transects across McKenzie Flats (paralleling the Þve Points Road). Each of
the eight control pitfall trap locations had four pitfall traps spaced 20 m apart.
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2009) averaged 242 mm, with more than half (57%)
falling during the summer monsoon season (June
through September). Long-term mean daily minimum
temperatures were �7.3� in January, and mean daily
maximum temperatures were 33.2�C in July. Total pre-
cipitation during the months of the study (JuneÐNo-
vember 2001) was 150 mm, a value somewhat below
average compared with the long-term JuneÐNovem-

ber mean of 175 mm (Fig. 2; Sevilleta LTER, Deep
Well meteorological station: http://sev.lternet.edu).
Soils were sandy loams, classiÞed as Berino-Dona Ana
association, consisting of Þne-loamy, mixed, thermic
Typic Haplarids (Johnson 1988).
Study Design and Arthropod Sampling. In early

summer 2001, as part of a Sevilleta LTER large-scale
assessment of surface-active arthropod communities,

Table 1. Percentage cover of plant species, litter, and bare ground on burned and unburned line transects near Deep Well on the
Sevilleta National Wildlife Refuge, NM

2000 (pre-Þre) 2001 (post-Þre)

Species Control Burned Control Burned

Grasses
Aristida purpurea Nutt. 0.6 � 0.4 0.3 � 0.2 0.9 � 0.6 0.1 � 0.1
Bouteloua barbata Lag. 0.0 0.0 0.0 0.1 � 0.1
Bouteloua eriopoda (Torr.) Torr. 29.7 � 6.0 29.9 � 6.8 29.4 � 5.7 14.2 � 3.7
Bouteloua gracilis (Willd. ex Kunth) Lag. ex
GrifÞths

16.8 � 4.0 23.0 � 5.0 14.3 � 3.5 17.2 � 3.7

Pleuraphis jamesii Torr. 4.0 � 1.8 2.4 � 1.1 2.7 � 1.3 1.0 � 0.4
Muhlenbergia arenicola Buckley 0.0 0.2 � 0.1 0.0 0.3 � 0.1
Panicum obtusum Kunth 0.0 0.0 0.2 � 0.2 0.0
Sporobolus contractus Hitchc. 0.1 � 0.1 0.1 � 0.1 0.0 0.2 � 0.1
Sporobolus cryptandrus (Torr.) A. Gray 0.3 � 0.2 1.5 � 0.5 0.9 � 0.3 1.4 � 0.4
Sporobolus flexuosus (Thurb. ex Vasey) Rydb. 0.6 � 0.3 1.3 � 0.7 0.2 � 0.1 0.1 � 0.1
Total grass: 52.1 � 12.8 58.7 � 14.5 48.6 � 11.7 34.6 � 8.7

Forbs
Astragalus missouriensis Nutt. 0.0 0.0 0.1 � 0.1 0.0
Chamaesyce albomarginata (Torr. & A. Gray)
Small

0.0 0.0 0.2 � 0.1 0.6 � 0.4

Chaetopappa ericoides (Torr.) G.L. Nelsom 0.0 0.0 0.1 � 0.1 0.0
Chamaesyce glyptosperma (Engelm.) Small 0.0 0.0 0.1 � 0.1 0.2 � 0.1
Chamaesyce lata (Engelm.) Small 0.0 0.0 0.0 0.1 � 0.1
Chamaesyce serrula (Englem.) Wott & Standl. 0.0 0.0 0.0 0.4 � 0.2
Chamaesyce serpyllifolia (Pers.) Small 0.0 0.0 0.0 0.4 � 0.3
Cryptantha crassisepala (Torr. & A. Gray) Greene 0.0 0.0 0.2 � 0.1 0.2 � 0.1
Cymopterus montanus Nutt. ex Torr. & A. Gray 0.0 0.0 0.1 � 0.1 0.0
Dalea jamesii (Torr.) Torr. & A. Gray 0.0 0.0 0.0 0.1 � 0.1
Dalea nana Torr. ex A. Gray 0.0 0.0 0.0 0.1 � 0.1
Descurainia obtusa (Greene) O.E. Schulz 0.0 0.0 0.0 0.1 � 0.1
Hoffmannseggia glauca (Ortega) Eifert 0.0 0.0 0.1 � 0.1 0.1 � 0.1
Ipomoea costellata Torr. 0.0 0.0 0.1 � 0.1 0.1 � 0.1
Kallstroemia parviflora J.B.S. Norton 0.0 0.0 0.0 1.2 � 0.5
Machaeranthera pinnatifida (Hook.) Shinners 0.0 0.0 0.1 � 0.1 0.0
Mentzelia laciniata (Rydb.) J. Darl. 0.0 0.0 0.1 � 0.1 0.0
Oenothera cespitosa Nutt. 0.0 0.0 0.1 � 0.1 0.0
Pectis angustifolia Torr. 0.0 0.0 0.0 0.3 � 0.1
Plantago patagonica Jacq. 0.0 0.0 0.4 � 0.2 0.2 � 0.1
Proboscidea parviflora (Woot.) Woot. & Standl. 0.0 0.0 0.0 0.1 � 0.1
Sanvitalia abertii A. Gray 0.0 0.0 0.0 0.1 � 0.1
Senecio flaccidus Less. 0.0 0.0 0.1 � 0.1 0.0
Solanum elaeagnifolium Cav. 0.1 � 0.1 0.1 � 0.1 0.3 � 0.1 0.2 � 0.1
Sphaeralcea coccinea (Nutt.) Rydb. 0.0 0.0 0.0 0.1 � 0.1
Sphaeralcea hastulata A. Gray 0.0 0.0 0.1 � 0.1 0.0
Sphaeralcea wrightii A. Gray 0.1 � 0.1 0.1 � 0.1 0.1 � 0.1 0.1 � 0.1
Stephanomeria pauciflora (Torr.) A. Nelson 0.0 0.0 0.2 � 0.1 0.0
Tidestromia lanuginosa (Nutt.) Standl. 0.0 0.0 0.0 0.1 � 0.1
Tragia ramosa Torr. 0.0 0.0 0.0 0.1 � 0.1
Total forbs 0.2 � 0.1 0.2 � 0.2 2.5 � 0.9 4.9 � 2.4

Shrubs
Ephedra torreyana S. Watson 0.0 0.0 0.1 � 0.1 0.0
Gutierrezia sarothrae (Pursh) Britton & Rusby 0.2 � 0.1 0.4 � 0.2 0.3 � 0.1 0.1 � 0.1
Total shrubs 0.2 � 0.1 0.4 � 0.2 0.4 � 0.2 0.1 � 0.1

Cacti
Escobaria vivipara (Nutt.) Buxbaum 0.0 0.0 0.0 0.1 � 0.1
Opuntia phaeacantha Engelm. 0.0 0.2 � 0.1 0.0 0.1 � 0.1
Total cacti 0.0 0.2 � 0.1 0.0 0.2 � 0.2

Litter 22.3 � 5.5 33.2 � 7.3 13.5 � 5.1 14.8 � 5.0
Bare ground 31.1 � 8.4 17.7 � 6.0 39.4 � 8.6 48.6 � 9.9

Data collected in autumn of each year; wildÞre occurred on 24 June 2001. Percentage cover on transects were sampled with 1-cm resolution;
taxonomy follows USDA NRCS Plants Database (2011). Values are mean percentage cover by species from four 50-m transects � SE.

October 2011 PARMENTER ET AL.: WILDFIRE EFFECTS ON DESERT GRASSLAND ARTHROPODS 1053

D
ow

nloaded from
 https://academ

ic.oup.com
/ee/article/40/5/1051/414306 by guest on 23 April 2024



a series of arthropod pitfall-trap transects were estab-
lished across the McKenzie Flats study area (Fig. 1).
On 24 June 2001, a late-afternoon “dry” lightning strike
ignited a wildÞre in the central portion of McKenzie
Flats, and over the next 21 h, burned an area of 5.76
km2. On 25 June, we installed 32 additional pitfall traps
in two parallel transects arbitrarily placed near the
center of the burned area (�300 m from the unburned
edge of the Þre area). Transects were 50 m apart, and
consisted of 16 pitfall traps each at 20 m intervals (300
m total transect length). Pitfall traps consisted of tin
cans (8.5 cm in diameter, 13 cm deep) with plastic cup
inserts Þlled halfway with propylene glycol. A ceramic
tile (20 cm by 20 cm) elevated 2 cm on nails above the
trap reduced rainfall and wind-blown ash and debris
from entering the trap. Traps were open continuously
through the summer and autumn, and sampled on 5
July, 20 July, 10 August, 10 September, 8 October, and
26 November 2001.

Nearby LTER pitfall traps on McKenzie Flats in
similar unburned vegetation adjacent to the Þre zone
served as “control” pitfall traps. These traps were iden-
tical to the traps installed after the Þre. The 32 traps
(eight sites of four traps with 20-m spacing per site
[Fig. 1]) that were closest to the actual burned area
were sampled on the same schedule as the traps in the
Þre zone. The arthropods collected in the unburned
pitfall traps preceding the 24 June Þre also provided a
measure of each taxonÕs preÞre activity-density in
early summer.

Arthropods collected from the pitfall traps were
preserved in 70% ethanol and transported to the lab-
oratory for sorting, identiÞcation, and counting. Res-
ident arthropod taxa included in the analyses were
those ground-dwelling species that were reasonably
sampled using pitfall traps and for which we had tax-
onomic expertise: Coleoptera (Carabidae, Tenebrion-
idae); Orthoptera (Acrididae, Gryllidae, Mogopli-
stidae, Raphidophoridae, Tettigoniidae); Blattaria
(Polyphagidae); Lithobiomorpha (Lithobiidae);
Scolopendromorpha (Scolopendridae); Scorpionida
(Vaejovidae); and Solifugae (Eremobatidae). Refer-
ence specimens were archived in the Arthropod Di-
vision of the Museum of Southwestern Biology,
University of New Mexico, Albuquerque, NM.
Fire Characteristics. Lightning ignited the grass-

land site in late afternoon (�1600 hours) on 24 June,
and the wildÞre burned continuously through the
night. Fire suppression efforts extinguished the Þre by
midday on 25 June. No precipitation fell during the
Þre. Air temperatures during the Þre ranged from 20�
to 37�C, and relative humidity ranged from 14 to 54%;
wind speeds averaged 3.5 m � sec�1, with gusts up to
11.5 m � sec�1 (Fig. 3). Aboveground vegetation on the
site was nearly completely consumed by the Þre, leav-
ing only low, charred stubble (	2 cm high; Fig. 4).
Plant cover on the site, measured before the Þre in
autumn 2000 (see methods below), averaged 59%,
with plant litter cover at 33% (Table 1). Although
vegetation cover and biomass varies considerably
through space and time on the Sevilleta NWR (Pen-
nington and Collins 2007), typical grass-forb fuel loads
on McKenzie Flats averaged 192 � 52 g � m�2 (mean �
95% C.I. standing crop dry biomass, measured 1989Ð
1992, Sevilleta LTER data). Flame lengths and rates of
spread were not recorded by ÞreÞghting personnel,
but during a previous prescribed experimental Þre on
McKenzie Flats in 1993 (under similar fuel loads and
wind conditions), ßame lengths ranged from 20 cm to
2 m, and exhibited rates of spread between 1.5 m �
min�1 and 12 m � min�1 depending on local fuel load
and wind gusts (Parmenter 2008).
Vegetation Sampling. The response of the site veg-

etation to the wildÞre also was measured before and
after the Þre. Four line-intercept transects of 100 m
each had been established on McKenzie Flats in 1995
andsampledannuallybefore the2001Þreaspartof the
Sevilleta LTER project. These transects crossed an
area of unburned grassland and entered an area that
had been burned in another lightning Þre in 1995. The
Þre of 24 June 2001 burned right up to the boundary
of this old Þre zone, but, due possibly to a slightly
reduced fuel load (Table 1), did not burn into it; this
effectively created eight transects, with four 50-m
transects in the burned area and four 50-m transects in
the unburned area. These transects provided preburn
plant cover values in autumn 2000, and were then
resampled after the Þre in 2001 to determine the de-
gree of postÞre vegetation regrowth during the study
period.
Statistical Analyses. The overarching hypothesis

tested in this study addressed the impact of Þre on the

Fig. 2. Climate conditions in 2001 on McKenzie Flats,
Sevilleta National Wildlife Refuge, NM. Top: Total monthly
precipitation in 2001 (histograms) and long-term means
(gray points with line). Bottom: Mean monthly temperature
(solid line) and mean monthly maximum and minimum tem-
peratures (dotted lines). The wildÞre occurred on 24 June,
2001. Data from the Sevilleta LTER Deep Well meteorolog-
ical station (http://sev.lternet.edu/).
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population activity-density responses of the resident
arthropodspecies.As therewasonlya single lightning-
caused wildÞre, the wildÞre “treatment” per se was not
replicated (note that prescribed Þres, which can be
replicated, may partially remedy this issue, but pre-
scribed Þres are generally conducted under lower
wind-speed conditions and higher humidity, resulting
in less severe ecological effects). Rather, our sampling
effort was directed toward assessing species-speciÞc
trap-captures across the central region of the burned
area (reducing edge effects), and comparing the mean
numbers of individuals captured per trap to those from
traps in comparable adjacent unburned grassland. As
such, individual pitfall traps were treated as experi-
mental units (replicates) within the burned and un-
burned areas. Traps were spaced sufÞciently far apart
(minimum of 20 m) to ensure statistical independence
(i.e., captures by one trap would have no measurable
effect on the captures of an adjacent trap), and both
the unburned and burned areas had nearly identical

vegetation, soils, slope, aspect, and elevation (Fig. 1;
Table 1). We also considered the “selection” of the
burned area for the “Þre treatment” as a random event,
resulting from the initial lightning strike and meteo-
rological conditions (wind speed and direction) at the
time. Thus, while the wildÞre treatment and site ef-
fects could not technically be statistically separated,
there was sufÞcient habitat uniformity across the
study area to justiÞably interpret the observed postÞre
inter-site differences in trap captures as being caused
by the wildÞre.

In addition, pitfall traps have inherent sampling
biases that warrant conservative interpretations of
capture data (reviewed in Parmenter et al. 1989),
particularly with respect to statistical analyses of the
numbers of individuals captured per trap. In this study,
the primary bias within taxa was assumed to be the
inßuenceof theÞreonphysicalhabitat characteristics,
speciÞcally the removal of nearly all aboveground

Fig. 3. Meteorological conditions during the wildÞre on
McKenzie Flats, Sevilleta National Wildlife Refuge, NM. The
Þre was ignited by a lightning strike at �1600 hours on 24
June, 2001, and was extinguished by wild-land ÞreÞghters by
early afternoon the next day. No precipitation was recorded
until late afternoon on 25 June. Data from the Sevilleta LTER
Deep Well meteorological station (http://sev.lternet.edu/).

Fig. 4. Photographs of study area on McKenzie Flats.
Top: Study area before the Þre. Middle: PostÞre view of site
on 25 June 2001. Bottom: Study area on 9 October 2001.
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plant biomass and litter, and the resultant impact on
movements of surface-active arthropods. Given the
considerably more open postÞre habitat, arthropod
movements (distances traveled per unit time) would
presumably increase because of the reduction of phys-
ical obstacles that would impede movement (Crist et
al. 1992, Wiens et al. 1993). In fact, previous measure-
ments of tenebrionid beetle movements in burned and
unburned grassland habitat on the Sevilleta NWR
showed that movement distances per unit time nearly
tripled in burned grassland habitat compared with
unburned grassland (H. Fox and R. Parmenter, Sev-
illeta LTER unpublished data, 1993) As such, greater
numbers of captures in our pitfall traps could indicate
an increase in individual movements rather than den-
sity. Therefore, in our analyses, we have adopted the
“activity-density” approach used by other researchers
(Halsall and Wratten 1988) that incorporates, but does
not distinguish between, both movement activity and
abundance per unit area (density).

Statistical tests of the mean number of individuals
per trap by sample period among habitats (burned
versus unburned) of each taxon were conducted
using Repeated Measures Analysis of Variance
(RMANOVA). Bonferoni LSDs tests (with protected
P values) were employed to identify speciÞc instances
of signiÞcant differences in trap captures by sample
period. Statistical signiÞcance for differences in mean
arthropod counts between burned and unburned ar-
eas over time was deÞned as P � 0.05.

Results

Vegetation. In 2000, before the Þre, the burned area
supported eight species of grasses (58.7% total cover)
and a variety of forbs, shrubs and cacti; at the end of
the 2001 postÞre growing season, grass cover was re-
duced to 34.6%, and forb cover increased from 0.2% to
4.9% cover postÞre (Table 1). The major grass species
suffering reduced cover was black grama (Bouteloua
eriopoda), which declined from 29.9% to 14.2%. Litter
cover also was reduced by the Þre (33.2% to 14.8%),
and bare ground increased from 17.7% to 48.6% (Table
1). Vegetation on the unburned transects showed no
change in grass cover between years, but an increase
in forb cover (and species richness); litter and bare
ground exhibited smaller, but similar, changes as those
observed on the burned transects (Table 1). Thus, in
2001, the vegetation on the burned area partially re-
covered during the Þrst postÞre growing season,
achieving �40% plant cover (compared with �51% on
the unburned site) and having �10% more bare
ground (Table 1).
Arthropods. During the study, we collected 5,302

individuals of 69 taxa (Table 2). These taxa included
native sand roaches (Blattaria, two species), ground
beetles (Carabidae, 16 species), darkling beetles
(Tenebrionidae, 15 species), grasshoppers (Acridi-
dae, 27 species), Þeld crickets (Gryllidae, one spe-
cies), scaly crickets (Mogoplistidae, one species),
camel crickets (Rhaphidophoridae, one species), ka-
tydids (Tettigoniidae, two species), stone centipedes

(Lithobiidae, one species), desert centipedes (Scol-
opendridae, one species), scorpions (Vaejovidae, one
genus), and sun spiders (Eremobatidae, one genus).

Arthropod species richness was higher in the
burned area than the unburned area, both in total taxa
collected (60 species in burned versus 50 in unburned
areas; Table 2) and in the overall mean number of
species per trap per sample period (6.03 species in
burned area versus 4.96 species in unburned area; F�
13.12, df � 1,62,P� 0.0006). SigniÞcantly higher mean
species richness values per trap were observed only in
the midsummer samples from 10 August (8.7 burned
versus 6.0 unburned species per trap) and 10 Septem-
ber (12.1 versus 9.1 species per trap); mean species
richness values during other sample periods (early
summer and autumn) were not signiÞcantly different
between burned and unburned areas. Overall, 14 taxa
showed signiÞcantly greater activity-densities in the
burned area, while nine taxa exhibited signiÞcantly
reduced activity-densities in the burned area com-
pared with the unburned area (Table 2).

Some taxa exhibited near-extirpation from the site
as a result of the wildÞre. First and foremost of these
taxa were crickets (Fig. 5; Table 2). Captures of the
Þeld cricket (Gryllus integer) were signiÞcantly lower
on the burned plots (F � 8.80, df � 1,62, P � 0.004),
with only a single specimen being captured in the
burned area in late summer. The scaly cricket (Cy-
cloptilum comprehendens) also showed highly signiÞ-
cant reductions in captures (F� 28.90, df � 1,62, P	
0.00001). The camel cricket (Ceuthophilus pallidus)
exhibited similar signiÞcant losses after the Þre (F �
34.60, df � 1,62, P 	 0.00001). All three of these taxa
were represented by very few individuals on the
burned site, with most of the individuals being col-
lected in late summer during the monsoon season
(AugustÐSeptember) when vegetation was recover-
ing and adult cricket activity levels were increasing.

Some grasshopper species (Acrididae) also dis-
played signiÞcant reductions in captures on the
burned site compared with the unburned grassland.
These grasshopper species included Ageneotettix deo-
rum(F� 12.13, df � 1,62,P� 0.0009),Eritettex simplex
(F� 7.26, df � 1,62, P� 0.009),Melanoplus bowditchi
(F � 10.89, df � 1,62, P � 0.0016), and Amphitornus
coloradus (F � 9.77, df � 1,62, P � 0.0027) (Fig. 6;
Table 2). As with the cricket taxa, most postÞre indi-
viduals were captured in late summer through autumn
as they became adults and were more active.

In contrast, other species of grasshoppers exhibited
highly signiÞcant increases in numbers of captures on
the burned site during the summer and autumn after
the Þre (Fig. 7; Table 2). These species included Au-
locara femoratum (F � 9.15, df � 1,62, P � 0.0036),
Hesperotettix viridis (F� 11.33, df � 1,62, P� 0.0013),
Trimerotropis pallidipennis (F � 59.70, df � 1,62, P 	
0.00001), and Xanthippus corallipes (F � 37.50, df �
1,62, P 	 0.00001).

The remaining 20 species of grasshoppers listed in
Table 2 displayed no signiÞcant differences in mean
capture numbers (e.g., Psoloessa delicatula and P.
texana) or were not collected in sufÞciently large
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Table 2. List of arthropod species and total numbers of individuals captured in pitfall traps on unburned and burned areas during
June–Nov., 2001, on McKenzie Flats, Sevilleta National Wildlife Refuge, New Mexico

Taxon Number collected

Order Family Species Unburned Burned Total P value

Blattaria Polyphagidae Arenivaga erratica Rehn 30 44 74
Eremoblatta subdiaphana (Scudder) 4 11 15

Coleoptera Carabidae Amara littoralis Mannerheim 0 1 1
Amblycheila picolominii Reiche 0 28 28 ****
Bembidion rapidum LeConte 0 1 1
Calasoma peregrinator Guerin-Men. 0 2 2
Cicindela hornii Schaupp 1 15 16
Cicindela lemniscata LeConte 6 13 19
Cicindela pulchra Say 0 1 1
Cicindela punctulata Olivier 2 19 21 ***
Cratacanthus dubius (Beauvois) Dejean 0 7 7
Discoderus impotens LeConte 0 2 2
Euryderus grossus Say 1 0 1
Harpalus tadorcus Ball 1 0 1
Pasimachus californicus Chaudoir 1 0 1
Pasimachus obsoletus LeConte 438 154 592 ****
Piosoma setosum LeConte 0 1 1
Selenophorus aeneopiceus Casey 1 0 1

Tenebrionidae Araeoschizus decipiens Horn 169 172 341
Edrotes rotundus (Say) 9 32 41 *
Eleodes carbonarius (Say) 39 58 97
Eleodes extricatus (Say) 48 7 55 *
Eleodes gracilis LeConte 61 97 158
Eleodes hispilabris LeConte 0 2 2
Eleodes longicollis LeConte 42 194 236 ****
Eleodes tricostatus (Say) 5 2 7
Embaphion planum Horn 0 1 1
Eusattus reticulatus (Say) 0 3 3
Glyptasida sordida (LeConte) 14 56 70 ***
Gonasida elata inferna Casey 0 5 5
Melanastus sp. 101 86 187
Metaponium cribriceps Casey 9 4 13
Stenomorpha consors (Casey) 6 29 35 **

Orthoptera Acrididae Acrididae nymph 3 39 42
Ageneotettix deorum (Scudder) 63 10 73 ***
Amphitornus coloradus (Thomas) 56 14 70 **
Aulocara elliotti (Thomas) 1 3 4
Aulocara femoratum (Scudder) 56 141 197 **
Aulocara nymph 9 11 20
Conozoa texana (Bruner) 0 1 1
Cordillacris crenulata (Bruner) 0 4 4
Cordillacris occipitalis (Thomas) 16 4 20
Dactylotum bicolor (Thomas) 2 4 6
Eritettix simplex (Scudder) 16 0 16 **
Hadrotettix trifasciata (Say) 8 7 15
Hesperotettix viridis (Thomas) 0 45 45 **
Melanoplus arizonae Scudder 8 14 22
Melanoplus bowditchi Scudder 31 2 33 **
Melanoplus foedus (Scudder) 1 0 1
Melanoplus lakinus (Scudder) 0 2 2
Melanoplus occidentalis (Thomas) 3 1 4
Metator pardalinus (Saussure) 1 2 3
Opeia obscura (Thomas) 2 0 2
Paropomala pallida Bruner 3 1 4
Psoloessa delicatula (Scudder) 
 P. texana Scudder 85 53 138
Syrbula montezuma (Saussure) 11 0 11
Trachyrhachis kiowa (Thomas) 0 1 1
Trimerotropis californica Bruner 0 2 2
Trimerotropis melanoptera McNeill 1 11 12
Trimerotropis pallidipennis (Burmeis.) 3 105 108 ****
Tropidolophus formosus (Say) 3 1 4
Xanthippus corallipes Haldeman 4 51 55 ****

Gryllidae Gryllus integer Scudder 22 1 23 **
Mogoplistidae Cycloptilum comprehendens Hebard 1,181 33 1214 ****
Rhaphidophoridae Ceuthophilus pallidus (Thomas) 259 21 280 ****
Tettigoniidae Eremopedes bilineatus (Thomas) 7 1 8

Eremopedes scudderi Cockerell 1 0 1
Lithobiomorpha Lithobiidae Taiyubius harrietae Chamberlin 44 210 254 ****

Continued on next page
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samples for analysis. In total, 23 species of grasshop-
pers were observed on the burned site, with 21 species
collected from the unburned grassland. Four grass-

hopper species in the unburned grassland were not
found in the burned area, but two of these were
extremely rare and represented by only three speci-
mens (Melanoplus foedus andOpeia obscura); 11 spec-
imens of Syrbula montezuma were collected in the
unburned area and none in the burned site (Table 2).
Six species were captured only in the burned area, but
Þve of these species were observed only in very low
numbers (Table 2); the exception (discussed above;
Fig. 7) wasHesperotettix viridis,which was common in
the postÞre burned environment but absent in sam-
ples from the unburned grassland.

Darkling beetles (Tenebrionidae) also exhibited a
variety of responses to the Þre (Fig. 8). One species,
Eleodes extricatus, had signiÞcantly fewer captures in
the burned area (F � 5.15, df � 1,62, P 	 0.0267),
whereas other species were captured more frequently
on the burned site. These latter taxa included E. lon-
gicollis (F� 38.58, df � 1,62, P	 0.00001), E. rotundus
(F � 5.67, df � 1,62, P 	 0.0204), Glyptasida sordida
(F � 15.43, df � 1,62, P � 0.0002), and Stenomorpha
consors (F � 9.64, df � 1,62, P 	 0.0029). Another
darkling beetle,E. carbonarius, displayed a temporally
variable treatment effect, with fewer individuals cap-
turedon theburn site through the summer,butgreater
numbers in the burned area in mid-September
through November (Treatment � Time Interaction
F � 9.07, df � 5,297, P 	 0.00001) (Fig. 8). Other
darkling beetle species with suitable sample sizes
showed no signiÞcant differences between Þre treat-
ments (Araeoschizus decipiens, E. gracilis, and Mela-
nastus sp.). Overall, all Þfteen darkling beetle species
observed during the study were collected on the
burned site, whereas only eleven species were cap-
tured in the unburned grassland (Table 2).

Of the 16 species of ground beetles (Carabidae)
collected during the study, three species produced
sufÞcient samples for statistical analysis. Pasimachus
obsoletus was the most abundant on both burned and
unburned sites, but captures were signiÞcantly lower
on the burned site (F � 18.24, df � 1,62, P � 0.0001)
(Fig. 9). Two ground beetle species exhibited signif-
icantly higher captures on the burned sites. Ambly-
cheila picolominii (F � 20.89, df � 1,62, P 	 0.00001)
was found exclusively in the burned grassland (Table
2), and the tiger beetle (a type of ground beetle),

Table 2. Continued

Taxon Number collected

Order Family Species Unburned Burned Total P value

Scolopendromorpha Scolopendridae Scolopendra polymorphaWood 0 10 10 **
Scorpionida Vaejovidae Vaejovis spp.a 96 211 307 ***
Solifugae Eremobatidae Eremobates spp.b 82 173 255 ***
Total individuals 3,111 2,191 5302
Total taxac 50 60 69

SigniÞcant differences between burned and unburned areas tested with Repeated Measures ANOVA (see text for details): * � P 	 0.05;
** � P 	 0.01; *** � P 	 0.001; **** � P 	 0.0001. See Lightfoot et al. (2008) for additional arthropod species in the Sevilleta NWR.
a The most common species on the Sevilleta NWR site is Vaejovis coahuilaeWilliams, with some V. russelliWilliams.
b Sevilleta NWR species includeEremobates bajadaeMuma & Brookhart,E. nodularisMuma,E. pallipes (Say),E. similisMuma, andE. simoni

Muma.
c Total taxa numbers do not include unidentiÞed Acrididae nymphs or Aulocara nymphs.

Fig. 5. Numbers of crickets captured per pitfall trap in
burned (solid black histograms) and unburned sites (diagonal-
ly-striped histograms) in the desert grassland of New Mexico:
(top) Þeld cricket (Gryllus integer); (center) scaly cricket (Cy-
cloptilum comprehendens); (bottom) camel cricket (Ceuthophi-
lus pallidus). Histograms represent means and standard errors
of 32 traps. PreÞre data values (gray histograms) derived from
unburned control traps. All cricket species showed signiÞcantly
lower captures in burn site traps (see text).
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Cicindela punctulata (F� 14.87, df � 1,62, P� 0.0003)
was signiÞcantly more common there (Fig. 9). In addi-
tion, the other tiger beetles (C. horni, C. lemniscata, and
C.pulchra),althoughlesscommonlycollected,alsodem-

onstrated a tendency of being more common in the
burned area (Table 2). Twelve of the 16 ground beetle
species were collected from the burn site, while only
eight species were collected in the unburned area.

Fig. 6. Numbers of grasshoppers (Acrididae) captured per pitfall trap in burned (solid black histograms) and unburned
sites (diagonally-striped histograms) in the desert grassland of New Mexico: (top, left) Ageneotettix deorum; (top, right)
Amphitornus coloradus; (bottom, left) Eritettix simplex, (bottom, right) Melanoplus bowditchi. Histograms represent means
and standard errors of 32 traps. All species showed signiÞcantly lower captures in burn site traps (see text).

Fig. 7. Numbers of grasshoppers (Acrididae) captured per pitfall trap in burned (solid black histograms) and unburned
sites (diagonally-striped histograms) in the desert grassland of New Mexico: (top, left) Aulocara femoratum; (top, right)
Hesperotettix viridis; (bottom, left) Trimerotropis pallidipennis, (bottom, right) Xanthippus corallipes. Histograms represent
means and standard errors of 32 traps. All species showed signiÞcantly higher captures in burn site traps (see text).
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Two species of native sand roaches (Polyphagidae)
were collected in both burned and unburned traps
(Table 2). Although both species (Arenivaga erratica
and Eremoblata subdiaphana) tended to be more fre-
quently captured in the burn area, these differences
were not statistically signiÞcant.

All four of the remaining arthropod taxa included in
this study proved to have signiÞcantly higher captures
in the burned area (Table 2). Two species of centi-
pedes were represented, with Taiyubius harrietae
(Lithobiidae) being the most common in both burned
and unburned habitats, but captured signiÞcantly
more often in the burned area (F � 42.11, df � 1,62,
P	 0.00001) (Fig. 10). Scolopendra polymorpha (Scol-
opendridae) was sampled exclusively in the burned
area (F � 10.50, df � 1,62, P � 0.0019). Scorpions
(Vaejovis spp.) also were captured more often in the
burned area (F � 15.19, df � 1,62, P � 0.0002), par-
ticularly in late summer and autumn (Fig. 10). Finally,
the sun spiders (or wind scorpions), Eremobates spp.
(Eremobatidae), were common throughout the study

period on both sites, but exhibited higher captures in
the burned grassland traps (F � 15.04, df � 1,62, P �
0.0003) (Fig. 10).

Discussion

Taken collectively, the observed responses by the
ground-dwelling arthropod taxa in this study indicated
that the wildÞre primarily directly affected those spe-
cies dependent on grasses for food or shelter, and
many of those were showing signs of recovery by the
end of the Þrst postÞre growing season. Some taxa,
especially the true grass-dwelling species, such as the
scaly cricket (C. comprehendens), were initially elim-
inated within the burned area by the Þre, but as grasses
resprouted with the monsoon rains shortly after the
Þre, adult individuals began to appear in the burned
area, apparently dispersing from adjacent unburned
grassland. Most other taxa (roaches, beetles, centi-
pedes, scorpions, sun spiders) may have survived the
actual Þre, sheltered underground in the soil, beneath

Fig. 8. Numbers of darkling beetles (Tenebrionidae) captured per pitfall trap in burned (solid black histograms) and
unburned sites (diagonally-striped histograms) in the desert grassland of New Mexico: (top, left) Eleodes carbonarius; (top,
right) Eleodes extricatus; (center, left) Eleodes longicollis, (center, right)Glyptasida sordida, (bottom, left) Eleodes rotundus,
(bottom, right) Stenomorpha consors. Histograms represent means and standard errors of 32 traps. PreÞre data values (gray
histograms) derived from unburned control traps.
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rocks, or in rodent burrows (Hawkins and Nicoletto
1992, Davidson and Lightfoot 2007, Duval and Whit-
ford 2009), but also may have dispersed into the
burned area from the unburned grassland. The pop-
ulation responses of these taxa were likely mediated
through the postÞre habitat conditions (e.g., food
plants, prey species, and physical cover or shading).
Finally, some species survived the wildÞre under-
ground as eggs or larvae, and appeared later in the
summer as nymphs (e.g., Acrididae, Table 2) or newly
metamorphosized adults (e.g., Coleoptera).

Reductions in the abundance or activity-density
observed for some beetles and grasshoppers were
likely the result of a lack of food plants and shelter,
although the cause of these reductions (e.g., death of
individuals or movement out of the burned area)
could not be distinguished. Observed increases in

many taxa, particularly predators, was likely because
of positive trap bias, with higher capture rates in the
burned area because of reduced physical obstacles,
greater activity movements, and the attractiveness of
the shaded traps during hot, daylight periods. Finally,
recolonization of species from unburned areas could
proceed relatively quickly, as the distance from the
ÞreÕs edge to the center of the burned area was 	1 km.

The overall patterns in this study are comparable to
some, but not all, studies on grassland Þres in other,
more mesic, ecosystems. For example, a comparison of
grasshopper responses to Þre between tallgrass prairie
(with considerably greater and more continuous fuel
loads) and the desert grassland reveals substantial
differences. At the Konza Tallgrass Prairie LTER site
in eastern Kansas, annual aboveground net primary
production (ANPP) averaged 417 g � m�2 during 1975Ð

Fig. 9. Numbers of ground beetles (Carabidae) captured
per pitfall trap in burned (solid black histograms) and un-
burned sites (diagonally-striped histograms) in the desert
grassland of New Mexico: (top) Pasimachus obsoletus; (mid-
dle)Amblycheila picolominii, (bottom)Cicindela punctulata.
Histograms represent means and standard errors of 32 traps.
PreÞre data values (gray histograms) derived from unburned
control traps.

Fig. 10. Numbers of scorpions, sun spiders, and centi-
pedes captured per pitfall trap in burned (solid black histo-
grams) and unburned sites (diagonally-striped histograms)
in the desert grassland of New Mexico: (top) Vaejovis spp.
(Vaejovidae); (middle) Emerobates spp. (Eremobatidae),
(bottom) Taiyubius harrietae (Lithobiidae). Histograms rep-
resent means and standard errors of 32 traps. PreÞre data
values (gray histograms) derived from unburned control
traps.
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1996 (Knapp et al. 1998). In tallgrass prairie, Þres
(especially annual Þres) promoted increased relative
abundance of C4 grasses, and decreased relative abun-
dance of forbs, woody species, and C3 grasses (as well
as declines in overall plant species richness and di-
versity) (Hartnett and Fay 1998). Grass-feeding grass-
hoppers dominated tallgrass prairie sites immediately
after Þre, whereas grasshoppers with diets of forbs and
mixed forb-grasses initially declined in the year of the
Þre, increasing in subsequent years as forb abundance
recovered (Evans 1984, 1988a, b,; Jonas and Joern
2007).

In contrast, the desert grassland of the Sevilleta
NWR averaged only 51 g � m�2 ANPP annually during
1999Ð2004 (Muldavin et al. 2008). With accumulated
plant litter (resulting from slow decomposition pro-
cesses), the total aboveground standing crop biomass
valuewas192g �m�2, less thanhalfof thepotential fuel
load of the tallgrass prairie. In the Þrst year after Þre,
unlike tallgrass prairie postÞre vegetation, forb per-
centage cover, and forb species richness increased in
the Sevilleta NWRÕs desert grassland (Table 1). Con-
comitantly, forb-feeding and mixed forb-grass feeding
grasshoppers (Richman et al. 1993, Lamp et al. 2007)
exhibited signiÞcant increases in activity-densities;
these species included T. pallidipennis and X. coralli-
pes(Table 2; Fig. 7), along withH.viridiswhich, on the
Sevilleta NWR, is almost exclusively associated with
broom snakeweed (Asteraceae: Gutierrezia saro-
thrae), a small perennial sub-shrub. Similarly, grass-
feeding Orthoptera showed signiÞcant declines in
activity-density; these included Ag. deorum, Am. colo-
radus, E. simplex, andC. comprehendens (Table 2; Figs.
4 and 5). The only grass-feeding species showing a
signiÞcant increase was A. femoratum (Fig. 7),
whereas P. delicatula and P. texana (two early-summer
species that feed primarily onBouteloua grasses on the
study site(Romingeret al. 2009) showednosigniÞcant
response in activity-density; however, postÞre B. gra-
cilis recovered quickly (Table 1; see also Gosz and
Gosz 1996, Parmenter 2008), which would have pro-
vided ample food resources for Psoloessa spp. Finally,
Melanoplus bowditchi, which feeds on woody plants
and shrubs (particularly winterfat (Chenopodiaceae:
Krascheninnikovia lanata (Pursh) A. Meeuse & Smit)
and broom snakeweed on the Sevilleta NWR), exhib-
ited a highly signiÞcant decline on the burned site
(Table 2).

Thus, while the general pattern observed in tallgrass
prairie grasshopper assemblages of forb- and grass-
feeding species tracking their plant food resources is
corroborated, the differences in forb and grass abun-
dances in the postÞre desert grassland of the Sevilleta
NWR functionally reversed the dominant grasshopper
assemblage in favor of forb-feeding species at the
expense of grass-feeding species. Bock and Bock
(1991) reported a similar successional pattern for
grasshoppers after a wildÞre in desert grassland hab-
itat in southern Arizona, based on higher forb:grass
ratios in the recovering plant community. Vermeire et
al. (2004) also found postÞre reductions of H. viridis
in sagebrush-mixed prairie in Oklahoma because of

Þre and livestock grazing damage to host plants (often
species of Asteraceae), and declines of Ag. deorum
because of potential Þre-induced mortality of eggs in
the soil. Finally, Ford (2007) observed no signiÞcant
differences in orthopteran abundances on burned and
unburned shortgrass prairie in New Mexico (with a
standing crop dry biomass of 112 g � m�2 [Ford and
Johnson 2006]), although there was a signiÞcantly
greater number of orthopteran species on the burned
plots.

Other desert grassland orthopteran species, partic-
ularly Þeld crickets and camel crickets, suffered de-
creases in activity-densities after the Þre, potentially
because of direct Þre-caused mortality and the unfa-
vorable postÞre environment. These taxa are generally
nocturnal, and because this studyÕs Þre burned
throughout the night, individuals caught by the Þre
aboveground could have perished in the passing Þre
front. Previous studies on Þre impacts on crickets have
been varied; Gillon (1983) reported high Þre-induced
mortality levels of crickets (Gryllidae) in African sa-
vanna, whereas Andersen and Müller (2000) found no
signiÞcant Þre effect on crickets in an Australian trop-
ical savanna. Similarly, Ford (2007) observed no sig-
niÞcant Þre effects on Gryllus activity-density in
burned and unburned shortgrass prairie in New
Mexico.

Ground beetle responses to Þre on our study site
varied by species, with more species being collected in
burned grasslands (12) than unburned (8), but with
the numerically dominant species, P. obsoletus, exhib-
iting a greatly reduced activity-density on the burned
site (Table 2). This ßightless species is nocturnal, and
feeds predominantly on caterpillars (Larochelle and
Larivière 2003); the night-time Þre may have killed
some P. obsoletus outright, and the Þre would have
virtuallyeliminatedcaterpillars fromtheburnedgrass-
lands, thereby further reducing the surviving individ-
uals through a lack of prey resources. In contrast,
Amblycheila picolominii, another ßightless, nocturnal
species that preys on grasshoppers, crickets, and other
invertebrates, appeared to have survived the Þre and
thrived in the postÞre environment. Other tiger bee-
tles (Cicindela) increased in capture frequency in the
burned grassland; these species are strong ßiers and
visual pursuit hunters, preferring open, sparsely-veg-
etated habitats (Pearson and Vogler 2001). Compara-
ble increases in activity-density byCicindela spp. have
been documented in New Mexican Rio Grande
“bosque” (riparian cottonwood) forests after wildÞre,
during which large areas of bare ground were created
for these visual predators (Bess et al. 2002).

Previous studies on ground beetle responses to Þres
have shown a range of Þre-related impacts. Australian
tropical savanna Þre had no signiÞcant effect on sur-
face-active beetles, including ground beetles (Ander-
sen and Müller 2000). Ford (2007) also found no
signiÞcant changes in abundances of ground beetles,
but higher species richness, in New Mexico shortgrass
prairie postÞre environments. Similarly, Cook and
Holt (2006) observed no signiÞcant changes in ground
beetle trap captures in the Þrst season after Þre in
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tallgrass prairie in Kansas. In Hungarian forest-steppe,
Samu et al. (2010) reported increased ground beetle
captures but similar species richness in burned areas
2.5 yr after Þre; species inhabiting the burned area
were strong ßiers and tended to be more granivorous,
whereas the species in unburned areas were more
brachypterous and predatory.

The activity-densities of darkling beetles generally
increasedafter theÞre;onlyonespecies(E. extricatus)
showed a signiÞcant decline (Table 2; Fig. 8). Adult
darkling beetles may have survived the Þre in rodent
burrows and other belowground shelters, although
some may have died if caught aboveground by the Þre
atnight. Inaddition,darklingbeetle larvae,developing
from eggs laid the previous year and feeding under-
ground on plant roots, could have survived the Þre in
their subterranean habitat to emerge later in the sum-
mer; this would be reßected in high rates of capture.
However, high capture frequencies may have been
because of trap bias. Darkling beetles are generally
nocturnal and crepuscular, seeking shade or below-
ground refugia to avoid the heat of the day (Parmenter
et al. 1989a, 1989b). As such, the increased number of
captures in the burned area may have reßected an
increase in shade-seeking behavior as individuals
moved under the pitfall trap covers, rather than an
actual increase in population size. Increased captures
of darkling beetles also were observed by Blanche et
al. (2001) after a Þre in an Australian savanna wood-
land; this response was attributed to darkling beetles
being highly adapted to the xeric environment created
by the Þre. In northeastern New Mexico, Ford (2007)
recorded no signiÞcant differences in numbers of
darkling beetles captured on burned and unburned
plots after experimental Þres in shortgrass prairie.
However, extreme drought and high temperatures
have been shown to reduce activity-density of E. ex-
tricatus in semiarid grasslands (Deslippe et al. 2001),
and the reduced numbers of this species collected in
the burned area during this study may indicate an
actual population decline in the hot, shadeless habitat
of the postÞre environment.

Pitfall trap bias may also have contributed to the
increased number of captures of centipedes, scorpi-
ons, and sun spiders (Table 2; Fig. 10). These species
also are nocturnal, ambulatory predators that seek
belowground shelter (animal burrows and soil crev-
ices) during the daylight hours; hence, the shaded
traps were likely attractive sites. However, in view of
their consistently greater numbers in the burned area
throughout the summer and autumn, it was likely that
these taxa survived the Þre and were thriving in the
postÞre environment of the desert grassland. Similar
results have been reported for centipedes from Med-
iterranean postÞre environments (Sgardelis et al.
1995, Trucchi et al. 2009). In contrast, centipedes in
tallgrass prairie were substantially reduced after Þre
(Rice 1932, Seastedt 1984).

Although not quantiÞed in this study, it was appar-
ent that ants (Hymenoptera: Formicidae) were little
affected by the wildÞre and the postÞre environmen-
tal changes; visual observations of harvester ant col-

onies within the burned area indicated all colonies
were active after the Þre, and ants of many species
were common in the pitfall trap samples. A previous
study in desert grassland of the Sevilleta NWR showed
that a desert seed-harvester ant (Pogonomyrmex ru-
gosus) exhibited only minimal responses to Þre (Zim-
mer and Parmenter 1998), and this result appeared to
be corroborated on our study site. In addition, the Þre
burned most aboveground portions of the desert
shrubs scattered across the study site (e.g., Larrea
tridentata (DC.) Coville (Zygophyllaceae), Atriplex
canescens (Pursh) Nutt. (Chenopodiaceae); see Fig.
4), and arthropod populations inhabiting these shrubs
would have been destroyed (Sanchez and Parmenter
2002); recovery of these assemblages would take sev-
eral years, depending on the species-speciÞc recovery
rates of stump-sprouting shrubs (Parmenter 2008).

In summary, the summer-season wildÞre appeared
to have only a moderate, short-term impact on the
ground-dwelling arthropod assemblage of this desert
grassland site. Most species examined exhibited no
signiÞcant postÞre difference in activity-density,
while some species showed increases in trap captures;
some of the observed increases were likely sampling
artifacts from using pitfall traps. While a few grass-
dwelling species were reduced in activity-density, or
perhaps extirpated temporarily, recolonization and re-
covery were beginning to occur during the Þrst grow-
ing season. Herbivorous species tracked the postÞre
changes in vegetation (e.g., forb:grass ratios, reduction
of woody species), and predator species appeared to
respond to changes in habitat structure and prey spe-
cies availability. Recovery and regrowth of resident
plant species on this site varies from 1 to 10 plus yr
(Parmenter2008), somultiplegrowing seasonsmaybe
required before the arthropod assemblage is fully re-
stored to preÞre composition and abundances.

Incorporating these results into the broader litera-
ture of Þre effects on grassland arthropods, it is ap-
parent that Þre impacts on desert grassland arthropods
are comparable to those arthropods in more mesic
grasslands with higher fuel quantities and more ho-
mogeneous fuel distributions. As noted in previous
studies, species-speciÞc natural history attributes con-
tribute to explanations for the observed arthropod
responses across grassland ecosystems in terms of sur-
vivorship, reproduction, and recolonization move-
ments (Warren et al. 1987, Swengel 2001). However,
wildÞres are notoriously variable in Þre behavior and
ecological impact, occurring across a range of spatial
scales, during different seasons, under a wide range of
meteorological conditions, and driven by differing
fuel loads, fuel types, and fuel distributions. The spe-
ciÞcs of these antecedent and concurrent conditions
will ultimately determine the ecological impact on any
given arthropod species, and most grassland arthropod
species appear to be well-adapted to surviving or re-
covering quickly from natural wildÞres. However,
some species clearly suffer large short-term reduc-
tions in activity-density during and after wildÞre, and
longer-term studies on arthropod assemblages in des-
ert grassland will be required to identify more subtle
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changes in community structure and processes, par-
ticularly with respect to the impacts of antecedent
climatic and vegetation conditions, Þre intensity, Þre
return intervals, and seasonal effects (Chambers and
Samways 1998, Blanche et al. 2001).
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Differential ecological responses of two generalist arthro-
pod groups, spiders and carabid beetles (Araneae, Carabi-
dae), to the effects of wildÞre. Community Ecol. 11: 129Ð
139.

Sanchez, B. C., and R. R. Parmenter. 2002. Patterns of
shrub-dwelling arthropod diversity across a desert shru-
bland-grassland ecotone: a test of island biogeographic
theory. J. Arid Environ. 50: 247Ð265.

Scifres, C. J., T. W. Oldham, P. D. Teel, and D. L. Drawe.
1988. Gulf Coast tick (Amblyomma maculatum) popula-
tions and responses to burning of coastal prairie habitats.
Southwest. Nat. 33: 55Ð64.

Seastedt, T. R. 1984. Belowground macroarthropods of an-
nually burned and unburned tallgrass prairie. Am. Midl.
Nat. 111: 405Ð408.

Sgardelis, S. P., J. D. Pantis, M. D. Argyropoulou, and G. P.
Stamou. 1995. Effects of Þre on soil macroinvertebrates
in a Mediterranean phyrganic ecosystem. Int. J. Wildland
Fire 5: 113Ð121.

Siemann, E., J. Haarstad, and D. Tilman. 1997. Short-term
and long-term effects of burning on oak savanna arthro-
pods. Am. Midl. Nat. 137: 349Ð361.

Swengel, A. B. 2001. A literature review of insect responses
to Þre, compared to other conservation managements of
open habitat. Biodivers. Conserv. 10: 1141Ð1169.

Trucchi, E., M. Pitzalis, M. Zapparoli, and M. A. Bologna.
2009. Short-term effects of canopy and surface Þre on
centipede (Chilopoda) communities in a seminatural
Mediterranean forest. Entomol. Fenn. 20: 129Ð138.

Uehara-Prado, M., A. de M. Bello, J. de O. Fernandes, A. J.
Santos, I. A. Silva, and M. V. Cianciaruso. 2010. Abun-
dance of epigaeic arthropods in a Brazilian savanna under
different Þre frequencies. Zoologia 27: 718Ð724.

[USDA] U.S. Department of Agriculture NRCS. 2011. The
PLANTS Database. National Plant Data Center, Baton
Rouge, LA. (plants.usda.gov).

October 2011 PARMENTER ET AL.: WILDFIRE EFFECTS ON DESERT GRASSLAND ARTHROPODS 1065

D
ow

nloaded from
 https://academ

ic.oup.com
/ee/article/40/5/1051/414306 by guest on 23 April 2024



Uys, C., M. Hamer, and R. Slotow. 2006. Effect of burn area
on invertebrate recolonization in grasslands in the Drak-
ensberg, South Africa. Afr. Zool. 41: 51Ð65.

Vermeire, L. T., R. B. Mitchell, S. D. Fuhlendorf, and D. B.
Wester. 2004. Selective control of rangeland grasshop-
pers with prescribed Þre. J. Range Manage. 57: 29Ð33.

Vogel, J. A., R. R. Koford, and D. M. Debinski. 2010. Direct
and indirect responses of tallgrass prairie butterßies to
prescribed burning. J. Insect Conserv. 6: 663Ð677.

Warren, S. D., C. J. Scifres, and P. D. Teel. 1987. Response
of grassland arthropods to burning: a review. Agric. Eco-
syst. Environ. 19: 105Ð130.

Wiens, J. A., T. O. Crist, and B. T. Milne. 1993. On quan-
tifying insect movements. Environ. Entomol. 22: 709Ð
715.

Zimmer, K., and R. R. Parmenter. 1998. Harvester ants and
Þre in a desert grassland: ecological responses of Pogono-
myrmex rugosus (Hymenoptera: Formicidae) to experi-
mental wildÞres in central New Mexico. Environ. Ento-
mol. 27: 282Ð287.

Received 20 February 2011; accepted 22 June 2011.

1066 ENVIRONMENTAL ENTOMOLOGY Vol. 40, no. 5

D
ow

nloaded from
 https://academ

ic.oup.com
/ee/article/40/5/1051/414306 by guest on 23 April 2024


