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Over the last five years, the National Park
Service’s (NPS) Mojave Desert Inventory and
Monitoring Network (MOJN) has been leading the
charge to develop a long-term monitoring plan for
bats within the network thanks to additional
funding the NPS has provided through a
competitive internal funding source for tackling
emerging wildlife diseases. Bats face several
threats including habitat loss and degradation,
large scale wind energy development, and the
disease known as White-Nose Syndrome (WNS).
White-Nose Syndrome is caused by a previously
undescribed fungus now known as
Pseudogymnoascus destructans (Pd).

Pd grows on the nose and wings of some species
of bats while they hibernate which causes them
to arouse from hibernation more frequently than
normal (Fig. 1). This frequent waking depletes

their fat reserves and can cause bats to starve to
death before spring arrives (1). The fungus also
grows into their skin tissue, especially on their
wings, and can cause significant damage (2). It
was first discovered in upstate New York in 2006
and has been spreading across the continent
ever since, primarily from bat to bat as they leave
hibernation sites and seek out their summer I%‘
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presence of the fungus is first detected without
signs of the disease, with detection of the
disease usually only a year or two behind the
detection of the fungus.

The disease first showed up in the western
United States in Washington state in 2016. This
was a large jump from Midwestern states that
had been the furthest west the disease or the
fungus had been previously detected. This
slightly preceded our initial pilot year of bat
monitoring within the Mojave Desert. The plan
has been implemented in six NPS units including:
Death Valley National Park (DEVA), Mojave
National Preserve (MOJA), Joshua Tree National
Park (JOTR), Lake Mead National Recreation
Area (LAKE), Great Basin National Park (GRBA),
and Grand Canyon-Parashant National
Monument (PARA) (Fig. 3). Our monitoring plan
includes three survey methods: acoustic surveys,
Pd surveillance, and bat blitzes.

Acoustic surveys use bat detectors that record
and log acoustic bat echolocation calls as bats fly
near the microphone. It should be noted that not
all bats are detected equally as some species
have louder calls that can be detected from
farther away. Others have very quiet calls that
can only be detected when they fly within just a
few feet from the microphone. We cannot
determine how many bats are being detected but
we can get an idea of activity level of each
species. The detectors are placed out onto the
landscape for several consecutive days (4-7
nights) to maximize the chance of detecting most
species that occur in the area. After the detectors
are retrieved, the bat calls are processed with
special software that classifies bat calls to
species (5). Once the calls have been classified,
a bat acoustic expert manually verifies at least
one call per species per night of each detector
deployment. Our sampling methods are adapted
from the North American Bat Monitoring Program
(NABat) to fit within our sampling scale. NABat
created a grid of 10 km x 10 km cells across the
entire continent, then used a statistical method to
prioritize each of the cells within each state or
province (6). They recommend the top 3-5% of
these cells within each state be sampled. Once a
cell has been selected, they recommend up to
four detectors be deployed for a minimum of four
nights within a cell.
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Figure 3. A map showing the Mojave Desert Network park units. The darker tan outline is the
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Figure 4. A map showing the NABat grid cells that were selected within or adjacent to MOJN park units.
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At MOJN, we reviewed what top 3-5% priority
cells fell within the boundaries of our parks. We
selected all cells in the top 3% and a few from
the top 5% of the sample, which still showed
gaps in coverage within most parks. In order to
get a more representative sample from across
each park and to include an elevational gradient
of sites, we nonrandomly selected additional
sites using the presence of what is considered
good bat habitat (Fig. 4). In the desert, this
generally means anywhere there is water! So, we
reviewed desert springs and other sites that
either had open water that bats could access for
drinking or had riparian vegetation which would
bring in a higher abundance of insects for bats to
forage. Once we selected potential sampling
sites, we did a reconnaissance visit and selected
the specific detector location. To minimize any
impacts to the area, we use a 4-meter
extendable pole to mount the detector
microphone, which is connected to a cable
extending down the pole where it connects to the
weather resistant container that houses the
detector (Fig. 5). The pole is painted tan or light
green and is tied to branches and existing
vegetation to blend in with the environment.

Our sampling is conducted at 32 cells across six
National Park units. Although the NABat protocol
is focused on the summer season, we also
sample our cells in the winter season due to the
mild winters we have in the Mojave Desert. Many
of our species are intermittently active year-
round. In other areas, WNS has caused
hibernating bats to leave their roosts in search of
food, even in the dead of winter (7). If WNS has
arrived in our area before we have confirmed the
presence of the fungus, our winter sampling
allows for the potential to identify and detect the
species that may be affected. In the four years of
sampling that we have analyzed so far; we have
found at least 12 different species that are active
in the winter. Joshua Tree appears to host the
most winter active species, which isn’t a huge
surprise, being the southernmost park in the
network (Table 1). You can also see in the table
that no bats have been detected during winter
surveys at GRBA. Great Basin NP is much
farther north and colder than the rest of the
MOJN parks. During the summer we have up to
20 species across all parks. However, most
individual parks have fewer. As an example, we
detected 13 species across the 10 detector

Figure 5. An example of a detector deployment from Mojave National Preserve. Note the pole runs along
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branches of a desert willow tree with the microphone attached to the top and a cable wound around the
pole down to the detector that is kept in a weather resistant box hidden beneath camouflage netting at

the base of the tree.

Table 1. Species detected during winter surveys at all Network parks from 2018-2021. *MOJA had only
been sampled in one winter season. The Mexican long-tongued bat detection is considered a possible
detection and not confirmed due to the species only uncommonly being found in the area and never

confirmed from within the park.

Species DEVA GRBA JOTR LAKE MOJA? PARA
Pallid bat X X X X
Townsend's big-eared bat X

Big brown bat X
Spotted bat X

Western mastiff bat X X X
Silver-haired bat X X

Hoary bat X

Western yellow bat X

California myotis X X X X
Western small-footed bat X

Yuma myotis X X X

Canyon bat X X X X X
Mexican free-tailed bat X X X X X
Mexican long-tongued bat? X

Total Species Detected 6 0 9-10 8 3 6

locations at MOJA. The sites with open water or
more diverse riparian vegetation tend to have a
higher number of species (Fig. 6). In the future
we hope to assess trends in species composition
over time at each park and if a species seems to
be in decline, we can inform park management
so they may investigate potential causes. In
addition, NABat will be able to use our data for
large-scale regional analyses (8).

In addition to acoustic surveys, as bats are

moving from hibernation to summer roosts during
the spring (between mid-March and mid-April),
we capture them to test for the presence of Pd.
We primarily capture bats using finely meshed
nylon nets called “mist-nets” that are stretched
across open areas of water or across commuting
corridors or flyways (Fig. 7). Most sites are only
sampled once during the survey season. Bats
are swabbed with a moist sterile polyester swab
on their faces and wings and sent to a lab that
looks for the genetic signature of the fungus (Fig.
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8). We also inspect the wings for damage caused
by excessive growth of the fungus while
hibernating. In 2021, we had samples from eight
out of 126 bats from across four parks (including
MOJA) that tested “inconclusive” for the presence
of Pd. This means that DNA from the fungus was
apparently detected; however, it was in such low
amounts that there’s a chance it was a false
positive. We decided to be cautious with these
data by considering these areas as “Pd
presumed” which at a minimum allowed us to
increase awareness about the spread of Pd and
the potential that WNS could be or already is
impacting bats in the Mojave Desert. Fortunately,
all 172 samples collected in 2022 were negative.
Because WNS is just beginning to affect bats in
the west, we really don’t know which bat species
may be affected or how badly populations could
be impacted. As we are in a mild climate and
many of our species have been shown to be
active in the winter and be able to forage for
insects, we hope that impacts will be minimal or
only affect a small number of species. At the
same time, we don’t know the potential
ecological impacts of even one species
experiencing large population declines. In other
areas, bats have been found to provide
ecological services for the agricultural industry,
often saving them millions of dollars in costs that
otherwise may go to using more pesticides (9).

Our third sampling approach used in our program
is a “bat blitz,” where biologists gather in a
specific area or locale to conduct several days of
intensive surveys for bats. This allows for multiple
sites to be sampled per night, providing a
snapshot inventory of bat species in that area. In
addition, it provides training opportunities for
those that have less experience with different bat
monitoring methods. Our first blitz was hosted by
Grand Canyon-Parashant National Monument in
2017. We had over 20 people from six NPS units,
as well as state agency staff gathered for three
nights of surveys. We captured 162 bats of 12
species including the western mastiff bat
(Eumops perotis), which is the largest bat in
North American (Fig. 9). In addition to capture
surveys, we also deployed acoustic detectors
while the capture surveys were occurring which
increased our total species detections to 15.
Joshua Tree National Park hosted the blitz in
2018 and we had almost 30 participants with staff
from seven NPS units (Fig. 10). We captured 286

Species detected per site at MOJA
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Figure 6. Total species detected per detector location during summer season sampling from 2018-2021 at
MOIJA. Sites are grouped by cell (i.e. Coyote Spring and Snake Spring are both from the Granite Mountains

cell).
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Figure 7. A mist net is set across a drainage downstream from a spring at Joshua Tree National Park. This
type of set up is known as a “triple high” because it stacks three 3-meter tall nets on top of each other on
poles with a pulley system that can raise or lower the nets.

bats representing 11 species and detected an
additional two species with acoustic surveys. In
2019, Great Basin National Park hosted our most
recent blitz. We had almost 40 participants from
across nine different park units assist with this
blitz. We captured 183 bats of nine species from
regular mist net surveys and also assisted a
larger scale project that caught over 500 Mexican
free-tailed bats at a migration stopover cave as

part of a long-distance migration study that had
been ongoing for several years. One species of
interest that was captured is the hoary bat
(Aeroestes cinereus) which is the species most
heavily impacted by wind energy development in
North America (Fig. 11) (10). We have been
planning to have a blitz at Death Valley, but the
pandemic first cancelled our plans and then this
year, recent flooding made access to many sites
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impossible, and we had to postpone again. For

more information about our previous blitzes, you

can download summary project briefs from our

website here:

https://www.nps.gov/im/mojn/bats.htm

These collaborations between parks, MOJN, and

other partners are helping us build capacity for

bat monitoring across the region and we have
secured funding until at least 2026. This long-

term monitoring plan was established to be able

to track bat populations and assess potential
changes in species composition over time and

we hope to continue this project for many years.

In addition, our Pd surveillance efforts are

attempting to determine if or when the fungus

arrives in our region and then to provide

information to park managers to help guide

decision making. The ability to use the data at a

park scale while also providing our data to NABat

increases the robustness of larger scale analyses

that will benefit the conservation of bats across

the region.
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Increased Aridity Favors Biocrust Abundance but
Decreases Plant-Available Soil Nitrogen in the

Mojave Desert

Mariah T. Patton?, Timothy Ohlert?, Jennifer Rudgers?, Scott Collins?

Drylands cover ~40% of the Earth’s surface and
are increasing in extent (1, 2). Because of their
large geographical scale and pulse-driven
tendencies (3-5), drylands greatly influence
biogeochemical cycling, contributing over 50% of
the interannual variability in global carbon flux
(6). Climate models predict that drylands will
experience dryer conditions and more variable
precipitation (7-9). Sensitivity to these changes
in precipitation is also likely highest in areas with
the least mean annual precipitation (9, 10),
resulting in drylands being considered the most
sensitive. As droughts become more frequent
and precipitation becomes more variable in
drylands, it is essential to understand how these
vulnerable, yet influential, ecosystems will
respond to future climate scenarios.

Soil microbial communities called biological solil
crusts (or biocrusts; Fig. 1) are essential to
dryland ecosystem function and their presence is
often used as indicators of dryland health (11-
13). These surface microbial communities play a
major role in dryland carbon storage via
photosynthesis or loss of carbon by respiration
and decomposition. Furthermore, biocrusts also
dictate much of the nitrogen cycle through
fixation from the atmosphere and loss via
emissions. Models show that biocrusts are
responsible for ~46% of terrestrial biological
nitrogen fixation and ~ 7% of primary production
globally (14, 15). Biocrusts also have indirect
effects on soil nutrient availability by reducing
erosion and weathering, capturing windborne
dust particles, as well as increasing precipitation
absorption in the top layer of soil (16, 17).
Furthermore, biocrusts can also modify carbon
and nitrogen cycles in ecosystems through
mutualisms with plants and fungi. Some evidence

1 Department of Biology, University of New Mexico,
Albuguerque, New Mexico.
2 Department of Biology, Colorado State University,

Fort Collins, Colorado.

Figure 1. An example of cyanobacteria-dominated biocrusts, which are often referred to as “light

e

SR

biocrusts,” found in open areas among shrubs on coarsely sandy to gravelly soils within the Granite
Mountains Desert Research Center. Notice the darkened patches (shown with red arrows) where
cyanobacteria create a matted clump or crust that connects the soil particles together.

shows support for a “fungal loop,” where
biocrusts directly exchange their nitrogen for
carbon with plant root systems via fungal hyphae
(18-21). In addition, biocrusts can inhibit or
promote germination of certain plant species
depending on biocrust type and seed traits (22,
23). Biocrusts also provide some protection to
subsurface microbes from environmental
perturbations such as warming and drought (24).

Known to exist in the earliest terrestrial
ecosystems nearly 3 billion years ago (25, 26),
these cyanobacteria-pioneered microbial
communities are well adapted to harsh
environments, though not invincible in the face of
climate change (27). Biocrusts host a wide
variety of genes that mitigate harmful effects from
prolonged dry periods through desiccation and
dormancy (28). However, prolonged periods of

dormancy and brief windows of activation from
shorter pulses of precipitation can deprive
complex biocrusts of their stored carbon
reserves. This can happen if the carbon losses
were incurred during the first 20 minutes of
rehydration and depends on whether
photosynthesis reactivation can remain balanced
by sufficient synthesis of new carbohydrates
immediately after the activation window (29, 30).
A study in the Mojave Desert showed that mossy
biocrusts are already experiencing massive
mortality rates with increased temperatures and
aridity (31). As the North American deserts
continue to experience shifts in climate due to
anthropogenic climate change, it is increasingly
important to understand the consequences of
these changes on biocrusts and their ecosystem
services.
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Other than physiological tolerance, biocrust
sensitivity to drought might depend on the
composition of the community (32). For example,
evidence suggests that moss-dominant and

lichen-dominant biocrusts tend to be more
sensitive to climate change such as warming and
rainfall variability (33-37). Furthermore, the
identity of the dominant foundational
cyanobacteria can drive biocrusts’ response to
drought. For example, a study in the Chihuahuan
Desert showed that biocrust communities
dominated by a drought-tolerant cyanobacteria,
Microcoleus vaginatus, had more resistance to
drought compared to those dominated by
cyanobacteria in the Choleofaciculaceae family
(38, 39). Given that one continental survey
showed that sampled sites in Mojave National
Preserve (MNP) contained a greater ratio of
cyanobacteria in the Choleofaciculaceae
compared to the drought-tolerant Microcoleus
vaginatus (40), it is possible that the biocrusts
within our plots are more sensitive to drought due
to the composition of cyanobacteria present.

For this study, we collected data to address
several questions (see 41) assessing plant, soil,

and microbial response to drought-induced

conditions; however, this paper will address the Figure 2. An example of a drought-inducing shelter that induces a 66% reduction in rain below the

following question: What are the effects of canopy. Notice the white tubing laying in front of Tim Ohlert, this drained the water that was captured in
manipulated drought conditions on biocrust the v-shaped panels across the top. In the background you can see three more of the seven total drought-

.. L . inducing shelters located at the East site within the Granite Mountains Desert Research Center.
communities and their biogeochemical

contributions within the driest North
American desert, the Mojave Desert? We
Nationa!

hypothesized that biocrusts would be highly
sensitive and would greatly decline in abundance
in response to drought. Furthermore, we
investigated the biogeochemical consequences
of biocrust decline by quantifying plant-available
nitrogen (PAN) in the soil under drought
manipulation. We hypothesized that available soil
nitrogen would be lower in drier conditions
potentially due to lower microbial activity. To
answer these questions, we established a
drought manipulation experiment in 2018 at the gogle Londen/ Cocomicis Dala S10 NOAM LIS Moy NOA GERCO Dot LDED Lol Ner NOA co0 o N cag0a
Figure 3. Satellite image (provided by Google Earth) showing the location of the East and West sites,
approximately 450 m apart, in the open creosote scrub near the southeastern boundary of the Granite

Desert Research Center (GMDRC), embedded Mountains Desert Research Center. Silver Peak (top left) is the second highest peak in the Granite
within MNP in San Bernardino County, CA. We Mountains; Mojave National Preserve surrounds the GMDRC in all directions.

University of California’s Granite Mountains

constructed drought-inducing structures in 2018 panels (Fig. 2). These panels create a shelter for this study are part of a larger global

to impose a 66% reduction in precipitation year-  that blocks 66% of the rain, but not collaboration known as Drought-Net, which has
round (42). These angled shelters are 150 cm tall  photosynthetically active radiation, from the area  the broader goal of addressing impacts of a “1 in
at the high end and 60 cm tall at the short end below it (Fig. 2). The plots under these ramada- 100-year” drought to terrestrial ecosystems

and consist of a galvanized steel rectangular style structures are what we consider our throughout the world (43, 44). At the GMDRC, we
frame (585 m?) that supports 15 V-shaped acrylic “droughted” plots. The experimental sites utilized  established two sites (East and West)
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approximately 450 m apart (Fig. 3). Each site
contained 7 replicates of randomly assigned
drought-induced plots and control plots (N= 28).
Within each plot, we collected data within a 1 m?
quadrat placed in the center of each 2.5 x 2.5 m
plot that was marked for future repeat
measurements (Fig. 4).

To address changes in biocrusts after four years
(2019-2023) of drought treatment, we quantified
biocrust chlorophyll a and scytonemin pigments
from control and drought-induced plots.
Chlorophyll a is often used as an abundance
estimate for photosynthetic cyanobacteria (45).
Scytonemin is an excreted sunscreen that only
nitrogen-fixing cyanobacteria can produce (46).
Thus, scytonemin pigment concentration is used
as a proxy for the abundance of nitrogen fixers in
the biocrust sample (46). Specifically, we
collected 10 biocrust samples at random within
each plot’s quadrat. The samples were collected
with a 2 ml microcentrifuge tube cap (~ 1 cm
depth x 1 cm width) and aggregated by plot.
Samples were placed in a dark cooler and kept
dry and chilled at 4 °C until stored at -20 °C upon
returning to the University of New Mexico. To
process, we homogenized each sample and
used a mortar and pestle to grind the sample with
90% acetone for 3 minutes and vortexed for 30
seconds (47). Processed samples were stored
overnight for ~16 hours at 4 °C to induce
separation of supernatant from soil. Chlorophyll a
and scytonemin pigments were quantified by light
absorbance of the extracted supernatant at
wavelengths 384, 490, 663, 665, and 750 nm
using a Synergy H1 Hybrid plate reader (Biotek,
Winooski, Vermont, USA), followed by
calculations as provided by Garcia-Pichel and
Castenholz (46). In year three of drought
treatment (2021), we deployed Plant Root
Simulator (PRS®) probes (Western Ag
Innovations, Saskatchewan, Canada) in the
southeast corner of each semi-permanent
quadrat to compare plant nutrient availability in
the form of total PAN (a combined value of nitrate
and ammonium concentrations). PRS® probes
consist of resin strips that are either positively or
negatively charged to absorb nutrients in the soil
(Fig. 5). Probes were left buried in situ from
January 19th to May 10th, 2021 (Fig. 6) because
this four-month period seemed to be a good
candidate for high nutrient exchange due to
historically higher water availability from winter

TP o o SR A GEASE o a2 L N BN Y it
Figure 4. Data collection for this study occurred with a 1 m? quadrat marked with rebar for repeat

sampling over several years. These quadrats were placed centrally under the rainout shelters, as well as
in a control plot without a shelter (shown here). Tim Ohlert, Liz Fain, and Brooke Wainright (left to right)
are shown here identifying plant species at the West site.

precipitation combined with slightly warmer
temperatures, thus providing conditions for
potentially greater plant growth.

Before analyzing chlorophyll a and scytonemin
data, we compared several linear mixed-effects
models, each included some variation of drought
treatment, sample site, and collection date as
fixed variables and plot as a random effect to
account for repeated measures. Using the lowest
AlCc score (Akaike Information Criterion for small
sample sizes), we found that the best model that
explained chlorophyll a data was a linear mixed-
effects model that included treatment, site, and
collection date as interactive fixed effects and
plot as a random effect. The best model that
explained scytonemin data was a linear mixed-
effects model that included treatment as a fixed
effect and plot as a random effect. We log-
transformed the chlorophyll a data to achieve
normality of the model’s residuals in order to
meet assumptions before applying an ANOVA.
However, because we were not able to meet
ANOVA assumptions after transforming
scytonemin data, we used Kruskal-Wallis non-
parametric tests to analyze the effect of
treatment on scytonemin abundance per plot. If
results were significant, we completed post-hoc,
Dunn tests with Bonferroni adjustments to further
analyze differences between groups. Because
PRS® probe data represent one sampling period,
we used a linear model to analyze PAN which
included treatment and site as interacting fixed
effects.

Figure 5. PRS® probe after ~4 months of
deployment, with a plant root embedded in the ion
exchange material. Probes were shipped to Western
Ag Innovations where positive and negative ions
(soil nutrients) were stripped from each resin
membrane using a strong acid or base bath. Extracts
were then analyzed for concentrations of 11
different soil nutrients: Mg, P, K, NH4, NO3, Cd, Ca,
Al, Mn, Pb, and Fe.

Chlorophyll a concentration (Fig. 7) decreased
under imposed drought treatments only in the
last year of our sampling (P= 0.94; Treatment x
Date: P=0.007). In 2023, sheltered plots
contained around half of photoautotrophic
abundance compared to ambient plots (-53%).
Both sheltered and ambient plots contained the
least amount of chlorophyll a concentration in

2023 (P< 0.0001).
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In contrast, imposed drought treatment plots
contained higher scytonemin concentrations
compared to ambient plots (P= 0.001). This trend
was mostly driven by differences between
sheltered and ambient plots at the West site
where scytonemin increased by 6%, compared to
<1% at the East site (Treatment|Site: P< 0.05;
Fig. 8) and interacted with collection date
(Treatment x Date: P= 0.03). Scytonemin
concentrations did not vary by site (P=0.99) or
date alone (P=0.13).

PAN (Fig. 9) decreased (P< 0.001) by similar
amounts under drought at both sites: 42% at the
West and 39% at the East sites. Surprisingly, the
West and East sites had similar levels of PAN for
drought-induced and control plots, though
biocrust scytonemin concentrations varied. While
scytonemin is a useful proxy for understanding
nitrogen-fixing cyanobacteria abundance, this
pigment is not produced in other prokaryotes and
thus does not provide insight on the abundance
of potentially nitrogen-fixing heterotrophs
(including Archaea) which could potentially be
more active in control plots and thus offset a
possible decrease in cyanobacterial activity
there.

While we originally predicted lower biocrust
abundance in drought-induced plots compared to
control plots, our results reveal varying trends for
chlorophyll a and scytonemin pigments.
Specifically, we see generally higher amounts of
scytonemin concentrations in drought-induced
plots, but lower chlorophyll a only in 2023. These
results could be due to a release of competition
with plants for light (48), especially because
biocrusts were increasing production of the
sunscreen pigment, scytonemin (49). One study
conducted in a desert of New Mexico showed
that manual removal of plants can initially benefit
biocrust biomass, however, it was suggested that
this response could vary depending on plant type
and biocrust-plant interactions (50). For example,
in a different study conducted in a shrub-steppe
ecosystem of the Columbia Basin, the invasive
grass Bromus tectorum (cheat grass) had a
negative impact on biocrust cover while no
relationship was found with the native grass
cover (51). Vascular vegetation data so far show
a net decline in plot-level biomass at our two
sites with drought treatment (52). Even so, all
plots had a general increase in the invasive grass

Figure 6. PRS® probes, shown in orange and purple, were deployed within each quadrat.

Schismus barbatus (common Mediterranean
grass) (41, 52).

We also predicted lower PAN in drought-induced
soils compared to control soils, potentially due to
lower biocrust activity. While biocrust activity, as
mentioned, increased under drought-induced
plots compared to control, PAN in soils, on the
other hand, declined in drought-induced plots
compared to control plots. While biocrust
samples were collected from the surface soil
layer, PRS® probes measure soil nutrients down
to a depth of ~10 cm. Perhaps, morning dew
could provide nitrogen-fixing cyanobacteria with
enough water stores for maintenance, but not

enough for more expensive biological processes
such as nitrogen fixation. Thus, available
nitrogen could still deplete from the soil while
biocrust activity remains higher in drought-
induced plots.

As we continue monitoring vascular plant and soil
responses in this experiment, we will observe
whether control and drought-induced plots
diverge even more or even shift direction of
response with increased intensity of drought.
One limitation to manipulated drought
experiments in deserts, is that with little ambient
moisture over the study period (Fig. 10), or
without deliberate water additions, there may be
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only minimal differences in soil moisture between
control and treatment plots. In other words, with
little ambient precipitation, the drought treatment
that we are imposing may not be as extreme as
necessary to elicit a response compared to
control sites. Due to logistical constraints at these
sites, we were unable to provide artificial water
additions to our plots. However, our results so far
show that biocrusts might have some resistance
to drought with interesting relationships to
interactions with plants. Perhaps, a droughted
Mojave landscape will favor higher biocrust cover
as vegetative plant communities can no longer
cope.
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Research Highlights from the Sweeney Granite
Mountains Desert Research Center

Tasha La Doux *

The mission of the Sweeney Granite Mountains
Desert Research Center (Center) is to promote a
better understanding of the arid ecosystem found
in the Mojave Desert. One of the many ways we
fulfill this mission is by facilitating academic
research throughout the region. Each year the
Center hosts around 130 researchers from a
variety of institutions, universities, and
government agencies conducting studies in a
wide array of disciplines. The Center serves an
important “gateway” role to the deserts of the
Southwest. For example, many of the research
projects facilitated by the Center are conducted
on federal lands outside our boundary (e.g.,
Mojave National Preserve). More importantly, by
providing lands that are protected for the purpose
of research, we offer a unique opportunity for
scientists to establish long-term studies as well
as provide protection for sensitive study sites and
equipment. Described here are a few examples
of research projects that have been facilitated by
the Center over the last couple years.

Region-wide Desert Thrasher Monitoring

Jim Tietz, Ph.D., and Geoff Geupel, Ph.D., are
both biologists working for Point Blue
Conservation Science, a non-profit organization
whose mission is to conserve birds, other wildlife
and ecosystems through science, partnerships,
and outreach. Point Blue is currently a partner in
the Desert Thrasher Working Group (DTWG),
which conducts habitat suitability modeling and
works to enhance monitoring strategies for
thrasher species. The Point Blue field teams
have been conducting surveys for Bendire’s
Thrasher (Toxostoma bendirei) (Fig. 1) and Le
Conte’s Thrasher (Toxostoma lecontei) since
2017. Sadly, these are two of the fastest
declining desert bird species, which is why these

1 University of California Riverside, Natural Reserve
System, Sweeney Granite Mountains Desert

Research Center.

Figure 1. Bendire’s Thrasher (Toxostoma bendirei) sitting in a Mojave Yucca (Yucca schidigera). Photo ©
Mark A. Chappell.

scientists are working to improve our
understanding of their current distributions. The
effort was fine tuned in recent years to refine
existing spatial abundance models and to
develop regional habitat suitability models from
field habitat assessments. During surveys, they
collected data on all avian species present, with
special focus on Bendire’s Thrasher, LeConte’s
Thrasher, and the Loggerhead Shrike. Their
surveys targeted areas with current or historic
sightings of the birds; they also conducted habitat
evaluations by recording shrub and tree density,
vegetation ground cover, disturbance, ground
composition (e.g., boulders, sand, pebbles),
physical attributes (e.g., water tank), invasive
plants, and adjacent land use. With luck, this
research will guide future conservation efforts
and hopefully lead to improved conditions for the
thrashers.

Arthropod Biodiversity Survey at the
Sweeney Granite Mountains Desert Research
Center

This project is being managed by Ken Schneider,
a volunteer in the Entomology Department at
California Academy of Sciences; he is
collaborating with Dr. Christopher Grinter, the
Collection Manager of Entomology. Dr. Grinter is
a specialist in the Lepidoptera, mostly focused on
the Pyroloidea, a large superfamily of moths
often referred to as Snout Moths. Ken and Chris
are undertaking a survey of arthropods found at
the Center, with a special focus on obscure and
often neglected insect and arachnid families that
have thus far remained largely undocumented at
the Center. Special attention will be given to
Lepidoptera (specifically microlepidoptera),
Arachnids, and Hymenoptera; however,
collections will be generalized to build up a more
complete picture of the arthropod biodiversity
present within Center lands. Already Ken has
identified many new taxa for our species list. He
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was particularly excited about finding this Mojave
mantispid in the genus Plega (Fig. 2) during his
June 2022 visit. To date, Ken has collected more
than 200 insect specimens, nearly 25% of which
have never been documented at the Center. For
example, Ken found some round spiny stem galls
(Fig. 3) on Senegalia greggii. Ten days later,
three wasps emerged allowing identification as
Tanaostigmodes howardii (Fig. 4). In addition to
collecting museum specimens, most of which will
be housed at the California Academy of
Sciences, he takes high resolution photographs
of nearly everything he catches. Ken has been
an incredible resource for Center staff through his
efforts to update the species list and maintaining
impeccable records of his collections.

Unravelling the influence of endosymbiotic
bacteria on the biodiversity of Mucoromycota
fungi

This international collaborative project involves
researchers from three universities in two
countries (South Africa and United States). This
team of mycologists is studying the evolutionary
and ecological significance of a particular group
of filamentous fungi, Mucoromycota, and the
myriad of associated endosymbiotic bacteria. Dr.
Kevin Amses (Oregon State University) and Dr.
Nicole Reynolds (Cornell University) visited four
University of California Natural Reserve System
field stations in the fall and spring of this last year
(including the Granite Mountains Desert
Research Center) to collect data. Their intention
is to identify which environmental factors
influence the microbial composition living in
association with Mucoromycota, and more
specifically, to compare these factors across
environmental gradients on two different
continents. To achieve this goal, they collected
soil and root samples within two different arid
environments (Mediterranean versus Desert
shrublands) in California, while their collaborators
sampled across similar gradients in South Africa.

Together, this team of scientists aims to identify
how the bacterial endosymbionts are driving
fungal diversity (and vice versa) and how these
symbiotic relationships are influencing the
composition, structure, and dispersal of the
microbial community in arid environments.

Figure 2. A mantispid in the genus Plega caught in a pitfall trap turned out to be a new taxon for the
Granite Mountains invertebrate species list. Photo by Ken Schneider.
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Figure 4. Ten days after collecting the gall, the wasp
(Tanaostigmodes howardii) emerged. Photo by Ken
Schneider.

Figure 3. Stem gall on the branch of Senegalia
greggii. Photo by Ken Schneider.
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Mojave Broadband Seismic Experiment

Marcy Davis, Ph.D., and Dan Duncan, Ph.D., are
both Engineering Scientists at the Institute of
Geophysics working with a team of researchers
from University of Texas, University of Colorado,
and the Swiss Federal Institute of Technology in
Zurich. This project started in 2018 with the
deployment of 19 seismic sensors placed at
roughly two-kilometer intervals across the
Eastern California Shear Zone starting in the
Granite Mountains heading west toward Ludlow,
California. The goal was to test a new type of
portable and lightweight seismometer (Fig. 5)
developed at University of Texas Institute of
Geophysics that has a small-footprint but can still
provide details of the structure in the Earth’s
lithosphere, as well as help to understand how
the Earth deforms in young strike-slip fault zones.
By recording Earth’s natural vibrations
continuously over a four-year period, the Mojave
Broadband Seismic Experiment aims to show
that their mobile instruments allow for easy, but
in-depth, studies of fault systems. Fortuitously,
the sensors also recorded the M7.1 Ridgecrest
earthquake sequence in July 2019. All 19
seismometers were collected in March 2021,
such that all data are now in the process of being
analyzed.

Photo by M. Davis.
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