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ABSTRACT

THE IMPACT OF PINYON MORTALITY ON GROUND-DWELLING ARTHROPOD

COMMUNITIES

Robert J. Delph

We documented the indirect impact of drought-induced mortality of pinyon pine (Pinus
edulis) on ground-dwelling arthropod communities. Tree mortality alters microhabitats
utilized by ground-dwelling arthropods through increased solar radiation, dead woody
debris, and understory vegetation. Our major objectives were to determine if there were
differences in species composition, richness and abundance of ground dwelling-
arthropods associated with environments experiencing high or low pinyon mortality and
whether specific microhabitats could account for differences. We predicted significant
impacts on arthropod community dynamics due to the increased complexity of micro-
habitats from both standing and fallen trees. Despite only moderate increases in the
amount of area that experienced new microhabitats, there were significant differences in
arthropod community composition between high and low pinyon mortality environments.
Overall, 22% (51 taxa) of the arthropod community were identified as being indicators of
high or low pinyon mortality. Thus, our study supported the notion that arthropods are
responsive to disturbance events that lead to even moderate changes in the environment.
However, areas of high tree mortality also contained lower tree densities, allowing for the
possibility that intrinsic differences in woodlands that vary in susceptibility to drought-
induced mortality plays a significant role in structuring ground-dwelling arthropod

communities.
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INTRODUCTION
Pinyon-Juniper Woodlands &Regional Drought

Pinyon-juniper woodlands are one of the most extensive vegetation types in western
North America and cover approximately 19 million hectares (Evans 1988). Pinus edulis
exists as a co-dominant with Juniperus monosperma throughout New Mexico. Within
our study region pinyons comprise 55% of woodland canopy cover. Pinyons are a major
food and habitat source for many vertebrate and invertebrate species; a decrease of this
vegetation type could have dramatic consequences on species occurring in pinyon-juniper
woodlands.

Since 1996, at least some areas of the southwestern US have experienced drought.
The drought that occurred in 2002 was considered the worst drought in the western
United States in 500 years (USGS 2004). Aerial surveys and ground studies in pinyon-
juniper woodlands throughout the Southwest have shown regional death of pinyons from
2002-2003 (Breshears et al. 2005, Shaw et al. 2005) as a result of bark beetle outbreaks.
Droughts can lead to increased frequency of insect herbivore pest outbreaks (Logan et al.
2003, Breshears et al. 2005) leading to altered forest ecosystems at local to regional
scales (Ogle 2000, Breshears et al 2005), as a result of dominant plant mortality and
major shifts in overall plant composition, distribution and abundance (Stephenson 1990).
Pinyon pine grow regularly in arid climates and are known to be drought tolerant,
however the drought in 2002-2003 was warmer than previous droughts in the 1950’s
(Breshears et al. 2005, Seager et al 2007) which lead to large scale pinyon mortality

mostly driven by population outbreaks of bark beetles. Warmer summers and shortened



winters changes the phrenology of bark beetle life cycles allowing more generations to
occur more rapidly in a single season leading to population outbreaks (Logan et al. 2003).
The pinyon ips (Ips confusus (LeConte)) is a pinyon-specific bark beetle that bores
through the bark and feeds on the cambium layer (Paine et al. 1997, Negron and Wilson
2003). Most conifers produce defensive resins, which normally prevents beetle attack
under regular precipitation conditions. However, in drought conditions, resin production
is reduced in conifers, enabling bark beetles to colonize trees.

Semi-arid systems, which are prevalent in the southwestern United States, are thought
to be especially sensitive to drought (Allen and Breshears 1998, Hanson 2000, Mueller et
al. 2005). Such systems have been known to tolerate low baseline water levels and may
be particularly sensitive to climate changes (Risser 1995). Brown et al. (2001) suggest
that these arid and semi-arid systems could serve as indicators of change that may later
occur in other ecosystems. According to recent global climate change models, projected
increases in temperature will lead to increased frequency and intensity of drought (Seager
et al 2007, Easterling et al. 2000, Intergovernmental Panel on Climate Change 2001,

Hoerling and Kumar 2004).

Ground-Dwelling Arthropod Communities

Arthropod communities can be highly responsive to temporal and spatial
environmental changes, including climate (Larocque et al. 2001), habitat alteration
(Intachat et al.1997, Ellis et al. 2001), topography, soil type, fire, and plant quality
(Parmenter et al. 1989). Arthropods respond more quickly to environmental changes and

management decisions than do larger, longer-living organisms. Small size, rapid



population growth, short life cycle, and high mobility make arthropods useful in detecting
fine-scale spatial variation and short temporal changes. In assessing habitat quality,
arthropod species often serve as indicators of both undisturbed (Morrison and Marcot
1995) and disturbed ecosystems (Gonzélez-Megias et al. 2004), and can be surrogates of
environmental gradients (Agosti and Alonso 2000).

Previous studies have been conducted on how stand structure (Breshears et al. 2005),
and birds (Gottfried 2004, Wiggins 2005) have been affected by the large-scale pinyon
mortality. There have been several studies showing the impacts of tree-stress on insect
herbivores directly associated with pinyons (Cobb et al. 1997, Trotter et al., 2008), but
very little work on the ground-dwelling arthropod community, which is indirectly
associated with pinyons. Ground-dwelling arthropods constitute a large portion of
arthropod communities in many habitats (Leather 2005) and are highly responsive to
changes in microhabitat characteristics (Intachat et al.1997, Ellis et al. 2001). Ground-
dwelling arthropods are comprised primarily by taxa represented by generalists,
predators, and scavengers, dominated by ants, beetles, and spiders. Ants alone have been
found to turn more soil than earthworms (Lyford 1963), while 35% of all herbaceous
plants are dependent on ants to have their seeds dispersed (Beattie 1985). In addition to
ants, other ground-dwelling arthropods such as Carabid beetles (Haila et al. 1994),
Tenebrionid beetles (Parmenter et al. 1989), grasshoppers (Parmenter et al. 1991), and
ground-spiders comprise the majority of ground-dwelling organisms and thus are

considered indicator species of habitat quality (Willett 2001).



Objectives of the Study

Within our study region pinyons comprise 55% of woodland canopy cover. We
therefore proposed that the die-off of pinyon would alter ground-dwelling arthropod
abundance, species richness and community composition due to the conversion of live to
dead pinyon crowns and increase complexity of micro-habitats from fallen woody debris
and dead pinyons. The three major objectives were to; 1) determine differences in
species composition, relative abundances and species richness of ground dwelling-
arthropods associated with environments experiencing high pinyon mortality and
environments experiencing low pinyon mortality, 2) identify arthropod species that were
indicators of microhabitats characteristic of high- and low-mortality habitats, and 3)
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

We selected six study sites in throughout the Middle Rio Grande Basin (MRGB) of
New Mexico. The six sites were located in three areas of the MRGB that represented the
north, central, and south portions of the basin (Figure 1). For each area the paired sites
were comprised of a “high-mortality” site and a “low-mortality” site”. The distance
between areas was 80.4 km from south to central and 32.1 km between central and north.
Paired sites were less than 10 km from each other. The low pinyon mortality sites were

chosen based on visual observation where no more than 10% of pinyons within a 100 x



200 meter area were dead. The high pinyon mortality sites were chosen based on visual
observation where more than 10% of the pinyons within a 100 x 200 meter area were

dead.

Regional Weather

All study sites within the MRGB have experienced intense drought, causing high
levels of pinyon mortality from an ensuing bark beetle infestation (Clifford et al. 2008,
Floyed et al. 2007, Floyed et al. 2009). In 2002, pinyon-juniper woodlands throughout
the region have experienced a 100-year drought. Interpolated PRISM (Parameter-
elevation Regressions on Independent Slopes Model Parameter-elevation Regressions on
Independent Slopes Model) data (Daly 2002) showed precipitation levels in the MRGB
significantly (P<0.001) decreased 34% in 2002-2003 from pre-drought (1976-2001)
conditions, then increased 35% during post-drought (2004 -2007) conditions (Figure 2).
The reduced precipitation and concomitant pinyon mortality agree with the conclusion
that drought-induced tree mortality occurred in the MRGB as it did regionally (Breshears
et al. 2005). The resumption of normal precipitation in 2004 suggests that differences in
arthropod communities between high-and low-mortality sites were likely due to primarily
to tree mortality and not direct effects of drought on arthropods.

For each site we measured a number of habitat and stand structure traits to
characterize high- and low- mortality sites. These included tree density, community
composition of ground vegetation and arthropods between high and low levels of pinyon

mortality.



Stand Structure

To determine if there were differences in tree density between high and low pinyon
mortality areas, numbers of trees, tree species and status (e.g., alive or dead) were
recorded in each control site (low mortality) and death site (high mortality). At each
control and death site, sixteen 100 m2 plots were chosen on a uniform grid. Pit-fall traps
(n=32) were used as reference points for the grid and a single pitfall trap was designated
as the center of each 100 m? plot (see methods below on pit-fall traps). In each plot,
numbers of trees, tree species and tree status were recorded. Tree status was based on
observation, whether the tree was dead or alive. On dead pinyons, percent foliage was
measured to estimate how long the tree had been dead. Foliage density measurements are
widely used as indicators of forest condition (Innes 1993) and have been used to assess
impacts of climatic factors (Innes 1988), nutrient deficiencies (Hunter et al. 1991), insect
herbivory (Sutton 1981, Lansberg 1989) and mammalian herbivory (Meads 1976, Leutert
1988, Payton et al. 1997) in forest systems. At least two observers would calculate
percent foliage by assessing the degree of background light silhouetted by the canopy of
the individual tree (Frampton 2000) then subtracting the amount of needles (foliage)
present and subtracting it from the amount of bare trunk and stem visible, the average of
these two estimates was recorded. This system also applies to the Kerns et al. (2005)
method for estimating age of dead pinyons, which was also used for each dead pinyon in
this study. Age of death was determined by giving each dead pinyon a classification A —
G, where class “A” signified the least amount of time (~5 years) the tree has been dead,
class “F” signified the most amount of time (~16 years) the tree has been dead and class

“G” was given to trees that were too old to be dated accurately (See Kerns and Jacobi,



2005 method). In addition, the basal trunk diameter (BTD) was also measured for each
tree to estimate stand age between sites and tree volume. Basal trunk diameter was
measured where the trunk meets the roots just above the ground also known as the root
collar diameter (RCD).

To test differences in ground cover, canopy height and width were measured in
meters with the use of a meter pole. Canopy width was measured twice, one
measurement perpendicular to the first measurement to get an accurate measurement of
total width. At each site sixteen, 100 m? plots were measured for stand structure. A
spherical densitometer device was used at every 100 m2 plot, which has been used in
many studies to accurately estimate forest overstory density (Lemmon 1956). Litter
depth was also measured for each tree to obtain an estimate of overall ground cover
beneath the canopy of each tree. Stand data was also taken in the intensive microhabitat
plots in each region for each pit-fall trap to determine if tree type, architecture of the tree,
and litter depth had direct affects on ground-dwelling arthropod abundance and

community dynamics.

Understory and Intercanopy Ground Cover

To understand habitat characteristics that may explain differences in arthropod
communities we measured five classes of ground cover; shrub, grasses, forbs, litter, and
bare ground. Ground cover estimates have been used as a key indicator for rangeland
health (USDI-BLM 1997). In each site, all 32 plots were measured for these five ground
cover classes. Each plot was divided into four 25 m2 sections. A 1 m2 quadrat frame was

randomly placed in three of these sections. Ground cover was estimated in each quadrat



by measuring the amount of area taken up by shrubs, grasses, forbs, leaf litter, rock, soil
and other elements such as dead wood, moss and dung, then averaged to estimate total
cover in each 100 m2 plot (Oosting 1956, Cook & Stubbedieck 1986, ITT 1996). Plant
specimens were collected and pressed for identification purposes along with digital

photos taken of each plant species.

Dead & Down Woody Debris

To test the hypothesis that ground-dwelling arthropods would respond to the increase
in habitat complexity from fallen woody debris in high pinyon mortality areas, numbers
of dead, fallen branches, twigs and logs, along with the overall volume were recorded
(Brown 1974). 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. Each dead twig, branch or log that touched the
line or crossed it was measured for length, small diameter, large diameter and percent
decay. Small diameter was the smallest part of the woody debris and the large diameter
was the largest part of the woody debris. Percent decay was estimated by the degree of
breakability (Brown 1974) and the amount of bark still on the branch or twig. In
addition, two litter depth measurements were also taken 2 meters north and 2 meters
south from the center of the 10 m line to obtain an estimate of decomposition. A
modified Brown (1974) fuel loads classification by diameter (cm) of woody debris was
used. Each piece of woody debris measured was placed in fuels classification (1 hour —
1000 hour) based on diameter (cm) of the woody debris. Thus the following fuel burn

time for different measurement classes was used for quantifying dead and down woody



material (adapted from Huffman): 1 hr = <0.64 cm, 10 hr = 0.64 — 2.54 cm, 100 hr = 2.54

—7.62 cm and 1000 hr = >7.62 cm.

Comparing Ground-Dwelling Arthropod Community Structure in High-Mortality and

Low-Mortality Habitats

To test the differences in ground-dwelling arthropod community dynamics between
high and low levels of pinyon mortality, pit-fall traps were used to capture arthropods.
Pitfall trapping has been shown to obtain satisfactory abundance estimates for all ground-
dwelling arthropods (Thomas and Sleeper 1977). For trapping arthropods, we used
Borsilicate glass test tubes with a 2.5 cm diameter opening and 15 cm in length. Glass
containers seem to be the most effective at preventing arthropods from escaping (Luff
1975, Obeng-Ofori 1993). Test tubes are encased by SDR 35 material PVC pipe

complete with a PVC lid to detour rain and debris from falling in the trap.

There have been many arthropod studies that utilize pitfall traps to quantitatively
sample ground-dwelling arthropods however there does not seem to be a consistent trap
design or size diameter preference among these studies. Therefore, an array of larger
pitfall traps were used to determine if the smaller pitfall traps had any biased sampling to
specific types or groups of arthropods. For example larger arthropods such as desert
hairy scorpions, adult tarantulas and lubber grasshoppers can be quite common in arid
and semi-arid ecosystems, which may not fit into a 2.5 cm diameter opening of our small
pitfall traps and thus will not be sufficiently sampled. We used plastic Dixie® brand
cups, which had a 9.5 cm diameter opening. One cup was placed within the other to

create a sleeve for the collecting cup. Small puncture holes were made in the outer cup to



prevent rain water from collecting and pushing the inner cup out and large ABC pipe lids
were nailed into the ground covering each cup to detour rain and other debris. Each test
tube and Dixie® cup was filled with a 1:1 dilution of water and propylene glycol.
Propylene glycol appears to be the best preserving/killing agent for use in pit-fall traps,
since it preserves arthropods for long periods of time without evaporating and is less
toxic than ethylene glycol (e.g., Hall 1991, Digweed et al. 1995, Dennis et al. 1997). In
some cases pitfall traps can be ineffective at capturing a random number of arthropods if
there is bait or some type of attractant in the trap. Ants can pose a problem especially if a
trap is near an ant nest. Many foraging ants will leave chemicals trails for other ants
within the colony to follow. If a scouting ant leaves a chemical trail to a pitfall trap, then
numerous individuals could fall into the trap, thus biasing the random sample. Therefore,
samples that had more than 500 individuals of a species of ant were considered outliers in
our data and were removed then analyzed again. We established 100 x 200 meter grids
within each sample area, where thirty two 2.5 cm diameter pitfall traps were deployed on
a uniform grid at 35 meter intervals and ten 9.5 cm diameter pitfall traps were placed 60

meters apart embedded in the grid.

In order to compare the results of arthropod efficacy sampling between small (2.5 cm)
diameter and large (9.5 cm) diameter pitfall traps we had to standardize for trap perimeter
differences. Therefore, every 4 adjacent small pitfall traps for each site were summed
together to equal the perimeter of one large pitfall trap thus creating 8 small (scaled
perimeter) sample units per site to represent the sample size perimeter of 10 large traps in

each site.
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Microhabitat Study

To determine if specific microhabitat characteristics of pinyon-juniper woodlands
could account for differences between high and low mortality sites, pitfall traps were
placed in different microhabitats near high pinyon mortality areas. Another intensive
study site was chosen in each area adjacent to the high pinyon mortality sites, where
comparable live and dead pinyons could be found to compare microhabitat
characteristics. Microhabitats such as pinyon pine and one-seeded juniper, and grassy
intercanopy areas comprise the pinyon-juniper woodlands, but because of recent pinyon
mortality dead pinyons occur more frequently and loss of canopy cover increases
intercanopy area allowing more open areas in this system. Thus four habitat types were
sampled: live pinyon, live juniper, dead pinyon and open areas.

A total of 120 pitfall traps were placed within a 100 x 200 meter area adjacent to each
high pinyon mortality site. In this area ground-dwelling arthropods were sampled from
four microhabitat types indicative of a high mortality habitat. Since high pinyon
mortality habitats will have more dead pinyons this should also reflect the decrease in the
amount of canopy cover, thus open areas will also be an important habitat characteristic
of the high mortality habitats, where as live pinyons and live junipers are characteristics
of low pinyon mortality habitats. Kearns et al. (2005) describe these microhabitats as the
current habitat status of the pinyon-juniper woodlands. A single pitfall trap was placed
under each of 30 dead pinyons, 30 live pinyons, 30 live junipers and 30 open areas.
Traps were placed in the ground between the base of the trunk and the edge of the canopy
leaf litter. All trees selected were of comparable heights and widths. The microhabitats

were selected as triplets where a single dead pinyon, live pinyon and live juniper of

11



comparable sizes were relatively close to each other but not close enough to severely

affect the leaf litter composition of the other. Traps placed in open areas were chosen at
least 1 meter distance from the canopy width of any nearby dead pinyon, live pinyon and
live juniper triplet, thus making a single quadruplet unit (1 dead pinyon, 1 live pinyon, 1

live juniper and 1 open area).

Arthropod Sampling Schedule & Sample Processing

Arthropods were sampled each summer (July 14 —August 3) for three years (2005-
2007). For each sampling period the uniform traps were left open for a period of 21 days,
and collected. Arthropod sampling for the microhabitat plots occurred only in year 2005
(July 16 — August 5). After the traps were collected, all specimens were removed from
the propylene glycol and stored in 70% ethanol. Our primary focus was ground-dwelling
arthropods that have important roles in semi-arid systems as detritivores, herbivores and
predators (Crawford 1988, Whitford et al.1986, Polis 1991).

One consistent problem with arthropod studies is that arthropod communities are
hyper-diverse, especially terrestrial ground-dwelling communities (Basset et al 2004).
Many studies often observe only a subset of the terrestrial arthropod community
excluding most flying insect (e.g. Lightfoot et al. 2008 Uetz and Unzicker 1976, Thomas
and Sleeper 1977, Adis 1979) or observe specific groups within the ground-dwelling
community such as spiders (e.g. Buddle 2001, Clark & Grant 1968, Huhta 1971, Mclver
et al 1992, Pajunen et al 1995, Uetz 1976), mites (e.g. Johnston & Crossley 1996), ants
(e.g. Anderson & Sparling 1997, Cerda & Retana 1994, Punttila et al 1994) and ground-

beetles (e.g. Dennis et al 1997, Digweed et al 1995, Obeng-Ofori 1993, Parmenter et al

12



1989, Thomas & Sleeper 1977). Pitfall traps yield large numbers of arthropods, many of
which are often discarded since they are not considered true ground-dwelling arthropods
(Lightfoot et al. 2008). Insects in arid climates such as flies, bees, and small butterflies
are often attracted to liquid and will occasionally fall into pitfall traps (Hammond 1990,
Holopainen & Varis 1986).

In this study we wanted to be inclusive but not include arthropods that did not spend a
significant amount of their life history on or near the ground. We therefore restricted
analyses to what we operationally defined as the “surface-dwelling” community, which
included all ground-dwelling arthropods and some flying insects that occasionally forage,
feed or have part of their life-cycle on the ground that could have some relationship to the
ground-dwelling community including species that are restricted ground-dwelling
foragers and predators and are appropriately sampled by pitfall traps (Uetz and Unzicker
1976, Thomas and Sleeper 1977, Adis 1979). The surface-dwelling community included
all ground-dwelling arthropods such as: spiders, ants, bristletails, crickets, beetles,
scorpions, centipedes, and millipedes as well as other taxa that may have indirect
associations with the ground-dwelling arthropod community such as: grasshoppers, true
bugs, and parasitic wasps.

A subset of the arthropods collected were prepared as museum-quality specimens and
deposited in the Colorado Plateau Museum of Arthropod Biodiversity at Northern
Arizona University. Operational Taxonomic Units, which were considered to be species,
were used to produce a synoptic reference collection of all taxa collected from all sites in
the MRGB. Specimens were identified to genus and species level when possible.

Unidentified specimens were sent to taxonomists (S.L. Brantley and D.C. Lightfoot,

13



Museum of Southwestern Biology, Division of Arthropods, University of New Mexico,

Albuquerqgue) for identification confirmations at the genus and species level.

Statistical Analyses

We examined differences in canopy area, tree density, and percent vegetation cover
and vegetation abundance between high and low mortality environments. One-way
ANOVA univariate analysis was used to compare means of tree density, canopy area, and
percent vegetation cover and vegetation abundance between high and low mortality
environments.

Measurements of downed woody debris were sorted into fuel burn time
classifications based on cm diameter then calculated to estimate total volume 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. All
significant values were accepted at the 0.05 probability level, using statistical program

SPSS (Version 16.0 2007).

To determine efficacy sampling between small (2.5 cm) diameter and large (9.5 cm)
diameter pitfall traps we had to standardize for trap perimeter differences. Four adjacent
small pitfall traps for each site were summed together to equal the perimeter of one large
pitfall trap thus creating 8 small (scaled perimeter) sample units per site to represent the
sample size perimeter of 10 large traps in each site.

Species accumulation analysis using the UGE curve (Ugland et al. 2003) was used to

determine efficacy of sampling using pitfall traps to sample the surface-dwelling
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community in each site each year. We examined differences in arthropod community
dynamics between high and low pinyon mortality sites.

We performed both parametric and non-parametric analyses to assess the arthropod
communities and habitat characteristics for the high- and low-mortality comparisons. A
one way ANOVA univariate analysis of variance (Levene’s Test of Equality Error
Variances) and an independent sample t-test were used to compare means of habitat
variables, arthropod abundance, and arthropod species richness between large and small
pitfall traps and between high and low pinyon mortality sites. 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 differences between trap
types and mortality sites. All significant values were accepted at the 0.05 probability
level, using statistical program SPSS (Version 16.0 2007). Additional statistics programs,
PCORD (Version 5.10 2006) and Primer (Version 6 2006) were used to run community
analyses, species indicator analyses, and species accumulations of all arthropods
collected in different trap types and high and low pinyon mortality sites for each area and
each year. We used a multi-response permutation procedure (MRPP) as quantitative
measure to explain arthropod community difference between mortality sites. A non-
metric multi dimensional scaling (NMS) scatter plot (Clarke 1993) was used as a
descriptive method to examine similarities of arthropod species assemblages between trap
types, mortality sites and habitat types, based on Bray-Curtis distance (Beals 1984,
McCune and Beals 1993). Species indicator analysis determined if specific arthropod
taxa were found in certain habitat types or habitat characteristics, using a Monte Carlo

Test of significance. A regression analysis was used to determine which indicators taxa
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were correlated with certain habitat characteristics that characterize mortality habitats.
We operationally define strong mortality indicators based on the criteria that they were
positively correlated with at least one habitat characteristic of high or low pinyon

mortality.

RESULTS

Stand Structure

Pinyon mortality was significantly (16n, P<0.001) higher in the high pinyon mortality
sites in all three areas (Figure 3). The north and central regions had greater than 20%
pinyon death in the high mortality sites, whereas the southern area had the least amount
of pinyon mortality with only 8% pinyon death, which did not meet our original criteria
(>10%) of a high mortality habitat. In all high mortality sites only 25% of the dead trees
were downed trees, (Class D) while 75% of the dead trees were still standing, (Class A)

(Kearns et al. 2005).

There were no significant differences in tree density of pinyons or junipers between
high and low pinyon mortality habitats. However, canopy cover for all tree species
combined were significantly (16n, P=0.001) higher in the low pinyon mortality habitats
for each of the three study regions and was driven mostly by pinyons (Figure 4d).
Juniper canopy cover was variable between sites showing no significant (16n, P=0.200)
differences and little to no canopy loss (Figure 4b). Ponderosa canopy cover was
significantly (16n, P=0.043) higher in the low mortality habitats for north and central
sites (Figure 4c). Pinyon canopy cover was significantly (16n, P=0.001) higher in the

low pinyon mortality habitats for all sites and overall canopy loss was correlated with
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pinyon death, which was significantly (16n, P=0.009) higher in the high pinyon mortality

habitats (Figure 4a).

Understory Vegetation

Of all the understory cover classes, grasses were the primary vegetation cover for all
sites (Table 1a). Percent ground cover by grasses was significantly (32n, P= 0.007)
higher in the high mortality habitats, which shows a positive correlation with pinyon
mortality. Blue grama grass (Bouteloua gracilis) was the most common species that
occurred in our study areas. This species was significantly (32n, P=0.040) more
abundant in the high mortality habitats and was found in all sites. Western wheat grass
(Pascopyrum smithii) was significantly (32n, P= 0.005) more abundant in the low
mortality environments. However this species only occurred in the central and north sites

and was very scarce in the high mortality environments.

Dead and Down Woody Debris

We hypothesized that habitat complexity from fallen woody debris of dead pinyons
would be greater in the high mortality sites. Thus fuel loads would change with the
increase in dead pinyons. Overall total volume of woody debris was significantly (32n,
P=0.003) higher in the high mortality habitats which supports this hypothesis and was
driven by woody debris in the 100 and 1000 hour fuels classification (Table 1b).
Majority of woody debris in the 100 and 1000 hour fuels classification averaged 4.9 cm
in diameter and was significantly (100 hr, P<0.001 and 100 hr, P=0.010, 32n) more

abundant in the high mortality habitats, thus increasing the overall volume of woody
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debris. Other fuel load classifications, such as, 1 hour (32n, P=0.923) and 10 hour (32n,
P=0.359) fuels were not found to be significantly different between high and low
mortality habitats. The 1 hour and 10 hour fuels are small twigs, which are usually

abundant in most conifer forested areas.

Determining Efficacy of Sampling

There were two issues we wanted to resolve with efficacy of sampling 1) trap size
and 2) weather we adequately sampled the community. After combining the sums of four
adjacent small (2.5 cm) diameter pitfall traps to equal the perimeter of one large (9.5 cm)
diameter pitfall trap, we compared arthropod species richness and abundance between
trap types and found significantly (32n, P<0.001) more species and individuals in the
small (scaled perimeter) pitfall traps. All feeding guilds and major ground-dwelling
arthropod groups were also significantly (32n, P<0.001 — P=0.014) more abundant in the
small (scaled perimeter) pitfall traps (Table 2). There were no significant differences in
arthropod community composition between trap types and there were no arthropod
indicator species of mortality that were restricted to only large traps. Comparisons of
several analyses between high and low mortality habitats yielded similar results for each
trap type. We used 32 small pitfall traps at each site to sample the surface-dwelling
arthropod community, which proved to be a sufficient number to collect a satisfactory

representation of the surface-dwelling arthropod community (Figure 5).

Ground Dwelling Arthropod Community Responses
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A total of 564 taxa (38,871 individuals) were collected from pitfall traps and
identified to family level with more than 80% of the taxa identified to species level. Of
the 564 taxa collected, we only used 225 taxa (36,627 individuals) in our analysis that
were defined as our surface-dwelling community. In response to our hypothesis that
ground-dwelling arthropods will favor areas with high pinyon mortality, we found no
significant (P= 0.398) differences in arthropod abundance between low and high pinyon
mortality habitats from 2005 - 2006. However, there were significantly (32n, P=0.052)
more arthropods in the high mortality habitats in 2007 for all three regions. Arthropod
abundance was variable between sites and years in 2005 — 2006, but showed a consistent
pattern in all three regions in 2007. Species richness was not significantly (32n, P =
0.702) different between high and low mortality habitats in 2005 and 2007, but was
significantly (32n, P=0.018) higher in the low mortality habitat in 2006 (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 habitats, but only for the north and south region, which was opposite in the
central region.

Arthropod feeding guilds of predators and omnivores/detritivores showed no
consistent patterns between high and low mortality habitats. Herbivores were
significantly (32n, P<0.001) more abundant in high mortality for all years except 2005.
In 2005 herbivore abundance was higher in all high mortality habitats but not at a
significant level (32n, P=0.063). Some groups of arthropod taxa that specifically
characterize the ground-dwelling arthropod community showed consistent differences

between high and low mortality habitats. Darkling-beetles (Family: Tenebrionidae) and
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ants (Family: Formicidae) were the most abundant omnivore/detritivores but only
darkling beetles were significantly (32n, P=0.027) more abundant in the high pinyon
mortality habitats in 2007. Predaceous ground beetles (Family: Carabidae) were also
significantly (32n, P<0.001) more abundant in the high mortality in 2007. Arachnids
were the most abundant predators and were significantly (32n, P<0.001) more abundant
in the low mortality habitats for all three years and were consistent for each site (Table
4). Significant (32n, P<0.001) abundances of arachnids were driven by ground-mites
(Family: Erythraeidae).

Community analysis of ground-dwelling arthropods showed ground-dwelling
arthropod community composition to be significantly (R=0.112, P<0.001) different
between high and low mortality habitats from 2005-2007 (Figure 6). Analysis of each
site independently showed a consistent trend in community composition of ground
dwelling arthropods to be fundamentally different between mortality habitats for all sites

(Figure 7).

Arthropods and Microhabitat Characteristics

Analysis of four microhabitats within the pinyon-juniper woodlands showed ground-
dwelling arthropods to be significantly (30n, P<0.001) more abundant under live pinyons
than any other microhabitat type and least abundant in open areas. However, the
community composition between these microhabitat were showed open areas to be
significantly (R=0.177, P<0.001) different from the other three microhabitats.
Community differences between live pinyons and dead pinyons were significantly

(R=0.004, P=0.027) different when all sites were grouped together but seemed to
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deteriorate when separated. Open areas had the strongest amount of community
differences between microhabitat types and were consistent for each site (Figure 8).
Arthropod communities under live junipers seemed to show a consistent pattern with live

pinyons.

Arthropod Indicators

Arthropod indicator taxa in our study are defined as taxa that occurred significantly
more frequent and abundant in one site more than the other (McCune & Grace 2002). Of
the 225 surface-dwelling taxa 22% (51 species) of them were indicators of either high or
low pinyon mortality habitats. There were 28 species that were indicators of high pinyon
mortality and 23 species were indicators of low pinyon mortality. We operationally
define strong arthropod indicator species as taxa that were both frequent and abundant in
a site as well as having a strong correlation with specific habitat characteristics that
characterize high or low pinyon mortality sites. A regression analysis of all mortality
indicator species on specific habitat characteristics which 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).

Forty nine percent (51 species) of the 104 microhabitat surface dwelling taxa were
indicators of specific microhabitats (5=dead pinyons, 11 =live pinyons, 5=live junipers
and 30=open areas) and 20% (21 species) of them were also indicators of high or low
pinyon mortality. We amalgamated dead pinyons and open areas as characteristics of
high pinyon mortality, while live pinyons and live junipers were considered

characteristics of low pinyon mortality. We selected 30 of the microhabitat taxa that had
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the highest indicator values and found 16 of them were also mortality indicators (9 high
mortality and 7 low mortality). Of those 16 mortality indicators 14 of them were
correlated with a habitat type that is a characteristic of high or low pinyon mortality. At
least 10 of the microhabitat indicators were defined as strong mortality indicators that
were correlated with a habitat characteristic that characterizes high or low pinyon
mortality sites.

Thus a total of 14 species were indicators for high mortality habitats and were habitat
specialists under dead pinyons and open areas, while 7 species were indicators for low
mortality habitats and specialists under live pinyons and live junipers. Of those 14
species, 4 of them were considered strong indicators of high pinyon mortality and 4 of
them were strong indicators of low pinyon mortality (Table 5). Comparison of the
microhabitat arthropod community and mortality arthropod community show an overlap
between arthropods occurring in high mortality sites and open areas (Figure 9)
suggesting that arthropod communities in high mortality habitats resemble arthropod

communities in open habitats.

DISCUSSION
Arthropod Community Responses
Arthropod community composition was significantly different between high pinyon
mortality sites and low pinyon mortality sites despite the lack of differences in species
richness or abundance between high and low mortality environments. This was due to

suites of species that were more abundant in either high- or low-mortality habitats,
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resulting in offsetting each other and leading to the overall equal diversity and
abundance. Twenty-two percent of the surface-dwelling arthropods were indicator
species that responded to either high- or low-mortality sites. Also 49% of the surface-
dwelling arthropods were habitat specialists occurring in specific habitat types indicative
of high or low mortality habitats. Arthropod community dynamics were different
between mortality sites which were strongly correlated with intrinsic differences in
canopy cover that existed prior to the drought in 2002-2003. However, differences in
fallen woody debris as a result of the drought may have contributed to differences in
arthropod community dynamics.

An increase in precipitation and fallen woody debris may explain why arthropod
abundance was higher in high mortality habitats in 2007. Precipitation significantly
(P<0.001) increased in 2006 which may have resulted in increased habitat complexity in
vegetation combined with increased decay of large amounts of woody debris. There may
have also been an increase in fallen woody debris from 2005 -2007 in the high mortality
habitats, thus increasing the amount of habitat complexity and refugia for ground-
dwelling arthropods. The intense drought in 2002 caused dramatic landscape changes
with the mortality of pinyon pine. However, these changes may not have an immediate
affect on the ground-dwelling arthropod community, until centuries later. It may take a
considerable amount of time for the ground-dwelling arthropod communities to have a
strong response to the increase in habitat complexity from fallen trees and woody debris.
Most ground-dwelling arthropods 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 of 2005. Many of the

23



trees that were dead fell under Kearns et al. (2005) class “A”, meaning the tree had only
been dead for 5 years or less. In 2007 many of the dead trees and fallen branches had at
least 5 years or more time to decay. However, dead trees usually do not fall to the ground
until after 10 years of death (Kearns et al. 2005), which means the peak of the arthropod
response may not occur until 2013 — 2019.

Significant grass cover in the high mortality sites could account for the significant
differences in herbivore abundance. Many of the herbivores found were seed bugs, and
leaf hoppers, which may be feeding on the juices of blue gramma grass which was more
abundant in high pinyon 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 two major
predator groups that were found in opposite habitat types, arachnids (spiders & mites)
were found in low pinyon mortality habitats while predaceous-ground beetles (Family:
Carabidae) were found in high pinyon mortality habitats, which explains why there was
not a significant (32n, P=0.202) difference in predator abundance between mortality
habitats.

Arachnids are one of the most abundant predators in most terrestrial environments
and are indicators of habitat quality (Majer 1997). Studies have shown that spider
abundance is associated with vegetatively heterogeneous habitats and tend to be highest
in late serial stages (Uetz 1990), thus they are linked to herbivore, omnivore/detritivore
and microbial communities and influence growth patterns in food webs, which influence
plant growth, succession and recovery after disturbance (Crossley 1977; Peterson and

Luxton 1982). Though herbivores were more abundant in low mortality habitats
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predators are not limited by prey availability since they are capable of switching from one
prey to another depending on availability (Hassell 1978). Spiders can switch prey base
and are cannibalistic, therefore they can feed on other spiders (Moya-Larafio 2003 and
Hallander 1970). Spiders can represent the majority of an entire predator feeding guild
and can be used as indicators of microhabitats or ecological processes (Majer 1997). For
example, litter spider communities are directly affected by habitat structure and prey
abundance and thus can be used to infer variations in quality and quantity of litter
microhabitats (Clarke and Grant 1968; Huhta 1971; Uetz 1976, Mclver et al. 1992;

Simmonds et al. 1994; Pajunen et al. 1995; Petersson et al. 1995; Halaj et al. 1998).

Litter depth was significantly (32n, P<0.001) higher in low pinyon mortality habitats
in our study which could reflect an increase in soil litter arthropods. However pitfall
traps alone may not be efficient enough to account for the dearth of this group. Berlease
funnel traps have been known to collect satisfactory representations of soil and leaf litter
arthropod communities (eg.Brown and Gange 1990). Small arthropods such as
springtails and mites may not have been accurately rough sorted since they are difficult to
see with the human eye. Some micro arthropods such as ground-mites were large enough

to see even without a microscope and thus were well represented in the sample.

Ground-mites (Family: Erythraeidae) were the most abundant arachnids and were
significantly (32n, P<0.001) more abundant in the low pinyon mortality habitats in all
three regions of the MRGB, suggesting these arthropods may be indicators of healthy
pinyon-juniper woodlands. Ground-mites are predators of many soil-dwelling organisms
such as springtails and other mites. Soil-dwelling arthropods such as mites and

springtails might be the most important constituents of soil microbiota (Lattin and
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Moldenke 1990). They play a major role in the decomposition and cycling of soil
nutrients, and are essential in the establishment of mycorrhizal fungi on roots (Crossley
1977, Peterson and Luxton 1982). Studies have shown that up to 50 to 90% of primary
production takes place below-ground (Brown and Gange 1990), a process which is
greatly regulated by microarthropods (Reichle 1977, Peterson and Luxton 1982). In fact,
many researchers agree that due to their importance in decomposition and soil nutrient
cycling, microarthropods should be included in forest management assessments (Lattin

and Moldenke 1990, Kremen et al. 1993).

Ground beetles are also important indicators of habitat quality in semi-arid
environments (Haila et al. 1994). Darkling beetles and predacious ground beetles are
both considered ground beetles. These beetles typically seek shelter under rocks and
woody debris. The fact that these groups were most abundant in high pinyon mortality
habitats suggests that it may be utilizing the high amount of woody debris in the high
mortality habitats as refugia, thus ground beetles could be indicators of disturbed pinyon-
juniper woodlands. The larvae of darkling beetles often feed on rotten woody debris and
the predacious ground beetles often feed on their larvae. It has been noted that many
ground beetles have a positive attraction to a variety of solutions (Woodcock 2005)
including propylene glycol (Holopainen and Varis 1986, Hammond 1990) which was
used as a preserving Kkilling agent in our study. However, propylene glycol was used in
all pitfall traps at all sites, therefore it is highly unlikely that the attraction ground-beetles

have to this solution would bias sampling in some sites more than others.

Ants are among the most abundant ground-dwelling arthropods, and occupy a

diversity of roles as predators, herbivores, commensals, and movers of soil. They are
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particularly notable for their impacts on their biotic surroundings (Holldobler and Wilson
1990). Specifically, harvester ants are a conspicuous component of many desert and
grassland ecosystems (Brown and Davidston 1977; Davidson 1977; Holldobler and
Wilson 1990), and scrublands (Willott et al. 2000). They are the main seed predators in
these environments (Lopez et al. 1993; Cerda and Retana 1994). Harvester ants are also
the most dominant and conspicuous group throughout arid portions of the southwestern
United States and northern Mexico, which includes ~ 75 species (Johnson 2001). Ant
abundance was variable between sites and years, but this variability could have been due
to due to over sampling of specific species in certain traps that may have been near ant
colonies. There were pitfall traps in our study sites that contained numerous individuals
of the same species at times accumulating more than 1000 ants. However, even by
removing samples that had more than 500 individuals and analyzing the data again, our
results did not change. Many ant species specifically harvester ants (Pogonomyrmex sp.)
will make a clearing of grasses and debris for their nests and are commonly found in open
areas (Crist and Wiens 1994, Mclntyre 1999). Harvester ants, P. occidentalis and P.
rugosus were the two most common species of harvester ants collected in our study sites
and were significantly (32n, P<0.001) more abundant in the high pinyon mortality
habitats. Harvester ants may be responding to the increase in openness in high mortality
habitats. Other ant species such as acrobat ants (Crematogaster sp.) and big-headed ants
(Pheidole sp.) were also abundant in the high pinyon mortality habitats and have been
known to have positive correlations with environmental disturbances, even though they
make poor indicators of environmental stress (Whiteford et al. 1999). Other ant species

such as carpenter ants (Camponotus sp.) were more abundant in the low mortality
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habitats, which were most likely feeding on nectar from aphids and other pinyon

herbivores.

Arthropod Community Response

Arthropod community composition did show annual and regional differences;
however the differences were not consistent and varied from year to year for certain
areas. Despite the large scale mortality of pinyons in the MRGB, canopy understory and
habitat complexity from fallen trees only accounts for 5% of the change in habitat
structure for high mortality habitats yet ground-dwelling arthropod composition was still
different between mortality sites for all three years (2005-2007) and in all three regions
(North, Central and South), which may have been due to intrinsic differences in canopy

cover that existed prior to the 2002-2003 drought.

The open areas in the high pinyon mortality habitats are analogous to the vegetation
characteristics of grasslands that often border pinyon-juniper woodlands. Lightfoot et al.
(2008) conducted a study on ecoregional differences in ground-dwelling arthropod
community composition and found little differences between grasslands and pinyon-
juniper woodlands, most likely because woodland canopy cover ranges from 5-60% and
so even in dense woodlands intercanopy areas dominate. 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. However, as a result of
drought habitat characteristics that once described the pinyon-juniper woodlands before

2002 may increasingly becoming a grassland-juniper dominated ecosystem. Thus
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ground-dwelling arthropod communities in high mortality habitats will be similar to the

grassland arthropod communities and may be changing as a result of drought.

Arthropods as Indicators for Climate Change

Terrestrial, ground-dwelling arthropods constitute a large portion of arid and semi-
arid ecosystems (Greenberg and McGrane 1996). These arthropods respond quickly to
variations such as climate change and environmental stresses brought on by droughts. In
addition to these ecological roles, terrestrial arthropods serve as an important food source
for many vertebrate and invertebrate species (Peterson and Luxton 1982, Van Home and
Bader 1990). Ground-dwelling arthropods represent food sources for specific targeted
species (Williams 1993, Haila et al. 1994), which implies the presence of prey (Adams
and Morrison 1993, Morrison and Marcot 1995) and denotes specific habitat structures
such as fallen logs (Okland 1996) and tree hollows (Gellman and Zielinski 1996). For
example, many families of ground-dwelling, terrestrial arthropods were found to be the
main food source for many vertebrate species living in arid and semi-arid environments
(Fallaci et al. 1992). Their key role in food webs makes arthropod assemblages an
essential indicator when assessing the impacts of forest management practices on
ecosystem function (Kremen et al. 1993) and developing evidence of habitat stability

(Lattin and Moldenke 1990).

Arthropods are enormously diverse (Ehrlich and Wilson 1991) and represent a
substantial portion of all terrestrial biodiversity, thus their responses to environmental
changes are very important (Basset et al. 2004). In addition, insects are an ideal organism

for study because of their relatively short life-cycles and sensitivity to environmental
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changes (Young 1994, Evans and Bellamy 1996). Therefore insects can be used as an
indicator species for climate change (Goehring et al. 2002). By understanding how
arthropods are affected by drought we can use them as a model for determining how

global climate change will affect species at higher trophic levels.

CONCLUSION

Pinyon pine mortality was extensive throughout the Middle Rio Grande Basin
averaging 41%, whereas juniper mortality was only 3% (Clifford et al unpublished). This
mortality has changed the arthropod composition between high and low mortality areas
from the resulting reduction in canopy cover, increased solar radiation, and decomposing
woody material. A more drought tolerant species of grass, B. gracilis, was observed in
all high pinyon mortality sites which may have been due to intrinsic differences in
canopy cover. Fallen woody debris biomass changed in the 100 and 1000 hr fuels
classification, thus increasing total amount of woody debris in high mortality sites, which
was evident from the significant amount of pinyon mortality. While overall arthropod
species richness and abundance was not significant between mortality sites until 2007,
22% of the surface-dwelling arthropods were indicator species that responded to pinyon
mortality, both positively and negatively, showing several arthropod abundances did
change. Also 49% of the surface-dwelling arthropods were habitat specialists,
specifically in open intercanopy areas, which were indicative of high pinyon mortality
sites based on canopy cover. Arthropod community composition in open areas resembled
the arthropod community of high pinyon mortality sites. It is possible that these

differences may have been due to intrinsic differences in canopy cover that existed prior
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to the 2002-2003 drought. However fallen woody debris was the only difference that was
directly associated with drought induced mortality of pinyons and could also account for
arthropod community differences between sites. It is clear there have been many
ecological impacts of drought induced mortality on pinyon-juniper woodlands from the
stand level to the landscape level, showing the importance of studying these semi-arid

systems for monitoring current and future climate change.
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Tables and Figures:

Table 1. Mean values (standard error) of habitat characteristics that characterize high
and low mortality sites. Results of ANOVA tests are given as P-values. Average percent
grass cover was significantly (32n, P=0.007) higher in all high mortality sites. High
mortality sites also had a significantly (32n, P=0.003) higher volume of fallen woody
debris, which was largely driven by 100 hour and 1000 hour fuels.

a
Average % Ground Cover High Mortality Low Mortality
Mean Std. Error Mean Std. Error |P-Value
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
b
Dead & Down Woody Debris (cm3) High Mortality Low Mortality
Mean Std. Error Mean Std. Error |P-Value
Total Volume 49,498.10 15,766.72| 11,424.18| 4,668.79 0.0031
1 Hour Fuels 13.17 4.03 13.53 4.83 0.9230
10 Hour Fuels 951.98 185.44 781.73 235.45 0.3588
100 Hour Fuels 9,167.46 2,273.55| 3,642.35| 1,140.70 0.0004
1000 Hour Fuels 39,365.50 15,133.67| 6,986.57| 4,338.23 0.0102
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Table 2. Mean values (standard error) of arthropod differences between trap types.
Results of ANOVA tests are given as P-values. There were significantly (32n, P<0.001)
more arthropod species and individuals in the small (scaled perimeter) pitfall traps than
large ones. All arthropod feeding guilds and major groups were also significantly (32n,
P<0.001-P=0.0141) more abundant in the small (scaled perimeter) pitfall traps.

Small Scaled Pitfall Traps | Large Pitfall Traps
Mean Std. Error Mean | Std. Error | P-Value
Species Richness 89.688 3.526 55.002 3.824 0.0000
Total Abundance | 764531 | 118593 [ 329.372 | 66.598 | 0.0000

Small Scaled Pitfall Traps | Large Pitfall Traps
Feeding Guilds Mean Std. Error Mean | Std. Error | P-Value
Predators 117.000 27.709 50.131 16.821 | 0.0008
Herbivores 141.188 45.987 45.462 12.121 | 0.0015
Omnivore/Detritivore 506.344 86.842 233.779 53.592 | 0.0000
Small Scaled Pitfall Traps | Large Pitfall Traps
Major Groups Mean Std. Error Mean | Std. Error | P-Value
Grasshoppers 33.500 5.532 17.402 3.240 0.0002
Carabid Beetles 8.219 2.159 4.029 1.008 0.0141
Ground Beetles 5.938 1.258 2.293 0.602 0.0001
Ants 481.938 106.606 119.139 | 21.310 | 0.0000
Arachnids 81.906 13.641 39.690 15.869 | 0.0022
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Table 3. Mean values (standard error) for arthropod species richness and abundance
between mortality sites from 2005-2007. Results of ANOVA tests are given as P-values.
There were no significant (32n, P=0.703) differences in arthropod species richness in
2005 and 2007 between high and low pinyon mortality sites. However there were
significantly (32n, P=0.018) more species in the low pinyon mortality site in 2006, but
only for the south site. Arthropod abundance was not significantly (32n, P=0.399)
different between high and low pinyon mortality sites from 2005-2006, but was
significantly (32n, P=0.052) higher in the high mortality sites in 2007 for all sites.

High Mortality Low Mortality
Species Richness Mean [ Std Error| Mean | Std Error | P-Value
All Years 37.92 1.35 38.33 1.23| 0.7027
2005 39.37 2.18 38.87 2.20f 0.7821
2006 30.44 2.18 34.32 1.77( 0.0182
2007 44.05 1.89 41.72 2.02 0.1490

High Mortality Low Mortality
Total Abundance Mean | Std Error| Mean [ Std Error | P-Value
All Years 209.25 32.88 183.44 29.45] 0.3989
2005 198.54 48.25 194.70 63.79[ 0.9505
2006 149.20 36.07 179.26 53.36{ 0.5027
2007 279.58 76.37 178.42 19.14] 0.0528
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Table 4. Mean values (standard error) for arthropod feeding guilds and major groups
between mortality sites. Results of ANOVA tests are given as P-values. Herbivores were
significantly (32n, P<0.001) more abundant in the high mortality sites in 2006-2007.
Other feeding guilds were not significantly different between high and low pinyon
mortality sites. Three major groups of arthropods showed significant (darkling beetles
32n, P=0.029 high, ground beetles P<0.001 high, arachnids P<0.001 low) differences

between high and low mortality sites.

Feeding Guilds High Mortality Low Mortality
Mean | Std Error| Mean | Std Error | P-Value
Predator Abundance 24.30 5.90 31.28 4.64( 0.2015
Herbivore Abundance 53.53 16.03 11.57 1.42| 0.0003
Omnivore/Detritivore Abundance 130.41 18.67( 140.13 28.33| 0.6941
Major Groups High Mortality Low Mortality
Mean | Std Error| Mean | Std Error | P-Value
Grasshoppers 7.773 1.159 9.619 1.075[ 0.0754
Darkling Beetle Abundance 3.13 0.47 2.27 0.41[ 0.0286
Ground-Beetle Abundance 2.56 0.59 0.75 0.23| 0.0004
Ant Abundance 138.09 30.81| 104.35 25.19] 0.2475
Arachnid Abundance 13.10 1.62 25.47 3.40| 0.0000
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Table 5. Strong indicator species between mortality sites that are associated with
microhabitats. Results of Monte Carlo tests are given as P-values. Twenty two percent
(12% high & 10% low) of the 225 surface dwelling arthropod community were indicators
of either high or low pinyon mortality habitats. Only 6% (3% high & 3% low) of the
community was considered strong indicators that were correlated with habitat
characteristics of high or low pinyon mortality. The numbers under years represent how
many years the taxa were present.

High Mortality Indicators Years |North Central |South [Indicator Value | P-Value
Hoplosphyrum boreale 2 Absent | Present | Absent 14.4 0.0002
Dasymutilla vestita 3 Present | Present | Present 26.4 0.0002
Crematogaster depilis 2 Present | Present | Present 32.3 0.0002
Pheidole hyatti 3 Absent | Present | Present 40.8 0.0002
Pogonomyrmex rugosus 3 Absent | Present | Absent 15.6 0.0002
Forelius pruinosus 2 Present | Absent | Absent 14.6 0.0002
Liometopum apiculatum 3 Absent | Present | Absent 25.7 0.0002
Low Mortality Indicators Years |North Central [South [Indicator Value | P-Value
Styracosceles neomexicanus 2 Present | Present | Present 21.1 0.0002
Dallasiellus descrepans 2 Absent [ Absent | Present 17.6 0.0076
Myrmica sp. 1 Present | Absent | Absent 7.5 0.0002
Solenopsis molesta 2 Present | Absent | Present 22.3 0.0014
Camponotus acutirostris 3 Present | Absent | Absent 17.2 0.0002
Phoridae 2 Absent | Absent | Present 17.2 0.016

Erythraeidae 3 Present | Present | Present 50.1 0.0002
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Figure 1. Map of the Middle Rio Grande Basin study area along the showing the three
sets of paired study sites (circles). Areas of high pinyon mortality were obtained from
USFS Forest Enterprise Team.
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Average Precipitation in
Middle Rio Grande Basin
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Figure 2. Average precipitation (cm) in the Middle Rio Grande Basin for three time
periods (bars) from 1978-2007. 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. In 2006 average
precipitation was significantly (P<0.001) higher than 2005 and 2007.

38



Pinyon Mortality
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Figure 3. Average percent pinyon mortality. Differences in pinyon mortality were
significant (16n, P<0.001) between mortality sites. North and central areas had absolute
differences between mortality, while the south area had a relative difference. Percent
pinyon mortality for each site (bars), which was designated high or low mortality based
on percent of dead pinyons.
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Figure 4a-d. Mean canopy area (m?) at each site (bars) for each tree type: (a) pinyon
pine, (b) juniper, (c) ponderosa and (d) all trees. Canopy cover was significantly (16n,
P<0.001) higher in the low pinyon mortality habitats for all trees except for junipers (16n,
P=0.200) in the north site. Canopy loss was significantly (16n, P=0.009) higher in the
high pinyon mortality sites and was driven by the death of pinyon pine, Pinus edulis.
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Figure 5. Arthropod species accumulations for each site. At each site ~25 small (25 mm
diameter) pitfall traps set in a uniform grid 32 meters apart is sufficient enough to collect
a satisfactory representation of the surface-dwelling arthropod community.
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Figure 6. Scatter plot showing arthropod community differences between mortality sites
from 2005 — 2007. Red triangles represent arthropod community from high mortality
sites while blue circles indicate arthropod communities from low mortality sites. Results
from MRPP are given as R and P-values. Arthropod community composition was
significantly (P<0.001) different between high and low pinyon mortality habitats from

2005-2007.
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Figure 7. Scatter plot showing arthropod community differences between mortality sites
in each region. Red triangles represent arthropod community from high mortality sites
while blue circles indicate arthropod communities from low mortality sites. Results from
MRPP are given as R and P-values. Arthropod community composition was significantly
(P<0.001) different between high and low pinyon mortality habitats in all three regions.
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Figure 8. Scatter plot showing arthropod community differences between microhabitat
characteristics in each region. Blue triangles represent arthropod community from live
pinyons, red triangles = dead pinyon arthropod community, green squares = live juniper
arthropod community and black diamonds = open area arthropod community. Results
from MRPP are given as R and P-values. Arthropod community composition in open
areas were significantly (P<0.001) different from arthropod communities occurring under

live pinyons, dead pinyons and live junipers.

44



Arthropod Community Composition
Between Mortality Sites & Microhabitats

2D Stress: 0.27

T
R-Value: 0.195
v P-Value: 0001

South S‘It + 2D Stress: 029 A” Site

P-Value: 0.001

2D Stress: 0.18

R-Valueg 0:10 R-Va
P-Value: 0.001 . P \/alua: 0001
/\Live Pinyon </ Dead Pinyon Live Juniper ‘ Open Areas
@ High Mortality X Low Mortality

Figure 9. Scatter plot showing arthropod community differences between microhabitat
characteristics and mortality sites in each region. Blue triangles represent arthropod
community from live pinyons, red triangles = dead pinyon arthropod community, green
squares = live juniper arthropod community, black diamonds = open area arthropod
community, red circles = high mortality arthropods and blue X = low mortality
arthropods. Results from MRPP are given as R and P-values. Arthropod community
composition in high mortality habitats resembles arthropod community composition in
open areas.

45



Literature Cited

Adams, E.M. & Morrison, M.L. (1993) Effects of forest stand structures and competition
on red-breasted nuthatches and brown creepers. Journal of Wildlife Management,
57, 616-629.

Adis, J. (1979) Problems of interpreting arthropod sampling with pitfall traps.
Zoologischer Anzeiger, 202, 177-184.

Agosti, D. & Alonso, L. (2000) The ALL protocol: A standard protocol for the collection
of ground-dwelling ants. Ants. Standard Methods for Measuring and Monitoring
Biodiversity.Smithsonian Institution Press, Pp.204A/206.

Allen, C.D. & Breshears, D.D. (1998) Drought induced shifts of a forest-woodland
ecotone: Rapid landscape response to climate variation. Proceedings National
Academy of Science USA, 95, 14839-14842.

Andersen, A.N. & Sparling, G.P. (1997) Ants as indicators of restoration success:
relationship with soil microbial biomass in the Australian seasonal tropics.
Restoration Ecology 5, 109-114.

Basset, Y., Mavoungou, J.F., Mikissa, J.B., Missa, O., Miller, S.E., Kitching, R.L., &
Alonso, A. (2004) Discriminatory power of different arthropod data sets for the
biological monitoring of anthropogenic disturbance in tropical forests.
Biodiversity and Conservation, 13, 709-732.

Beals, E.W. (1984) Bray-Curtis ordination: an effective strategy for analysis of
multivariate ecological data. Advances in Ecological Research, 14, 1-55.

Beattie, A.J. (1985) The Evolutionary Ecology of Ant-Plant Mutualisms. Cambridge
University Press, New York.

Breshears, D.D., Cobb, N.S., Rich, P.M., Price, K.P., Allen, C.D., Balice, R.G., Romme,
W.H., Kastens, J.H., Floyd, M.L., Belnap, J., Anderson, J.J., Myers, O.B., and
Meyer, C.W. (2005) Regional vegetation die-off in response to global-change
type drought. Environmental Science, 102, 15144-15148.

Breshears, D.D. (2006) The grassland-forest continuum: trends in ecosystem properties
for woody plant mosaics? Frontiers in Ecology and the Environment, 4, 96-104.

Brown, V.K. & Gange, A.C. (1990) Insect herbivory below ground. Advances in
Ecological Research, 20, 1-59.

Brown, J.H., & Davidson, D.W. (1977) Competition between seed-eating rodents and
ants in desert ecosystems. Science, 196, 880-882.

46



Brown, J.H., T.G. Whitham, S.K. Morgan-Ernest, & C.A. Gehring. (2001) Complex
species interactions and the dynamics of ecological systems: long-term
experiments. Science, 293, 643-650.

Brown, J.K. (1974) Handbook for inventorying downed woody material. GTR-INT-16.
USDA Forest Service, Ogden, UT.

Cerda, X. & Retana, J. (1994) Food exploitation patterns of two sympatric seed-
harvesting ants Messor bouvieri (Bond.) and Messor capitatus (Latr.) (Hym.
Formicidae) from Spain. Journal of Applied Entomology, 117, 268-277.

Clarke, K.R. & Gorley, R.N. (2006) PRIMER v6: User Manual/Tutorial. PRIMER-E,
Plymouth, UK.

Clarke, K.R. (1993) Non-parametric multivariate analyses of changes in community
structure. Australian Journal of Ecology, 18, 117-143

Clark, R.D. & Grant, P.R. (1968) An experimental study of the role of spiders in a forest
litter community. Ecology, 49, 1152-1154.

Clifford, M.J., Rocca, M.E., Delph, R.J., Ford, P.L. & Cobb, N.S. (2008) Drought
induced tree mortality and ensuing bark beetle outbreaks in Southwestern pinyon-
juniper woodlands. p. 39-51. In: Gottfried, G. J.; Shaw, J.D.; Ford, P.L. Ecology,
management, and restoration of pinon-juniper and ponderosa pine ecosystems:
combined proceedings of the 2005 St. George, Utah and 2006 Albuguerque, New
Mexico. Proceedings RMRS-P-51. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 218 p.

Climatic Fluctuations, Drought, and Flow in the Colorado River Basin. Aug. 2004. U.S.
Geological Survey. http://water.usgs.gov/pubs/fs/2004/3062/.

Cobb, N.S., Mopper, S., Gehring, C.A., Caouette, M., Christensen, K.M., & Whitham,
TG. (1997) Increased moth herbivory associated with environmental stress of
pinyon pine at local and regional levels. Oecologia, 109, 389-397.

Cook, C.W. & Stubbendieck, J. (1986) Range Research: Basic problems and techniques.
Society for Range Management, Denver, Colorado, USA.

Crawford, C. (1988) Surface-active arthropods in a desert landscape: Influences of
microclimate, vegetation, and soil texture on assemblage structure. Pedobiologia,
32, 373-385.

Crawford, C.S. (1988) Surface-active arthropods in a desert landscape: Influences of

microclimate, vegetation, and soil texture on assemblage structure. Pedobiologia,
32, 373-385.

47


http://water.usgs.gov/pubs/fs/2004/3062/
http://www.refworks.com/Refworks/%7E2%7E

Crist T.O., & Wiens, J.A. (1994) Scale effects of vegetation on forager movement and
seed harvesting by ants. Oikos, 69, 37-46.

Crossley, D.A., Jr. (1977) The roles of terrestrial saprophagous arthropods in forest soils:
current status of concepts. Pages 49-56 in Mattson, WJ., editor. The role of
arthropods in forest ecosystems. Springer —Verlag, New York.

Daly, C. (2002) Variable influence of terrain on precipitation patterns: Delineation and
use of effective terrain height in PRISM. World Wide Web
Document. Http://www.Ocs.Orst.edu/prism/effter.Pdf.

Davidson, D.W. (1977) Species diversity and community organization in desert seed-
eating ants. Ecology, 58, 711-724.

Dennis, P., Young, M.R., Howard, C.L., & Gordon, I.J. (1997) The response of epigeal
beetles (Coleoptera: Carabidae, Staphylinidae) to varied grazing regimes on
upland Nardus stricta grasslands. Journal of Applied Ecology, 34, 433-443.

Digweed, S.C., Currie, C.R., Carcamo, H.A., & Spence, J.R. (1995) Digging out the
“digging-in effect” of pitfall traps: influences of depletion and disturbance
on catches of ground beetles (Coleoptera: Carabidae). Pedobiologia, 39, 561-
567.

Easterling, D.R., Meehl, G.A., Parmesan, C., Changnon, S.A., Karl, T.R., & Mearns,
L.O. (2000) Climate extremes: Oblervations, modeling, and impacts. Science,
289, 2068-2074.

Ehrlich, P.R. & Wilson, E.O. (1991) Biodiversity studies: science and policy. Science,
253, 758-762.

Ellis, L.M., Crawford, C.S, & Molles, M.C, Jr. (2001) Influence of annual flooding on
terrestrial arthropod assemblages of Rio Grande riparian forest. Regulated
Rivers: Research & Management, 17, 1-20.

Evans, A.V. & Bellamy, C.L. (1996) An Inordinate Fondness for Beetles. New York,
New York. pp. 92.

Evans, R.A. (1988) Management of pinyon-juniper woodlands. General Technical
Report INT-249, USDA Forest Service, Intermountain Research Station, Ogden,
UT.

Fallaci, M., Colombini, 1., Taiti, S. & Chelazzi, L. (1992) Spatial and temporal strategies

in relation to environmental constraints of four tenebrionids inhabiting a
Mediterranean coastal dune system. Journal of Arid Environments, 37, 45-64.

48


http://www.ocs.orst.edu/prism/effter.Pdf

Fearnside, P.M. (1995) Potential impacts of climatic change on natural forests and
forestry in brazilian amazonia. Forest Ecology and Management, 78, 51-70.

Fensham, R.J. & Holman, J.E. (1999) Temporal and spatial patterns in drought-related
tree dieback in Australian savanna. Journal of Applied Ecology, 36, 1035-1050.

Floyd, L.M., Cliffored, M., Cobb, N.S., Hanna, D., Delph, R.J., Ford, P., Turner, D.
(2009) Relationship of stand characteristics to drought-induced mortality in
pifion-juniper woodlands in Colorado, Arizona and New Mexico. Ecological
Applications. In Press.

Fowler, N.L. (1981) Competition and coexistence in a North Carolina grassland Il. The
effects of the experimental removal of species. Journal of Ecology 69, 843-854.

Frampton, C.M., Pekelharing, C.J., Payton, I.J. (2000) A fast method for monitoring
foliage density in single lower-canopy trees. Environmental Monitoring and
Assessment 72, 227-234.

Guarin, A. & Taylor, A.H. (2005) Drought triggered tree mortality in mixed conifer
forests in Yosemite National Park, California, USA. Forest Ecology and
Management, 218, 229-244.

Gellman, S.T. & Zielinski, W.J. (1996) Use by bats of old-growth redwood hollows on
the north coast of California. Journal of Mammalogy, 77, 255-265.

Goehring, D.M., Daily, G.C. & Sekercioglu, C.H. (2002) Distribution of ground-
dwelling arthropods in tropical countryside habitats. Journal of Insect
Conservation 6, 83-91.

Gonzélez-Megias, A., Gomez, .M. & Sanchez-PiNero, F. (2004) Effects of ungulates on
epigeal arthropods in sierra nevada national park (southeast spain). Biodiversity
and Conservation, 13, 733-752.

Gottfried, G.J. (2004) Sivics and silviculture in the Southwestern pinyon-juniper
woodlands. USDA Forest Service Proceedings RMRS, 34, 64-79.

Greenberg, C.H. & McGrane, A. (1996) A comparison of relative abundance and
biomass of ground-dwelling arthropods under different forest management
practices. Forest Ecology and Management, 89, 1-41.

Grieg-Smith, P. (1983) Quantitative plant ecology. 3rd ed., Blackwell Scientific
Publications, London.

Haila, Y., Hanski, I.K., Niemelae, J., Punttila, P., Raivio, S. & Tukia, H. (1994) Forestry

and the boreal fauna: matching management with natural forest dynamics.
Annales Zoologici Fennici, 31, 187-202.

49



Halaj, J., Ross, D.W. & Moldenke, A.R. (1998) Habitat stucture and prey availability as
predictors of the abundance and community organization of spiders in western
Oregon forest canopies. Journal of Arachnology, 26, 203-220.

Hallander, H. (1970) Prey, cannibalism and microhabitat selection in the wolf spiders
pardosa chelata OF miiller and P. pullata clerck. Oikos, 21, 337-340.

Hall, D.W. (1991) The environmental hazard of ethylene glycol in insect pit-fall traps.
The Coleopterists Bulletin, 45, 193-194.

Hammond, P.M. (1990) Insect abundance and diversity in the Dumoga-Bone national
park, N.Sulawesi, with special reference to the beetle fauna of lowland rain forest
in the Toraut region. In Insects and Rainforests of South East Asia (Wallacea)
(ed. WJ. Knight and JD. Holloway), pp. 197-254. The Royal Entomological
Society of London, London.

Hanson, P.J. & Weltzin, J.F. (2000) Drought disturbance from climate change: Response
of united states forests. Science of the Total Environment, the, 262, 205-220.

Hassell, M.P. (1978) The Dynamics of Arthropod Predator-Prey Systems. Monographs in
Population Biology, 13, 204-214.

Hoerling, M. & Kumar, A. (2004) The perfect ocean for drought. Science 299, 691-694.

Holldobler, B. & Wilson, E.O. (1990) The Ants. Belknap, Cambridge.

Holopainen, J.K. & VARIS, A.L. (1986) Effects of a mecahnical barrier and formalin
preservative on pitfall catches of carabid beetles (coleoptera, carabidae) in arable

fields. Zeitschrift Fur Angewandte Entomologie, 102, 440-445.

Huhta, V. (1971) Succession in the Spider Communities of the Forest Floor After Clear-
Cutting and Prescribed Burning. Annales Zoologici Fennici 8, 483-542.

Hunter, 1., Rodgers, B., Dunningham, A., Prince, J. & Thorn, A. (1991) An atlas of
radiata pine nutrition in new zealand. new zealand ministry of forestry. Forest
Research Institute Bulletin, 165, 24

Innes, J.L. (1993) Forest Health: Its Assessment and Status, CAB International,
Wallingford. U.K.

Innes, J.L. (1988) Forest health surveys: Problems in assessing observer objectivity.
Canadian Journal of Forest Research, 18, 560-565.

50



Intachat, J., Holloway, J.D. & Speight, M.R. (1997) The effects of different forest
management practices on geometroid moth populations and their diversity in
peninsular malaysia. Journal of Tropical Forest Science, 9, 411-430.

Interagency Technical Team (ITT). (1996) Sampling Vegetation Attributes, Interagency
Technical Reference. Report No. BLM/RS/ST-96/002+1730. US

Department of Interior Bureau of Land Management — Natural Applied Resources
Science Center, Denver, Colorado, USA.

Johnson, R.A. (2001) Biogeography and community structure of North American seed
harvester ants. Annual Reviews in Entomology, 46, 1-29.

Karl, T.R., Knight, RW. & Plummer, N. (1995) Trends in high-frequency climate
variability in the twentieth century. Nature, 377, 217-220.

Kearns, H., Jacobi, W. & Johnson, D. (2005) Persistence of pinyon pine snags and logs in
southwestern colorado. Western Journal of Applied Forestry, 20, 247-252.

Kershaw, K.A. (1973) Quantitative and dynamic plant ecology. 2" ed, New York.

Kremen, C., Colwell, R.K., Erwin, T.L., Murphy, D.D., Noss, R.F. & Sanjayan, M.A.
(1993) Terrestrial arthropod assemblages: Their use in conservation planning.
Conservation Biology, 7, 796-808.

Lattin, J.D. & Moldenke, A.R. (1990) Moss lace bugs in north western coniferous
forests: adaptation to long-term stability. Northwest Environmental Journal 6,
406-407.

Landsberg, J.D. (1989) A comparison of methods for assessing defoliation, tested on
eucalypt trees. Australian Journal of Ecology, 14, 423-440.

Larocque, I., Hall, R. & Grahn, E. (2001) Chironomids as indicators of climate change: A
100 - lake training set from a subarctic region of northern Sweden (lapland).
Journal of Paleolimnology, 26, 307-322.

Leather, S. (2005) Insect Sampling in Forest Ecosystems. Blackwell Publishing, Oxford,
UK. 303pp.

Lemmon, P.E. (1956) A spherical densiometer for estimating forest overstory density.
Forest Science, 2, 314-320.

Leutert, A. (1988) Mortality, foliage loss, and possum browsing in southern rata

(Metrosideros umbellata) in Westland, New Zealand. New Zealand Journal of
Botany, 26, 7-20.

51



Lightfoot, D.C., Brantley, S.L, & Allen, C.D. (2008) Geographic patterns of ground-
dwelling arthropods across an ecoregional transition in the North American
Southwest. Western North American Naturalist 68, 83-102.

Logan, J.A., Regniere, J. & Powell, J.A. (2003) Assessing the impacts of global warming
on forest pest dynamics. Frontiers in Ecology and the Environment, 1, 130-137.

Lopez, F., Acosta, F.J. & Serrano, J.M. (1993) Responses of the trunk routes of a
harvester ant to plant density. Oecologia, 93, 109-113.

Luff, M. (1975) Some features influencing the efficiency of pitfall traps. Oecologia, 19,
345-357.

Lyford, W.H. & Forest, H. (1963) Importance of Ants to Brown Podzolic Soil Genesis in
New England, Harvard University, Harvard Forest Papers 7.

Majer, J.D. (1997) Invertebrates assist the restoration process: An Australian perspective.
Restoration Ecology and Sustainable Development, pp212-237.

McCune, B. & E.W. Beals. (1993) History of the development of Bray-Curtis ordination.
Pages 67-79. In JS. Fralish et al., editors, Fifty Years of Wisconsin Plant
Ecology. Wisconsin Academy of Sciences, Arts and Letters, Madison.

McCune, B. & Grace, J.B. Analysis of Ecological Communities, bMjM Software Design,
Gleneden Beach, Oregon, U.S.A.

McCune, B. & Mefford, M.J. (2006) PC-ORD. Multivariate Analysis of Ecological Data.
Version 5.10 MjM Software, Gleneden Beach, Oregon, U.S.A.

Mclintyre N.E. (1999) Use of Pogonomyrmex occidentalis (Hymenoptera: Formicidae) nest-
sites by tenebrionid beetles (Coleoptera: Tenebrionidae) for oviposition and
thermoregulation in a temperate grassland. Southwestern Naturalist, 44, 379-382.

Mclver, J.D., Parsons, G. & Moldenke, A.R. (1992) Litter species succession after clear-
cutting in a western coniferous forest. Canadian Journal of Forest Research, 22,
984-992.

Meads, M. (1976) Effects of opossum browsing on northern rata trees in the
Orongorongo Valley, Wellington, New Zealand. New Zealand Journal of
Zoology, 3, 127-139.

Mueller, R.C., Scudder, C.M., Porter, M.E., Trotter Ill, T.R. Gehring, C.A. & Whitham,

T.G. (2005) Differential tree mortality in response to severe drought: evidence
for long-term vegetation shifts. Journal of Ecology. 93 (6), 1085-1093.

52


http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=all&search_value=Pogonomyrmex+occidentalis&search_kingdom=every&search_span=exactly_for&categories=All&source=html&search_credRating=All

Morrison, M.L. & Marcot, B.G. (1995) An evaluation of source inventory and monitoring
programs used in national forest planning. Environmental Management 19, 147-
156.

Monz, C.A., Hunt, H.W., Reeves, F.B. & Elliott, E.T. (1994) The response of
mycorrhizal colonization to elevated CO 2 and climate change in pascopyrum
smithii and bouteloua gracilis. Plant and Soil, 165, 75-80.

Moya-Larafio, J., Pascual, J. & Wise, D.H. (2003) Mating patterns in late-maturing
female mediterranean tarantulas may reflect the costs and benefits of sexual
cannibalism. Animal Behaviour, 66, 469-476.

Negron, J. & Wilson, J. (2003) Attributes associated with probability of infestation by the
pinon ips, ips confusus (coleoptera: Scolytidae), in pinon pine, pinus edulis.
Western North American Naturalist, 63, 440-451.

Obeng-Ofori, D. (1993) The behavior of 9 stored product beetles at pitfall trap arenas and
their capture in millet. Entomologia Experimentalis Et Applicata, 66, 161-169.

Ogle, K., Whitham, T.G. & Cobb, N.S. (2000) Tree-ring variation in pinyon predicts
likelihood of death following severe drought. Ecology, 81, 3237-3243.

Okland, B. (1996) Unlogged forests: important sites for preserving the diversity of
mycetophilids (Diptera, Sciaroidea). Biological Conservation 76, 297-310.

Oosting, H.J. (1956) The Study of Plant Communities: An Introduction to Plant Ecology,
WH Freeman and Co. San Francisco, California, U.S.A.

Paine, T., Raffa, K. & Harrington, T. (1997) Ineractions among scolytid bark beetles,
their associated fungi, and live host. Annual Reviews in Entomology, 42, 179-206.

Pajunen, T., Haila, Y., Halme, E., Niemela, J. & Punttila, P. (1995) Ground-dwelling
spiders (arachnida, araneae) in fragmented old forests and surrounding managed
forests in southern finland. Ecography, 18, 62-72.

Parmenter, R.R., MacMahon, J.A. & Gilbert, C.A.B. (1991) Early successional patterns
of arthropod recolonization on reclaimed Wyoming strip mines: The grasshoppers
(orthoptera: Acrididae) and allied faunas (orthoptera: Gryllacrididae,
tettigoniidae). Environmental Entomology, 20, 135-142.

Parmenter, R.R., Parmenter, C.A. & Cheney, C.D. (1989) Factors influencing
microhabitat partitioning among coexisting species of arid-land darkling beetles
(tenebrionidae): Behavioral responses to vegetation architecture. The
Southwestern Naturalist, 34, 319-329.

53



Payton, I., Forester, L., Frampton, C. & Thomas, M. (1997) Response of selected tree
species to culling of introduced Australian brushtail possums (Trichosurus
vulpecula) at Waipoua forest, Northland, New Zealand. Biological Conservation,
81, 247-255.

Pefiuelas, J., Filella, 1. & Llusia, J. (1998) Siscart. D., pinol, J.: Comparative field study
of spring and summer leaf gas exchange and photobiology of the mediterranean
trees quercus ilex and phillyrea latifolia. J.Exp.Bot, 49, 229-238.

Peterson, H. & Luxton, M. (1982) A comparative analysis of soil fauna populations and
their role in decomposition processes. Oikos, 39, 287-388.

Pettersson, R.B., Ball, J.P., Renhorn, K.E., Esseen, P.A. & Sjéberg, K. (1995)
Invertebrate communities in boreal forest canopies as influenced by forestry and
lichens with implications for passerine birds. Biological Conservation, 74, 57-63.

Polis, G.A. (1991) Complex trophic interactions in deserts: An empirical critique of food-
web theory. American Naturalist, 138, 123.

Punttila, P., Haila, Y., Niemelae, J. & Pajunen, T. (1994) Ant communities in fragments
of old-growth taiga and managed surroundings. Annales Zoologici Fennici, 31,
131-144.

Punttila, P, Haila, Y., Pajunen, T. and Tukia, H. (1991) Colonization of clearcut forests
by ants in the southern Finish taiga: a quantitative survey. Oikos, 61, 250-262.

Reichle, D.E. (1977) The role of soil invertebrates in nutrient cycling. Pages 145-156 in
Lohm, U. and Persson, T. editors. Soil organisms as components of ecosystems
Proceedings, VI International Soil Zoology Colloguium, 21-25, 1976, Uppsala,
Sweden. Valume 25. Ecological Bulletin, Stockholm.

Risser, P.G. (1995) The status of the science examining ecotones. Bioscience, 45, 318-
325.

Seager, R., Ting, M., Held, I., Kushnir, Y., Lu, J., Vecchi, G., Huang, H.P., Harnik, N.,
Leetmaa, A. & Lau, N.C. (2007) Model projections of an imminent transition to a
more arid climate in southwestern north america. Science, 316, 1181.

Shaw, J.D., Steed, B.E. & DeBlander, L.T. (2005) Forest inventory and analysis (FIA)
annual inventory answers the question: What is happening to pinyon-juniper
woodlands? Journal of Forestry, 103, 280-285.

Simmonds, S., Majer, J. & Nichols, O. (1994) A comparative study of spider (araneae)

communities of rehabilitated bauxite mines and surrounding forest in the
southwest of western australia. Restoration Ecology, 2, 247-260.

54



Siwecki, R. & Ufnalski, K. (1998) Review of oak stand decline with special reference to
the role of drought in poland; das eichensterben-eine literaturuebersicht unter
spezieller beruecksichtigung der rolle der trockenheit in polen. European Journal
of Forest Pathology, 28, 99-112.

SPSS for Windows. (2007) Version 16.0. Chicago, Illinois. SPSS, Incorporated.

Stephenson, N.L. (1990) Climatic control of vegetation distribution: The role of the water
balance. The American Naturalist, 135, 649-670.

Sutton, W. (1981) Data Recording Manual for Defoliator Damage Assessment for
Conifers in Newfoundland, Newfoundland Forest Research Centre.

Swaty, R.L., Ron J. Deckert, Whitham, T.G. & Gehring, C.A. (2004) Ectomycorrhizal
abundance and community composition shifts with drought: Predictions from tree
rings. Ecology, 85, 1072-1084.

Thomas, D. & Sleeper, E. (1977) Use of pit-fall traps for estimating the abundance of
arthropods, with special reference to the tenebrionidae (coleoptera).
Ann.Entomol.Soc.Am, 70, 242-248.

Trotter, T.A, 11l, Cobb, N.S, & Whitham, T.G. (2008) Arthropod community diversity
and trophic structure: a comparison between extremes of plant stress. Ecological
Entomology, 33, 1-11.

Uetz, G.W. (1990) Habitat structure and spider foraging. Pages 325-348 in Bell, SS.,
McCoy, ED., and Mushinsky, HR., editors. Habitat structure: the physical
arrangement of objects in space. Chapman and Hall, New York.

Uetz, G.W. (1976) Gradient analysis of spider communities in a streamside forest.
Oecologia, 22, 373-385.

Uetz, G.W. & Unzicker, J.D. (1976) Pitfall trapping in ecological studies of wandering
spiders. Journal of Arachnology, 3, 101-111.

Ugland, K.1., Gray, J.S. & Ellingsen, K.E. (2003) The species-accumulation curve and
estimation of species richness. The Journal of Animal Ecology, 72, 888-897.

USDI-BLM (US. Department of Interior, Bureau of Land Management). 1997. Standards
for healthy rangelands and guidelines for livestock grazing management. Booklet
BLM/WY/AE-97-023+1020. United States Department of Interior, Cheyenne,
Wyoming, USA.

Van Horne, B. & Bader, A. (1990) Diet of nestling winter wrens in relationship to food
availability. Condor, 92, 413-420.

55



Varady-Szabo, H. & Buddle, C.M. (2006) On the relationships between ground-dwelling
spider (araneae) assemblages and dead wood in a northern sugar maple forest.
Biodiversity and Conservation, 15, 4119-4141.

Waring, G. & Cobb, N. (1992) The impact of plant stress on herbivore population
dynamics. Insect-Plant Interactions, 4, 167-226.

Whitford, W.G., Van Zee, J., Nash, M.S., Smith, W.E. & Herrick, J.E. (1999) Ants as

indicators of exposure to environmental stressors in North American desert
grasslands. Environmental Monitoring and Assessment, 54, 143-171.

Whitford, W.G., Schaefer, D. & Wisdom, W. (1986) Soil movement by desert ants.
Southwestern Naturalist, 31, 273-274.

Wiggins, D.A. (2005) Pinyon Jay (Gymnorhinus cyanocephalus): A technical
conservation assessment. USDA Forest Service, Rocky Mountain Region.
Society for Conservation Biology, Oklahoma City, OK.

Willett, T.R. (2001) Spiders and other arthropods as indicators in old-growth versus
logged redwood stands. Restoration Ecology, 9, 410-420.

Willott, S., Compton, S. & Incoll, L. (2000) Foraging, food selection and worker size in
the seed harvesting ant Messor bouvieri. Oecologia, 125, 35-44.

Woodcock, B. (2005) Pitfall trapping in ecological studies. In: Leather S., Insect
Sampling in Forest Ecosystems, Blackwell Publishing pp 37-57.

Young, S. (1994) Insects that carry a global warming. New Scientist, 142, 32-35.

56





