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Overview of Appendix F

This appendix contains the conceptual models and ecological status assessment results for the species
selected as conservation elements (CEs) for the Madrean Archipelago REA. Appendix A describes the
methods for selection of the CEs and the change agents (CAs), as well as the collection and organization
of management questions (MQs) of interest to many partners active in this ecoregion. Appendices B and
C contain the assessment methods used to assess status for all of the CEs: B contains the methodological
approaches to the geospatial assessments, while C contains the technical GIS documentation. Other
appendices contain the conceptual models and ecological status assessment results for the terrestrial
CEs (Appendix D) and aquatic CEs (Appendix E). Three additional appendix volumes contain the
ecoregional conceptual model and methods / results for the ecological integrity assessment (Appendix
G); the conceptual models, methods and results for assessment of Mesquite Expansion: Restoration
Opportunities (Appendix H); and the climate changes methods and results (Appendix I).

The content of this appendix is organized into the following major sections:

1. The Overview of Appendix F explains the content of the appendix to help the reader navigate
the content, including a summary of how the CE conceptual models are organized, what
material is provided in each one, and how the results of the assessment are organized for each
CE.

2. The second section, Distribution Mapping Methods, provides a brief summary of methods used
to map the distributions of the species and species assemblage CEs; detailed technical
documentation of these methods is provided in Appendix C.

3. The third section, Status Assessment Methods, provides a brief summary of the status
assessment methods that are specific to the CEs in this appendix; readers should reference
Appendix B for complete details on the scientific rationale and technical approach to the status
assessments.

4. The fourth section, Species and Species Assemblages: Conceptual Models and Ecological Status,
contains the conceptual models and assessment results for each CE and is the primary focus of
this appendix.

5. References for this appendix as a whole are at the very end of the document. (References for
each individual CE are at the end of each of the CE sections under Species and Species
Assemblages: Conceptual Models and Ecological Status.)

To help visually organize the content for readers, headings are not numbered for the sections containing
the background or supporting or overview information. In addition, headings for the broader
categorizations of the CEs (e.g., Mammals, Reptiles, etc.), are similarly not numbered. Sections
containing the individual CE assessment content — conceptual models, status assessment results, and
other CE-specific information — have outline-numbered headings (e.g., F-1, F-1.1, F-1.2, etc.).

The individual CE content follows the below structure:

1. Species X
1.1.Conceptual Model
1.1.1.Classification
1.1.2.Distribution
1.1.3.Population
1.1.4.Reproduction
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1.1.5.Habitat and Ecology
1.1.5.1. Habitat
1.1.5.2. Connectivity
1.1.5.3. Food
1.1.5.4. Phenology
1.1.5.5. Predators
1.1.5.6. Demographics
1.1.5.7. Disease and Parasites
1.1.6.Change Agent Effects on the CE
1.1.6.1. List of Primary Change Agents
1.1.6.2. Altered Dynamics and Stressors
1.1.7.Ecological Status: Key Ecological Attributes and Indicators
1.1.7.1. Key Ecological Attributes
1.1.8.Relationship of KEAs to Fundamentals of Rangeland Health
1.1.9.Conceptual Model Diagrams
1.2. CE-Specific Assessment Methods
1.3.Considerations and Limitations
1.4.Ecological Status Assessment Results and Interpretation
1.4.1.Current Ecological Status: Development, Fire Regime, Invasives
1.4.2.Current Ecological Status: All Change Agents
1.5.References for the CE

Overview of the Conceptual Models

The conceptual models combine text, concept diagrams, and tabular summaries in order to state
assumptions about the ecological composition, structure, dynamic processes, and interactions with
major CAs within the ecoregion. These conceptual models provided the foundation for developing
spatial models to enable gauging the relative ecological status of each Conservation Element (CE). The
content included for each species CE conceptual model is described below. The MAR is a highly
biologically diverse region, but only a select subset of eight species conservation elements (Table F-1)
were chosen for the REA; methods for selection are described in Harkness et al. (2013). The descriptive
material builds upon existing species descriptions compiled by NatureServe (see
http://www.natureserve.org/explorer/index.htm to search and download existing descriptions). The
information developed is generally intended to cover the full range of distribution of the CE, which can
extend beyond the ecoregion, but includes characteristics or dynamics as they occur within this
ecoregion to the extent that MAR-specific information was available for the species. The list of species
CEs for the MAR is provided in Table F-1.

Table F-1. Species conservation elements (species CEs) selected for the Madrean Archipelago REA.
Mammals

Pronghorn (Antilocapra americana)

Coues White-tail Deer (Odocoileus virginianus couesi)
Desert Bighorn Sheep (Ovis canadensis)

Black-tailed Prairie Dog (Cynomys ludovicianus)

Reptiles

Desert Box Turtle (Terrapene ornata subspecies luteola)
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Amphibians

Chiricahua Leopard Frog (Lithobates chiricahuensis)

Assemblages

Grassland Birds
Botteri’s sparrow (Peucaea botterii)
Grasshopper sparrow (Ammodramus savannarum)
Scaled quail (Callipepla squamata)
Baird’s sparrow (Ammodramus bairdii)

Nectivorous Bats
Lesser long-nosed bat (Leptonycteris yerbabuenae)
Mexican long-nosed bat (Leptonycteris nivalis)
Mexican long-tongued bat (Choeronycteris mexicana)

Conservation Element Characterization
This section of the conceptual model includes a narrative of the CE classification, distribution, protection
status, biology and distribution status, and habitat and ecology with supporting literature cited.

Classification — clarification of element taxonomy and clarification of any anomalies or changes
concerning taxonomic distinctness of the species.

Distribution — Total geographic range-wide extent of the species including breeding/non-breeding or
seasonal ranges if specified and with a discussion of any MAR specific range issues.

Population — Estimate of the total number of locations where the species is known to occur across its
range including information on how the estimate was derived. When available, MAR-specific population
information is provided.

Reproduction — discussion of reproduction of the species across its range including information on
clutch/litter size and frequency, gestation/incubation period, seasonal timing of reproductive activities,
nature and period of any parental care, age of sexual maturity, and size and general nature of breeding
aggregations.

Habitat and Ecology — A description of habitats and microhabitats commonly used by the species
throughout its range; including any daily seasonal and geographic variation within habitat use and
considerations of mobility and connectivity between populations. A summary of the ecology of the
species across its range, including information on food, phenology, predators, competitors,
demographics, disease and parasites and any other significant ecological factors is also included.

Change Agent Effects on the CE

In this section the primary change agents and current knowledge of their effects on the CE are
characterized. Some CAs have specific effects on each CE such as the alteration or destruction of habitat
or disruption of connectivity between populations. This section lists the known change agents and then
moves into describing the altered ecological dynamics of the CE, with a narrative on the effects of CAs
on the individual CE.

Diagrams for the Model
Each species is represented by one diagram that includes key ecological attributes and stressors and
change agents that are currently acting upon the key attributes. Diagrams are a visual representation of
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how change agents interact with key ecological attributes for each species. They are designed to
highlight key drivers for species ecological health.

Ecological Status: Key Ecological Attributes and Indicators

NatureServe’s ecological integrity assessment framework sets up practical criteria for assessing the
ecological status of each CE within an ecoregion (Faber-Langendoen et al. 2006, Unnasch et al. 2009).
This section of the conceptual model addresses Key Ecological Attributes and their potential indicators.
The ecological status is a way of describing current status via criteria, functionality, or levels of attributes
and asks if they are within the normal range of variation. Is it within its “proper functioning condition”?
Attributes are direct and indirect measures of a species habitat status or function. Key Ecological
Attributes (or their indicators) should be measured to take the “pulse” of a species habitat. High scores
indicate high ecological integrity and high ecological functionality.

Key Ecological Attributes

The key ecological attributes for the CE within the Madrean Archipelago ecoregion are identified in this
section. A key ecological attribute of a focal ecological resource is a characteristic of the resource’s
biology, ecology, or physical environment that is critical to the resource’s persistence in the face of both
natural and human-caused disturbance, e.g., resistance or resilience (Holling 1973, De Leo and Levin
1997, Parrish et al. 2003, Unnasch et al. 2009). Alteration of such a characteristic beyond some critical
range of variation will lead to the degradation or loss of the resource within decades or less.

For each CE, a table provides identified key ecological attributes, with a brief definition, a rationale for
why it is important for the CE, and a listing of stressors or change agents that might be affecting the key
attribute.

Key ecological attributes of a resource include critical or dominant characteristics of the resource, such
as specific characteristics of:

a) demographic or taxonomic composition;

b) functional composition;

c) spatial structure;

d) range or extent.

They also include critical biological and ecological processes and characteristics of the environment that:
a) limit the regional or local spatial distribution of the resource;
b) exert pivotal causal influence on other characteristics;
c) drive temporal variation in the resource’s structure, composition, and distribution;
d) contribute significantly to the ability of the resource to resist change in the face of
environmental disturbances or to recover following a disturbance; or
e) determine the sensitivity of the resource to human impacts.

Conservation of key ecological attributes contributes to current ecological integrity and to the resilience
of species in the face of large-scale or long-term stressors (Parrish et al. 2003). The ecological integrity
assessment framework (Unnasch et al. 2009) identifies four classes or categories of key ecological
attributes: landscape context; resource size or extent; biotic condition; and abiotic condition. These four
may overlap, and provide a guide for considering and identifying key ecological attributes. They also
provide a basis for integrating information on key ecological attributes.

e “Landscape context” refers both to the spatial structure (spatial patterning and connectivity) of

the landscape within which the focal resource occurs; and to critical processes and
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environmental features that affect the focal ecological resource from beyond its immediate
geographic scope.

e  “Size” refers to the numerical size and/or geographic extent of a focal resource.

e  “Biotic condition” refers to biological composition, reproduction and health, and succession; and
critical ecological processes affecting biological structure, functional organization (e.g., food-
web guild structure), and interactions.

e “Abiotic condition” refers to physical environmental features and dynamics within the
geographic scope of the focal resource that significantly shape biotic conditions, such as fire,
weather, and hydrologic regimes; and soil and geological conditions and dynamics.

Taken together these attributes tell the story of the current status of a species habitat.

Indicators of Key Ecological Attributes

Assessing the status of key ecological attributes requires explicit identification of indicators (also called
metrics) — specific means for measuring their status. These are the detailed metrics that measure the
amount or status of each key attribute. There are many potential indicators, and the choice is largely
dependent on the purpose of the assessment and available data. An indicator may be a specific,
measurable characteristic of the key ecological attribute; or a collection of such characteristics
combined into a multi-metric index. Such indicators directly evaluate the condition of the KEAs and their
responses to stressors (change agents).

Alternatively, indicators may evaluate the severity and extent of the stressors themselves. Such
“stressor-based” indicators may consist of a single measurement type, or a collection of such
measurements combined into a multi-metric stressor index. Indicators of stressors are often used as
indirect indicators of a key ecological attribute, because data on stressor condition is often far more
readily available than data on direct indicators. Examples of stressor-based indicators include measures
of overall landscape development such as the Landscape Condition Model methodology (Comer and Hak
2009, Comer and Faber-Langendoen 2013); measurements of invasive non-native annual grass
distributions that affect fire regimes; measurements of fragmentation due to development; or
measurements of the stress water use places on aquatic natural resources.

During the data evaluation, analysis and assessment of status portions of the REA, the indicators used
for each KEA for each CE were identified and are explained in Appendix B. The results of the status
assessment are contained in this appendix.

References for the CE

Literature is listed that is relevant to the classification, distribution, floristic composition, ecological
processes, threats, stressors, or management of the CE, in some cases from portions of its range outside
of the ecoregion. These are not exhaustive literature surveys, rather are an accumulation of known
references. Some documents may be listed that are not cited in the narrative text.

Overview of the Status Assessment Results

Each CE summary has a section titled Ecological Status Assessment Results and Interpretation. This
section of the individual CE material presents the results of the CE status assessments, and includes both
maps and accompanying interpretive text. Readers are referenced to Appendix B for the overall
methodological approach for assessing status, and descriptions of scenarios that were used, including
data inputs, process model diagrams, data outputs, and limitations. Appendix C provides the detailed
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documentation of the GIS procedures followed to create the CE and CA distributions, and evaluate the
scenarios for status.

Maps are provided for each CE showing the status or condition scores for each individual indicator at the
resolution of the analysis unit (30m pixels), as well as the CE’s overall ecological status scores, which is a
combination of all indicators, at both a 30m resolution and rolled up into the 4km grid cell reporting
unit. The following series of status results maps and charts are provided for each CE:

Maps of individual indicator scores
e Development, 30 meter resolution
e Fire Regime, 30 meter resolution
e |nvasives, 30 meter resolution

Note: Chiricahua leopard frog has a different set of indicators, which is explained in the Status
Assessment Methods section below, and also in the Chiricahua leopard frog section.

Maps and charts of comprehensive ecological status assessment results
e Ecological status, 30 meter resolution

e Ecological status, averaged across 4 km reporting units
e Chart showing frequency distribution of ecological status scores within 4km reporting units

The individual indicator results maps are grouped together for each CE, followed by text explanation and
interpretation. The overall ecological status maps and accompanying charts are presented in a second
grouping, followed by interpretive text. The interpretive text for the results does include material that is
repeated for each CE, so that the reader will not need to return to the methods sections repeatedly.
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Distribution Mapping Methods

The datasets and methods used to map the distribution of species CEs in the Madrean Archipelago
assessment area are briefly described here; Appendix C provides the technical details of the datasets
and GIS processing steps used to map distributions. In general, existing datasets from the state wildlife
agencies served as the foundation for the distribution maps. In a few cases, limited additional spatial
modeling was conducted to generate distributions.

For the three ungulate species, pronghorn, Coues white-tailed deer, and desert bighorn sheep,
distribution maps of their occupied habitat were created by combining the relevant distribution datasets
provided by the AZDGF and the NMGF.

The Natural Heritage New Mexico program, under the auspices of the New Mexico Department of Game
and Fish, modeled the potential distribution of desert box turtle across the MAR using New Mexico
Natural Heritage data and extending the methods used for modeling distribution in the Arizona portion
of the MAR (AZGFD HabiMap) into the New Mexico portion. The resulting data set was used to map
current distribution for this CE.

The spatial distribution of the Chiricahua leopard frog (Lithobates chiricahuensis) CE was represented by
selecting all 6™-level watersheds (USDA NRCS Watershed Boundaries (HUC12)) that overlapped with
leopard frog recovery units as identified in the USFWS Chiricahua Leopard Frog (Lithobates
chiricahuensis) Recovery Plan (USFWS 2007). The resulting distribution is wide in scope to allow the
ecoregional assessment to address landscape-scale management questions presented by the BLM
technical team.

The data used to represent the distribution of the grassland bird assemblage was the distribution map
for the MAR Apacherian-Chihuahuan Semi-Desert Grassland and Steppe CE; this dataset was derived
from the TNC Arizona grasslands dataset, as described in the Distribution Mapping Methods section of
Appendix D (as well as in Appendix C). This single data set was used because there are too many species
with distinct habitat needs in the assemblage to feasibly utilize all of the individual distributions for the
analysis.

A new distribution map for nectar-feeding bats within the MAR ecoregion was modeled by using roost
sites as focal points that were buffered based on proximity to habitat (vegetation types) and elevation.
All nectivorous bats roosts in Arizona and New Mexico were buffered using a radius between 25 and 50
miles. (The buffer radius was selected to take in account nightly foraging distances as summarized in
USFWS 2013, but is provided as a range to mask the location of roost sites being buffered). These areas
were intersected with distributions of five ecosystems* expected to support bat habitat and limestone
soil distributions (indicating agave habitat) to identify areas with suitable habitat (see Appendix C for a
detailed description of the distribution modeling for this assemblage). Because of the sensitivity of bat
roost sites to human disturbance, this distribution data is sensitive and was not delivered to the BLM.

! The five ecosystems are 1) MAR Apacherian-Chihuahuan Semi-Desert Grassland and Steppe, 2) MAR Madrean
Encinal, 3) Sonoron Palo-Verde Mixed Cacti, 4) MAR North America Warm Desert Riparian Woodland and
Shrubland Mesquite Bosque and Stream, and 5) MAR North America Warm Desert Lower Montane Riparian
Woodland and Shrubland and Stream
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Status Assessment Methods

Appendix B describes the conceptual scientific approach and rationale for the ecological status
assessment (Appendix B: Rationale for Ecological Status Assessment Approach) and the detailed
technical approach for conducting the assessment (Appendix B: Ecological Status Assessment Technical
Approach). As described there, a raster-based spatial modeling tool, the Landscape Condition Model
(LCM), was used to assess ecological status of CEs. Two categories of inputs are needed to assess
ecological status using the LCM: 1) the CE response models, and 2) the spatial KEA indicator scenarios.
The CE response model is a series of numeric values that characterize how each CA is expected to
reduce status or condition of the CE onsite (site intensity values) and, in some cases, offsite (distance
values); the response model values were assigned by ecologists on the contractor team using the
information on the CE’s ecology and dynamics as summarized in the CE’s conceptual model. The site
intensity values indicate the degree to which the impact of the specified CA features degrades the
ecological status of the CE where the CA feature is present. The KEA indicator scenarios are aggregations
of spatial raster datasets representing the CA features that were identified to assess each of the
indicators for the CE. The starting point of the model is a theoretically perfect status or condition score
of 1.0 for each pixel of a CE’s distribution; zero is the lowest status score. The LCM tool applies the CE
response model values for each of the CA features to the KEA indicator scenarios to calculate overall
ecological status scores for the CE across its distribution. Where multiple CA features overlap, the
associated response model values were multiplied to approximate a cumulative CA effect. The overall
ecological status scores indicate the degree to which the combined CAs present in the CE’s distribution
degrade the ecological status of the CE, accounting for distance effects as appropriate. Readers should
refer to Appendix B for more detail and background on how the status assessment was conducted.

Linking CE Conceptual Models to CE Status Assessments

It is important that the ecological status assessment of CEs be grounded in what is known about each of
the CEs — their ecology, dynamic processes, and stressors. The conceptual models developed for the
species and species assemblage CEs of the MAR provided the scientific context and current knowledge
base from which to identify the key ecological attributes (KEAs) and their indicators to be assessed to
characterize ecological status, and to characterize CE responses to CAs via the CE response models (see
Appendix B: Rationale for Ecological Status Assessment Approach).

KEAs, Indicators, and Scenarios

The status assessment of species CEs in the MAR focused on three primary KEA/indicator pairs for which
spatial data were available: 1) Landscape Condition/Development, 2) Fire Regime/Fire Regime
Departure, and 3) Biotic Condition/Invasive Species, with the exception of Chiricahua leopard frog and
black-tailed prairie dog. For the KEAs specifically identified for species CEs in this REA, data to measure
direct indicators of status were not available; therefore, all of the indicators used to assess ecological
status are indirect, stressor-based indicators. The KEAs and indicators assessed are listed in Table F-2.
For each of the indicators selected for the species status assessments, a KEA indicator scenario
representing the spatial extent of the change agents identified to assess the indicator was generated
(see Appendix B: Scenario Generation: Current and Future); the KEA indicator scenarios associated with
each indicator are also listed in Table F-2. The types of spatial data used to represent the relevant
change agents are listed in the Indicator Datasets column of Table 3-3 in the main body of the report. In
addition, not all KEAs identified for each CE could be assessed due to data gaps; there may be more KEAs
identified for an individual species CE than were evaluated to determine ecological status.
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Table F-2. List of key ecological attributes (KEAs) identified for CEs in the conceptual models with their
corresponding indicators and KEA indicator scenarios that were assessed for each of the species CEs.
(except for Chiricahua leopard frog and black-tailed prairie dog).

Habitat Condition

Development

Landscape Condition

KEA Indicator
KEA Class: . Scenario .. .
KEA Name Indicator Name |y ye— Type and Description of Indicator Used
B)
. Stressor-based: Modifications to land
Landscape Context: Current Scenario,

surface for human use that affects CE
habitat directly or indirectly

Landscape Context:
Habitat Availability

Development

Current Scenario,
Landscape Condition

Stressor-based: Modifications to land
surface for human use that modifies or
destroys the CE habitat

Biotic Condition:

. . Current Scenario, Stressor-based: Abundance of invasive
Forage Quality/ Invasive Plant . . . .

. R Vegetation species (mesquite and exotic grasses &
Vegetation Species ..

- Composition forbs)
Composition
. . L. . . .. Stressor-based: Altered fire regimes as

Abiotic Condition: Fire Regime Current Scenario, Fire . . & .
. . X reflected in successional classes & their

Fire Regime Departure Regime

proportions

The Chiricahua leopard frog was assessed using a different suite of four KEAs/indicators (for which
spatial data were available), as listed in Table F-3 (and also listed in Table 3-3 in the main report). These
indicators address the unique CAs of non-native aquatic species that prey on Chiricahua leopard frogs
and the species’ life cycle requirement for water. For each of the indicators selected for the leopard frog
assessment, a KEA indicator scenario representing the spatial extent of the change agents identified to
assess the indicator was generated (see Appendix B: Scenario Generation: Current and Future); the KEA
indicator scenarios associated with each indicator are also listed in Table F-3. The types of spatial data
used to represent the relevant change agents are listed in the Indicator Datasets column of Table 3-3 in

the main body of the report.

Table F-3. List of key ecological attributes identified for the Chiricahua leopard frog in the conceptual
model with the indicators and associated KEA indicator scenarios that were assessed for this CE.

KEA Indicator

KEA Class KEAName Indicator . Indicator Notes
Scenario
. Development | Current Scenario, | Stressor: Modifications to land surface for
Landscape Habitat . .
... Landscape human use that affects CE habitat directly
Context Condition L. -
Condition or indirectly
. Development | Current Scenario, | Stressor: Modifications to land surface for
Landscape Habitat .
Context Availabilit Landscape human use that modifies or destroys the
y Condition CE habitat
L. Non-native Invasive . . . .
Biotic Aquatic Species Current Scenario, | Stressor: Abundance of invasive species
Condition S:ecies P Aquatic Invasives | (bullfrog and other high-impact species)
. Condition of | Recent Sever .
Abiotic ondition o ecent Severe Current Scenario, | Stressor: Recent severe burns that
. Water Burns . . . . L .
Condition Fire Severity increase sedimentation into CLF Habitat
Sources
. ., Condition of Water Use ,
Abiotic Water Current Scenario, | Stressor: Water resource removed from
Condition: Total Water Use | CLF habitat
Sources
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Ecological status was not assessed for the black-tailed prairie dog beyond providing a potential habitat
model because management questions tied to reintroduction are highly locally driven and therefore not
readily addressed by the standard status assessments or data collected for this REA.

CE Response Models

As described in Appendix B (Ecological Status Assessment Technical Approach) and above, the KEA
scenarios were input into the LCM in conjunction with a response model for each CE; the LCM first
intersected the CE distribution map with the KEA indicator scenario, and then the response model was
applied to those intersecting pixels to derive a raster map of the calculated status or condition score for
each pixel in the CE’s distribution. The response model was constructed using information from the CE
conceptual models to characterize how a CE is expected to respond in the presence of the CAs (and in
some cases, a distance out from the CA) for a particular indicator; Table F-4 below provides a complete
listing of all the CAs used in the KEA indicator scenarios and the associated response values (site
intensity and distance) that were assigned for each species. Within each of the following categories of
CA features, site intensity and distance decay were assigned the same values for all species:
Transportation, Mining and Landfills, Energy, Recreation, and Urbanization. Values are also the same for
the specific CA inputs of communications towers, below-ground corridors and above-ground corridors.

Response Model Values by Indicator

This section provides additional information is provided about each indicator and how the associated
site intensity and distance values were assigned in the CE response models for the status assessment. In
addition, see Appendix B: Species Current Scenario Generation Process Model where more details are
provided about the inputs and limitations for the corresponding KEA indicator scenarios for each of the
indicators.

Development Indicator

The development indicator is a stressor-based indicator of the spatial extent and intensity of human
modifications to the land surface that alter the habitat of species CEs in the MAR ecoregion. The
indicator takes into account the extent and density of urban development; infrastructure such as above-
and below-ground distribution corridors, communication towers, and border barriers; a wide range of
transportation features; mines and landfills; recreational development; agriculture; and energy
development. The site intensity values assigned to the various development features ranged from 0 to 1,
with the highest value of 1.0 indicating no ecologically relevant effects, and the lowest value of 0.0
indicating modifications that essentially eliminate all natural cover and ecological functions.

It is important to note that most development features were assigned much lower values than the non-
development change agents (i.e., fire regime departure, and invasives); for example, site intensity values
for urbanization range from 0.05 to 0.6 for high to low density development, respectively, while the
lowest site intensity values for invasives start at 0.65 and range as high as 0.9. This is because many
types of development (e.g., high-intensity urban development, roads) have a more severe on-site impact
than the other indicators. However, except for urban development, most features associated with the
development indicator are highly discrete and localized and usually not readily visible at the scale of the
ecological status maps; although not visible at this scale, they are nonetheless pervasive throughout the
ecoregion. In particular, effects of many of the very small, local areas of development, or small linear
features (e.g. dirt roads) are not readily visible at the scale of the development indicator maps.
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Fire Regime Departure Indicator

The fire regime departure indicator is an indirect measure of fire regime across the CE’s estimated
distribution. It is based on the Vegetation Condition Class (VCC) dataset produced by Landfire, which
was developed to compare historical reference conditions with current conditions for individual
ecological system types. Landfire VCC is calculated based on changes to species composition, structural
stage, and canopy closure, and derived by comparing expected (historic) proportions of structural stages
with current proportions for the individual ecological system. This then results in a ranking of departure
from expected historic range of variability, which can be interpreted as “how has the disturbance regime
(for the REA purposes and relevant to this ecoregion: fire regime) changed from its historical variability
for this individual CE.” Two departure categories, Severe Vegetation Departure and Moderate
Vegetation Departure, were used in the status assessments for this REA and are displayed in the fire
regime maps. The two departure categories were assigned varying site intensity values between 0 and 1,
depending on how fire regime is understood to affect the species CE. Severe Vegetation Departure was
usually assigned a site intensity value of 0.65 for species CEs, and Moderate Vegetation Departure was
usually assigned a higher value of 0.75, reflecting the expected lesser degree of impact.

In addition, recent severe burns are an important indicator of habitat condition for several species. Burn
severity data (reflecting burns documented in the 15-year period from 1997 to 2011) were compiled
from the Monitoring Trends in Burn Severity website (MTBS), and two classes of severity were used:
severe, and moderately severe. Burn severity was used for the following species (Table F-2, Table F-3):
e Chiricahua leopard frog because fire reduces upland cover in habitats and their habitat can be
silted in and lost due to post-fire erosion events (USFWS 2011)
e desert box turtle because fire reduces cover in upland habitats and protective cover and food in
riparian habitats
e grassland bird assemblage because fire can temporarily destroy habitat for certain grassland
bird species and can alter habitat composition

Site intensity values assigned ranged from 0.5 to 0.8 for moderate burn severity fire and 0.4 to 0.7 for
high severity fire (Table F-4).

Invasives Species Indicator

The invasive species indicator serves as an indirect (stressor-based) measure of vegetation composition,
by measuring the cover of invasive species. It is based on a combination of two Integrated Landscape
Assessment Project (ILAP,
http://westernlandscapesexplorer.info/IntegratedLandscapeAssessmentProject) models of percent
cover of 1) non-native grasses and forbs and 2) native woody increasers (mesquite). For each of these,
the ILAP data included canopy cover on a continuous scale from 0% to over 90%; for the response
models, these continuous variables were broken into three classes of cover (see Table F-4). Each of the
three classes was assigned site intensity values between 0 and 1 as shown in Table F-4. Higher values
correspond to limited ecological impact, and lower values correspond to greater impact to the CE.

Other Species-Specific Variations

Due to differences in KEAs for individual species, there are differences in site intensity and distance
decay values assigned in the response models for the various CEs. Because pronghorn are particularly
sensitive to density of mesquite due to sight-line requirements (Byers 1997, O’Gara & Yoakum 2004) and
due to their effects on forage quality, the site intensity values assigned for terrestrial invasives and
mesquite cover are lower than those for other species, ranging from 0.55 to 0.75 and 0.3 to0 0.7,
respectively. Coues white-tailed deer were assigned a higher (better) site intensity value for agriculture

Appendix F: Species and Species Assemblages: Conceptual Models and Current Ecological Status Page F-17


http://westernlandscapesexplorer.info/IntegratedLandscapeAssessmentProject

than other species due to their lower sensitivity to agricultural development and ability to utilize a
variety of forage.

Desert bighorn avoid low visibility areas with dense vegetation (Hall 1981, Hansen 1980, Ostermann et
al. 2001, Risenhoover and Bailey 1985, Shackleton 1997, USFWS 2000). They are known to be highly
affected by altered fire regimes that have resulted in the loss of escape terrain due to the increased
woody vegetation in areas and reduced sight lines. Consequently, the site intensity value assigned for
Fire Regime Departure was lower than for other species: 0.4 for severe departure and 0.6 for moderate
departure. The site intensity for agriculture was 0.2 for bighorn because of their very specific forage and
habitat needs; if agriculture is present, appropriate forage and habitat would likely be largely
obliterated.

Because box turtles have limited mobility (ability to climb over larger barriers or travel long distances
around them) the site intensity value assigned for infrastructure (border barrier — pedestrian) was 0.2 as
compared to 0.4 for other, more mobile species.

For Chiricahua leopard frog, because of the high mobility of high-impact aquatic invasive species (e.g.
American bullfrog, (Lithobates catesbeianus), aquatic invasives were assigned a distance decay of 1200
m (0.75 miles). The recent burn severity indicator includes a distance decay of 1600 meters (1 mile) to
capture the potential loss of habitat from post-fire erosion events in watersheds where habitat is
present. Water use is an indicator for the magnitude of water consumption by people, agriculture, and
industry per unit area; and tracks the consumption of surface and ground water together. Both
diversions of surface water and pumping of ground water from an aquatic or wetland CE are detrimental
to Chiricahua leopard frog habitat. Data available was total water volume used per year, summarized by
groundwater basin in AZ and by county in NM. Consequently, the present assessment standardized the
water use data by converting the annual rate of consumption in each spatial unit (groundwater basin or
county) to volume per year per unit of surface area (see Figures E-2 and E-3 in Appendix E). All 30 m
pixels that fall within each groundwater basin or county were assigned the same water use impact
score, representing the total water use for that area. The assessment of water use also does not track
consumption of water imported from other ecoregions, such as from the Colorado River, which does not
take water away from aquatic CE occurrences within the MAR ecoregion. See Appendix E Aquatic
Ecological Systems: Conceptual Models and Ecological Status for further details about the water use
data and its application.
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Table F-4. CE response model values for each species CE. For each pair of CE columns, site intensity values (abbreviated as “Site Int.”) are shown
on the left and distance values on the right. Site intensity is a unitless value; distance is listed in meters. Site intensity values range from 0.0 - 1.0
and are relative to each other. Site intensity values reflect how much an activity (as reflected in the indicator) removes ecological status of the
CE. A value of 0.05 removes 95% of the status, 0.5 removes 50%, 0.7 30% and so on. Where two or more activities occur within the same pixel,
the intensity values were multiplied together. Note that the Vista software requires a minimum distance of 10 meters as an input for distance
decay, but because the actual pixel size for analysis is 30 meters, no distance effect is calculated in the model. Where site intensity and distance

are blank, that land use or other feature was not assessed for that species.

Coues White- | Desert Bighorn Desert Box Chiricahua Grassland Bird
Pronghorn . Bat Assemblage
tailed Deer Sheep Turtle Leopard Frog Assemblage

Indicator Site Int.| Distance | Site Int.| Distance | Site Int.| Distance | Site Int.| Distance | Site Int.| Distance | Site Int.| Distance | Site Int.| Distance
Fire Regime Departure
Moderate Departure 0.75 10 0.75 10 0.6 10 0.75 10 0.75 10 0.75 10
Severe Departure 0.65 10 0.65 10 0.4 10 0.65 10 0.65 10 0.65 10
Recent Burn Severity
Moderate Severity 0.8 10 0.5 1600 0.8 10
High Severity 0.7 10 0.4 1600 0.7 10
Development
- Infrastructure
Border Barrier - 0.4 10 0.4 10 0.4 10 0.2 10 0.1 10 0.5 10 0.5 10
Pedestrian
Border Barrier - 0.7 10 0.7 10 0.7 10 0.7 10 0.6 10 0.6 10 0.6 10
Vehicle
communication 0.3 10 0.3 10 0.3 10 0.3 10 0.3 10 0.3 10 0.3 10
Towers
Below-Ground

. 0.7 10 0.7 10 0.7 10 0.7 10 0.7 10 0.7 10 0.7 10
Corridors
Above-Ground 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10
Corridors
- Transportation
Dirt & 4-wheel Drive |, 10 0.7 10 0.7 10 0.7 10 0.7 10 0.7 10 0.7 10
Roads
Local/Rural/ Private | , 10 0.2 10 0.2 10 0.2 10 0.2 10 0.2 10 0.2 10
Roads
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Coues White- | Desert Bighorn Desert Box Chiricahua Grassland Bird
Pronghorn . Bat Assemblage
tailed Deer Sheep Turtle Leopard Frog Assemblage
Indicator Site Int.| Distance | Site Int.| Distance | Site Int.| Distance | Site Int.| Distance | Site Int.| Distance | Site Int.| Distance | Site Int.| Distance
Primary Highways w/| ¢ 10 | 005 10 | 005 10 | 005 10 | 005 10 | 005 10 | 005 10
Limited Access
Primary Highways 0.05 10 | 005 10 | 005 10 | 005 10 | 005 10 | 005 10 | 005 10
w/o Limited Access
Airstrips 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10
Railroads 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10
-Mining & Landfills
High Impact 0.05 10 | 005 10 | 005 10 | 005 10 | 005 10 | 005 10 | 005 10
Mines/Landfills
Medium Impact 0.6 10 0.6 10 0.6 10 0.6 10 0.6 10 0.6 10 0.6 10
Mines/Landfills
Low Impact | 0.9 10 0.9 10 0.9 10 0.9 10 0.9 10 0.9 10 0.9 10
Mines/Landfills
-Energy
Geothermal Energy 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10
Wind Energy 0.8 10 0.8 10 0.8 10 0.8 10 0.8 10 0.8 10 0.8 10
Solar Energy 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10
0il & Gas Wells 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10 0.5 10
- Recreation
Trails - Hiking/ 0.9 10 0.9 10 0.9 10 0.9 10 0.9 10 0.9 10 0.9 10
Biking/Horse
- Agriculture
Agriculture | o3| 10 | o6 | 10 | 02| 10 | 03] 10 | 03| 10 | 03] 10 | o1 | 10
- Urbanization
Low Density 0.6 10 0.6 10 0.6 10 0.6 10 0.6 10 0.6 10 0.6 10
Development
Medium Density 05 10 0.5 10 05 10 0.5 10 0.5 10 0.5 10 0.5 10
Development
High Density 0.05 10 0.05 10 0.05 10 0.05 10 0.05 10 0.05 10 0.05 10
Development
Invasives
Aguatlc Invaswes'- 0.7 1200
High Impact Species
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Pronghorn

Coues White-
tailed Deer

Desert Bighorn
Sheep

Desert Box
Turtle

Chiricahua
Leopard Frog

Grassland Bird
Assemblage

Bat Assemblage

Indicator

Site Int.| Distance

Site Int.| Distance

Site Int.| Distance

Site Int.| Distance

Site Int.| Distance

Site Int.| Distance

Site Int.| Distance

Aquatic Invasives -
Low Impact Species

0.7 10

Terrestrial Invasives -
Low Cover

0.75 10

0.85 10

0.85 10

0.85 10

0.85 10

0.85 10

Terrestrial Invasives -
Medium Cover

0.65 10

0.75 10

0.75 10

0.75 10

0.75 10

0.75 10

Terrestrial Invasives -
High Cover

0.55 10

0.65 10

0.65 10

0.65 10

0.65 10

0.65 10

Mesquite Cover

Mesquite - Low
Cover

0.7 10

0.85 10

0.85 10

0.85 10

0.85 10

0.85 10

Mesquite - Medium
Cover

0.5 10

0.75 10

0.75 10

0.7 10

0.7 10

0.7 10

Mesquite - High
Cover

0.3 10

0.65 10

0.65 10

0.6 10

0.6 10

0.6 10

Water Use

Total Water Use -
Low

0.95 10

Total Water Use -
Medium

0.8 10

Total Water Use -
Medium-High

0.7 10

Total Water Use -
High

0.5 10
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Overall Ecological Status Scoring

An overall “full” scenario (all KEA indicator scenarios combined into one) and associated overall
ecological status map were also generated for each CE to provide overall CE status; however, such
products typically beg the question of which indicators are driving the status at different locations.
Therefore, as described above, the individual KEA indicator scenarios that represent relevant indicators
(i.e., Development, Fire Regime Departure, and Invasive Species) were also assessed individually to
illuminate their effects and inform understanding and potential management action.

Considerations and Limitations for All Species

As described in Appendix B (Ecological Status Assessment Technical Approach section), geospatial
modeling always introduces assumptions and abstractions of actual ecosystem processes and CA effects.
The many factors that can be observed and measured in the field cannot be fully captured with existing
data and geospatial modeling. While the geospatial results can be field tested to some degree and
calibrated to field observations, there will not be a one-to-one comparability between the KEAs and
indicators identified in the CE conceptual models and what can be assessed with existing data. This
methodology also does not model interactions between CAs, such as an increase in the distribution or
intensity of one CA resulting from the presence or effects of another CA. However, in some cases the
inputs used for the MAR REA (e.g., fire condition) are based on more complex models that do
incorporate such interactions. In addition, it is important to understand that some CAs are indicative of a
current potential for impacts on CEs, rather than the actual current extent of the CA; for example, the
invasives data from ILAP is a model predicting the likelihood of the presence of invasive species, rather
than an actual mapped distribution of them.

Although ILAP had modeled data for percent cover of exotic invasive herbs, the ILAP team notes that it is
a model with moderate uncertainty due to the lack of field-based input data for known locations (and
cover) of invasive plants. The ILAP model for mesquite density/cover is a better model than that for
invasive exotic herbs, because 1) there are more field-based locations for known occurrences of
mesquite; and 2) the input data were vegetation sampling plots, which include percent cover estimates
and not simply presence/absence. However, both of these datasets are modeled predicted distributions
of the two categories of invasives, not actual mapped distributions that have been field-verified. Outside
of the ILAP data, there is a lack of comprehensive (MAR-wide) current distribution or risk of occurrence
data for exotic invasive plants. This is an important data gap; there are some efforts by local groups (e.g.
Southern Arizona Buffelgrass Coordination Center, http://www.buffelgrass.org/SABCC) to develop
spatial data for invasives but these are somewhat local in scale, and there do not appear to be any
ecoregion-wide comprehensive databases compiled for the MAR.

The Landfire Vegetation Condition Class (VCC) dataset is not a direct measure of fire risk or fire regime
departure from expected historical range of variability. It was developed to compare historical reference
conditions with current conditions for an individual ecological system type (Rollins et al. 2007). It
provides a categorized measure of the difference between current vegetation type and structure, and
estimated vegetation type (Biophysical Settings, BpS) and structure from the time just prior to European
settlement. It is calculated based on changes to species composition, structural stage, and canopy
closure, and derived by comparing expected (historical) proportions of structural stages with current
proportions (Rollins et al. 2007) within sufficiently large summary landscape units to adequately
represent the historical conditions versus current conditions. Landfire VCC calculations are done within
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variable size watersheds (4th, 5th or 6th level watersheds), depending upon the fire regime group to
which each vegetation type (BpS) is assigned.

Therefore, the results from the fire regime indicator should not be over-interpreted relative to current
fire regime conditions in species CE habitats; rather it provides a useful overview of where disturbance
regimes in general are different from the expected historical regimes. Those differences can be due to a
number of factors, such as impacts of drought and warmer temperatures over the past 20 to 30 years,
increases in invasive grasses that introduce a regime of frequent fires to desert scrub ecosystems, the
invasion of mesquite into upland grasslands due to the effects of many decades of land use practices, or
effects of grazing or other activities that might alter the structural and compositional characteristics of
the ecosystem.

Landscape connectivity is an important consideration for the wildlife species assessed here. At the local
scale, permeability is critical for species to avoid predators and access food and water. Bighorn sheep,
Coues white-tail deer, pronghorn and Chiricahua leopard frog rely on available surface water for survival
or completion of their life cycle; therefore, the ability to move between water resources and forage
resources is critical. For terrestrial mammals such as bighorn sheep, Coues white-tailed deer, and
pronghorn, seasonal and even daily movements between areas of foraging and breeding are also
important (NatureServe 2013a, USFWS 2008).

At the larger landscape scale, connectivity is critical for species population health through gene flow,
dispersal, and seasonal migration. Daily and seasonal migratory movement between habitat patches is
essential for adaptability to changing forage and water availability, predator avoidance, and gene flow
(AZGFD 2011, NatureServe 2013a, USFWS 2008). Ability to move across the landscape in response to
fire, drought, and shifts in resource availability is important for climate change adaptation.

Landscape connectivity for species between habitats and populations was not included in the spatial
assessment for species in the MAR. Although this is not included in the spatial assessments, it is an
important management consideration for species at the landscape level. The efforts of state fish and
game agencies, working with the Western Governors Association, to develop connectivity models,
wildlife corridors and assessments of crucial habitats for individual species are important (State Wildlife
Agencies of the Western U.S. 2014); see for example http://westgovchat.org/about,
http://westgovchat.org/map, http://habimap.org/habimap/, and http://nmchat.org/).

Grassland birds are of particular interest and concern in this ecoregion. Treating the diverse suite of
grassland birds as a single CE assemblage has limitations. Each of the species found in this assemblage
has very different characteristics and needs, and an assessment that is pertinent to them all within the
constraints of available data and a rapid assessment, necessarily results in generalized findings that will
not shed light on the status of any individual bird species. In addition to different habitat needs (e.g.,
grass height, structure, grass species composition, amount of bare ground, etc.) some of these species
are resident species, while others are migrants here only in the winter, and others migrants here only in
the breeding season. Even at the general levels for this assessment, the species in the assemblage do
not respond the same way to development or other human disturbances, fire, or non-native or invasive
grasses/forbs or shrubs.

Appendix F: Species and Species Assemblages: Conceptual Models and Current Ecological Status Page F-23


http://westgovchat.org/about
http://westgovchat.org/map
http://habimap.org/habimap/
http://nmchat.org/

Species and Species Assemblages: Conceptual
Models and Ecological Status

Appendix F: Species and Species Assemblages: Conceptual Models and Current Ecological Status Page F-24



Mammals

F-1 Pronghorn (Antilocapra americana)

F-1.1 Conceptual Model

F-1.1.1 Classification Comments

Endemic to North America, pronghorn (Antilocapra americana) are the last surviving genus in the family
Antilocapridae. Historically debated to be part of the Bovidae family, recent genetic studies have
confirmed that they belong in Antilocapridae (Janis and Scott 1987; Jones et al. 1992; Wilson and Reeder
1993, 2005), and are more closely related to Giraffidae than to Cervidae or Bovidae despite their
antelope-like appearance (Hernandez et al 2005; Murray 2006; Janis 2000). Pronghorn are unique in
having horns made of a keratinous sheath over a bony core, similar to bovids, that they shed and re-
grow each year, similar to antlers of cervids (AZGFD 2011).

Five subspecies of the North American pronghorn are currently recognized: the American pronghorn (A.
a. americana, Ord 1815); the Mexican or Chihuahuan pronghorn (A. a. mexicana, Merriam 1901); the
Baja California or Peninsular pronghorn (A. a. peninsularis, Nelson 1912); the Oregon pronghorn (A. a.
oregona, Bailey 1932); and the Sonoran pronghorn (A. a. sonoriensis, Goldman 1945) (ITIS, accessed 18
January 2013; USFWS 2013; O’Gara and Yoakum 2004). The validity of these subspecies and their
separate ranges are not fully understood, and are largely defined by population variations in color, size,
and location (O’Gara and Yoakum 2004). Genetic studies of North American pronghorn populations led
Lee et al. (1994) and Cockrum (1981) to question subspecies status based on these minimal physical and
geographical differences; particularly between the American pronghorn and Chihuahuan pronghorn
occurring in the Madrean Archipelago ecoregion and western Texas, and between the American
pronghorn and Oregon pronghorn populations in Oregon, California, Idaho, and Nevada (Lee et al. 1994,
Lee 1992). These studies and other more recent mitochondrial DNA analyses lend support to the
identification of clines, rather than distinct subspecies, for pronghorn populations displaying minor
phenotypic or genetic differences that reflect adaption to the diverse habitats and environments in
which pronghorn range (0’Gara and Yoakum 2004). The genetic integrity of these taxonomic subspecies
are further complicated by translocation and reintroduction efforts that began in the early twentieth
century and continue today, in an attempt to bring back declining or extirpated populations in the
region (USFWS 2013). Currently, subspecies distinctions remain standard for pronghorn populations
throughout North America.

Two subspecies are addressed in the Madrean REA, the American pronghorn (A. a. americana, Figure F-1
and Figure F-2) and the Mexican or Chihuahuan pronghorn (A. a. mexicana), unless otherwise noted.
References to the Sonoran pronghorn (A. a. sonoriensis) are occasionally used to understand unique
adaptation responses relevant to this arid borderlands ecoregion.
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Figure F-1. American pronghorn (A. a. americana), Animas Valley, Arizona. Photo © 2012 Sky Island
Alliance/ Melanie Emerson.

Figure F-2. American pronghorn (A. a. americana), Las Cienegas National Conservation Area, Arizona.
Photo © 2012 Sky Island Alliance/ Tim Cook.

F-1.1.2 Biology and Distribution Status

F.1.1.2.1 Distribution

North America: Pronghorn once ranged from southern Canada to northern Mexico; and from the
Mississippi River and Gulf Coast of Texas to California and the Pacific Ocean. Today pronghorn
populations are primarily distributed along the “Spine of the Continent” (Hannibal 2012) in southeastern
Oregon, southern Idaho, southern Alberta and Saskatchewan, Montana, and western North Dakota to
Arizona, western Texas, and northern Mexico (Byers 1997; O’Gara and Yoakum 2004), and were
unsuccessfully introduced to Lanai, Hawaii in 1958 (NatureServe 2007).
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Madrean Archipelago ecoregion: Mixed populations of the American and Chihuahuan pronghorn
subspecies occur within the Madrean Archipelago ecoregion today (AZGFD 2011; Howard 1995; Lee at al
1994; Yoakum 1980). Historically, Sonoran pronghorn was distributed from southern Arizona to the
desert plains of central and western Sonora, Mexico (CONANP 2009; Leopold 1959). The Chihuahuan
pronghorn’s distribution encompasses southeastern Arizona, southwestern New Mexico, and portions
of west Texas, extending south in Mexico to Chihuahua, Durango, Coahuila, portions of Nuevo Leon and
Tamaulipas, and as far south as the state of Hidalgo (CONANP, 2009). These populations consist of small
herds scattered throughout their range. Within the Madrean Archipelago ecoregion of Arizona and New
Mexico, seven population localities are currently managed and monitored (AZGFD 2013). In the New
Mexico portion of the Madrean Archipelago ecoregion the Chihuahuan pronghorn occurs in the
grassland areas of New Mexico Game Management Units 23, 24, 25, 26, and 27. In 2009, the range of
the Chihuahuan pronghorn in northern Mexico principally included localities of Chihuahua, Mexico,
including La Perla, La Gregoria, San Luis, Terracefio, El Sueco-Moctezuma, Janos-Ascencion and Coyame,
as well as Valle de Colombia and Rancho El Novillo near Coahuila, Mexico (CONANP 2009; Pallares 1999).
The distribution of pronghorn populations in southeastern Arizona appear to be strongly associated with
identified Wildlife Linkage zones in that portion of the region (Arizona Wildlife Linkage Workgroup
2006).

Figure F-3. Distribution of pronghorn in the MAR ecoregion.

Current Distribution, 30m

- Pronghorn

F.1.1.2.2 Population

Chihuahuan pronghorn subspecies populations occurring in Sonora and Chihuahua have CITES | status
and are listed as endangered by the Mexican government; the North American pronghorn is listed by
IUCN as Least Concern, Ver. 3.1 (Hoffman et al 2008). Recent aerial pronghorn surveys conducted by
New Mexico indicate a declining population within the ecoregion due to low recruitment rates. Arizona’s
statewide pronghorn population status is based on the sum of population estimates gathered from
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game management units; these are produced with computer simulation models using data gathered
from aerial surveys and annual hunter-reported harvest data. Fixed-wing aircraft surveys are conducted,
prior to hunting season, to collect age and sex ratios and population estimates using a simultaneous
double count method (AZGFD 2011). An adult pronghorn population of 8,000 was estimated for Arizona
(not including Indian reservations), occupying approximately 21,000 square miles of habitat; this
population is projected to increase steadily 2 to 4 percent per year over the next ten years (AZGFD
2011). The population trend in Mexico and the southwest United States is in decline, despite the
projected upward trend for Arizona, largely due the recent severity of droughts and winters (Hoffman et
al 2008; O'Gara 1999). Southern Arizona populations are periodically augmented, and in some cases re-
established, with translocated animals from northern Arizona and Texas (AZGFD 2011).

In a series of aerial surveys conducted in 2011, a total of 165pronghorn were counted from the seven
herds managed in the Madrean Archipelago ecoregion (AZGFD 2011); as of 2013 this number is between
286 — 407, despite significant decline due to drought in three herds since 2007 (Caroline Patrick-
Birdwell, environmental consultant, pers. communication). Seven pronghorn herd populations are
currently managed by the Arizona Game and Fish Department. The most recent 2013 population status
for these herds is as follows (Caroline Patrick-Birdwell, environmental consultant, pers. communication):

Altar Valley Population: 11-20 animals (no management goal in the near future; this population has
experienced close to zero fawn recruitment in recent years), located in the Altar Valley and Buenos Aires
National Wildlife Refuge, near Sasebe and Arivaca, Arizona (within Arizona Hunt Units 36A, 36B and
36C). Population trend is declining.

San Rafael Population:9 animals (management goal is 100), located in the San Rafael Valley and Fort
Huachuca Military Reservation near Lochiel, Arizona and the U.S.-Mexico border (Arizona Hunt Units
35A and 35B). Population trend has been declining since 2007.

Las Ciénegas Population: 60-80 animals (management goal is 50-100), located at Empire Ranch and the
Las Ciénegas National Conservation Area northeast of Sonoita, Arizona (Arizona Hunt Unit 34B).

Elgin-Rosetree Population: 19 animals (management goal is 100), located south of the Las Ciénegas
Population and bounded on the south by the Huachuca and Patagonia Mountains and Fort Huachuca
Military Reservation. Population trend has been declining since 2007.

North Sulpher Springs Valley-Bonita Population: 50-80 animals (management goal is 100-200), located in
the Sulpher Springs Valley and Allen Flat area north of Interstate-10 and Dragoon, Arizona and west of
Highway 191 (Arizona Hunt Units 31 and 32). Population trend has been declining since 2007.

San Bernardino Valley Population: 125-175 animals (management goal reached), located in the San
Bernardino Valley northeast of Douglas, Arizona (Arizona Hunt Unit 30A).

Lordsburg Plains Population: 12-24 animals within Arizona(no management goal) representing an
estimated 10% of the total pronghorn population (120-240 animals) on the Lordsburg plains, located in
the Day Ranch area of the Animas Valley, spanning across the border of Arizona and New Mexico, east
of the Peloncillo Mountains and north of Interstate-10 (Arizona Hunt Unit 28), and also bounded by the
Gila River and Burro Mountains (New Mexico Hunt Units 27 and 23). This population moves fluidly
between Arizona and New Mexico.
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F.1.1.2.3 Reproduction

Breeding Systems: Male pronghorn will exhibit different breeding systems within the same population
and this behavior is a direct result of the availability and location of resources, density of the population,
and the ratio of males to females in a group (Maher 2000). Territorial breeding behavior (male defense
and competition of a defined location containing water, succulent vegetation and the females within
this area) occurs when quality resources are isolated or scarce. Dominant breeding behavior occurs
when resources uniformly available on the landscape, resulting in the formation of herds of females and
multiple males, with the most dominant males in the hierarchy doing most of the breeding. Harem
breeding behavior occurs when resources are widely dispersed, population levels are low, or the sex
ratio is skewed (1 male to 10 or more females); in this case, a single breeding male will defend a harem
of females without regard to a defined territory.

Gestation: The gestation period for pronghorn is between 245 and 255 days. Ova are able to develop for
up to a month after fertilization before implantation occurs (San Diego Zoo Global Library 2009; O’Gara
and Yoakum 2004; Byers 1997; O'Gara 1978). Females may reabsorb embryos under conditions of
environmental stress.

Litter size: One to two fawns, per breeding female per year. Twins are the norm; occasionally less
dominate females will give birth to a single fawn.

Breeding Season: Pronghorn in southern habitats breed in the fall, between the months of September
and October. Breeding behavior may begin in late summer, as early as July (San Diego Zoo 2009; Byers
1997; O'Gara 1978; O’Gara & Yoakum 2004). Northern pronghorn populations begin their breeding
season earlier.

Birthing Season: Depending on habitat and environmental conditions, pronghorn generally give birth in
the Madrean Archipelago ecoregion between June and July; this differs from northern populations that
typically give birth in May and June. Pronghorn exhibit synchronous birthing, with gravid females in a
herd giving birth within the same 10 day period (San Diego Zoo 2009; Byers 1997; O'Gara 1978; O’Gara
& Yoakum 2004).

Life history: Pronghorn weigh 7-9 pounds at birth, which is approximately 18% of the adult female’s
weight. Young are weaned by 4 to 5 months of age but do not reach their full adult weight for about 4.5
years. Males reach sexual maturity in one year but may not have the opportunity to breed until they are
dominant enough to compete with other males. Females are sexually mature at 16 months, but there
are cases of females conceiving as young as 5 months (San Diego Zoo 2009; Byers 1997; O'Gara 1978;
O’Gara & Yoakum 2004). In the wild, the lifespan of a pronghorn is less than 10 years.

F-1.1.3 Habitat and Ecology
F.1.1.3.1 Habitat

Pronghorn have several specific habitat requirements needed for survival. Yoakum et al. (1996) and
Jaeger and Fahrig (2004) defined the optimal habitat parameters for the North American pronghorn as
elevation, terrain, landscape connectivity, distance from water, and vegetation. In 1995, the Arizona
Game and Fish Department conducted a statewide analysis that quantified and ranked pronghorn
habitat based on five variables: topographic ruggedness, vegetative structure and species richness,
water availability, human disturbance, and fence density and structure (Ockenfels et al. 1996; Ockenfels
et al. 2000).
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Elevation: In Arizona and New Mexico pronghorn are found between 3,000-7,000 feet (914-2,134
meters) elevation, although northern Arizona herds have been documented as high as 10,000 feet
(3,048 meters) in summer (AZGFD 2011). New Mexico has also documented several pronghorn
populations at high elevations above 8,000 feet (2,438 meters) as high as 10,000 feet (3,048 meters).

Terrain: Yoakum et al. (1996) cites that pronghorn prefer open habitat, with flat or with rolling hills, in
order to detect and avoid or escape approaching predators; pronghorn are associated with topographic
ruggedness of less than 20% slope according to studies in Arizona (AZGFD 2011; Ockenfels et al. 1996;
Ockenfels et al. 2000).

Distance from accessible water: Pronghorns require regular access to surface water and are usually
found within a 4 mile (6.5 km) radius of an open water source (Yoakum et al, 1996). These include but
are not limited to natural springs and seeps, human-made wildlife waters and cattle tanks, ponds, lakes,
and perennial riparian corridors and streams.

Vegetation: Largely associated with grasslands, short-grass prairie, and shrub-steppe, preferably with
vegetation ranging 5 to 30 in (13 to 76 cm) in height (Byers 1997, O’Gara & Yoakum 2004). Pronghorn
are occasionally found in temperate desert habitat; deserts support less than 1% of the North American
pronghorn population, and this consists largely of the Sonoran subspecies (San Diego Zoo 2009, Byers
1997, O’Gara & Yoakum 2004). Based on population distribution data from the Arizona Game and Fish
Department (AZGFD 2013) and according to the biotic communities described in Brown and Lowe
(1982), pronghorn herds in the Madrean Archipelago ecoregion occur primarily in semi-desert
grasslands with the Sulphur Springs Valley population also overlapping the edges and open areas of
Madrean oak woodland habitat.

F.1.1.3.2 Landscape Connectivity

Pronghorn have become the poster child for landscape connectivity and large-scale wildlife corridor
conservation (Hannibal 2012), as they require expansive areas and connected habitats to thrive. One
population in the Wyoming Greater Yellowstone region is known for having the longest seasonal
migratory pathway of any other terrestrial species in the continental U.S., and using the same 100 mile
(160 km) route for more than 6,000 years (Hannibal 2012, San Diego Zoo 2009, Byers 1997, O’Gara &
Yoakum 2004). In the Madrean Archipelago region these seasonal migrations are not as impressive and
are limited within separate herd home ranges, but are essential to maintaining gene flow and finding
quality forage and water sources in summer and winter. Barriers to movement result from
fragmentation and habitat loss caused by human development, in the form of fencing, mining, urban
sprawl, and roads, railroads and highways, among others (AZGFD 2011). In the Madrean Archipelago
ecoregion, major barriers include the U.S. — Mexico border and Interstate-10. New Mexico Department
of Game and Fish has partnered with the US Forest Service to identify and implement habitat projects
designed to enhance historical pronghorn corridors between summer and winter range that has
pinyon/juniper encroachment.

Pronghorn cross fences by passing underneath, rather than jumping over; barbed wire, woven wire or
fences with the bottom wire lower than 20 inches (< 50cm) off the ground are barriers for pronghorn
(Yoakum et al. 1996, Jaeger and Fahrig 2004). Fences become even greater barriers to pronghorn
movement (and gene flow due to direct mortality) when they are placed too close to high-traffic roads
or highways without a buffer zone that allows individuals to navigate one obstacle at a time (AZGFD
2011; Scott Sprague, AZGFD pers. communication). Pronghorn-friendly fencing must have a smooth
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bottom wire at least 20 inches above ground level, or a bottom wire equipped with plastic pipe “goat
bars” (AZGFD 2011).

F.1.1.3.3 Food

Pronghorn require a diversity of vegetation for forage and thrive with higher plant species richness. They
are opportunistic herbivores; high-protein, succulent forbs make up the majority of their diet, along with
shrubs (i.e. rabbit bush, sagebrush), grasses (i.e. bunchgrass, squirrel-tail) and cacti (Opuntia sp.).
Grasses total approximately 12% of their diet (AZGFD 2011; Yoakum et al. 1996; O'Gara 1978).
Availability of both grasses and shrubs is shown to be essential for fawn survival (AZGFD 2011).
Pronghorn frequently change their forage preferences season to season, and will seek the most
nutritious and succulent forage species available (San Diego Zoo 2009, Byers 1997, Hansen & Clark 1977,
O'Gara 1978, O’Gara & Yoakum 2004). In harsh winters, northern Arizona populations had a higher
survival rate with more shrub forage available than herds who fed largely on grass (AZGFD 2011).

F.1.1.3.4 Phenology

Adult and juvenile pronghorn activity patterns are circadian, crepuscular and diurnal (NatureServe 2007,
Einarsen 1948, Kitchen 1974). Pronghorn have crepuscular feeding habits, with most foraging activity
occurring at dawn and dusk; however, the majority of their time throughout the day is spent foraging,
ruminating and sleeping or resting. Approximately 40 to 60 percent of their day is spent feeding, and
they sleep without regularity and for frequent, short periods (San Diego Zoo 2009, Byers 1997, Hansen &
Clark 1977, O'Gara 1978, O’Gara & Yoakum 2004). Activity patterns for pronghorn are variable, and
influenced by region, weather, season, and also by herd dynamics. Some pronghorn populations migrate
long distances between summer and winter feeding grounds, although this does not appear to be the
case with southern herds that occur in warmer habitats where quality forage is available year-round.
Northern herds have shown daily foraging movements that vary greatly, from 0.1 to 0.8 km in the spring
and summer to 3.2 to 9.7 km in the fall and winter. In the Madrean ecoregion, home ranges are
anywhere between 20 to 40 square miles (AZGFD 2011), and herds travel seasonally between fawning
grounds and winter and summer feeding grounds within each home range (Caroline Patrick-Birdwell,
environmental consultant, pers. communication).

F.1.1.3.5 Predators

Coyotes (Canis latrans), bobcats (Lynx rufus), mountain lions (Puma concolor), golden eagles (Aquila
chrysaetos), gray wolves (Canis lupus), and humans are all predators of the pronghorn; the only other
predator it evolved with is the jaguar (Panthera onca). Fawn predation is of most concern; due to their
synchronous birthing behavior, small populations may lose the majority of fawns to heavy predation
occurring in a short time period (AZGFD 2011).

F.1.1.3.6 Competitors

Pronghorn compete with other browsers and grazers on the landscape. O’Gara (1978) calculates that 38
pronghorn can survive on the same amount of forage that is needed for a single cow. Research on the
Sonoran pronghorn suggests that the effects of livestock grazing on condition of forage habitat can be a
significant stressor on pronghorn populations in combination with drought conditions (USFWS 2002).

F.1.1.3.7 Demographics

Sparse or small populations can result in random variations in sex ratios, age distributions, and birth and
death rates among individuals, which can cause fluctuations in population size and even lead to
extinction (USFWS 2002). In very small isolated populations, males may have trouble finding females,
leading to decreased recruitment (USFWS 2002). The composition of a herd can change hourly or day to
day, forming loosely dispersed groups of 3 to 25 that keep in visual contact when food is readily
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available, or forming large herds of 1,000 individuals that are made up of many groups that band
together, most often in fall and winter in northern areas where predation is higher (Byers 1997, O'Gara
1990, O’Gara & Yoakum 2004). Dominance hierarchies are maintained by female bands, bachelor bands,
and territorial male bands that contain more than 