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INTRODUCTION

There are two aspects of the monitoring framework presented here that are unique among
conservation plans elsewhere. First, this framework is explicitly science-based. In addition to
providing abundance and occurrence data, our approach focuses on hypothesis driven
guestions that assess the risk stressors pose to meeting consert@n objectives (Barrows et al.
2005). The effectiveness of this framework requires an experimental design that examines the
performance of populations with or without a particular stressor, and long -term data sets that
establish the temporal influence of stressors along with the resilience of populations when a
UOUI UUOUZzZUwDPOXEEUwDPUwWUI EUET EGw3T DPUWEXxxUOEET wol EF
relationships for population dynamics, allowing the separation of typical changes in
populations from thos e beginning a trajectory toward local extinction (Barrows and Allen
2007b).

Second, this framework embraces the multiple speciest community basis for the conservation
design and goals of the Coachella Valley MSHCP-NCCP. This approach creates efficiency, hut
more importantly develops a view of the impacts of environmental stressors and management
options across the breadth of biodiversity and multiple scales at which stressors can have
impacts within designated conservation areas (Barrows et al. 2005).

Compliance with specific monitoring criteria and tasks of the Coachella Valley MSHCP -NCCP
are detailed in a separate document (Monitoring Framework).

AEOLIAN SAND COMMUNITIES DESCRIPTIONS

The naturally occurring aeolian sand communities of the Coachella Vall ey floor include active
dunes, stabilized dunes (also referred to as mesquite hummocks), ephemeral sand fields, and
stabilized sand fields. These communities were initially defined based on distinct
geomorphologies (Table 1), but also have distinct speciesassociations and abundances (Barrows
and Allen 2007a, Barrows and Allen 2010). Those communities that have undergone the greatest
amount of loss due to human development include the active sand dunes and stabilized sand
fields which would have occupied mu ch of the central portion of the valley floor. As much as
83%-95% of these communities have been lost (Barrows et al. 2008). Another community which
has lost much of its original extent is the stabilized dune, or mesquite hummock community
type. Most of that loss occurred in the eastern portions of the valley in what are now the cities of
La Quinta, Indio and Coachella. Ephemeral sand fields have been least impacted by human
development, likely due to the high intensity wind and sand movement characterizing this
community, making it less hospitable to human uses. The general locations where these
communities still occur are shown in Figure 1.

Conceptual models can provide valuable tools in clarifying hypotheses as to how natural
systems are formed, function, and how stressors may impact those systems (Barrows et al.
2005). A conceptual model for the development of the Coachella Valley aeolian sand
communities is depicted in Figure 2. This model is unique to this valley due to the
unidirectional (northwest) nature of winds strong enough to catalyze aeolian sand transport



and the strong west to east gradient in precipitation.
damming and/or channelization), barriers to aeolian sand transport (wind breaks), and stabilization due to the spread of invasive

vegetation.

Geomorphic and Habitat
Characteristics

Active Dunes

Stabilized Sand Fields

Ephemeral Sand Fields

Identified stressors include barriers limiting fluvial inputs of sand (upstream

Stabilized Dunes

Aeolian sand depth

>3m

0-2m

0-2m

>3m

Base substrate

aeolian sand

silt, cemented sands

gravel, rocks

aeolian sand

Shrub Density

Mean < 0.005/ n#

Mean > 0.01/ n®

Mean > 0.049/ n}

Mean > 0.048/ n?

Wind velocity moderate moderate high moderate
Sand movement high moderate very high low
Precipitation gradient extreme (low) extreme (low) moderate moderate

Covered species primarily
assaiated with this
community

Fringe -toed lizard
Sand-trader cricket
Milkvetch

Round-tailed ground squirrel
Flat-tailed horned lizard

Fringe-toed lizard
Round-tailed ground
squirrel

Flat-tailed horned lizard

Fringe-toed lizard
Sand-treader cricket
Milkvet ch
Jerusalem cricket

Fringe-toed lizard
Round -tailed ground
squirrel

Table 1. Geomorphic characteristics and species associations of the four community divisions of the Coachella Valley Aeolian Sand landscape. Species il
bold typ e are populations that can reach the highest abundance when habitat conditions are appropriate.



Active Dunes

Stabilized Dunes

Figure 1. General location of the four naturally occurring Aeolian Sand communities of the Coachella
Valley. Small sand deposits in the Indio Hills are not shown at this scale.

The model indicates the likely loss of both ephemeral sand fields and active dunes if either sand
inputs or wind velocity are blocked. The more stabilized habitats will likely persist longer, but
they too will degrade over time. The models also indicate that the honey mesquite, Prosopis
glandulosawhich is usually associated with stabilized dunes, could be negatively impacted with
changes in the availability of permanent water at their root zone. Finally, active dunes may be
the most sensitive to the effects of invasive plant species. On ephemeral sand fields the intense
wind and sand movement appears to limit the establishment of invasive species. Active dunes
are also somewhat resilient to invasive species, though less so than ephemeral sand fields,
however the potential for stabilization of active dunes appears to be much greater, with
negative impacts to active dune associated endemic species (Barrows et al. in press).

The interaction of potentiEQwUUOUI UUOUUwPHUT WEOYIT Ul EwUxIT EDPI Uz wxO
in Figure 3. This and Figure 2 capture hypotheses as to interactions of stressors, as well as

identify research questions that test the utility of those hypotheses and the level of risk stressors

pose to the sustainability of the community composition and the populations of covered species

therein.



INITIAL RESEARCH QUESTIONS (TO BE ADDERSSED WITH MONITORING DATA)
Numbers in bold correspond to color -coded portions of the conceptual models.

e (1) What are the rates of sand transport for each of the aeolian communities? Are within
community sand transport rates changing in a consistent trajectory, or are the rates
oscillating around a mean?

e (1) Are sand depths and extent (volume) changing in a consistent trajectory, or are the
rates oscillating around a mean?

e (1) Is the aerial extent of the aeolian sand communities changing in a consistent
trajectory?

e (1) How does landscape pattern (patchiness, juxtaposition of community types)
influence population abundance and species richness?

e (2) Is the apparent senescence of mesquite on stabilized dunes the result of reduced
upwelling along earthquake fault zones, over -drafting of aquifers, climate patterns,
disease, or old age?

e (2)How does the loss of honey mesquite on stabilized dunes impact species composition
and abundance there?

e (3 Ul wUxI1 EPI UwdIi T EUDYI Oa uiakredduntiaty prbcasseBi ak 1 1 wi 1 1
a result of habitat fragmentation? (vehicle mortality ¢ predation pressure from
suburban-augmented predators 1 exotic/invasive species interactions)

¢ (3) Are species loosing genetic fithess due to fragmentation? (population isolation ¢
increase genetic homogeneityt reduced reproductive responses and/or survivorship to
positive resource inputs)

e (4) Are species responding negatively to invasive species occurrences? (reduced native
annual plant species)

e (4) Are native arthropods responding negatively to invasive species? (reduced
abundance and/or species richness)

e (4) Are food webs becoming less complex and potentially less robust and resilient to
changing conditions?

e (4) Are invasive species resulting in increased sand compaction and stabilization?

e (4) Are invasive species impacts creating trajectories in habitat conditions with likely
long-term population declines, or are the impacts ephemeral, with no long -term
consequences?



e (5 How do populations respond (relative numbers, reproductive response,
survivorship, mortality) to changes in resources (rain, annual plants, detritus,
arthropods) across a gradient of conditions?

¢ (5) Which species are most sensitive to the effects of climate change?
¢ Are management actions resulting in desired outcomes?

Surveys will be designed so that data collected can contribute to these research questions. The
guestions also are not designed to provide threshold values, beyond which management actions
are indicated. Rather they are designed to assess the risks that given stressors pose to the goal of
the MSHCP/NCCP of protecting sustainable populations and communit ies. If a high risk
stressor is having a negative impact and if that impact may have long-term consequences, then
remedial management should be considered and if practical employed as soon as possible.

MONITORING OBJECTIVES

1. Sand Transport/Ecosystem esses (metrics to be collected)
e Areal extent of each community type
e Mean and plot-specific sand transport rates within each community type
e Mean and plot specific change in aeolian sand depth within each community type
e Percent cover of aeolian sand versusgravel/rocks or silt/cemented sand in the ephemeral
and stabilized sand field communities
¢ Mean and plot specific sand compaction within each community type

2. Mesquite on Stabilized Dunes (metrics to be collected)
e Quantify health of mesquite on stabilized dunes (e.g. proportion of dead branches).
e Groundwater depths compared with mesquite health.
e Water isotope signatures for water within the plants, at deep groundwater levels and at
perched, shallow groundwater sources.
¢ Well depth records for locations near degraded versus healthy mesquite.
e Species associations with healthy versus degraded/senescent mesquite on stable dunes

Shallow groundwater depths will be measured with ground penetrating radar employed along
the gradient of mesquite health conditions. Water samples for isotope analyses will be collected
by 1) distilling water directly from the plant tissue, 2) digging down to shallow water sources,
and 3) collecting water from nearby well sources. Well depth records will be requested from the
Coachella Valley Water District.

3. Urbanization and Fragmentation (metrics to be collected)
e Species distributions with respect to conservation area edges
e Occurrence of predators (feral and natural)
e Occurrence of off-road vehicle trespass
e Reproductive recruitment rates for selected species
e Periodic analyses of genetic heterogeneity for selected covered species



4. Invasive Species (metrics to be collected)

e Measure the occurrence (density and percentage cover) of invasive exotic annual plants
as well as the same metrics f@ native annual plants.

¢ Measure the patterns of occurrence of invasive and native species at the landscape level.

¢ Measure the relative abundance of native versus exotic species

e Determine variables (e.g. sand quality and quantity; rainfall) that favor inva sive species
and natives.

e Determine the influence of atmospheric pollutants (nitrogen, phosphorous) on the
invasive behavior and success of exotic and native plant species.

e Measure the degree to which invasive species affect sand stability and aeolian trarsport
as compared to the effect of native species.

o Determine the effectiveness of control efforts.

The ultimate objective for these data will be for constructing a management model for if, when
and how to implement control measures for invasive annual sp ecies. Methods for measuring
annual species densities, percentage cover, and sand compaction and aeolian sand transport are
described below. Aerial/satellite Imagery will be employed to measure landscape -level patterns
of occurrence. Sensors will be deployed to measure carbon, nitrogen and phosphorus levels in
the near ground atmosphere.

5. Community Trajectories/Biotic Sustainability/Effect of Climate (metrics to be collected)

e Occurrence and changes in relative abundance of species with respect to resoures
including annual rainfall patterns, annual plants, perennial plants, arthropods, exotic
species and sand characteristics

e Occurrence and changes in relative abundance of species with respect to the EastVest
temperature and precipitation gradient across the Coachella Valley
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Figure 2. Conceptual models of the processes and patterns of the occurrence of the four aeolian sand communities of tle Coachella Valley.
Potential stressors and impacts on those communities are shown aswell. Numbers correspond to research questions and monitoring objectives,
which are described below.
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MONITORING METHODOLOGIES

Sand Transport Monitoring Methodology
Using high-resolution aerial/satellite imagery and ground -truthing, the aerial extent of each of
the aeolian community types will be mapped into GIS layers at least every three years.

Sand traps (Lancaster and Baas 1998) will be distributed across each of the aeiain community
types to measure sand transport rates. At least one sand trap will be placed at each monitoring
plot (described below). On each plot a metal rod will be permanently placed; sand depth will be
measured from the top of the rod (constant height) to the sand surface. In conjunction with
annual plant monitoring (see below) the relative percent cover of aeolian sand, cemented
sand/silt, and gravel/rocks will be visually estimated in 12, 1m squares within each monitoring
plot annually.

Biotic Monitoring Methodology

Since 2002 monitoring protocols have been under development for species occurring within the
aeolian sand communities of the Coachella Valley. These methodologies and resulting data
have generated a series of peetreviewed, published papers (Barrows and Allen 2007a, 2009,
2010; Barrows et al, 2006; Barrows et al. 2009). The criteria described briefly above are evaluated
here with respect to the monitoring protocols for two of the aeolian sand community reptiles,
the Coachella Valley fringe-toed lizard, Uma inornata the flat-tailed horned lizard, Phrynosoma
mcallii, along with sand treader crickets, Macrobaenetes valgunmmound-tailed ground squirrel,
Spermophilus tereticaudusnd Coachella Valley milkvetch, Astragalus lentiginosuvar coackllae
The approach adopted here includes measures of food resources, cover, sand conditions, species
associations (including small mammals and terrestrial birds) and food web linkages (potential
predator and prey species) layered onto each plot, and so iscommunity based by design. A
separate survey methodology has been developed for the Coachella Valley Jerusalem cricket,
Stenopelmatus cahuilaensishich is described following that for the other five covered aeolian
sand obligate species. This protocol was developed in 20032004, and then used again in 2009.

Plot Distribution

The basic design of the recommended surveys includes a set of randomly placed study plots,
each 10 m x 100 m (0.1 ha) (Fig 4). The random component of plot establishment is essentidibr
statistical inference and to extrapolate observed patterns to a community patch, community
type (multiple patches of the same community) or landscape (multiple community types and
patches).The distribution of current plots is shown in Figures 5 and 6. The plot distribution is
stratified with respect to the four aeolian sand communities and with respect to specific
research questions (page 6 & 7) which reflect the hypotheses identified in Figures 2 & 3. The
stratification by community is such that with in a polygon or patch of a community type the
plots were randomly located and that a sufficient number of plots within each community type
and placement along the precipitation gradient were sampled. That location was identified by
first randomly selecting a starting point along a line within the community so that each plot was
wholly contained within the community patch; plots were located at random locations along
that line. Random points that occurred closer than 50 m from the previous plots were rejected to
maintain independence between plots.
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Plots that were stratified due to specific data needs reflect the research questions listed above
(page 67). For instance, to identify the influence of anthropogenic edges on within -reserve
biotic integrity, plot s needed to be distributed with respect to the reserve edge (Barrows et al.
2006). Using roadways as clearly defined edges, clusters of plots were established from €250 m
from that roadway as well as within the core of the reserve. The random component wa s the
xOUPUDPOOWOT wiOT T w?2Y?2 wuxOOUWEOOOT wiOiI 1 wUOEEPEAOwWUT T w
regular intervals to facilitate statistical analyses of edge effects. Similarly to evaluate the
effectiveness of restoration efforts, plots need to be distibuted randomly with respect to
management treatment. Paired control plots need to be established that are close enough to the
management treatment to avoid introducing additional confounding site specific characteristics
that obscure the effect of the mamgement treatment. Control plots may then be established at
an a priori position/distance with respect to the treatment plot (e.g. Barrows et al. 2009).

Each plot was marked with a short wooden stake at the beginning, middle, and end so that a
biologist conducting surveys can easily determine their position within each plot. The stakes are
shorter than the surrounding vegetation so that they will hot become perches for predatory
birds and have a biased impact on the species being surveyed. Between Januaryand July data
are collected each year for sandtreader crickets (January-February) annual and perennial
vegetation, including Coachella Valley milkvetch (February to March), arthropods (April), sand
compaction (May), and vertebrates (May through July, and for a sub-set of those plots again in
September and October).

100 m

Figure 4. Schematic of basic plot design (not to scale). The twelve small squares represent locations for 1
m2 frame placement for annual vegetation density and cover estimates. The solid circles represent the
approximate location of three arthropod pitfall traps (always removed after sampling occurs).
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Figure 5. Distribution of the 150 monitoring plots (green dots) superimposed on the modeled distribution
of current potential habitat for the Coachella Valley fringe -U 01 EwOPAEUES3 w/ OUI OUPEOwI EEDPU
modeled using a Mahalanobis D2 analysis (Barrows et al. 2008). Red dots are located on small isolated

sand patches where annual preence-absence surveys occur.

Figure 6. Distribution of the 150 monitoring plots (green dots) superimposed on the modeled distribution

of current potential habitat for the flat -UED Ol Ewl OUOI EwODPAEUES w/ GasimbdgledE Ow i EE D |
using a Mahalanobis D2 analysis (Barrows et al. 2008). Red dots are located on small isolated sand patches

where annual presence-absence surveys occur.
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