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PINYON PINE MORTALITY ALTERS COMMUNITIES OF
GROUND-DWELLING ARTHROPODS

Robert J. Delphl26, Michael J. Clifford23, Neil S. Cobb2, Paulette L. Ford4, and Sandra L. Brantley®

ABSTRACT.—We documented the effect of drought-induced mortality of pinyon pine (Pinus edulis Engelm.) on com-
munities of ground-dwelling arthropods. Tree mortality alters microhabitats utilized by ground-dwelling arthropods by
increasing solar radiation, dead woody debris, and understory vegetation. Our major objectives were to determine (1)
whether there were changes in community composition, species richness, and abundance of ground-dwelling arthro-
pods associated with pinyon mortality and (2) whether specific habitat characteristics and microhabitats accounted for
these changes. We predicted shifts in community composition and increases in arthropod diversity and abundance due
to the presumed increased complexity of microhabitats from both standing dead and fallen dead trees. We found signifi-
cant differences in arthropod community composition between high and low pinyon mortality environments, despite no
differences in arthropod abundance or richness. Overall, 22% (51 taxa) of the arthropod community were identified as
being indicators of either high or low mortality. Our study corroborates other research indicating that arthropods are
responsive to even moderate disturbance events leading to changes in the environment. These arthropod responses can
be explained in part due to the increase in woody debris and reduced canopy cover created by tree mortality.

RESUMEN.—Documentamos el efecto de la mortalidad causada por la sequia del pino pifionero (Pinus edulis
Engelm.) sobre comunidades de artr6podos subterraneos. Utilizamos tres variantes en el microhabitat de los artrépodos
incrementando la radiacion solar, desechos de madera muerta y vegetacion baja. Nuestros objetivos principales fueron:
(1) determinar si se producian cambios asociados con la mortalidad del pino en la composicion de la comunidad, la
riqueza de especies y la abundancia de artropodos y (2) saber si algunas caracteristicas especificas del hibitat y micro-
hébitat tenfan algo que ver con estas diferencias. Nuestra prediccion fue que encontrarfamos cambios en la composicion
de la comunidad y un aumento de la diversidad y la abundancia de artrépodos debido al esperado aumento de compleji-
dad de los micro-habitats dada por los 4rboles muertos en pie y los caidos. Encontramos diferencias significativas en la
composicion de la comunidad de artrépodos entre la alta y baja mortalidad de los pinos a pesar de que no encontramos
diferencias ni en la abundancia ni en la riqueza. En general, el 22% (51 taxa) de la comunidad de artrépodos fueron
identificados como indicadores de ambas, alta o baja mortalidad. Nuestro estudio apoya otra investigacion que indica
que los artrépodos son sensibles a disturbios moderados que resultan en cambios en el medio ambiente y éstos se
pueden explicar, en parte, por el aumento de deshechos de madera y a la reduccion de la cubierta fina de follaje creada
por los drboles muertos.

Arthropod communities can be highly re- Pinyon-juniper woodlands are one of the
sponsive to temporal and spatial environmental most extensive vegetation types in western
changes over the landscape, including climate  North America and cover approximately 19
(Larocque et al. 2001), habitat alteration (Inta- million ha (Evans 1988). Pinyon pine exists as
chat et al. 1997, Ellis et al. 2001), topography, a codominant with one-seeded juniper (Juni-
soil type, fire, and plant quality (Parmenter et perus monosperma [Engelm.] Sarg.) through-
al. 1989). Small size, rapid population growth, out New Mexico. Within our study region,
short life cycle, and high mobility make ar- pinyons comprise 55% of woodland canopy
thropods useful in detecting fine-scale spatial ~ cover and are a major food and habitat source
variation and short temporal changes. In as-  for many vertebrate and invertebrate species; a
sessing habitat quality, arthropod species often  decrease of this vegetation type could have
serve as indicators of both undisturbed (Mor- dramatic consequences on species occurring in
rison and Marcot 1995) and disturbed ecosys-  pinyon-juniper woodlands (Brown et al. 2001).
tems (Gonzilez-Megias et al. 2004). Since 1996, many areas of the southwestern
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United States have experienced drought con-
ditions. The drought that occurred in 2002
was considered the worst drought in the west-
ern United States in 500 years (USGS 2004).
Droughts can lead to increased frequency of
insect herbivore pest outbreaks (Logan et al.
2003, Breshears et al. 2005). Aerial surveys
and ground studies in pinyon-juniper wood-
lands throughout the Southwest have shown
regional mortality of pinyons as a result of
bark beetle outbreaks (Breshears et al. 2005,
Shaw et al. 2005, Kleinman et al. 2012).
Pinyon pine mortality was extensive through-
out the Middle Rio Grande Basin, averaging
65%, whereas juniper mortality was only 3%
(Floyd et al. 2009). Several studies show the
impacts of tree stress on insect herbivores
directly associated with pinyons (Cobb et al.
1997, Trotter et al. 2008), but little work has
been done on the community of ground-
dwelling arthropods indirectly associated with
pinyons.

We predicted that tree die-off would alter
abundance, species richness, and community
composition of ground-dwelling arthropods due
to the conversion of live tree crowns to dead
ones and the increase in complexity of micro-
habitats from fallen woody debris. Our major
objectives were to (1) determine differences in
species composition, relative abundances, and
species richness of ground-dwelling arthro-
pods associated with environments experienc-
ing high pinyon mortality and environments
experiencing low pinyon mortality and (2)
correlate habitat variables that distinguish
high- and low-mortality habitats within the
pinyon-juniper woodland that could account
for differences in arthropod communities.

METHODS
Study Area and Design

To examine the regional response of ground-
dwelling arthropods to pinyon mortality, we
selected 6 sites among the pinyon-juniper
woodlands of the Middle Rio Grande Basin
(MRGB) of New Mexico (Fig. 1). The docu-
mented mortality levels of pinyon differed
throughout the MRGB (Clifford et al. 2013);
therefore, we selected sites on the basis of rel-
ative mortality. Each of 3 regions in the
MRGB study area (north, central, and south)
included a high-mortality site paired with a
low-mortality site. Within each region, the

PINYON PINE MORTALITY AND ARTHROPODS

163

low-mortality site was located within 10 km of
the high-mortality site and was the lowest
mortality location that we could find and logis-
tically sample (Table 1). The distances be-
tween regions were 32.1 km between north
and central and 80.4 km between central and
south. At each of the 6 sites, we established
thirty-two 100-m2 plots with one pitfall trap
placed at the center of each plot. We used
16 of these plots to correlate arthropod com-
munity characteristics with stand structure,
ground cover, and dead and down woody

debris.

Documenting Drought and
Ensuing Normal Climate

Although the drought and tree mortality
event has been extensively documented (e.g.,
Breshears et al. 2005, Floyd et al. 2009), we
assessed whether the study area experienced
both drought conditions and normal condi-
tions by applying interpolated PRISM data
(Daly 2002) to the study area. We confirmed
that precipitation levels in the MRGB sig-
nificantly (P < 0.001) decreased 34% in
2002-2003 from predrought (1976-2001) con-
ditions, and then returned to historical levels
prior to and during this study (2004-2007;
USGS 2004; Appendix 1). This confirmation
process was important because we wanted to
test the indirect effects of drought on arthro-
pods through habitat alteration, without the
complication of the direct effect of drought on
arthropods.

Stand Structure

We measured stand structure at 16 of the
32 plots within a site. Measurements records
included the tree species (Pinus edulis, Pinus
ponderosa, or Juniperus monosperma), the tree’s
status (e.g., alive or dead), and the crown area.
Pinyon and juniper crown structure approxi-
mates a cube, and crown area was calculated
by measuring 2 diameters of the crown with a
meter pole—each measurement perpendicu-
lar to the other—and then multiplying the
diameters to obtain area. The endpoints for
tree diameters and tree height were not the
tips of the crown but a visual average of
the tips for the side of the tree being mea-
sured so as to fill a cube. Canopy area was
then summed in each subplot to calculate
canopy area of each overstory tree species and
overall canopy area.
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Fig. 1. Map of the Middle Rio Grande Basin (MRGB) study area showing the 3 sets of paired study sites (circles).
Areas of high pinyon mortality were identified by the USDA Forest Service, Forest Enterprise Team. We selected 6
paired low- and high-mortality study sites located in the north (Jemez Mountains, Sandoval Co.), central (San Pedro
Mountains, Santa Fe Co.), and south (Manzano Mountains, Torrance Co.) portions of the MRGB of New Mexico (see
Table 1 for site coordinates). The distance between regions was 32.1 km between north and central and 80.4 km
between central and south.

TaBLE 1. Locations of the paired low and high pinyon mortality sites in the Middle Rio Grande Basin study area, New
Mexico (datum WGS 84).

Region Pinyon mortality Latitude Longitude Descriptor

Northern Low 35.674° -106.494° Jemez Mtns., Sandoval Co.
High 35.676° -106.461°

Central Low 35.309° -106.161° San Pedro Mtns., Santa Fe Co.
High 35.311° -106.124°

Southern Low 34.556° -106.439° Manzano Mts., Torrance Co.

High 34.545° -106.351°
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Ground Cover and Woody Debris as
Measures of Habitat Complexity

We measured 5 classes of ground cover—
shrubs, grasses, forbs, litter; and bare ground
—in all 32 plots at each site. Each 100-m2 plot
was divided into four 25-m2 sections. A 1-m?2
quadrat frame was randomly placed in 3 of
these sections. Ground cover was estimated in
each quadrat by measuring the amount of area
taken up by shrubs, grasses, forbs, litter, rock,
soil, and other elements such as dead wood,
moss, and dung. The 1-m2 measurements were
extrapolated to estimate total cover in each
100-m2 plot (ITT 1996).

We estimated fallen woody debris using the
plane-intercept method (Kershaw 1973, Brown
1974, Grieg-Smith 1983). Within each 100-m2
plot, a 10-m line was placed in a north to
south direction. We recorded abundance and
volume of dead, fallen branches, twigs, and
logs. Percent decay was estimated by the de-
gree of breakability (Brown 1974) and the
amount of bark still on the branch or twig. In
addition, 2 litter-depth measurements were
also taken 2 m north and 2 m south from the
center of the 10-m line to obtain an estimate
of organic matter added to the surface. A modi-
fied Brown (1974) fuel loads classification by
diameter (cm) of woody debris was used. Each
piece of woody debris measured was placed in
a classification based on diameter (cm) of the
woody debris (A, <0.64 cm; B, 0.64-2.54 cm;
C, 2.54-7.62 cm; and D, >7.62 cm).

Sampling of Ground-dwelling Arthropods

Within each site we deployed 32 pitfall
traps—one trap in each plot. A pitfall trap
consisted of a glass test tube (2.5 cm diameter
%X 15 c¢m length) encased in PVC pipe, com-
plete with a PVC cover to keep rain and de-
bris from falling into the trap. Each test tube
was filled with a 1:1 dilution of water and
propylene glycol (e.g., Dennis et al. 1997).
Arthropods were sampled each summer (14
July—3 August) for 3 years (2005-2007). For
each sampling period, the traps were left open
for a period of 21 days, and then collected.
After the traps were collected, all specimens
were removed from the propylene glycol and
stored in 70% ethanol. Based on a literature
review, we included all arthropods that we
presumed to spend a significant amount of
their life history on or near the ground, and
we refer to this group as the “surface-dwelling”
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community (e.g., Lightfoot et al. 2008, Higgins
et al. 2014). Specimens were identified to the
species level or as morphospecies. A perma-
nent reference collection is curated by the
Colorado Plateau Museum of Arthropod Bio-
diversity at Northern Arizona University.
Since high-mortality sites experienced the
greatest amount of habitat change, an addi-
tional 120 pitfall traps were placed in specific
microhabitats to measure microhabitat speci-
ficity among arthropod species. We placed pit-
fall traps in 4 different microhabitats nearby
and adjacent to each of the high-mortality
sites. A single pitfall trap was placed under
each of 30 dead pinyons, 30 live pinyons, 30
live junipers, and 30 open areas, for a total of
120 traps outside of, but adjacent to, the plot
perimeter at each of the 3 high-mortality sites.
Traps under trees were placed midway be-
tween the tree trunk and the edge of the
crown; traps in the open were at least 2 m
from a tree crown. Individual microhabitat
traps were far enough apart from each other
so that the tree crown of one tree would not
influence the other. If differences in arthropod
communities were present between high- and
low-mortality sites, we would expect differ-
ences in specific microhabitats within envi-
ronments experiencing large pinyon pine die-
off. Arthropods were sampled and processed
in the same manner as for the 32 uniform plots
in high- and low-mortality sites, except that
we only sampled microhabitat in 2005 (16
July—5 August). We measured tree crown area
and litter depth as for the uniform plots. All
trees selected were of comparable heights

and widths.
Statistical Analyses

One-way ANOVA univariate analysis was
used to compare means of tree density, canopy
area, and percent vegetation cover and vegeta-
tion abundance between high- and low-mor-
tality environments. Measurements of downed
woody debris were sorted into fuel burn time
classifications and used to estimate total vol-
ume of each measurement. Means of volumes
for each fuels load classification were compared
between high- and low-mortality areas using a
one-way univariate ANOVA. We performed
both parametric and nonparametric analyses
to assess the arthropod communities and habi-
tat characteristics for the high- and low-
mortality comparisons. A one-way univariate
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ANOVA (Levene’s test of equality error vari-
ances) and repeated measures ANOVA were
used to compare means of habitat variables,
arthropod abundance, and arthropod species
richness between sites with high and low pin-
yon mortality. The repeated measures analysis
allowed us to consider the differences be-
tween arthropod communities without biasing
data on time periods or sampling location. In
addition we compared the means of specific
feeding guilds and major arthropod groups
within each site to determine if there were
specific groups that showed significant dif-
ferences between specific microhabitats and
mortality sites. All analyses were performed in
SPSS (version 16.0; SPSS 2007) and signifi-
cant values were accepted at the 0.05 proba-
bility level.

PCORD (Clarke and Gorley 2006) was
used to run species indicator analyses and spe-
cies accumulation curves, and Primer (McCune
and Mefford 2006) was used to run commu-
nity analyses for arthropods collected in high
and low pinyon mortality sites for each area
and each year. Species accumulation analysis
using the UGE curve (Ugland et al. 2003) was
used to determine the efficacy of pitfall traps
in sampling the surface-dwelling community
at each site in each year. We used a multire-
sponse permutation procedure (MRPP) as a
quantitative measure to explain arthropod
community difference between mortality sites.
A nonmetric multidimensional scaling (NMS)
scatter plot (Clarke 1993) was used as a de-
scriptive method to examine similarities of
arthropod species assemblages between mor-
tality sites and habitat types, based on Bray—
Curtis distance (Beals 1984, McCune and
Beals 1993). Species indicator analysis using a
Monte Carlo test of significance determined
whether specific arthropod taxa were found in
certain habitat types or associated with certain
habitat characteristics (McCune and Grace
2002). A standard linear least-squares regres-
sion analysis was then used to determine
which indicator taxa were correlated with cer-
tain habitat characteristics that characterize
mortality habitats.

REsuLTS

Stand Structure

Pinyon mortality, in terms of percentage of
trees, was significantly higher in the high-
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mortality sites at all 3 regions (n = 16, P <
0.001). The north and central regions had
>20% pinyon mortality in the high-mortality
sites, whereas the southern region had the
least amount of pinyon mortality with 8%.
Additionally, there were no significant differ-
ences in total tree density between high and
low pinyon mortality sites (n = 16, P = 0.433).
However, pinyon canopy cover was signifi-
cantly higher in the low pinyon mortality sites
(n = 16, P < 0.001), and overall pinyon
canopy loss was significantly higher in the
high-mortality sites (n = 16, P = 0.009; Fig.
2a). Juniper canopy cover showed no signifi-
cant differences (n = 16, P = 0.200) and little
to no canopy loss between pinyon mortality
levels (Fig. 2b), whereas ponderosa canopy
cover was significantly higher in the low
pinyon mortality sites for the north and cen-
tral regions (n = 16, P = 0.043; Fig. 2¢). How-
ever, canopy cover for all tree species com-
bined was significantly higher in the low
pinyon mortality sites for each of the 3 study
regions (n = 16, P < 0.001) and was driven
mostly by pinyons (Fig. 2d).

Ground Cover Differences and Woody Debris

Grasses were the primary herbaceous cover
for all sites (Table 2). Percent ground cover of
grasses was significantly higher in the high-
mortality sites (n = 32, P = 0.007), which
shows a positive relationship with pinyon
mortality. Blue grama (Bouteloua gracilis [Willd.
ex Kunth] Lag. ex Griffiths) was the most com-
mon grass species. This species was signifi-
cantly more abundant in the high-mortality
sites (n = 32, P = 0.040) and was found in all
3 regions. Western wheatgrass (Pascopyrum
smithii [Rydb.] A. Love) was significantly more
abundant in the low-mortality environments
(n = 32, P = 0.005). However, this species
only occurred in the central and north regions
and was very scarce in the high-mortality sites.

Total volume of woody debris was signifi-
cantly (n = 32, P = 0.003) higher in the high-
mortality sites. This relationship was driven by
woody debris >2.54 cm diameter (Table 2),
which constituted the majority of the woody
debris. Woody debris >2.54 c¢cm diameter
averaged 4.9 c¢cm diameter and was signifi-
cantly more abundant in the high-mortality
sites (n = 32; 2.54-7.62 cm, P < 0.001; >7.62,
P = 0.010), thus increasing the overall volume
of woody debris. Volume of smaller woody
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Fig. 2. Mean canopy area (m2) at each site (bars) for each tree type: a, pinyon pine; b, juniper; ¢, ponderosa pine; d, all

trees combined.

debris (<0.64 cm to 2.54 cm diameter) was
not significantly different between high- and
low-mortality sites.

Responses of Ground-dwelling Arthropods
to High Pinyon Mortality Habitats

Species accumulation analysis indicated
that 32 pitfall traps were more than sufficient
to obtain a satisfactory representation of the
community of surface-dwelling arthropods
(Appendix 2). A total of 564 taxa (38,871 indi-
viduals) were collected from pitfall traps, and
more than 80% of the taxa were identified to
species or morphospecies level. Of the 564
taxa collected, we used 225 taxa (36,627 in-
dividuals) in our analysis and operationally
defined the set as our surface-dwelling com-
munity (Appendix 3). We found no significant
differences in arthropod abundance between
low- and high-mortality sites from 2005 to
2006 (n = 32, P = 0.398). However, there were
significantly more arthropods in the high-mor-

tality sites in 2007 for all 3 regions (n = 32, P
= 0.052). Arthropod abundance was variable
between sites and years in 2005-2006 but
showed a consistent pattern in all 3 regions in
2007. Species richness was not significantly
different between high- and low-mortality sites
in 2005 and 2007 (n = 32, P = 0.702) but was
significantly higher in the low-mortality sites
in 2006 (n = 32, P = 0.018; Table 3). Despite
the significance in 2006, species richness was
variable between sites and between years,
showing no consistent trend. In 2006, species
richness was higher in the low-mortality sites
but only for the north and south regions.
Arthropod feeding guilds of predators and
omnivores/detritivores showed no consistent
patterns between high- and low-mortality sites.
Herbivores were significantly more abundant in
high-mortality sites for all years (n = 32, P <
0.001) except 2005. In 2005, herbivore abun-
dance was higher in all high-mortality sites but
not at a significant level (n = 32, P = 0.063).
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TaABLE 2. Habitat attributes that characterize high and low pinyon mortality sites. Results of ANOVA tests are given as

P values
High mortality Low mortality
Mean SE Mean SE P value
Ground cover type
Shrub cover (%) 7.45 0.92 8.31 1.04 0.0805
Grass cover (%) 12.08 1.04 8.89 0.80 0.0065
Forb cover (%) 11.63 0.89 10.26 0.85 0.3299
Litter cover (%) 32.26 2.22 34.57 2.03 0.7917
Bare ground cover (%) 32.04 1.93 30.71 1.72 0.5698
Woody debris size class®
All size classes 49498.10 15766.72 11424.18 4668.79 0.0031
<0.64 cm diameter 13.17 4.03 13.53 4.83 0.9230
0.64-2.54 cm diameter 951.98 185.44 781.73 235.45 0.3588
2.54-7.62 cm diameter 9167.46 2273.55 3642.35 1140.70 0.0004
>7.62 cm diameter 39365.50 15133.67 6986.57 4338.23 0.0102

aAll values given as volumes (cm3) of woody debris in the indicated size class.

TasLE 3. Arthropod species richness and abundance between high and low pinyon mortality sites from 2005 to 2007.

Results of ANOVA tests are given as P values.

High mortality Low mortality
Mean SE Mean SE P value
Species richness
All years 37.9 14 38.3 1.2 0.7027
2005 39.4 2.2 38.9 2.2 0.7821
2006 30.4 2.2 34.3 1.8 0.0182
2007 44.1 1.9 41.7 2.0 0.1490
Total abundance
All years 209.3 32.9 183.4 29.5 0.3989
2005 198.5 48.3 194.7 63.8 0.9505
2006 149.2 36.1 179.3 53.4 0.5027
2007 279.6 76.4 178.4 19.1 0.0528

TaBLE 4. Abundance of arthropod feeding guilds and major taxonomic groups between high and low pinyon mortality

sites. Results of ANOVA tests are given as P values.

High mortality Low mortality
Mean SE Mean SE P value

Feeding guild

Predators 24.3 5.9 31.28 4.64 0.2015

Herbivores 53.53 16.03 11.57 1.42 0.0003

Omnivores/detritivores 130.41 18.67 140.13 28.33 0.6941
Major taxonomic group

Acrididae 7.77 1.16 9.62 1.07 0.0754

Tenebrionidae 3.13 0.47 2.27 0.41 0.0286

Carabidae 2.56 0.59 0.75 0.23 0.0004

Ants 138.09 30.81 104.35 25.19 0.2475

Arachnids 13.1 1.62 25.47 34 0

Some common taxa among ground-dwelling
arthropods showed consistent differences be-
tween high- and low-mortality sites. Darkling
beetles (Tenebrionidae) and ants (Formicidae)
were the most abundant omnivore/detritivores,
but only darkling beetles were significantly

more abundant in the high-mortality sites in
2007 (n = 32, P = 0.027). Predaceous ground
beetles (Carabidae) were also significantly more
abundant in the high-mortality sites in 2007 (n
= 32, P < 0.001). Arachnids were the most
abundant predators and were significantly
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Fig. 3. Scatter plot showing arthropod community differences between high and low pinyon mortality sites from 2005
to 2007. Open triangles represent the arthropod community from high-mortality sites, and solid circles indicate the
arthropod community from low-mortality sites. The large circles around the clustered groups are only to aid the reader’s
eye; they encircle the groupings and are not meant to suggest causality. Results from MRPP are given as R and P values.

more abundant in the low-mortality sites for
all 3 years and all 3 sites (n = 32, P < 0.001;
Table 4). Mites in the family Erythraeidae
were the major contributors to arachnid abun-
dance (n = 32, P < 0.001).

Community analysis of ground-dwelling ar-
thropods showed community composition to be
significantly different between high- and low-
mortality sites from 2005 to 2007, for all sites
combined (R = 0.112, P < 0.001; Fig. 3).
Analysis of each site independently showed a
consistent trend in community composition of
ground-dwelling arthropods to be fundamentally
different between the high- and low-mortality
sites for all 3 regions (Fig. 4). Although the
high-mortality site in the southern region
exhibited substantially less tree mortality than
either the central or northern high-mortality
sites, the difference in arthropod community
composition was still statistically significant.

Arthropod Responses to Microhabitats

Within high-mortality sites, our analysis of 4
microhabitats (live pinyon, dead pinyon, live
juniper, and open areas) showed ground-
dwelling arthropods to be significantly more
abundant under live pinyons than in any other
microhabitat type and least abundant in open
areas (n = 120, P < 0.001). Open areas also
had a community composition significantly dif-
ferent from the other 3 microhabitats (R
0.177, P < 0.001). Community differences
between live pinyon and dead pinyon micro-
habitats were significant when all sites were
grouped together (R = 0.004, P = 0.027) but
not within each site independently. All open
area communities differed strongly from the
forested sites (Fig. 5). Arthropod communities
under live junipers showed similarities in com-
position to those under live pinyons.
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low-mortality sites. The large circles around the clustered groups are only to aid the reader’s eye; they encircle the
groupings and are not meant to suggest causality. Results from MRPP are given as R and P values.

Arthropod Indicators

Of the 225 surface-dwelling taxa, 22% (51
species) were indicators of either high or low
pinyon mortality habitats: 28 species for high-
mortality sites and 23 for low-mortality sites.
We operationally defined strong arthropod
indicator species as taxa that were both fre-
quent and abundant in a site, as well as having
a strong correlation with specific habitat attri-
butes that characterize high or low pinyon
mortality sites. A regression analysis of all mor-
tality indicator species on specific habitat attri-
butes that characterize high- or low-mortality
habitats showed only 6% (14 species) of them
to be strong indicators of pinyon mortality (3%
high and 3% low) (Table 5).

In the microhabitat plots, 49% (51 species)
of the 104 surface-dwelling taxa were indica-
tors of specific microhabitats (5 of dead
pinyon, 11 of live pinyon, 5 of live juniper, and

30 of open areas), and 20% (21 species) were
also indicators of high or low pinyon mortality.
We combined dead pinyon microhabitat and
open areas as characteristic of high pinyon
mortality, whereas we considered live pinyon
microhabitat characteristic of low pinyon mor-
tality. Live juniper microhabitat was found in
equal abundance in both high- and low-mor-
tality sites. We selected 30 of the arthropod
taxa that had the highest microhabitat indica-
tor values and found that 16 were also mortal-
ity indicators (9 high-mortality and 7 low-mor-
tality). Of those 16 mortality indicators, 14
were correlated with a habitat type that is
characteristic of either high or low pinyon
mortality. At least 10 of the microhabitat indi-
cators were defined as strong mortality indica-
tors that were correlated with a habitat
attribute that characterizes high or low pinyon
mortality sites.
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Fig. 5. Scatter plot showing arthropod community differences between microhabitat characteristics in each region.
Upward facing triangles represent the arthropod community under live pinyons; downward facing triangles represent
the arthropod community under dead pinyons; open squares represent the arthropod community under live junipers;
and solid black diamonds represent the arthropod community in open areas. The large circles around the clustered
groups are only to aid the reader’s eye; they encircle the groupings and are not meant to suggest causality. Results from

MRPP are given as R and P values.

A total of 14 species were indicators for
high-mortality habitats and preferred the habi-
tat under dead pinyons and in open areas,
whereas 7 species were indicators for low-
mortality habitats and preferred habitat under
live pinyons and live junipers. Of those 14
species, 4 were considered strong indicators of
high pinyon mortality, and 4 were strong indi-
cators of low mortality (Table 5). A comparison
between the arthropod communities from the
microhabitat analysis and the ovall mortality
analysis suggested that the high-mortality
areas most closely resemble the open area
plots rather than the other forested plots.

DiscussioN
Arthropod Community Responses

Differences in arthropod community com-
position were largely driven by the differences

in habitat complexity between high and low
pinyon mortality sites. Based on our micro-
habitat data, 49% of the surface-dwelling
arthropods were indicator taxa, occurring
in specific habitat types indicative of high- or
low-mortality habitats. Though the loss of
4% of canopy cover and an increase in woody
biomass may seem minor in the overall land-
scape, nevertheless, arthropod communities
showed strong responses to these changes.
Many studies show that habitat complexity
is positively associated with the richness of
fauna at a range of spatial scales (Uetz 1979,
August 1983, Huston 1994, Catling and Burt
1995, Humphrey et al. 1999, Hansen 2000).
Biotic factors such as tree canopy cover,
shrub canopy cover, and ground herb cover form
the basis for defining habitat complexity (Au-
gust 1983), but identifying and quantifying the
generality of these factors can be challenging
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because of the sparse amounts of large woody
biomass on the ground or the number of pitfall
traps directly adjacent to large woody biomass.

Species Responses

Darkling beetles (Tenebrionidae) and ground
beetles (Carabidae) both typically seek shelter
under rocks and woody debris (Haila et al.
1994). The larvae of darkling beetles often
feed on rotten woody debris, whereas the
predaceous ground beetles may feed on the
larvae of other beetles. The fact that these
groups were most abundant in high pinyon
mortality habitats suggests that they may be
utilizing the increased amount of woody de-
bris in the high-mortality habitats and thus are
indicators of high complexity habitats. Lassau
et al. (2005) determined that beetle diversity
and compositional differences were strongly
associated with habitats of high complexity
and that a suite of habitat characteristics not
restricted only to woody debris contributes to
these compositional differences. Molnar et al.
(2001) evaluated ground beetle diversity in
relation to forest edge between oak-hornbeam
forests and herbaceous grasslands. They found
diversity of ground beetles to be significantly
higher at the forest edge and noted a strong
correlation of leaf litter, canopy cover, and
prey abundance with carabid beetle diversity.

However the opposite is true for ants. Las-
sau and Hochuli (2004) showed that ant species
richness was higher in low-complexity habi-
tats and was negatively associated with ground
herb cover, tree canopy cover, soil moisture,
and leaf litter. Many ant species, specifically
harvester ants (Pogonomyrmex spp.), are com-
monly found in open areas (Crist and Wiens
1994, McIntyre 1999). Harvester ants Pog-
onomyrmex occidentalis Cresson and Pogono-
myrmex rugosus Emery were the 2 most com-
mon species of ants collected in our study sites,
but they were more abundant in the high-
mortality habitats. In our study sites, harvester
ants may be responding to the increase in open-
ness in high-mortality habitats, and to a lesser
degree to the complexity of woody debris on
the ground. Other ant species such as acrobat
ants (Crematogaster depilis Wheeler) and big-
headed ants (Pheidole hyatti Emery) were also
abundant in the high-mortality habitats and
have been known to have positive correlations
with environmental disturbances (Whitford et
al. 1999). Other ant species such as carpenter
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ants (Camponotus ocreatus Emery and Cam-
ponotus vicinus Mayr) are common in forested
habitats and typically occupy standing and
fallen dead wood. We expected these ants to
be more prevalent in our high-mortality habi-
tats with the increase in dead pinyons, yet
they were more abundant in our low-mortality
sites. Though carpenter ants are referred to as
saproxylic arthropods, their dependence on
wood is also largely driven by the presence of
moisture and dampness of the wood. The lack
of canopy cover in our high-mortality sites
most likely affects the amount of soil moisture
retention in dead trees.

The lack of differences in species rich-
ness and abundance between high- and low-
mortality environments was likely due to “high-
mortality specific” and “low-mortality specific”
species offsetting each other. This offsetting
effect was also noted in Clifford et al. (2008)
when indicator taxa for either high- or low-
mortality environments were nearly equal in
abundance. Although we found strong differ-
ences between low- and high-mortality sites in
species composition, the microhabitat data
indicated that these arthropod responses to
mortality may require years to emerge as the
litter-dominated ground cover underneath dead
trees is replaced by grass/herb cover.

Habitat Change

Arthropod communities were different be-
tween low- and high-mortality sites, and the
community compositions were strongly corre-
lated with intrinsic differences in canopy cover
that may have existed prior to the drought
in 2002-2003. However, differences in fallen
woody debris, as a result of the drought, most
likely contributed to differences in arthropod
community dynamics. Jabin et al. (2004) noted
that sites with increased coarse woody debris
yielded higher numbers of arthropod taxa than
sites with less woody debris, and this abun-
dance varied for specific groups of arthropods
responding to seasonal differences.

The intense drought in 2002, with conse-
quent pinyon pine mortality, caused dra-
matic landscape changes by reducing canopy
cover and increasing woody debris (Breshears
et al. 2005, Shaw et al. 2005). However, it may
take a considerable amount of time for the
communities of ground-dwelling arthropods
to fully respond to the increase in habitat com-
plexity. Most ground-dwelling arthropods
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seek shelter beneath large woody debris that
touches the soil and has had time to decay
(Varady-Szabo et al. 2006). Many of the trees
that died were still standing when pitfall traps
were deployed in August 2005. By 2007 many
of the dead trees and fallen branches had been
in decay at least 5 years or more. However,
dead trees usually do not fall to the ground
until 10 years after death (Kearns et al. 2005),
which means the peak of the arthropod re-
sponse may not occur until 2013-2019.

Decomposition rates of woody debris often
increase during rainy seasons due to an in-
crease in soil moisture and humidity, which
allows fungi and other microorganisms to thrive.
A combination of increased precipitation and
fallen woody debris may explain why arthro-
pod abundance was higher in high-mortality
habitats in 2007. We documented a significant
(P < 0.001) increase in precipitation in 2006,
which may have resulted in increased habitat
complexity in vegetation combined with in-
creased decay of large amounts of woody
debris. Our results are consistent with Lock-
aby et al. (2002), who reported that arthropods
responded to increased complexity and decay
of woody debris. Temporal variation during
these weather events often drives “seasonality”
of food resources for specific arthropods, and it
is unclear whether the differences we observed
were driven by precipitation, because we only
sampled arthropods during the monsoon sea-
son. Also, there may have been an increase in
fallen woody debris in the high-mortality habi-
tats from 2005 to 2007, thus increasing the
amount of habitat complexity and refugia for
ground-dwelling arthropods.

Significantly higher grass cover in the high-
mortality sites could account for the significant
differences in herbivore abundance between
high- and low-mortality sites. Many of the herbi-
vores found were seed bugs and leathoppers,
which may have been feeding on the blue
grama (B. gracilis), which was more abundant
in high-mortality habitats. Predator abundance
often parallels herbivore abundance due to
the increase in prey availability (Hassell 1978).
However, overall differences in predator
abundance were not significant (P = 0.202).
There were 2 major predator groups found in
opposite habitat types: arachnids (spiders and
mites) were more abundant in low pinyon
mortality habitats, wheras predaceous ground
beetles (Carabidae) were more abundant in
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high-mortality habitats; thus, the 2 groups off-
set each other, thereby explaining the lack of
difference in predator abundance between
habitat types.

The open areas in the high-mortality habi-
tats were analogous to the vegetation char-
acteristics of grasslands that often border
pinyon-juniper woodlands. Lightfoot et al.
(2008) documented arthropod communities
as unique among different habitats, which
include grasslands (having open canopies)
and pinyon-juniper woodlands (having canopy
cover). An additional study documented canopy
cover as one of the most important factors
influencing carabid beetle diversity in oak-
hornbeam forests that border herbaceous grass-
lands (Molnar et al. 2001). Lassau et al. (2005)
also noted that the high numbers of singletons
in low-complexity habitats might result from
transient individuals passing through to get to
habitats of high complexity. In our study sites,
intrinsic differences between canopy cover
were noted, and canopy loss from dead pinyons
only increased the amount of openness already
present in our sites. Thus ground-dwelling
arthropod communities in high-mortality habi-
tats were similar to the grassland arthropod
communities as a result of drought.

Arthropod community composition did show
annual and regional differences; however, the
differences were not consistent and varied
from year to year. Despite the large-scale mor-
tality of pinyon pine in the MRGB, canopy
understory and habitat complexity from fallen
trees only accounted for 4% of the change in
habitat structure for high-mortality habitats,
yet community composition of ground-dwelling
arthropods was still different between high-
and low-mortality sites for all 3 years (2005—
2007) and in all 3 regions (north, central, and
south). We suggest this result stemmed from
the intrinsic differences in canopy cover that

existed prior to the 2002-2003 drought.
Conclusion

Overall canopy loss was 2% for low pin-
yon mortality sites and 6% for high pinyon
mortality sites. Arthropod composition differ-
ences between low- and high-mortality areas
were driven by an absolute difference of 4% in
canopy cover and an increase in woody ground
cover. A more drought-tolerant species of grass,
B. gracilis, was observed at all high-mortality
sites, and its presence may have been due to
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intrinsic differences in canopy cover. While
overall arthropod species richness and abun-
dance was not significantly different between
mortality sites until 2007, 22% of the surface-
dwelling arthropods were indicator species
that responded to pinyon mortality, either posi-
tively or negatively, showing that several ar-
thropod abundances did change. Also 49% of
the surface-dwelling arthropods were habitat
specialists, specifically in open intercanopy
areas, which were indicative of high-mortality
sites based on canopy cover. Arthropod com-
munity composition in open areas resembled
the arthropod community of high-mortality
sites. It is possible that differences in richness
and abundance of arthropods may have been
due to intrinsic differences in canopy cover that
existed prior to the 2002-2003 drought. How-
ever, amount of fallen woody debris was the
only difference that was directly associated
with drought-induced mortality of pinyons
and could also account for arthropod commu-
nity differences between sites. It is clear that
there have been many ecological impacts of
drought-induced mortality on pinyon-juniper
woodlands from the stand level to the land-
scape level (e.g., Royer et al. 2011, Hicke et al.
2012), showing the importance of using arthro-
pods to monitor rapid climatically-driven vege-
tation shifts that are projected to increase in
the future (Williams et al. 2012).
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F-Value: 25.496
P-Value: <0.001

2005 2006 2007

Post-drought

APPENDIX 1. Average precipitation (cm) in the Middle Rio Grande Basin (MRGB) for 3 time periods (bars) from 1978
to 2007. Average precipitation during pre-drought (1976-2001) conditions significantly (P < 0.001) dropped 34% during
the drought (2002-2003) then increased 35% during post-drought (2005-2007) conditions. Average precipitation was
significantly (P < 0.001) higher in 2006 than in 2005 and 2007. The reduced precipitation and concomitant pinyon mortal-
ity support with the conclusion that drought-induced tree mortality occurred in the MRGB as it did regionally (Bre-
shears et al. 2005). The resumption of normal precipitation in 2004 suggests that differences in arthropod communities
between high- and low-mortality sites were primarily due to tree mortality and not to direct effects of drought on arthropods.
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APPENDIX 2. One major concern with any arthropod community-related studies is whether a sufficient sample of the
community has been obtained. On the basis of our species accumulation analysis, we determined that 25 traps were suf-
ficient to collect a satisfactory sample of the surface community at each site. We used 32 traps at each site, a number
more than sufficient for our study.
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