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Abstract

Objectives.

Ephemeral and intermittent streams are the predominant fluvial forms in arid and semi-arid
environments, yet knowledge of how these streams function is limited; specifically the linkages
between wildlife and ecosystem characteristics in these environments are not well documented.
Various studies have shown biological and habitat diversity in arid and semi-arid lands to be
considerably higher along ephemeral and intermittent stream corridors in comparison to adjacent
uplands. The central premise of this research is that the ecological integrity of these streams and
the species that depend on them (including threatened, endangered, and at-risk species; TER-S)
is inextricably linked to their hydrologic regime and that managing these systems is best
addressed within an ecohydrological framework. The objective of this project was to develop an
ecohydrologically-based stream type classification and methodology for four military
reservations in the southwestern United States representing the four Level III ecoregions that
occur here: Fort Irwin (Mojave Basin and Range), Yuma Proving Ground (YPG; Sonoran
Desert), Fort Huachuca (Madrean Archipelago), and Fort Bliss (Chihuahuan Desert). The goals
of this project were to: (1) characterize ephemeral and intermittent streams using vegetation,
hydrologic, and geomorphic attributes and develop a stream type classification based on those
attributes, (2) associate wildlife habitat with the variables and stream type classification to
improve management of TER-S and species of concern, and (3) provide a tool that allows
Department of Defense (DoD) managers to evaluate the impacts of perturbations (e.g. climate
change, military activities) on the hydrologic regimes of these systems and the species that
depend on them.

Technical Approach.

Existing climatic, physical, and biological data from GIS and ground-based methods were
acquired for each military installation to characterize the stream channels across that installation.
Digital elevation models and imagery (including multi-return LIDAR and high resolution
multispectral imagery) were used to quantify riparian vegetation cover, density, and structure.
The Automated Geospatial Watershed Assessment Tool (AGWA) and its two embedded
hydrologic models (Soil and Water Assessment Tool, SWAT; and the Kinematic Runoff and
Erosion Model, KINEROS2) were used to develop hydrologic gradients of peak flow and flow
permanence. The USGS National Hydrography Plus Version 2 Dataset was used as the basis for
the stream network and to derive the variables. Agglomerative hierarchical cluster analysis was
used to classify ephemeral and intermittent streams by the ecohydrologic properties, and CART
was used to determine thresholds for each variable for the predictive model. Various types of
wildlife data, including species richness and occurrence of particular species, were analyzed in
relation to the classified stream types and the ecohydrologic properties to provide information for
managing species of concern. The AGWA tool was used to evaluate the impacts of climate
change, training activities, and land management actions on flow permanence and peak flows.

Results.

Ephemeral and intermittent stream reaches at Fort Irwin, YPG, Fort Huachuca and Fort Bliss
were classified based on their hydrologic, geomorphic and vegetation characteristics. Because
these four installations have different hydrologic regimes and physical characteristics, each
stream type classification is unique and represents the variability of stream reaches within that



installation. The classification procedure was developed and applied using data specific to each
installation and the data and methodologies are appropriate for use in extending the classification
to streams not on the NHD stream network within each installation. The final ecohydrologic
stream types were determined for each installation from statistical analyses, cluster validity tests,
examination of the mapped clusters, and site knowledge. Fort Irwin, Fort Huachuca and Fort
Bliss had 8 final stream types, and YPG had 10 stream types. A CART classification tree was
used to evaluate the clustering results for each installation to identify the thresholds for the input
variables for each stream type. Results generally were explained in terms of the climate regime
and geomorphology for YPG and Fort Irwin where annual rainfall amounts are relatively low or
are largely confined to one season per year. Fort Bliss and Fort Huachuca experience higher
annual rainfall amounts with a bimodal pattern, and vegetation variables were more important in
those classifications. Vegetation density and cover were strongly related to elevation at all
installations. The AGWA tool can be used immediately to evaluate management actions or
climate change scenarios that modify the input variables, to determine if and how the stream type
and wildlife associations might be affected. All variables and results are spatially referenced
using a “Unique ID” and can be used immediately to evaluate individual stream reaches for
management needs.

The stream type classifications and input variables were associated with wildlife in two ways.
Species richness models were developed using habitat models for each installation. Species
distribution models that evaluated the use of streams by single species of concern were
developed that may guide management of and future surveys for those species. At Fort Bliss, a
model was created for the New Mexico state threatened Gray Vireo (Vireo vicinor). At Fort
Huachuca, models were created for the federally threatened Mexican Spotted Owl (Strix
occidentalis lucida) and Screech Owls (Western, Megascops kennicottii; and Whiskered,
Megascops trichopsis). At Fort Irwin, models were created for the federally threatened Desert
Tortoise (Gopherus agassizi) and the Western Burrowing Owl (Athene cunicularis).

To assist management decision-making, datasets and tutorials were developed for evaluation of
various land cover, land use, and climate change scenarios in AGWA. Technology transfer
workshops were conducted at the installations to train personnel in the use of AGWA and to
present project datasets and results. Feedback from the workshops was positive, indicating
participants’ interest in using the tools generated by the project.

Benefits.

The classifications and wildlife associations will assist natural resource managers by providing a
method of identifying similar stream types, as well as stream reaches with similar characteristics,
and for use in developing sampling schemes or surveys for wildlife and land use management.
This research provides benefits to the DoD that include: (1) advancement in scientific
understanding of how ephemeral and intermittent streams function, (2) a procedure for producing
an ecohydrologic classification of ephemeral and intermittent streams to guide management
activities and decision making and that can be applied over large areas using remotely sensed
data and watershed modeling tools, (3) associations of the classification and variables with
wildlife habitat for improved understanding of habitat requirements and management of species
of concern and TER-S, and (4) a tool for assessing impacts of perturbations (e.g. climate change,
military activities) on the hydrologic regimes and species that depend upon these streams on
DoD installations in the southwestern United States.
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1.0 Objective

This project is in response to the SERDP FY2010 Statement of Need (SON), Sustainable
Infrastructure (SI) Focus Area entitled “Managing and Restoring Southwest Intermittent and
Ephemeral Stream Systems on Department of Defense Lands”. The SON outlined several issues
that were of interest in improving management of DoD's southwestern installations including
characterizing the variation of intermittent and ephemeral stream systems, potential altered
hydrology and projected climate change, and the impacts on these systems and the threatened,
endangered, and at-risk species (TER-S) that depend on them. The Southwest desert region is
currently experiencing the effects of climate change and prolonged drought, and the impacts to
wildlife and vegetation communities are already evident.

The main objective of this research was to develop an ecohydrologically-based stream type
classification for Southwest desert military installations that distinguishes ephemeral and
intermittent stream types by a set of ecohydrologic attributes (vegetation, hydrology and
geomorphology). This objective addresses the need to characterize the variation of these stream
systems, and creates the foundation for addressing the need to determine impacts from projected
climate change on these systems and their management.

A second objective was to link the stream type classification with wildlife habitat characteristics,
species habitat models, and wildlife species observation data to improve their management. The
results address this objective, and create the foundation for understanding how variations in these
stream systems may impact TER-S, for improved management of those species.

The final objective was to provide a tool that allows DoD managers to evaluate the impacts of
natural and anthropogenic perturbations (e.g. climate change, military activities) on the
hydrologic regimes of these systems and the species that depend on them. The Automated
Geospatial Watershed Assessment (AGWA; http://www.tucson.ars.ag.gov/agwa) tool was
applied to address this need, and includes tools to perform climate or land use change analyses.

Conventional stream classifications based on flow attributes and/or channel morphology have
primarily been focused on perennial stream networks common to mesic environments (Rosgen,
1994; Montgomery and Buffington, 1997; Puckridge et al., 1998). In arid to semi-arid systems
where ephemeral and intermittent streams are the dominant fluvial features, scarce observational
data has hindered most attempts to perform similar stream classifications. While ephemeral and
intermittent streams perform similar hydrologic and ecologic functions as their perennial
counterparts (Levick et al., 2008) they generally are not incorporated in most watershed-based
assessments. Few studies have addressed a comprehensive set of vertebrate species across a
range of ephemeral and intermittent streams, or the effects of hydrology on wildlife and their use
of xeroriparian systems. Doing so could elucidate which characteristics of these systems are
important to particular species or groups of species of wildlife and would allow for better
management and more effective conservation efforts. This research addresses these issues by
producing a stream type classification for ephemeral and intermittent streams that can be related
to wildlife habitat and used in defining ecohydrological relationships.



With these tools, DoD managers will be able to identify stream reaches with specific properties
that are of interest for management actions, and will be able to predict changes in the hydrologic
regime due to land cover or climate change to guide management decision-making, for sustained
land use in the context of military training and testing.

2.0 Background

The Department of Defense (DoD) manages over 35,600 km? (3.56 million ha) of arid and semi-
arid land in their Southwest Region, to meet its mission of providing national defense, and to
maintain its commitment to stewardship of its lands. This includes compliance with the
Endangered Species Act to conserve the federally listed threatened and endangered species that
occur on those lands (Rubinoff et al., 2006), and conservation of biological diversity through
various programs such as the Sustainment of Ranges and Operating Areas (DoD Directive
3200.15; Benton et al., 2008). The DoD Southwest Region is comprised of four distinct desert
ecoregions, each with unique characteristics and climate regimes: the Mojave Desert, Sonoran
Desert, Madrean Archipelago, and Chihuahuan Desert. Nineteen military installations are
operational in this landscape, and as of October 2006, twenty-six federally listed threatened or
endangered species were documented as occurring on or contiguous to these installations. In
2006, the United States Army alone spent over $40 million on the management of threatened and
endangered (T&E) species and their habitat (Rubinoff et al., 2006).

Ephemeral and intermittent streams are the predominant fluvial forms in these deserts, but their
ecological function is not well understood; most riparian studies are conducted on perennial
systems, and in wetter, more humid locations. Knowledge of how these dryland streams function
has improved in recent years (see Graf, 1988b; Bull and Kirkby, 2002; and D’Odorico and
Porporato, 2006); however, linkages between wildlife and ecosystem characteristics are not well
documented. Various studies have shown that biological and habitat diversity in arid and semi-
arid lands are considerably higher along ephemeral and intermittent stream corridors in
comparison to adjacent uplands (Warren and Anderson, 1985; DeBano et al., 2003). Riparian
areas are clearly important for wildlife, but most conservation efforts and ecohydrological
research (Stromberg et al., 2009, Steward et al., 2012) have focused on the riparian areas of
perennial streams rather than ephemeral or intermittent streams. These streams are critical in
maintaining overall watershed health, and their proper management will aid in sustaining long-
term military testing and training in the DoD’s Southwest Region. A better understanding of
these ecosystems is needed for management of the streams, natural resources, TER-S, other
species of concern, and for sustaining military training and testing.

Natural resource managers at military installations face a number of challenges related to their
need to balance natural resource protection with the military mission. They must manage and
protect TER-S and their habitat, while at the same time providing for military use and access to
training areas. This includes identifying stream reaches that might be important to wildlife, or
roads that might become impassable during high runoff events. Managers are knowledgeable
about their installation but the large land areas and diversity of terrain, flora, and fauna can make
it difficult to know where specific landscape or habitat features might occur. They need to be
able to identify locations with specific characteristics required for TER-S (e.g. riparian areas
with dense vegetation 1 m to 4 m tall) and for other management priorities (e.g. areas that might



flood frequently). To achieve their management goals, certain areas might be recommended for
closure to military use. Managers require defensible science-based information to present to
commanders to support their recommendations, and methods to rank the relative importance of
landscape characteristics. This research provides that information in the form of a set of
ecohydrological variables for describing stream reaches, a stream type classification and
methodology that identifies groups of similar stream reaches, and associations with wildlife
groups to identify important stream reaches.

The central premise of this research is that the ecological integrity of dryland streams and the
species that depend on them (including threatened, endangered, at-risk species, and species of
concern) are best addressed within an ecohydrological framework that includes vegetation,
geomorphologic and hydrologic characteristics (Figure 1). In other words, wildlife habitat and
stream types are a function of the hydrologic, geomorphic, and vegetation characteristics present
there. Along riparian corridors, the timing, frequency, and duration of flow greatly influence the
relative amount of water, sediment, nutrient load, and organic matter that is available to establish
and maintain fluvial forms and their associated biological communities. Vegetation is typically
denser and more diverse along streams in comparison to uplands, especially in arid and semi-arid
regions. As a result, riparian areas have more habitat diversity for wildlife because they provide
food, cover, nesting, and movement corridors that may not be available in the uplands.

Hydrology
Stream Types & | _ | Climate + Topography + + Geomorphology + Riparian
Wildlife Habitat Soils + Soil Moisture + Physical Features Vegetation
Land Cover

Figure 1. Conceptual model.

To address DoD’s need for better understanding and management of Southwestern ephemeral
and intermittent streams, and how they might be impacted by military training and testing
activities, we developed a methodology that 1) classifies ephemeral and intermittent stream types
by a set of biotic and abiotic attributes: hydrologic, geomorphic and vegetation; 2) associates the
stream types and variables to wildlife habitat, and 3) provides a tool that allows DoD managers
to evaluate the impacts of perturbations (e.g. climate change, military activities) on the
hydrologic regimes of these systems that can be used to evaluate impacts to the species (TER-S;
threatened, endangered, and at-risk) that depend on them. These objectives were organized into 7
main tasks (Figure 2), described in Methods and Materials Section 3. The final task, Task 8, is
this report.
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Figure 2. Project tasks and schedule.

Ephemeral and Intermittent Stream Characteristics

Ephemeral and intermittent streams are found across the Earth’s land surface and are prevalent in
watersheds in arid and semi-arid regions, also known as drylands. In the Southwestern U.S., the
ephemeral nature of most streams often obscures the importance of the underlying
ecohydrological processes that occur within them. These streams perform essential functions in
the maintenance and protection of the biological resources of drylands even though they do not
have permanent flow. Dry riverbeds tightly retain organic matter and nutrients (Wagener et al.,
1998) and can harbor water underground that is not available elsewhere (Levick et al., 2008).
Consequently, dry riverbeds and their floodplains often contain the most dense and diverse
vegetation in arid landscapes, contrasting strongly with the sparse vegetation of their adjacent
uplands (Steward et al., 2012; Levick et al., 2008). Ephemeral and intermittent streams have
hydrologic regimes that are distinct from perennial streams primarily in the episodic nature of
their flows, and are distinct from each other in the localized sources from which they derive their
flows, which in part determines their resulting channel forms and vegetative characteristics.

The terms ephemeral and intermittent are hydrological classifications that were originally
developed by the US Geological Society in the 1920’s (Gebhardt et al., 2005). Ephemeral
streams are defined as dry channels which flow for only brief periods in direct response to
localized precipitation, and are at all times above the groundwater reservoir (i.e. no baseflow
component), whereas intermittent streams are characterized as having continuous flow for some
portion of a seasonal year, usually in response to changes in surface and subsurface hydrology
(e.g. snowmelt, spring flow, or contact with the water table), or due to geologic controls that
force groundwater to the surface. Particularly in arid and semi-arid environments, channel
systems are highly dynamic, and often out of equilibrium with moderate to low flows (Soar and
Thorne, 2001) which occur on annual or interannual cycles. Historically, large-scale geomorphic
changes to arid channel networks have occurred during runoff events with recurrence intervals
over decadal time scales, and incremental adjustments are made in response to smaller scale
flows that bracket these larger, channel forming events.



Scientists have recently begun to embrace a more interdisciplinary approach to improve our
understanding of the links between hydrological, biogeochemical, and ecological processes
(Rodriguez-Iturbe, 2000; Newman et al., 2006). As a result, ecohydrology has emerged as a
branch of science that explores the interactions between hydrological and ecological processes
and their associated feedbacks across both spatial and temporal scales. The study of
ecohydrology in arid and semi-arid ecosystems is of particular importance because the lack of
water and the tight coupling of hydrological partitioning and ecological dynamics is more
evident yet not as clearly understood (Jackson et al., 2009). Ecohydrological research offers a
more holistic approach to ecosystem studies, but a solid understanding of each underlying
process must be in place prior to making any attempts to establish relationships between the
processes.

Riparian areas are a unique part of the landscape where hydrologic connectivity is maintained
throughout the watershed to supply the water and nutrients needed to fuel downstream
biogeochemical reactions, and to provide nutrients, critical habitat, and migration routes for
many species of wildlife. Riparian ecology is controlled largely by local and regional flow
patterns determined by the variability in the intensity, timing, and duration of precipitation
interacting with terrain, soil texture, and evapotranspiration (Poff et al., 1997). The interaction
between a stream’s flow regime and riparian communities are largely determined by how
precipitation translates into moisture stored in the soil and other components of the water budget
expressed in the equation:

P=R+ET+S+D

where P = precipitation, R = runoff, ET = evapotranspiration, S = storage in soil, and D = deep
aquifer recharge. The following section summarizes how each component of the water budget is
tied to a stream’s flow regime and how they influence riparian vegetation communities.

Arid and semi-arid systems are characterized by mean annual precipitation that is less than
potential evapotranspiration rates (Allison and Hughes, 1983). These conditions limit how much
water is present at the surface resulting in ephemeral streams being the dominant fluvial features
of the landscape. An ephemeral stream’s flow regime is not influenced by groundwater inflow
but is solely tied to the timing and magnitude of precipitation pulses that are in turn driven by
seasonal to decadal climatic patterns (Loik et al., 2004). In semi-arid regions of the United States
the majority of precipitation events are small (<5 mm) events with most of the rainfall returning
to the atmosphere via evaporation, resulting in less water available for plant uptake (Lauenroth
and Bradford, 2009). More important are the less frequent, higher intensity precipitation events
that are responsible for initiating overland flow that determines the flow regime and have the
greatest influence on riparian vegetation.

Riparian vegetation is influenced by flow regime characteristics such as presence of surface or
groundwater flows and high and low flow conditions (Stromberg et al., 2005). Distinct
vegetation patterns have been observed along ephemeral and intermittent streams where greater
soil moisture concentrations allow for increased plant biomass or the establishment of more
mesic species, and tend to follow soil moisture across a horizontal gradient away from the stream
channel. A decline in species cover, richness and diversity can be observed as well as a transition



from mesic to more xeric species, travelling outward, perpendicular to the stream channel. The
degree to which these transitions take place is primarily regulated by the flow regime, which
determines how much subsurface moisture travels from the hyporheic and parafluvial zones
beneath the active channel to the riparian zone. It’s in these areas where the majority of
ecohydrological processes occur and where the other components of the water budget determine
riparian characteristics.

Runoff is typically the smallest component of the water budget in arid and semi-arid rangelands,
often accounting for less than 5% of the total annual budget (Wilcox et al., 2006). In regions of
the southwestern United States subject to the North American Monsoon, runoff is most often
associated with high intensity, summer thunderstorms (Stone et al., 2008). Runoff can also be
generated from late summer and fall tropical depressions. In higher elevations where shallow
soils and bedrock are common, runoff also occurs with rapid snowmelt and low intensity, longer
duration winter rainfall enhanced by El Nifio conditions (Woolhiser et al., 1993). While
topography and soil texture can influence runoff behavior, how runoff responds once it
encounters vegetation is an important determinant of ecohydrological processes. Upland
vegetation patches help slow runoff, leading to sediment deposition and infiltration, facilitating
their own growth and promoting greater biological activity (Ludwig et al., 2005). Riparian areas
perform in a manner similar to upland vegetation patches, but are tied directly to the stream
channel where the additional soil moisture supports more vegetation growth and/or can influence
the flow regime.

Determining the frequency and magnitude of streamflow events is an essential component of any
assessment of riparian vegetation productivity and characteristics (Poff and Ward, 1989; Hupp
and Osterkamp, 1996; Snelder et al., 2005). Flow permanence and peak flow are two key metrics
that have been used to describe the flow regime in dryland environments; however, the lack of
observational data collected from ephemeral or intermittent streams due to infrequent flow
events makes characterization difficult. Characterizing the hydrology of ephemeral and
intermittent stream channels can allow land managers to better assess riparian conditions and
may be used to predict response to changes in the hydrologic regime associated with human
disturbances. It can also be used to direct land use activities away from ecologically sensitive
areas to help preserve ecosystem health and take into consideration some of the environmental
concerns associated with future land use and climate change.

Quantifying the relationship between flow regime and stream ecology in dryland ecosystems
requires a measurement that captures the stochastic nature of flow pulses and accurately
describes hydrologic connectivity throughout the stream. Flow permanence offers this by
determining the degree of stream intermittency by quantifying the amount of time in a given
period that flow is present in the channel (Leenhouts et al., 2006). Aside from providing soil
moisture for transpiration, flow pulses are responsible for initiating biogeochemical processes by
stimulating microbial activity, cycling nutrients and organic matter, and transporting these
resources to downstream areas where they are available to the adjacent riparian zone (Larned et
al., 2010). Riparian areas exposed to longer periods of flow duration (higher values of flow
permanence), should display predictable patterns, such as increased vegetation biomass and
height. A stream classification that includes flow permanence can be used as an indicator of soil



moisture available for riparian vegetation uptake and used to assign different levels of ecological
importance among various stream reaches.

Several studies have looked at the importance of the relationship between flow permanence and
vegetation or aquatic species ecology. Hupp (2000) showed that for low-gradient coastal rivers a
similar metric known as the hydroperiod, or the annual period of inundation, controls riparian
vegetation distribution and was useful for assessing plant ecological patterns. Stromberg et al.
(2005) showed that in a semi-arid environment stream flow and soil moisture are positively
associated with plant species richness and that flow permanence might be used in ephemeral and
intermittent streams as an indicator of riparian species composition. Arscott et al. (2010) found a
direct relationship between variations in flow permanence and benthic invertebrate species’
richness and density along temporary rivers of New Zealand.

Large flood events that are common to ephemeral and intermittent streams are responsible for
much of the sediment transport and channel formation and can have considerable influence on
riparian species. Peak flow represents the maximum discharge of a stream after a precipitation
event and is a useful metric for describing the magnitude of a flow. It is also often used to assess
the hydrologic response of a watershed to a particular storm event and can be used as a
measurement of watershed condition. Estimates of peak flows can also be made using a rainfall-
runoff model and design storms generated from precipitation frequency maps. These estimates
can point to areas within a watershed that may experience large alterations in channel
morphology and/or high loads of sediment transport. These areas can then be considered in
directing site or road development to more stable locations or used to justify culvert construction
for existing roadways, for example.

Three storm types characterize the seasonal precipitation patterns in the Southwest, which give
rise to differences in flow regime: winter-early spring North Pacific frontals (November-March),
summer convective precipitation enhanced by the North American Monsoon (July-August), and
occasional late summer/early fall (September-October) North Pacific tropical rains. Interannual
variability in fall, winter and spring precipitation is modulated by the El Nifio Southern
Oscillation (ENSO), but variability in monsoonal precipitation is less clearly tied to these large-
scale climatic indices, and the importance of monsoonal rainfall decreases westward (Betancourt,
2007; Ely, 1997). Fall tropical systems can produce extreme floods (Webb and Betancourt,
1992), and in some years, they contribute most of the annual rainfall in southwestern Arizona. In
addition to these three seasonal precipitation patterns, decadal-to-multidecadal variability,
characterized by alternating and widespread droughts and pluvials is evident in both the
instrumental and tree-ring climatic records for the western US. Notable examples include the
megadrought in the late 1500s followed by the megapluvial in the early 1600s, and the
bracketing of epic droughts in the 1930s and 1950s by two of the wettest episodes (1905-1920
and 1965-1995) in the last millennium (Betancourt, 2007).

Channels adjust to changing climatic conditions and other perturbations (e.g. changes in land
use) in generally predictable ways, with a tendency toward equilibrium through minimization of
energy expenditure along their course. The large variability in frequency and magnitude of flow
gives rise to ephemeral and intermittent channel and network properties in arid and semi-arid
lands that are distinct from properties of perennial streams in more humid regions. Dryland



stream properties include: 1) high drainage densities due to a combination of intense
precipitation and low vegetation cover, 2) a proportionately large number of disaggregated and
compound channels resulting from highly variable, localized runoff and sediment that is
transported in pulses, 3) convex or straight slopes due to decreasing downstream discharge, 4)
large width to depth ratios due to non-cohesive soils and sparse vegetation on channel banks, and
5) high sediment transport capacities (Knighton, 1998). Numerous authors have cited these
properties and others when discussing the difficulty in determining the channel-forming flow or
bankfull discharge in dryland rivers, suggesting a range from the <1- to 32-yr flood event as the
channel forming flow depending on these properties (see Graf, 1988a; Bull and Kirkby, 2002;
Lopez-Bermudez et al., 2002; Curtis et al., 2011). Dust and Wohl (2010) suggested that “flow
events with return periods of approximately 25 years and greater are the flow events primarily
responsible for forming and maintaining the geometry of a floodplain in the semi-arid
environment.”

Various studies have shown that as watershed area and stream length increase in dryland
streams, drainage density, slope, and discharge tend to decrease (Leopold and Miller, 1956;
Schumm, 1977; Graf, 1988a; and others). Graf (1983; 1988b) illustrated the coexistence of
different channel patterns in active flood zones as interactions between channel slope and stream
power at different flow magnitudes by documenting shifts in channel form from braided (during
high flows) to meandering (at low flows) along the Gila and Salt Rivers in Arizona. Compound
channel forms are among the most common in arid and semi-arid lands where there is a high
ratio of record peak discharge to average annual discharge (Graf, 1988b). While anastomosing
channels might appear similar to braided channels in planform, there are distinct differences.
Braided channels tend to develop in basins where high variability, low frequency runoff events
move large amounts of sediment as bedload; geologic weathering results in a large percentage of
non-cohesive, sandy soils as the primary bed and bank material; and low nutrient availability
combined with infrequent precipitation preclude vegetation from establishing in densities great
enough to stabilize channel banks. Lateral channel migration is thus common in braided systems.
Anastomosing channels tend to form in regions where geologic weathering results in a higher
percentage of fine grained bed and bank material that is transported primarily as suspended or
mixed load during runoff events. Relative to braided channels, width to depth ratios tend to be
lower in anastomosing networks, sinuosities higher, and vegetation, once established, tends to
stabilize channels and thus preclude continuous lateral migration (Field and Lichvar, 2007). The
combined requirements of dense vegetation and more cohesive soils tend to lessen the
prevalence of anastomosing channel types in the Southwest.

Ephemeral streams are quite commonly discontinuous in the Southwest, forming a distinct
planform of alternating erosional and depositional zones, where the erosional reaches are
sometimes referred to as arroyos and depositional reaches as sheetflood zones (Field and
Lichvar, 2007). Discontinuous ephemeral streams occur most commonly in semi-arid regions
where non-cohesive sediment transport is high, but sufficient vegetation is present to trap
sediment in sheetflood zones, and transmission loss to channel beds results in episodic pulses of
sediment transported discontinuously throughout the channel network (Bull, 1997; Tooth, 2000).
Sheetflood zones may correspond to the NatureServe or Southwest GAP Land cover class of
Chihuahuan-Sonoran Desert Bottomland and Swale Grassland (Lowry et al., 2005).
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Numerous studies have found ephemeral and intermittent streams to be important to specific
wildlife species or groups of species. It has been estimated that in the Southwest U.S., 80% of all
animals use riparian resources and habitats at some life stage, and more than 50% of breeding
bird species nest chiefly in riparian habitats (Krueper, 1993). The patterns of xeroriparian
vegetation and the associated faunal communities that establish within and along ephemeral and
intermittent stream systems, and the biological responses that occur as channels adjust to natural
and human-induced perturbation, are not fully understood. Riparian vegetation plays a pivotal
role in determining the timing and magnitude of runoff in fluvial systems, which modifies the
hydro-geomorphic processes and resulting forms associated with dryland streams (Graf, 1988a).
Vegetation provides the functional services of moderating soil and air temperatures, stabilizing
channel banks and interfluves, seed banking and trapping of silt and fine sediment favorable to
the establishment of diverse floral and faunal species, and dissipating stream energy which aids
in flood control (Howe et al., 2008). Development of the xeroriparian corridor is a response to
these inputs, and provides features for wildlife that are not as available in the adjacent uplands
such as food, cover, nesting and breeding habitat, and movement/migration corridors.

Vegetation structure and diversity play crucial roles in wildlife use of any specific location.
Habitat complexity can be divided into vertical structure and horizontal structure. In general,
there is a positive relationship between high horizontal habitat structure (habitat heterogeneity)
and biodiversity (Tews et al., 2004). In the Western U.S., Vale et al. (1989) used principal
component analysis (PCA) on presence/absence information of mammal, reptile, and amphibian
species by vegetation association and by physiographic region to explore factors influencing
species richness. They found that species richness for five of the nine guilds they examined -
ground carnivores of vertebrates, ground carnivores of invertebrates, ground seed-eaters, ground
omnivores, and aerial carnivores of invertebrates (bats) - increased as vegetation structure
became more complex (increasing height and volume) and environmental conditions became
more varied. In southern Africa, an area with a significant amount of drylands, plant species
richness, particularly woody plant species richness, is a very strong predictor of mammal species
richness (Andrews and O’Brien, 2000; Qian et al., 2009).

In Warren and Anderson’s (1985) study of xeroriparian vegetation in a Sonoran Desert wash,
they described four floristic classes associated with increases in watershed area and controlled by
frequency and amount of flow, shading, and channel scouring. As watershed area increased,
riparian facultative and obligate species appeared and increased, larger shrubs and trees became
common, and structural complexity increased. Similarly, Zimmerman et al. (1999) found that
vegetation distribution and composition in an ephemeral canyon system in central Arizona were
best explained by a complex temperature/moisture - substrate gradient. Strongly echoing Warren
and Anderson (1985), Shaw and Cooper (2008) found that in northeastern Arizona, decreased
disturbance potential and increased moisture availability in the downstream direction were
related to greater abundance of obligate riparian vegetation and increasing structural importance
of shrubs and trees.

Multi-return LiDAR data has become an important tool in wildlife habitat analyses, especially
with respect to vegetation structure. On the Consumes River in central California, Seavy et al.
(2009) created logistic regression occupancy models for sixteen riparian bird species using only
LiDAR-derived canopy height and canopy heterogeneity (standard deviation of height). Using
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only these vegetation structure variables, the authors were able to achieve fair to good models
(Area Under the Curve, AUC >0.75) for ten, or nearly two-thirds of these species. In an area of
sand-dunes, heathlands, and dry forests in the Netherlands, Ficetola et al. (2014) tested whether
land cover or LiDAR-derived vegetation structure measures were better at predicting the
distribution of nine bird species. For seven of the nine species, the best model included LiDAR-
derived vegetation structure, and for five of these species, the best model included only these
variables. Both vertical structure diversity and horizontal environmental heterogeneity determine
what areas are suitable habitat for particular species, and in turn influence species richness.

The importance of vegetation structure to avian richness and diversity in particular, stems from
the importance of structure for individual bird species. Vertical structure determines the
distribution and availability of perching, foraging, and nesting sites (Brokaw and Lent, 1999), so
areas with greater vertical structure provide more niches for more species. MacArthur and
MacArthur (1961) discovered that breeding bird species richness in the eastern U.S. increased as
foliage height diversity of the 0-2° (0-0.6 m), 2-25° (0.6-7.6 m), and >25’ (7.6m) vegetation
layers increased. Parker (1986) found that thorn trees, along with stem succulents, enhanced
avian diversity in desert shrublands by providing a structural framework that facilitated
subdivision of foraging space. Thorn trees were much more abundant in the wash than in the
uplands. At 21 sites scattered across the drylands of Arizona and New Mexico, total vegetation
volume is strongly and positively correlated with breeding bird density (Mills et al., 1991).

Since vegetation structure and diversity are important determinants of wildlife diversity and
abundance (Anderson and Ohmart, 1977), ephemeral and intermittent streams could be expected
to be crucial habitat for wildlife species. Riparian zones are traditionally valued for wildlife for
their ability to provide water and their increased vegetation diversity and structure, which
provide food, cover, nesting habitat, and breeding habitat. Their unique vegetation and
geomorphology provide shade and a moister and cooler microclimate. The linear nature of
streams, as well as the open center created by the stream itself, provide abundant edge
environments, as well as ideal migration routes and travel corridors (Thomas et al., 1979). While
xeroriparian areas in drylands only rarely provide water, they retain other values, especially the
vegetation and microclimate components. Hammer (2014) and Levick et al. (2008) noted
numerous studies that document the significance of xeroriparian areas to wildlife.

This project addresses DoD’s need for improved understanding and management of ephemeral
and intermittent stream systems by 1) characterizing them in terms of their hydrologic,
vegetation, and geomorphic properties, 2) creating a stream type classification system using
those properties, 3) linking wildlife habitat to both the classification and ecohydrologic
properties, and 4) providing a tool that can be used to evaluate the impacts of climate change and
land use change on these systems.

Study Site Selection
The DoD has adopted an ecoregional approach for evaluating military lands in terms of their

ability to sustain military training and testing (Bailey, 2002; Doe et al., 1999, 2006). We used
this ecoregion approach to select our study sites to best represent the diversity of species and
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communities that exists (Olson et al., 2001) in DoD’s Southwest Region (Figure 3). Ecoregions
represent areas with similar biological communities that can be related to climate, elevation,
vegetation, and geology (Bailey and Hogg, 1986; Omernik, 1995; Omernik and Bailey, 1997;
and others). Furthermore, it has been noted that wildlife assemblages can be associated with
vegetation structure and other ecosystem features (Vestal, 1914; Dasmann, 1972; Udvardy, 1975;
Bailey and Hogg, 1986; Olson et al., 2001; Kreft and Jetz, 2010).

Our study sites, which represent the four major ecoregions (Omernik, 1995) across the
Southwest U.S., are Fort Irwin (Mojave Desert), Yuma Proving Ground (Sonoran Desert), Fort
Huachuca (Madrean Archipelago), and Fort Bliss (Chihuahuan Desert) (Figure 3). These
ecoregions correspond to Bailey’s Ecoregion Sections: the Mojave Desert, the Sonoran Mojave
Desert Sections of the American Semi-Desert Province, and the Basin and Range section of the
Chihuahuan Semi-Desert Province (includes Madrean Archipelago and Chihuahuan Desert)
(Bailey, 1976). The four sites have unique physical and biological characteristics, resulting in
unique datasets, stream type classifications, and wildlife analyses.
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Figure 3. Map of the Department of Defense Southwest Region, ecoregions and study locations:
Fort Irwin, Yuma Proving Ground, Fort Huachuca, and Fort Bliss.
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General Descriptions by Installation

Fort Irwin, California (2,590 km?)

Fort Irwin is located in the Mojave Desert ecoregion, just south of Death Valley National Park,
and north of Barstow. Elevations range from 240 to 1,860 m. Terrain is varied, and includes
steep, rugged mountains, broad alluvial fans and bajadas, sandy plains, rolling hills, and playas.
Fort Irwin receives approximately 110 mm (4.13 in) of annual precipitation, mainly from
October through April. Hereford et al. (2006) in their analysis of Mojave Desert precipitation
estimated that 66% of total annual precipitation occurs during these months, and noted that this
cool-season precipitation is widespread, of relatively long duration, and the most important and
dependable for most of the vascular plants, directly affecting resource availability for small
herbivores, small mammals and certain reptiles.

Fort Irwin does not contain any perennial surface flows; however, there are 14 (fourteen) springs
that are monitored regularly by Fort Irwin staff (Figure 4). Large areas of creosote-dominated
alluvial fans and sandy, gently sloping surfaces, identified as Sonoran-Mojave Creosotebush-
White Bursage Desert Scrub occur here (Figure 4). Distinct riparian vegetation zones are not
easily visible on these surfaces, where overland flow spreads out over a wide area, forming a
network of small ephemeral flow paths that change with subsequent flows. Several of our field
sites are located in these areas, and although they are not included in the stream type
classification, they are included in our field data and noted as “Floodout” zones (Figure 5).
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Figure 4. Fort Irwin landcover, field sites, and springs.
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Figure 5. Photos at Fort Irwin showing “floodout zones.”

Vegetation at Fort Irwin is shrub-dominated. Common plants found at our field sites include
creosote bush (Larrea tridentata), white bursage (Ambrosia dumosa), brittlebush (Encelia
farinosa), four-wing and shadscale saltbush (Atriplex canescens and Atriplex confertifolia),
ephedra (Ephedra nevadensis), crucifixion thorn (Castela emoryi), catclaw acacia (Acacia
greggii), desert willow (Chilopsis linearis), blackbush (Coleogyne ramosissima), buckwheat
(Erigonum inflatum), cholla cactus (Opuntia sp.), beavertail prickly pear (Opuntia basilaris),
cottontop cactus (Echinocactus polycephalus) and Joshua tree (Yucca brevifolia).

Riparian vegetation may be restricted to the channel banks, located only within the stream
channel, or may not be present at all. Creosote frequently marks the division between the upland
and channel, and is sometimes the upland vegetation identifier (Figure 6). Vegetation along the
channel is frequently taller and denser than the same vegetation on the uplands, and is another
method of defining the riparian zone.

Figure 6. Photos at Fort [rwin showing No Name Spring (left), and Brinkman Wash where the
channel bottom is vegetated and creosote indicates uplands (right).
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Yuma Proving Ground, Arizona (3,367 km?)

Yuma Proving Ground (YPG) is located in the Lower Colorado River Valley Subdivision of the
Sonoran Desert ecoregion, with elevations ranging from 54 to 868 m. Most of YPG is classified
as Sonoran-Mojave Creosotebush-White Bursage Desert Scrub, and Sonoran Paloverde-Mixed
Cacti Desert Scrub (Figure 7). Mesquite bosques are found in some areas, and are discussed in
the wildlife analysis section. Riparian vegetation may be restricted to the channel banks, located
only within the stream channel, or may not be present at all. Plants normally restricted to the
uplands in wetter areas may only be found along the channels at YPG (Figure 8). Landforms
include steep rugged mountains, alluvial fans, bajadas, sandy plains, sand dunes, and desert
pavement covered piedmonts (fan terraces).

YPG receives only about 92.7 mm (3.65”) of rainfall per year, and is our driest location. There is
no perennial surface flow at YPG; however, we located a tinaja (natural water tank in bedrock)
along one of our transects in the Trigo Mountains along the far western arm of YPG, and smaller
pools of water in some of the upper reaches in Mojave Wash. Tinajas may be found in the
mountains in various locations at YPG.

Common plants found at our field sites include ironwood (Olneya tesota), creosote (Larrea
tridentata), blue paloverde (Parkinsonia florida), littleleaf paloverde (Parkinsonia microphylla),
white bursage (Ambrosia dumosa), desert lavender (Hyptis emoryi), wolfberry (Lycium sp.),
smoke tree (Psorothamnus spinosus), catclaw acacia (Acacia greggii), velvet mesquite (Prosopis
velutina), four-wing saltbush (Atriplex canescens), brittlebush (Encelia farinosa), ephedra
(Ephedra nevadensis), jojoba (Simmondsia chinensis), saguaro (Carnegia gigantea), ocotillo
(Fougquieria splendens), cholla (Opuntia sp.), and prickly pear (Opuntia sp.).
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Figure 7.Yuma Proving Ground vegetation communities and field sites.
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Figure 8. Photos at YPG showing riparian vegetation located in swales between desert pavement
covered hills (left) and in a large incised alluvial wash (right).

Fort Huachuca, Arizona (291 km?)

Fort Huachuca is situated on the eastern flanks of the Huachuca Mountains in southeastern
Arizona, and ranges in elevation from about 1,220 to over 2,560 m. It is located in the transition
zone between the Sonoran Desert and Chihuahuan Desert, known as the Madrean Archipelago
ecoregion. Fort Huachuca receives approximately 381 mm (15.6”) of annual precipitation and is
our only installation with permanent surface flow. Garden Canyon and Huachuca Canyon Creeks
flow out of the Huachuca Mountains, and contain intermittent reaches in the upper portions fed
from springs and snowmelt. Stream channels in the upper reaches tend to be bedrock dominated
or bedrock with alluvium. The middle and lower stream reaches are generally incised alluvium
and become wider and shallower with distance from the mountain front (Figure 9). Streams on
Fort Huachuca flow into the San Pedro River to the east, or the Babocomari River to the north, a
tributary to the San Pedro. Both the San Pedro and Babocomari contain perennial reaches, and
host numerous threatened, endangered, and sensitive species of flora and fauna, some of which
use the channels on Fort Huachuca for foraging or movement corridors.

Vegetation consists of semi-desert mixed grasslands with mesquite, yucca and agave in the lower
elevations, through Encinal pinyon-oak scrub and mixed deciduous in the middle elevations, to
ponderosa pine forests in the higher elevations of the mountains. Riparian vegetation is present
as sycamore, maple and various shrubs in and along the upper stream channels, mixed in with
conifers, oaks and juniper. The canopy in the upper channels is closed, with a well-defined
structure of upper canopy, mid canopy, shrub, and ground cover layers. Riparian vegetation in
the middle to lower elevations is generally denser and taller than the adjacent uplands, and
includes willow, mesquite and grasses along the channel banks, and a generally higher diversity
of shrubs and grasses than the uplands (Figure 10). There is a distinct change in slope and land
cover at the base of the Huachuca Mountains (Figure 11). We sampled 61 locations across Fort
Huachuca to capture the variability of channel types, vegetation, land cover and geomorphology
(Figure 11).
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gure 9. Photos at Fort Huachuc study sites showing bedrock dominated channel (left) and
wide incised alluvial channel (right).

Common plants found at our field sites include (from upper elevations to lower) pinyon pine
(Pinus discolor), alligator juniper (Juniperus deppeana), various oaks (Quercus spp.), agave
(Agave palmeri), Arizona sycamore (Platanus wrightii), bigtooth maple (Acer grandidentatum),
madrone (Arbutus arizonica), velvet ash (Fraxinus velutina), Arizona walnut (Juglans major),
velvet mesquite (Prosopis velutina), littleleaf sumac (Rhus microphylla), desert willow
(Chilopsis linearis), four-wing saltbush (Atriplex canescens), yucca sp., and various grasses,
cacti and forbs.

Figure 10. Photos at Fort Huachuca study sites showing riparian vegetation at an upland
intermittent stream reach (left) and a mid-elevation ephemeral stream reach (right).
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Figure 11. Fort Huachuca land cover and field sites.

Fort Bliss, Texas/New Mexico (4,530 km?)

Fort Bliss is the largest of our study locations and the most challenging for stream type
classification because of its large size and diversity of landforms. It is located in the Chihuahuan
Desert ecoregion, with elevations ranging from approximately 1,170 to 2,700 m. Fort Bliss
receives approximately 220 mm (8.66”) of annual precipitation. Vegetation is dominated by
semi-desert grassland and steppe community, followed by stabilized coppice dune and sand flat
scrub, creosote mixed desert scrub, and small areas of pinyon-juniper woodland in the
mountains. The ecological management areas defined by the installation are (in order of largest
area): Basin Aeolian, Basin Alluvial, Sacramento Mountains, Organ Mountains, Hueco
Mountains, Otero Mesa, Franklin Mountains and Foothill-Bajada Complex (Figure 12).
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Figure 12. Fort Bliss ecological management areas and field sites.

Over half of Fort Bliss falls under the Basin Aeolian management area which is mostly
composed of stabilized coppice dunes that have no stream channel formation (Figure 12). The
dunes are stabilized primarily with honey mesquite (Prosopis glandulosa) and four-wing
saltbush (Atriplex canescens), but have little to no vegetation between dunes. Although no
distinct riparian vegetation zones exist, these dune areas support a wide variety of wildlife. Some
parts of the Basin Aeolian management area have more active dunes, where small channels form
but disappear quickly into the sands. This is evident in areas close to other land cover or
management types.

Otero Mesa is a large area of grasslands where the flow paths are visible as wide swales
containing vegetation assemblages distinct from the adjacent uplands, generally graminoids with
scattered shrubs (Figure 13). These areas are defined as sheetflood zones of discontinuous
streams or from NatureServe (http://www.natureserve.org), Chihuahuan — Sonoran Desert
Bottomland and Swale Grassland (Tobosa Swales). The remainder of Fort Bliss stream channels
range from small incised channels to large arroyos and wide braided systems.

Common plants found at our study sites include: creosote (Larrea tridentata), yucca (Yucca
elata, Yucca torreyi, and Yucca baccata), honey mesquite (Prosopis glandulosa), four-wing
saltbush (Atriplex canescens), ephedra (Ephedra sp.), desert willow (Chilopsis linearis), cholla
(Opuntia imbricata), purple prickly pear (Opuntia macrocentra), broom snakeweed (Gutierrezia
sarothrae), tarbush (Flourensia cernua), ocotillo (Fouquieria splendens), agave (Agave
lechugilla), pinyon pine (Pinus edulis), acacia (Acacia neovernicosa), mountain mahogany
(Cercocarpus montanus), desert ceanothus (Ceanothus greggii), oaks (Quercus spp.), and
various grasses.
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Figure 13. Photos at Fort Bliss in areas without defined channel formation: Otero Mesa swales
(left), and coppice sand dunes (right).

Classification Techniques

Several classification techniques were used in this project to analyze individual variables, and to
create the stream type classifications for each installation. Classification schemes provide a
mechanism for identifying features with similar characteristics. Referred to as “machine
learning,” these techniques are applied to categorical, binary or continuous data, and include
supervised (discriminant analysis) and unsupervised (clustering) classification techniques.
Supervised classification employs a training set of data where the class or label is known, to
classify or label an additional set of data, while unsupervised classification groups unlabeled data
into similar clusters using pattern recognition (Jain, 1999; Kotsiantis, 2007). We used a cluster
analysis, a decision tree (CART) analysis, an unsupervised classification, and a RandomForests
analysis in this project, described below.

Cluster analysis, a type of unsupervised classification, is a term applied to a variety of statistical
techniques and algorithms used to explore a set of variables or multivariate data for the purpose
of identifying groups or clusters of variables that are most similar and meaningful (Everitt and
Hothorn, 2010; Rai, 2011: Jain, 1999; and others). Clustering is used in exploratory data mining
in a variety of fields, including medical research, natural resources, image analysis, and
psychology, to identify patterns in a dataset. There are numerous clustering techniques and
models that can be applied depending on the type of data to be analyzed and the desired final
outcome. A common clustering procedure that was used in this research is agglomerative
hierarchical clustering. This method was used to develop the ecohydrologic stream type
classification for this project, and is described in more detail below.

Agglomerative hierarchical clustering creates groups from the data based on similarity starting
with each data point as its own cluster, and merges them, building a dendrogram or tree that can
include nested clusters. Clusters in the data are determined using the relative distance between
the points to create homogeneous groups that minimize the distance between points within a
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cluster and maximizes the distance between clusters. Distance measures include Euclidean,
Manhattan, kernelize, and others. Clustering methods include Ward’s, complete linkage, median,
centroid and others. The data may be split into any number of clusters. The resulting clusters are
visualized in a dendrogram that includes all data points and consists of a hierarchy of clusters.
This technique was used to determine the ecohydrological stream types in this project using the
vegetation, hydrologic, physical and geomorphic variables for each stream reach. The analysis
was performed in the R statistical package version 3.1.1 (R Core Team, 2014), using the Aclust
function for agglomerative hierarchical clustering, with the Euclidean distance function (ordinary
distance), and Ward’s method (minimizing total within-cluster variance, centroid based,
producing compact, spherical clusters). These methods were chosen as most appropriate based
on the complex nature and diversity of the input variables.

Hierarchical clustering is useful for determining patterns and natural groupings in data; however,
one of its limitations is the lack of a mechanism for determining the “optimum” number of final
clusters (Heller and Ghahramani, 2005). For example, if the number of clusters is too small the
result is too general to be useful; however, if it is too large then the model may be too difficult to
interpret and be overfitted, reducing its usefulness. To determine the optimum number of groups,
another algorithm, k-means clustering, can be used. It is based on obtaining the lowest within-
group sum of squares when partitioning the data into a specified number of clusters, using a
centroid model. It produces a plot of the within-group sum of squares where a bend or elbow in
the resulting curve indicates an optimum number of clusters (Everitt and Hothorn, 2010). K-
means clustering is not as effective on very complex datasets (Jain, 1999) as the resulting curve
can be difficult to interpret (i.e. lacking obvious bends or elbows); however, it can provide useful
information regarding potential clustering. K-means clustering was applied in R using various
numbers of clusters; however, the results were unclear, indicating that there were multiple
acceptable cluster arrangements. The final number of clusters (stream types) for each installation
was selected by cluster validity indices (described in the next section), examination of the
mapped clusters, inspection of the resulting dendrograms from the agglomerative hierarchical
clustering, and site knowledge.

Classification and regression trees (CART) (Breiman et al., 1984; Clark and Pregibon, 1992) are
modern statistical techniques ideally suited for both exploring and modeling complex
multivariate interactions (Baker, 1993; Rejwan et al., 1999). CART models produce decision
trees through binary recursive partitioning that can be used for interactive exploration and
description or prediction of non-linear patterns and processes (De’ath and Fabricius, 2000).
CART models have been applied in remote sensing studies to extract land cover information
(Borak and Strahler, 1999) and have been used along with object-oriented methods in urban
mapping (Thomas et al., 2003), and rangeland mapping (Laliberte et al., 2007). CART is a type
of supervised classification that requires a target variable and explanatory or predictive variables,
and does not require spatial information. CART repeatedly splits the predictor variables into
more homogeneous groups, aiming to predict or explain the target variable, creating a tree that is
categorical (classification trees) or numeric (regression trees). Trees complement or represent an
alternative to many traditional statistical techniques, including multiple regression, analysis of
variance, logistic regression, log-linear models, and linear discriminate analysis (Mallinis et al.,
2008). A CART classification analysis was used in this project to determine the thresholds or
breaks for each variable for each stream type identified from the cluster analysis, using the
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Salford Predictive Modeler software suite. The classification or decision tree can be used to
predict stream types in unclassified reaches.

Combining cluster analysis with decision trees has been described by various researchers as a
hybrid data mining technique that improves accuracy and results (Aviad and Roy, 2011; Gothai
and Balasubramanie, 2012; Sharma and Kaler, 2013). The cluster analysis provides a means of
examining the structure of the data and combines it into meaningful groupings; however, cluster
analysis does not provide thresholds for the input variables used to form the clusters. CART
analysis fills in this gap by identifying the threshold for each variable that places a data point into
one cluster or another.

RandomForests (RF) is a type of unsupervised learning that selects the training set by sampling
with replacement. This method generally excludes a third of the data that is subsequently used to
evaluate each model. RF creates hundreds of classification trees and predicts class membership
for the remaining data. It is based on CART concepts, but is different in that it combines data and
grows each tree using a random variable to split the data during tree construction. The resulting
final classes are derived from the mode of each class from all trees. RF requires a target and
predictor variables, and will automatically identify the best predictors. Additional advantages of
RF are that the input data do not require preprocessing (i.e. scaling), it includes self-testing (out-
of-bag error estimation), and can be used to generate tree-based clusters (Salford Systems, 2004).
The RF model in Salford Systems Predictive Modeler Suite (SPM; Salford Systems, 2004) was
used to produce a geomorphic reach type classification using a suite of hydrologic, geomorphic,
and physical variables. This approach was used to enable coordination with SERDP project RC-
1726 (D. Cooper, PI), and for possible use in the stream type classification. The reach classes
were not used in the final stream type classification; additional information on this analysis is
included in Section 4.1 Action Items, Classification Coordination with Projects RC-1725 and
RC-1726.

The Iterative Self-Organizing Data Analysis Technique (ISODATA) unsupervised classification
is a clustering algorithm commonly used in remote sensing applications. This technique
evaluates multispectral data for natural groupings to create clusters or classes (Jensen, 1996).
The maximum number of desired classes is specified, but the algorithm may return fewer classes.
This technique was used in this project in ERDAS Imagine (ERDAS, 2013) to create vegetation
structure classes derived from multi-return LiDAR data (Light Detection and Ranging). The
vegetation structure classes were ultimately not used in the stream type classification, but are
included to provide additional vegetation-based information for each stream reach for use by the
installations managers.

Hydrologic Rainfall-Runoff Models

Hydrologic rainfall-runoff models are often utilized to simulate streamflow characteristics where
observations are unavailable. Rainfall-runoff models calculate stream discharge and other
metrics by employing mathematical equations that partition rainfall into each of the hydrologic
components based on the interactions with various watershed characteristics including
topography, soil type, and vegetation cover. The output from these models can be used to create
runoff hydrographs that are useful for measuring and evaluating streamflow patterns.
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Rainfall-runoff models are also useful for determining flow permanence because they report
discharge values at a daily time-step; the smallest practical unit of time that can be used to
determine the percent of time when flow is present in a stream channel. One major challenge in
determining flow permanence in ephemeral and intermittent channels is the lack of observed
data; however, new methods that use hydrologic models to simulate flow regimes have recently
emerged. Kirkby et al. (2011) used a hydrological model to create flow duration curves from
which ecologically sensitive, low-flow frequencies were derived for semi-arid rivers across
Europe. Gallart et al. (2012) used rainfall-runoff simulations to develop flow-permanence and
seasonal predictability of zero flow period metrics that were used to classify ephemeral streams
into distinct aquatic regimes.

Hydrologic models have also been useful in determining additional streamflow metrics such as
runoff depth and peak discharge. Hernandez et al. (2000) used two rainfall-runoff models to
assess watershed condition by measuring runoff response to land cover change. Wollmuth and
Eheart (2000) used a rainfall-runoff model to calculate discharge volumes so they could
distribute water allocations to meet both irrigation demand and environmental flows necessary to
sustain riparian vegetation. Both of these studies indicate that with the absence of measured data,
model simulated results can be used as a substitute, though some discretion must be used in the
quantitative results of such efforts depending on whether model calibration and validation are
possible.
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3.0 Materials and Methods

We developed a methodology to create an ecohydrological stream type classification for Fort
Irwin, YPG, Fort Huachuca, and Fort Bliss, that includes three distinct types of data:
geomorphic, hydrologic, and vegetation. Each data type was analyzed separately for all stream
reaches at each installation. The unit of analysis was the 1 km stream reach, and the USGS
National Hydrography Dataset (NHD; U.S. Geological Survey, 2006; McKay et al., 2012) Plus
Version 2 dataset was used as the stream network. The most explanatory metrics from each
dataset were used in the final classification of ephemeral and intermittent stream types.
Subsequently, the classified stream types were linked to wildlife habitat, and species observation
data were linked to the variables. AGWA was used for the hydrologic modeling and to evaluate
the effect of climate and land cover changes on stream types.

The project included 8 major tasks: 1) data collection, 2) data analysis, 3) field data collection, 4)
model development, 5) model validation, 6) AGWA tool application, 7) technology transfer
workshops, and 8) final report. The methods and materials for each task are described in order.

Task 1: Data Mining and Cataloging

This task involved collecting data necessary for the analyses, and creating a data catalog (or
database) for those data. Initial data collection included reconnaissance visits to each installation,
meetings with their natural resource managers (to introduce the project and identify their
management and TER-S issues and concerns), and collection of geographic information systems
(GIS) data, remotely sensed data, and reports (wildlife studies, management plans, etc.). Publicly
available data were also collected via the internet for the region. Satellite imagery was purchased
when it was not available from the installations. Using these data, characterization of the general
variability of stream channel features at each installation was performed to guide the selection of
initial sites for field data collection, to develop a general approach for the types of data to collect,
and to produce the stream type classifications.

GIS and remotely sensed data collected for each installation include:

e National Hydrography Dataset (NHD) Plus Version 2 Dataset (http://www.horizon-
systems.com/nhdplus/NHDPlusV2_home.php)

e Land cover: National Land Cover (NLCD) database
(http://www.mrlc.gov/nlcd2006.php); Southwest Regional GAP Analysis Project
(SWReGAP; http:/fws-nmcfwru.nmsu.edu/swregap/), and National Gap Analysis
Program http://www.gapanalysis.usgs.gov)

e NRCS major land resource areas (www.nrcs.usda.gov)

e Soils: SSURGO and STATSGO soils databases (www.nrcs.usda.gov)

e GAP animal habitat models (http://swregap.nmsu.edu/HabitatModels and

http://gapanalysis.usgs.gov/species/)

Wildlife species observational data

USGS Seamless Digital Elevation Model (DEM) data

Ecoregion data (Omernik,1995; Bailey, 1976)

Multi-return LiDAR

Remotely sensed multispectral imagery (QuickBird and RapidEye)

25



e Site-specific datasets from the individual installations (training areas, roads, springs,
wildlife data, etc.)

Climate data obtained for the hydrologic modeling include:
e USGS precipitation and streamflow data, where available
e Local meteorological station data from the installations, where available
e National Climatic Data Center (NCDC) rain gage data (http://www.ncdc.noaa.gov/data-
access/land-based-station-data)
e Next-generation Radar-Multisensor Precipitation Estimation (NEXRAD-MPE)
precipitation data (http://water.weather.gov/precip/p_download new/)

Data catalogues of all relevant spatial and tabular information for each installation have been
created as ArcGIS 10.1 (ESRI, http://www.esri.com/software/arcgis) geodatabases and folders.
All data will be delivered to each installation on a stand-alone laptop.

Task 2: Characterization of the Study Watersheds and Stream Systems

Characterization of the stream systems and watersheds at each installation was performed using
vegetation, hydrologic, geomorphic and physical data. All data were derived for the 1 km stream
reaches, and were georeferenced to the stream reaches using a “Unique ID” based on the NHD
flowline reach codes. Selected data were used for the stream type classification, hydrologic
modeling, vegetation analysis, and geomorphic reach type analysis. The methods used to derive
the data are described here briefly, and in more detail below.

Hydrologic modeling was performed using the AGWA tool (Miller et al., 2007; Goodrich et al.,
2012; http://www.tucson.ars.ag.gov/agwa), which parameterizes and runs two rainfall-runoff
models within a GIS interface: the Soil Water Assessment Tool (SWAT; Arnold et al., 1994),
and the KINEmatic Runoff and EROSion (KINEROS2; Smith et al., 1995).

SWAT was used to obtain stream flow permanence (from water yield, mm), and KINEROS2
was used to obtain peak flows (m?/s) from design storms. Contributing watershed area above
each stream reach was obtained from the KINEROS?2 output data, and is included as an input
variable georeferenced to each stream reach using the Unique ID. The models require land cover,
soils, topographic and climate data. The vegetation characteristics were derived from satellite
imagery and multi-return LiDAR (when available), to characterize vegetation structure, cover
and density (from vegetation indices). The geomorphic data were derived from the GIS and
LiDAR data at the reach, valley and watershed scale. All data types were evaluated for use in the
Stream Type Classification.

Although antecedent soil moisture is recognized as a key variable in surface hydrologic
processes, the hydrologic models as used in this project, SWAT and KINEROS2, do not produce
soil moisture as a model output, although it is accounted for in the models. SWAT, a continuous
simulation model, simulates antecedent soil moisture on a daily basis, based on soil and land
cover properties, assuming average basin wetness and using the SCS runoff curve number (CN)
for antecedent moisture group II (average condition). The initial soil water content used to
compute CN can be retrieved from a model output file (output.hru file, the SW_INIT variable),
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but is not included in the output tables in the version used with AGWA, nor is it available as a
daily value (although antecedent soil moisture is calculated by the model on a daily basis).

KINEROS2, an event-based model, does not calculate antecedent soil moisture. This value
defaults to 0.2 or is set by the user (0 — 1.0) as an input variable, as the saturation index (SI).
Setting SI = 0.2 represents an approximate median initial pre-storm soil moisture condition based
on CREAMS (Knisel et al., 1980) daily water balance simulations at 11 rain gages within the
USDA-ARS Walnut Gulch Experimental Watershed over approximately 50 rainfall events.

Unit of Analysis and Riparian Zone

To produce the variables for the stream type classification, a unit of analysis was required, in
addition to delineation of a riparian zone for the vegetation analyses. One (1) kilometer (km) was
selected as the unit of analysis based on our field experience as the average stream length that
captures the overall variability along a stream, and all data were derived at that scale. Stream
reaches are based on the NHDPIlus V2 flowline for all natural water courses; flowlines were split
into +/- 1 km reaches using the ET GeoWizards tool (ET SpatialTechniques, http://www.ian-
ko.com/). This tool splits a line into equal segments as close to the specified length as possible,
adjusting the length to eliminate any remainders. Therefore, the stream reaches are not all exactly
1 km in length.

Delineation of the riparian zone was accomplished using the streamline and a DEM in the
Hydro-Geomorphic Valley Classification Tool (HGVC; Carlson, 2009). This tool runs in
ArcMap, and creates a polygon by inundating the DEM to a specified depth above the thalweg,
delineating the water surface extent at that depth. Because the NHD flowline was used to
inundate the DEM, it was first compared to the actual stream course visible in the hillshades and
orthophotos, and manually edited to improve the location accuracy and the water surface extent
polygons derived from them. The riparian vegetation variables and the riparian widths were
derived from the inundated polygons.

The split and edited streamline was inundated using a LiDAR bare earth DEM or 10 m USGS
DEM depending on the installation to various depths (0.25 m, 0.5 m, 1 m, 2 m, and 3 m) to
create the polygons representing water surface extent at those depths. The vegetation variables
were derived using the water surface extent for the 3 m inundation depth. This depth was
selected using aerial imagery and field photographs as the depth that resulted in the most
accurate water surface extent to delineate the extent of vegetation most likely influenced by
stream flow when it occurs. The resulting polygon map delineates the areas around the channels
that might be influenced during streamflow (i.e. indicating a riparian zone). When viewed using
a base map or aerial photos, it generally includes the denser vegetation associated with the
channel. We did not attempt to include forbs and grasses resulting from seasonal rainfall or
episodic stream flow since we were aiming to identify the more permanent vegetation structure
and abundance for use in wildlife habitat analyses.

Using this water surface extent for the analyses assumes that vegetation located more than 3 m

above the thalweg would not be able to readily access soil water associated with stream flow.
Although various authors (see for example Cable, 1969; Canadell et al., 1996; Gibbens and Lenz,
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2001) have noted that root systems of many plants can extend much deeper than 3 m, many plant
roots are within the 2-3 m depth range. This inundation depth captured the extent of riparian-
associated vegetation most consistently across all four study locations, and was selected to
represent the riparian zone (Figure 14). The resulting polygons for each installation provided a
suitable zone within which to calculate relative vegetation metrics.

Figure 14. Images showing the 1 km stream reach poygo epsening ater surface width at 3
m inundation depth, overlain on an orthophoto, at Fort Huachuca.

Variables for the Ecohydrologic Stream Type Classification

A suite of variables were derived to develop the stream type classifications at each installation.
The majority of the work done for this project was focused on identifying and developing these
variables. To represent the ecohydrology of the four installations, we chose variables that would
characterize the hydrologic flow regime, vegetation, physical features, and geomorphology of the
stream reaches. The input variables derived for each 1 km stream reach are listed below with a
description of the significance of the variable and how it was derived. More details are included
in the Guidance Documents for each variable type. All variables are geo-referenced to an
individual stream reach using a “Unique ID”.

1. Hydrologic variables (see Lyon (2013) and the AGWA Tool Guidance Document for more
detail on the hydrologic modeling). The values obtained from the AGWA/KINEROS2 and
SWAT simulations were transferred from the AGWA-generated streamlines to the NHD Plus
Version 2 flowlines used for the stream network in this research.

a. Flow Permanence (%): Percent of the year there is flow in the channel, derived from the
AGWA/SWAT model output for water yield (mm), using the Next-Generation Radar
Multi-Sensor Precipitation Estimates (NEXRAD-MPE) from 2005-2012, obtained as a
4x4 km grid (one precipitation value per 4 km? per day) from the NOAA Advanced
Hydrologic Prediction Service as a series of daily shapefiles for the conterminous United
States. Flow permanence is calculated as the number of days with flow above a certain
cutoff value divided by the total number of days. Three watershed size classes were
assigned different cutoffs based on their contributing watershed area. Watersheds with an
area <10 km? were assigned a cutoff of 0.0001 m?/sec; between 10-34.9 km? a cutoff of
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0.001 m®/sec; and >35 km? a cutoff of 0.35 m*/sec. SWAT is a curve-number-based
model that uses hydrologic group, hydrologic condition, cover type, and antecedent
moisture condition to calculated CN; therefore, these variables are implicit in the model
simulations for flow permanence.

b. Peak flow or discharge (Qp, m>/s): Obtained from the AGWA/KINEROS2 model outputs
for the 5-, 10-, 25-, and 100-yr 1-hr design storms. Design storms were derived from the
precipitation depths obtained from the pre-defined table of precipitation frequency
estimates based on a specific return interval and duration from NOAA’s Precipitation
Frequency Data Server (NOAA, 2012). The 25-yr 1-hr peak flow was used in the
classification as the representative value for the wide range of conditions at our study
sites, and relates to the range of channel-forming flows in this region (1-32 yr return
period), and is the minimum flow likely to inundate the overbank areas (Dust and Wohl,
2010).

2. Vegetation variables

a. Vegetation cover (%): Derived from the QuickBird or RapidEye satellite imagery, using
a vegetation index to classify the 1 km stream reaches into vegetation vs. bare ground or
ground cover, with aerial photography and field photos as guides to verify vegetation
pattern, density and cover. Calculated as total area of vegetation pixels divided by total
area of the 1 km stream reach polygon.

1. QuickBird satellite imagery, 2.4 m multispectral resolution and 0.6 m
panchromatic resolution, R-G-B-NIR bands (provided by Fort Huachuca and
purchased for Fort Irwin), used to derive the Modified Soil Adjusted Vegetation
Index (MSAVI2; Qi et al., 1994).

ii.  RapidEye satellite imagery, 5 m resolution, R-G-B-NIR and Red Edge bands
(purchased for Fort Bliss and YPG), used to derive the Red Edge-NDVI
vegetation index. RapidEye imagery was considerably less expensive than
QuickBird imagery, and also included an additional band, the Red Edge band, that
has been shown to improve vegetation analysis (Weichelt, 2012). We were
interested in determining if this type of data could enhance this analysis.

b. Mean Vegetation Index: Describes the relative vegetation density for each 1 km stream
reach, calculated using only the pixels classified as vegetation cover from the satellite
imagery (i.e. the pixels classified as bare ground or ground cover were not used to derive
this variable). In areas of sparse vegetation, both vegetation and soil properties are
represented by the vegetation index, and can indicate the overall sparseness or density of
vegetation.

c. Vegetation structure: Describes the vertical vegetation features, derived from the multi-
return LiDAR vegetation height layer (calculated by differencing the canopy or first
return layer and the ground or last return layer) and classified into vegetation height
categories based on typical vegetation structure (i.e. <l m, 1-4 m, 4-12 m, >12 m;
Stromberg — personal communication). Vegetation Structure represents the various areas
of vegetation that are typically used by wildlife, and the total amount of vegetation that is
within that height layer. Note that these values do not account for vegetation that is
beneath that height category (i.e. the 1-4 m high vegetation underneath the 4-12 m high
vegetation), but represent only the vegetation within that height range.

i.  Fort Huachuca provided 1 m, bare earth and first return LiDAR data.
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iii.
1v.

ii.

Fort Irwin provided 1 m, bare earth and first return LiDAR data (note that their
LiDAR does not cover the northern portion of the installation, the Leach Lake
Impact Area, therefore this analysis is restricted to that extent).

Fort Bliss provided 1.5 m, canopy and ground LiDAR data.

YPG and DISDI provided limited LiDAR data at various resolutions for a few
small areas. LIDAR was flown for all of YPG in 2013 but was not available to us
in time for this analysis; therefore we do not have vegetation structure data for
YPG. To add another vegetation variable in place of vegetation structure, we
calculated a variable to represent vegetation response to seasonal monsoonal
storms using Landsat 5 TM data, described next.

d. Seasonal Vegetation Response Index (SVRI): YPG Landsat 5 TM analysis for vegetation
seasonal response to monsoonal storms, used to enhance the classification in the absence
of LiDAR vegetation structure data. Calculated from the mean vegetation index MSAVI2
value for each 1 km stream reach, for a wet monsoon season (2008), as a percent change
index from June 11 to Oct. 1.

3. Geomorphic and physical variables
a. Elevation (m): Derived from LiDAR bare earth DEM and from the 10 m USGS DEM

b.

for YPG at the midpoint of each 1 km stream reach.
Slope (%): Derived from the LiDAR bare earth DEM, or the 10 m USGS DEM for
YPG, as the percent slope for each 1 km stream reach.
Total stream power (kW/m): The rate of energy dissipation against the bed and banks
of a channel; estimates the ability of the stream to transport sediment or cause
erosion. Calculated using peak flow from the AGWA/KINEROS?2 hydrologic
modeling results, and LiDAR or 10 m DEM derived slope, using the same return
periods as those used for peak flow (the 25-yr return period was used as the
representative value for the range of conditions at our study sites), with the following
equation:

Stream Powerl ][] = [1gOS

where[ ][] is the density of water (1000 kg/m?), g is acceleration due to gravity

(9.8 m/s?), Q is discharge (m®/s), and S is channel slope (percent)
Cumulative area above the reach (m?): Represents the watershed area above the reach
that contributes to stream flow at that reach, and is related to channel geometry and
vegetation community differences; obtained from the AGWA model outputs.
Mean Riparian Width (m): Water surface width at inundation depths of 0.25 m, 0.5
m, 1 m, 2 m, and 3 m, represents the distance from edge to edge of the riparian
vegetation including the channel, or the channel bottom; derived using the HGVC
tool in ArcMap, to create a polygon delineating the water surface extent at the
specified depth; requires a filled DEM and a stream network (the edited NHD stream
line), calculated as the area of each 1 km stream reach polygon divided by the actual
length of the stream reach. The polygons inundated to 3 m depth were used to derive
the vegetation variables; the widths from the 2 m inundated polygons were used for
the stream type classification; the 3 m and 0.5 m widths were used to calculate the
entrenchment ratio (see section g. below).
Rainfall seasonality index: Describes precipitation characteristics and indicates the
intensity of erosion potential due to precipitation characteristics, derived from PRISM
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30 year normals (PRISM Climate Group, 2010), for the 30 year period 1980-2010,
calculated as the mean precipitation of the wettest month divided by the mean annual
precipitation, for the mid-point of each stream reach.

g. Entrenchment Ratio: A ratio indicating the degree of channel entrenchment or the
vertical containment of the river; usually calculated as Flood Prone Width divided by
Bankfull Width from field data (Rosgen, 1994), calculated here using mean riparian
widths: 3 m/ 0.5 m. Lower values (closer to 1) for the entrenchment ratio indicate
higher entrenchment. This calculation assumes Water Surface Width at 3 m
inundation depth approximates Flood Prone Width, and Water Surface Width at 0.5 m
inundation depth approximates Bankfull Width. For the wildlife analysis at Fort Bliss
only, a different entrenchment ratio was used because this analysis was part of
Hammer’s thesis (2014). The entrenchment ratio at Fort Bliss was derived by
dividing the 0.5 m width by the 2 m width; therefore, the ratio is inverted and higher
values of this variable indicate higher entrenchment.

Hydrologic Modeling Using AGWA

The Automated Geospatial Watershed Assessment (AGWA) tool was used to perform the
hydrologic analyses to obtain the peak flow and flow permanence variables. It was also used to
model climate and land cover change impacts. We have obtained a Certificate of Networthiness
for the AGWA tool, Cert#201418208. -

AGWA is a GIS-based hydrologic analysis system for use by watershed, natural resource, and
land use managers and scientists in performing watershed- and basin-scale studies (Miller et al.,
2007; Goodrich et al., 2012; http://www.tucson.ars.ag.gov/agwa). AGWA was jointly developed
by the USDA Agricultural Research Service, the Environmental Sciences Division of the U.S.
Environmental Protection Agency Office of Research and Development, the University of
Arizona, and the University of Wyoming to automate the parameterization and execution of two
runoff and erosion models: the SWAT and KINEROS2 hydrologic models. SWAT is a
continuous simulation model for use in large (~1,000 km?) watersheds. KINEROS?2 is an event-
driven model designed for intermediate sized watersheds (<100 km?) characterized by
predominantly overland flow. These two models provide the capability for hydrologic modeling
and watershed assessments at multiple temporal and spatial scales. AGWA uses nationally
available GIS data layers to fully parameterize, execute, and visualize results from both SWAT
and KINEROS?2. It runs as an add-in to ESRI’s ArcGIS desktop 9.x, 10.x and ArcView 3.x
software platforms (http://www.esri.com/products/index.html).

The AGWA tool was developed for use on arid and semi-arid rangelands, and has been applied
world-wide and intensively in the San Pedro watershed, Arizona. In 2006, AGWA/KINEROS
was used to predict connectivity of ephemeral stream channels to the perennial reaches of the
San Pedro River (Levick et al., 2006). In 2004, AGWA/KINEROS was used to estimate
infiltration from detention basins in the Sierra Vista subwatershed (GeoSystems Analysis, Inc.,
2004). In 2003, a customized version of AGWA was developed by members of the study team to
support land management activities at Fort Huachuca such as closure and revegetation of
existing roads, and expansion of the cantonment area into undeveloped land (Levick et al., 2003).
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AGWA is mainly designed to provide qualitative estimates of runoff and erosion for use as a
relative change tool for scenario analysis; however, with careful model calibration using high
quality observations of precipitation and streamflow data, it can provide quantitative estimates as
well. To run either model the user employs the AGWA interface to delineate the watershed
boundary from a chosen outlet based on a digital elevation dataset. The watershed is then
discretized into smaller hydrologic response units for SWAT (HRUs) or overland and channel
model elements for KINEROS?2 that are parameterized by intersecting soil, landcover and
precipitation data. AGWA creates the required input files for the selected model, and displays the
results in tabular, hydrograph and map form. Figure 15 is a schematic of the AGWA workflow.
All results were applied to the 1 km stream reaches for each installation.

Watershed
Discretization
(Model Elements)

Digital Elevation
Model (DEM) Intersect Model

Elements With

Soil
KINEROS2 Outputs SWAT Outputs
" — Land Cover
Channel Infiltration (m3/km)| Precipitation (mm)
Plane Infilitration (mm) ET (mm)
Runoff (mm or m3) Percolation (mm) Rainfall

Sediment Yield (kg) Surface Runoff (mm)
Peak Flow (m3/s or mm/hr) |Transmission Losses (mm)
Channel Scour (mm) Water Yield (mm)
Sediment Discharge (kg/s) |Sediment Yield (t/ha)

Run Model and
Import Results

Nitrate in Surface Runoff
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Phosphorus in Surface
Runoff (KgP.ha)

Results
Surface Runoff (mm)
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78 - 139
140 - 208

209 - 310
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Figure 15. Automated Geospatial Watershed Assessment Tool (AGWA) work flow and model
outputs.

All data required to run AGWA is freely available from a variety of federal and state websites.
For this analysis, we used 10 m DEMs for the delineation and discretization of the watersheds,
acquired for all four installations from the USGS Seamless Data Warehouse
(http://seamless.usgs.gov/index.php). Fine scale Soil Survey Geographic (SSURGO) soil datasets
were obtained where available and coarser State Soil Geographic Database (STATSGO) data
layers were acquired for the remaining areas, both available from the National Resource
Conservation Service’s Soil Data Mart (http://soildatamart.nrcs.usda.gov/Default.aspx). A
landcover classification dataset based on Landsat ETM+ imagery was acquired for Arizona and
New Mexico from the Southwest Regional Gap website (SWREGAP; http://fws-
nmcfwru.nmsu.edu/swregap/default.htm). The Northwest Gap Analysis data for California was
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obtained from the website http://gap.uidaho.edu/index.php/gap-home/Northwest-GAP/california-
land-cover.

In this research, AGWA was used with the KINEROS2 model to develop values for peak flow,
and with the SWAT model for flow permanence. Flow permanence refers to the percent of time
per year where surface flow is present within each individual reach. It is determined by
averaging the daily water yield (mm) values for each year over the period of record, and dividing
by the total number of days to get the average percent of time per year there is flow present in the
channel. Peak flow is the maximum discharge value for a stream reach following a precipitation
event. A summary of the hydrologic modeling and calibration will be presented here; for a more
thorough description see the M.S. Thesis by Lyon (2013), and Appendix D for maps showing the
values for flow permanence and the 25-yr 1-hr peak flows for each installation.

It is widely known that soil moisture has a key role in surface hydrology; however, because of
the extremely large and diverse study area for this project (approx. 10,770 km2; 2,661,000 acres)
field measurements of soil moisture were not feasible. Various methods for predicting or
estimating soil moisture exist, including the recently deployed Soil Moisture and Ocean Salinity
(SMOS) satellite. These products are not necessarily appropriate at the scale of our project (e.g.
SMOS resolution is approx. 35 — 50 km, while our stream reaches can be as small as 1 m wide),
and generally require post-processing and analyses not within the scope of this project. In
addition, AGWA is not currently configured to incorporate these types of data.

AGWA estimates or predicts soil moisture using known data sets, and these predictions are
unique to each of the embedded models, KINEROS2 and SWAT. Miller et al. (2002) describe
how AGWA addresses antecedent soil moisture in the two models as follows. KINEROS?2 is an
event-based model and does not compute inter-storm soil moisture conditions. This information
is provided as an initial condition, and defaults to 0.2 initial soil water content or saturation
index, SI (Goodrich, 1990). This value can be modified by the user, but was left at the default
value for this project because the model uses design storms instead of observed data. Holding
soil moisture constant in this way allowed us to compare relative differences across stream
reaches, and produce this stream type classification and methodology. In these water-limited
environments soil moisture tends to be very low except immediately following a precipitation
event. The saturation index, SI = 0.20 is an approximate median initial pre-storm soil moisture
condition based on CREAMS (Knisel et al., 1980) daily water balance simulations at 11 rain
gages within the USDA-ARS Walnut Gulch Experimental Watershed in southeastern Arizona
over approximately 50 rainfall events. An option would have been to bracket the KINEROS2
simulations using an SI of ~ 0.1 for dry conditions, and SI of ~ 0.5 for wet conditions. No
sensitivity analyses were conducted for the KINEROS2 model for this project; however,
Goodrich et al. (1991; 1994; Yatheendradas et al., 2008) investigated the effect of initial soil
water content on runoff simulations at the Walnut Gulch Experimental Watershed, and suggested
that the spatial variation of rainfall in small watersheds (i.e. approximately 0.04 km?2) has a
larger effect on runoff characteristics than initial soil moisture. For medium sized watersheds
(i.e. approximately 6.3 km?2) results indicated that a single basin average for SI did not seriously
limit runoff simulations. Simulated watersheds for this project varied in size from 0.28 km?2 to
1368 km2. Walnut Gulch has an average annual precipitation of approximately 312 mm
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(Goodrich et al., 2008), and all streams are ephemeral. The default values were used for all
variables in the KINEROS2 simulations.

For the SWAT model, soil moisture is addressed as part of the Curve Number (CN) which is a
function of the hydrologic group, hydrologic condition, cover type and antecedent soil moisture
for average basin wetness; CN is adjusted on a daily time step (Miller et al., 2002). Soil
hydrologic group is obtained from soils data, and cover type is from classified land cover data.
This is a conservative estimate for our study sites given their arid to semi-arid climate regimes.
Lyon (2013) calibrated SWAT for peak flow at Fort Huachuca using USGS stream flow gage
data. Fort Huachuca is the only one of our study sites with gage data that could be used to
calibrate the model. Lyon found that to match observed peak flow amounts, the Curve Number
must be decreased by 15%, in addition to other adjustments to input values. This indicated that
the default assumptions in AGWA over-estimated the amount of moisture in the soil, which
resulted in an over-estimation of the amount of runoff. The sensitivity analysis conducted for the
SWAT simulations showed that the Curve Number (CN) was one of the most important input
variables in the model. SWAT assumes antecedent moisture condition II (average basin wetness)
for calculation of the Curve Number, and adjusts CN on a daily time step based on modeled soil
moisture.

However, it should be stressed that in arid and semiarid environments, the additional water
gathered by drainage systems is critical for supporting riparian systems. Numerous studies (Lite
et al. 2005, Levick et al. 2008, Stromberg et al. 2007, Stromberg et al. 1991) have shown that
riparian type and condition are correlated to streamflow amount and magnitude. In turn,
streamflow characteristics can be significantly influenced by disturbance and climate.

Precipitation is one of the more important inputs to these models. SWAT requires average daily
precipitation values for several years as input, and KINEROS2 requires design storm data.
Because of the high degree of spatiotemporal variability in rainfall and runoff in the southwest,
and the lack of actual measurement data in these regions (only a thinly scattered network of rain
gages and very few stream gages exist), various data sources were evaluated to identify the most
appropriate rainfall data. Fort Huachuca had the best network of rain gages, and USGS stream
flow gages at Upper Garden (USGS 09470800), and Huachuca (USGS 09471310) Canyons that
allowed for model calibration to improve accuracy. Thus, Fort Huachuca was used as the test
case to determine if nationally available climate datasets were suitable for use in the models for
all installations included in this study.

At Fort Huachuca, daily precipitation data from 1998 to 2010 were obtained from seven
meteorological stations (met stations) located within the installation boundary. Daily
precipitation data were also obtained from the National Climatic Data Center’s (NCDC) TD3200
U.S. Cooperative Summary of Day dataset for all gages located in or near Fort Huachuca from
the date the gage became operable through 2011. The models were run with both precipitation
datasets, and simulations in Garden Canyon showed an average difference in surface flow of less
than 4%, suggesting that precipitation data from the NCDC datasets could be used for model
inputs at the other installations (Fort Irwin, YPG, and Fort Bliss) where local raingage data are
unavailable or sparse.
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Results from Garden Canyon were also compared to tidbit sensor data acquired by SERDP
project RC-1725 (J. Stromberg, PI), which recorded presence of flow during 2011 in both Upper
and Lower Garden Canyon. This comparison confirmed that simulated flow permanence in
Upper Garden Canyon was comparable but overestimated in Lower Garden Canyon, suggesting
that calibration and validation were necessary. To calibrate SWAT, actual streamflow
measurements were needed; Garden Canyon was chosen due to the presence of a stream gage in
its upper section. Calibration involved comparing average annual surface flow, baseflow and
total water yield between observed and estimated flows. The model calibration determined that a
15% reduction in Curve Number (CN) values, originally calculated during parameterization, and
a decrease in the groundwater “revap” coefficient (GW_REVAP) from the default of 0.2 to 0.02,
were necessary to get equivalent results. The next step in calibration was to compare individual
storm hydrographs for observed and estimated flows. For a more detailed description of the
calibration methods, see Lyon (2013). The adjusted values were used for all SWAT simulations
at all four installations.

The hydrograph plots showed that the model failed to pick up some storms using both the NCDC
and met station precipitation data (Figure 16), suggesting that the low resolution of rain gauges
was not capturing the spatial variability typical of convective summer storms in the area. This led
to the use of the finer resolution (4 km?) NEXRAD-MPE radar data to better account for these
storm characteristics by providing improved representation of the spatial variability of summer
convective storms, than the NCDC rain gage network which has sparse coverage around our
project locations.
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Figure 16. Hydrograph comparing modeled (SWAT) and observed (USGS) discharge for Upper
Garden Canyon, Fort Huachuca, using met station precipitation in the SWAT model.

NEXRAD data is collected through a network of 159 high-resolution Weather Surveillance
Radar-1988 Doppler (WSR-88D) radars that constantly scan the near surface detecting
precipitation and atmospheric movement using a Precipitation Processing System (PPS)
algorithm described in detail in Fulton et al. (1998). The data is organized to provide spatially
continuous precipitation estimates over a 4x4 km? grid projected in the Hydrologic Rainfall
Analysis Project (HRAP) coordinate system. The quality of NEXRAD data has evolved through
various stages (I-1V), as new algorithms have been developed to remove bias and enhance
accuracy (Young et al., 2000). NEXRAD Stage IV observed precipitation data, also known as
Multi-sensor Precipitation Estimation (NEXRAD-MPE) data, were downloaded from the NOAA
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Advanced Hydrologic Prediction Service as a series of daily shapefiles from 2005-2012 for the
conterminous United States. An open source Python script designed by Mehmat Ercan at the
University of South Carolina was used to create a table of daily precipitation values for the
central point of each HRAP grid cell that intersected any part of the study area watersheds.
Center points were then used as virtual rain gauge locations and used to drive SWAT.

To confirm that the NEXRAD data were acceptable for input to SWAT, a statistical comparison
was performed on the model outputs at Fort Huachuca using the NCDC rain gage data, the met
tower data, and the NEXRAD-MPE data. The model was calibrated at both the Upper Garden
Canyon (Figure 17) and Huachuca Canyon stream flow gages, using each precipitation input for
a subset of years and validated using the remaining data. Results for Upper Garden Canyon are
shown below.

Both SWAT-NEXRAD and SWAT-rain gauge simulations obtained acceptable levels of
accuracy based on R? and NSE values for average monthly totals during both calibration and
validation time periods (

Table 1 and Figure 18). The similarity between rain gauge and radar results observed at Upper
Garden and Huachuca Canyons suggested that the NEXRAD-MPE data can serve as an accurate
substitute for field observations where rain gauges are absent or possibly achieve better results
where they are scarce (for more details, see Lyon, 2013, included as an attachment). The higher
resolution of NEXRAD-MPE data (4 km?) provides improved representation of the spatial
variability of summer convective storms, than the NCDC rain gauge network which has sparse
coverage around our project locations.

NEXRAD-MPE data were used for the precipitation inputs for the final simulations for SWAT
for all installations. An example map showing flow permanence values for the 1 km stream
reaches at Fort Irwin are presented in Figure 19. Maps for flow permanence for all installations
showing the AGWA streamlines and the NHDPlus Version 2 streamlines are in Appendix D.

36



Legend
® USGS sireamgage
~— Discrelized stream
Discretized subwatershed

[ # Huachuca

0 05 1 2

Kilometers
1:40,000

Figure 17. Map of Upper Garden Canyon Watershed and USGS stream gauge location.

Table 1. Statistical results for Upper Garden Canyon SWAT-NEXRAD, rain gauge and met
tower simulations with coefficient of determination (R?) and Nash-Sutcliffe Efficiency (NSE)

values for calibration and validation time periods.
o Calibration Validation
Precipitation Daily Monthly Daily Monthly

Data v %
& cars 'e NSE | R NSE cars 't NSE | R NSE

Nexrad-MPE | 2005-2008 0.50 -0.01 0.80 0.80 | 2009-2012 0.57 -0.38 0.90 0.86

Rain gage 2000-2005 0.46 0.44 0.95 0.92 | 2006-2011 0.34 -0.24 0.97 0.73

Met Tower | 2000-2004 0.02 -6.9 0.06 -0.3 2005-2008 0.37 -0.21 0.99 0.78
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Figure 18. Plots of simulated vs. observed average monthly volume totals at Upper Garden
Canyon using NEXRAD-MPE precipitation input for (a) calibration and (b) validation.
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Figure 19. Map showing flow permanence for all 1 km stream reaches at Fort Irwin.

KINEROS?2 was used to obtain peak flow for a variety of storm durations and return intervals for
each HRU in the study areas. KINEROS?2 requires precipitation frequency estimates for specific
return intervals and durations. Estimates of these values were acquired for each watershed center
from NOAA’s National Weather Service Hydrometeorological Design Studies Center
Precipitation Frequency Data Server (NOAA PFDS, 2012;
http://hdsc.nws.noaa.gov/hdsc/pfds/index.html).

The PFDS allows for the input of geographical coordinates of each watershed center to
determine precipitation depths based on a frequency analysis of partial duration series. Design
storms based on several storms were created from the PFDS data using the centroid coordinate
for each watershed in the study areas. Applying a design storm created from a single point
estimate across an entire watershed tends to result in an overestimation of runoff due to the
failure to account for spatial heterogeneity of the input data (Miller et al., 2002). To account for
discrepancies an aerial reduction factor was applied to the depth values based on Osborn et al.
(1980) and expanded in NOAA’s Technical Memorandum NWS HYDRO-40 (Zehr and Myers,
1984) to average the depths over the entire watershed. Peak flows for the 5-, 10-, 25- and 100-yr
1-hr storms were modeled for all watersheds at all four installations.

Riparian Vegetation Characterization

The purpose of the vegetation analysis was to characterize the vegetation along the stream
channels for analysis of wildlife habitat use and value, and for use in the stream type
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classification. Riparian vegetation is important in determining the value of the stream reach to
wildlife. The criteria used to select the appropriate characteristics for analysis were based on
features that wildlife require for nesting, breeding, foraging, and movement. Vegetation height
(structure), cover, abundance, biomass, and connectivity (patchiness) are some of the more
important features for wildlife habitat. Different species of wildlife use different types of
vegetation and prefer different structural elements. Ground dwelling birds, small mammals and
reptiles depend on ground cover, while some birds have a preference for foraging or nesting in
shrubs, mid-canopy or upper canopy. Larger mammals (i.e. deer) depend on the taller vegetation
to provide cover and protection from predators.

Our analysis used vegetation structure (height), cover and density to characterize the riparian
vegetation. Vegetation structure represents the vertical bands in vegetation that are typically used
by wildlife. Vegetation cover represents the horizontal extent of the vegetation, and vegetation
density is an indication of vegetation abundance or lushness. These characteristics were chosen
because they are important to wildlife, and were obtainable from our data. All vegetation data
were derived for the 1 km stream reach polygons created by inundating the DEM to 3 m depth.

Riparian vegetation cover and density were obtained from satellite imagery (QuickBird or
RapidEye) in ERDAS Imagine. Multi-return LiDAR (canopy or first return, and bare earth or
ground; where available) data in ArcGIS were used to derive vegetation structure for use in the
stream type classification, and also to create a separate structure-based classification. FUSION
(LiDAR analysis and processing software;
http://www.fs.fed.us/eng/rsac/fusion/launch/fusionbkg.htm) was used to process some of the
LiDAR datasets. LIDAR data were not available for most of YPG at the start of the project;
however, small tiles were available that were used to analyze vegetation structure at mesquite
bosques for analysis of wildlife camera data. Field data and photos were used to check riparian
vegetation width, height, and cover.

We did not attempt to identify plant species from the LiDAR or satellite imagery since this
information can be obtained from existing vegetation mapping and reports at each military

installation, and vegetation species cannot be determined using our methods and data.

Vegetation Structure (height)

Vegetation height was obtained from multi-return LIDAR data by differencing the first return
and bare earth layers, and extracting individual structure groups (Farid et al., 2006; Bork and Su,
2007). Structure categories were based on the general types of vegetation found in these deserts,
and relate to the general height bands of vegetation used by wildlife: <1 m, 1-4 m, 4-12 m, and
>12 m (Figure 20).
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Figure 20. Illustration of vegetation structure layers.

The lowest structure category was determined by selecting the vegetation height that best
distinguished bare earth or ground cover from more permanent woody vegetation. This varied by
installation as follows and was confirmed from field data and photos:

Fort Huachuca: 1 m (extensive grass cover)

Fort Bliss: 0.25 m (very small shrubs, ground cover and forbs)

Fort Irwin: 0.5 m (small shrubs, ground cover, small creosote, rocks)

YPG: 0.2 m (ground cover, available for only a small area, used for wildlife analysis)

The percent of each structure category within each 1 km reach was calculated, and these values
were used in the stream type classification. An example map of the “vegetation 1-4 m” structure
category is shown in Figure 21 for Fort Irwin.

In addition, a vegetation structure-based classification was performed using the Isodata
Unsupervised Classification function in ERDAS Imagine. This classification can provide
additional information to managers for use in creating sampling schemes and wildlife surveys.
An example map of this result for Fort Irwin is shown in Figure 22.
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I

Percent of each structure category
Class | >0.25m | >Im >4m >12m
1 0.25 0.01 0.00 0.00
2 9.91 2.43 0.27 0.00
3 1.09 0.08 0.00 0.00
] 3.16 0.26 0.00 0.00
5 1.25 0.28 0.04 0.00
6 0.34 0.02 0.00 0.00
7 1.32 0.01 0.00 0.00
8 0.73 0.01 0.00 0.00

Figure 22. Map and table of vegetation structure classes for Fort Irwin stream reaches.

In the above figures, the locations with higher percentages of vegetation cover between 1 - 4 m
(Figure 21, brightest green) are the same locations of structure classes with high percentages of

vegetation taller than 1 m (Figure 22, Class 2, bright green).

Vegetation Cover and Density

Vegetation cover and density were obtained from vegetation indices derived from the QuickBird
and RapidEye satellite imagery, using ERDAS Imagine image processing software. Vegetation

42




indices are ratios of the reflectance properties of vegetation, and were used to classify the images
into vegetation vs. bare ground or ground cover. Several commonly used indices were tested to
determine which yielded the best results across the varied terrain of our study locations for each
type of imagery.

QuickBird imagery contains Red, Green, Blue and Near-Infrared bands. Vegetation indices that
were tested include Normalized Difference Vegetation Index (NDVI), Simple Ratio Index (SI),
Enhanced Vegetation Index (EVI), Greenness Index (GI), Soil Adjusted Vegetation Index
(SAVI), and Modified Soil Adjusted Vegetation Index (MSAVI2). See Appendix F for more
information and the equations for these indices.

The MSAVI2 vegetation index produced the best results for both Fort Irwin and Fort Huachuca.
Soil reflectance is one of the main independent variables influencing a vegetation index, in
addition to the amount of vegetation (leaf area index, LAI), and the canopy architecture (mean
leaf inclination angle) (Rondeaux et al., 1996). Various studies have shown that MSAVI2 has the
best result in areas with sparse vegetation and bare soil, found in arid and semi-arid regions (Qi
et al., 1994; Rondeaux et al., 1996; Purevdorj et al., 1998; Jiang et al., 2007). It was derived from
the Soil Adjusted Vegetation Index (SAVI) but does not require prior knowledge of the soil
brightness value that is required for SAVI. This index is calculated using the Red and Near-
Infrared (NIR) bands:

*NIR+1- \-"(2 * NIR+1)" —8*(NIR — RM'))J
2

MSAVI2 = (2

RapidEye imagery includes an additional spectral band, the Red Edge band, which is located
between the Red and Near Infra-red (NIR) bands. It provides additional information on plant
chlorophyll content and leaf structure reflection, improving the ability to distinguish plant types,
cover and abundance (Weichelt, et al., 2012). Schuster et al. (2012) tested the use of the red edge
band for land use classification and found that this band improved accuracy in areas of open
landscapes such as bush vegetation. The Red Edge band is used in narrowband greenness indices
and several of these were tested at Fort Bliss and YPG by converting narrowband greenness
indices to broad-band (The ENVI User Guide,
http://geol.hu/data/online_help/Vegetation Indices.html , accessed Nov. 27, 2012). The indices
tested include Red Edge Normalized Difference Vegetation Index (RENDVI), Modified Red
Edge Simple Ratio Index (Re-Mod-SRI), Modified Red Edge Normalized Difference Vegetation
Index, Modified Chlorophyll Absorption in Reflectance Index (MCARI; Daughtry et al., 2000),
and Transformed Chlorophyll Absorption in Reflectance Index (TCARI; Haboudane et al.,
2002). See Appendix F for more information and the equations for these indices. The Red Edge
NDVI produced the best results across all terrain types at Fort Bliss and YPG, and is calculated
using the standard NDVI equation with the Red Edge band replacing the red band:

RE-NDVI = (NIR - RE) / (NIR + RE)

The vegetation indices were calculated for each installation (MSAVI2 at Fort Huachuca and Fort
Irwin, and RENDVT at Fort Bliss and YPQG), and then classified into vegetation vs. bare ground
or ground cover (Figure 23). The vegetation index values were extracted for each 1 km stream
reach polygon to obtain vegetation density as the mean value of the vegetation pixels for each 1
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km polygon. Vegetation cover was derived as the total area of pixels in each polygon classified
as vegetation, divided by the area of the 1 km stream reach polygon (Figure 24).
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Figure 23. Map image at Bitter Springs, Fort Irwin, showing MSAVI2 values (left), and a photo
of Bitter Springs (right).
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mean values for the
1 km stream reach polygons (left), and MSAVI2 values classified for percent cover (right).

Seasonal Vegetation Response to Monsoonal Precipitation

Because we were unable to perform the LiDAR vegetation structure analysis at YPG due to lack
of LIDAR data, we investigated the use of Landsat 5 Thematic Mapper (TM) data to enhance the
vegetation characterization. Landsat data are freely available with a temporal resolution of 16
day intervals. We obtained Landsat 5 TM data for several dates bracketing the summer months
from 2006 through 2010. Based on the National Weather Service monsoon statistics
(http://www.wrh.noaa.gov/twc/monsoon/monsoon.php), 2008 was a wet monsoon for Yuma,
Phoenix and Tucson (37.8, 144.8, and 140.2 mm respectively). Using all three locations to select
the year was important to ensure that most if not all of YPG received precipitation during the
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months of July, August and September. The goal was to select a year that would experience the
greatest change in vegetation response by the end of the summer months throughout YPG. While
2008 was not the highest total monsoonal precipitation, all three locations experienced relatively
high amounts of rainfall during the summer, and rainfall was the most likely evenly distributed
for those months for Yuma.

Using scenes from a pre-monsoon and post-monsoon date (June 11, 2008 and Oct. 1, 2008) we
calculated the MSAVI2 vegetation index for YPG, to represent vegetation condition before and
after the monsoon season. The percent difference of the mean MSAVI2 values for each 1 km
stream reach polygon was used to indicate the vegetation response to the monsoonal

precipitation and was used as input to the classification, as a seasonal vegetation response index
(SVRI).

Various statistical analyses were performed to evaluate whether this index, SVRI, improved the
stream type classification. Correlation analysis indicated that the index was not correlated to any
of the other variables. Principal components analysis (PCA) indicated that SVRI was significant
in the second and third principal components. Cluster analysis in R was performed using both
datasets, for 3 to 12 clusters. Dendrograms and nonmetric multidimensional scaling (NMDS) in
R were used to view the structure of the datasets with and without the index for each cluster
result (Figure 25 and Figure 26), and indicated that the addition of the index resulted in more
distinct clusters. A one-way analysis of variance (ANOVA) indicated that the clusters were
statistically significantly different for most of the other input variables with and without the
SVRI.
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Figure 25. Dendrograms for YPG clustering, 4 clusters, with (left) and without (right) the SVRI
index.
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Figure 26. NMDS plots for YPG clustering with (left) and without (right) the SVRI index.

This approach is appropriate for arid locations where vegetation response to rainfall is
noticeable. The best results will be obtained if the images used are from before and after a
growing season, unless temperature also defines the growing season. This method assumes that a
significant increase in vegetation greenness occurs following a growing (rainy) season; therefore
it will not be as effective in locations where rainfall is evenly distributed throughout the year.
The type of vegetation (i.e. woody vs. herbaceous) should also be taken into consideration as the
change in the vegetation index from herbaceous plants may be stronger than woody plant
species, especially for bare areas.

Although this analysis used a single year, optimal analyses should incorporate average changes
in MSAVI2 values by using multiple years of remote sensing imagery. In this analysis, the
Landsat derived MSAVI2 index was used as it reduces the effects of bare ground common in
arid settings; however, other indices such as the normalize difference vegetation index (NDVI)
or the enhanced vegetation index (EVI) may be used in a similar manner.

Task 3: Field Data Acquisition

The main goal of the field data collection was to obtain geomorphic and vegetation
characteristics from a variety of stream types for use in field checking the GIS and other derived
data. Our field data collection methods evolved as we obtained more data and understood more
about the variability of stream reaches across our study locations. Following review of the field
data from the initial field trips, we revised our data collection methodologies to target the most
relevant types of field data that were an appropriate scale for this analysis and that could be used
to confirm the GIS and remotely sensed data. The original field data collection methodologies
are described below, along with the revised methodology for each type of data. Copies of all data
collection forms are included as attachments. Maps of the field data locations are included as
Appendix E.
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To sample the variability of stream types across each installation, we used two different methods.
During the initial site visits we selected field sites based on observed visual differences in the
field, such as channel width, depth, substrate, vegetation density and species, etc. These sites
represented the general variability we observed. Subsequent field sites were selected using the
ArcMap random point generator to create a set of 100 sample points to capture the overall
variability of stream types. Each point was constrained to a minimum allowable distance of 1 km
between points and within 100 m of a streamline.

Geomorphic Data

Geomorphic data were taken along a 100 m transect using a tape placed down the center of the
channel. The original data collection protocol included channel characterization, sketches, and
descriptions of pattern, planform, bedform, banks, terraces, cross section, particle size
distribution estimate (Wolman Pebble Count), GPS channel cross sections, GPS longitudinal
profile, and photographs. After analyzing these data, we determined that we did not require that
level of detail for the classification. The revised field data collection protocol eliminated
planform and cross-sectional sketches and intensive GPS surveys, but included channel planform
and bedform, bank attributes, a modified particle size distribution estimate, and an estimate of
the channel bottom width and bank depth. By eliminating the most time-intensive activities that
were also not an appropriate scale for this analysis, more focused field data were collected, thus
increasing the overall sample size. In almost all cases, a larger sample size increases accuracy.

Riparian and Upland Vegetation Data

Vegetation data were taken along the same 100 m transect as the geomorphic data. The original
data collection included the riparian vegetation outline (using a GPS), canopy density (using a
densiometer), vegetation structure (using a modified stadia rod), detailed lists of the common
plant species present, and photographs. The canopy density and structure data were taken at
every 5 m, on the uplands and in the riparian zone on both right and left sides of the channel, and
along the center of the channel. We also used an Abney Level to obtain the height of various
trees and shrubs for ground truthing the LiDAR.

After reviewing the field data for riparian vegetation we determined that we did not need that
level of detail, and so revised our methodology accordingly. Subsequent data were collected only
along the 100 m transect at the same location as the geomorphic data. Visual estimates of
riparian vegetation structure (height classes) for the entire transect were recorded as percent of
woody vegetation cover less than 1 m, 1 —4 m, 4 — 12 m, and greater than 12 m. These height
classes represent the general vegetation structure required by wildlife and correspond with the
vegetation height classes obtained from the multi-return LiDAR. Along with percent cover for
each height class, we recorded patch density based on a scale of 1-5 (no patches to almost
continuous dense cover) that we attempted to convert to percentages based on analysis of the
imagery; however, we did not have enough field data to complete this analysis. For the overall
transect, we recorded the dominant vegetation form (tree, shrub, grass or cactus), the dominant
tree and shrub species, the most common plant species, maximum vegetation height, and average
riparian vegetation width. We took a series of photographs at the 0 m, 50 m and 100 m points on
the transect. The fourth and final field data protocol collected only the data required to ground
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truth the vegetation analysis from the LiDAR and satellite imagery: percent cover for each
structure class, overall percent cover, average riparian zone width, maximum vegetation height,
photos, and general notes on species composition.

Hydrologic Data

Hydrologic data were taken as visual observation during the last round of trips to validate the
AGWA model results for flow permanence. This was performed by evaluating evidence of
recent flows, flood debris, channel features (harrow marks), channel geometry, and vegetation
characteristics, in relation to the estimates of flow permanence from the AGWA/SWAT model.
No other hydrological data were taken in the field.

Wildlife and Wildlife Sign, Habitat Features

Wildlife data were taken along the same 100 m transect as the geomorphic and vegetation data,
and included the uplands. Data collection originally included information on wildlife
observations (visual and audio), presence and abundance of scat, tracks, trails, ground
disturbance, nests, burrows, perches, plants fruiting or flowering, amount of debris/litter, dead
trees, horizontal cover, and the difference between the upland and riparian canopy cover. The
revised field data included, for both the riparian zone and the adjacent upland, qualitative
estimates on the abundance of wildlife trails and other wildlife evidence and a qualitative
estimate of how amenable conditions at the transect are to observing evidence of wildlife (e.g. a
gravel bed that would show the tracks of very few wildlife species would be rated ‘low,’
compared to a ‘high’ rating for a fine sandy bed that would show many species’ tracks). Other
notes, such as dominant plant species and details on wildlife evidence were also recorded. These
data were used to inform us of the general amount and diversity of wildlife that use these riparian
areas.

Longitudinal Channel Walks

During the earlier field trips we included “longitudinal channel walks” which involved walking
along the channel and recording observations at every 100 m (200 m for longer walks). The
purpose was to observe changes in geomorphology, vegetation and wildlife habitat features over
a longer distance than the typical 100 m transect to aid us in determining an appropriate stream
length for our unit of analysis, and to inform us of the variability of stream reaches. These walks
varied in length from 1 km to 4 km, depending on the location. The features of very large braided
channels that did not change noticeably over several kilometers were captured with a 1 km walk,
while steep mountain channels or alluvial fan channels that had noticeable changes in several
hundred meters required a longer distance to understand their overall variability. The data
collected from these channel walks increased the total number of sites, and also improved our
understanding of the variability of stream types at each installation.

Data collected included the following visual observations and photographs:

1. Geomorphology: channel planform, channel bedform, left and right bank characteristics,
presence or absence of flow, particle size distribution estimate, and woody debris.
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2. Riparian Vegetation: upland vegetation type, tallest and most abundant riparian tree and
shrub species, other tree and shrub species, grass and forb abundance, and dominant
vegetation form (tree, shrub, forb, grass).

3. Wildlife habitat features: species visibly present, species audibly present, presence of
scat, tracks, trails, burrows, ground disturbance, nests, perches, flowering/fruiting plants,
debris, horizontal cover percent, and difference in upland vs. riparian zone canopy.

Task 4: Classification of Ephemeral and Intermittent Stream Types

A unique stream type classification was created for each installation based on the hydrologic,
vegetation, physical and geomorphic variables, using an agglomerative hierarchical clustering
technique. The resulting stream type classes and input variables were associated with wildlife
habitat for each installation.

Analysis Methods

In preparation for the classification, we developed a large dataset of variables during Task 2 at
each installation for each 1 km stream reach. The majority of the analyses were related to
identifying and deriving the variables that would best distinguish stream types. The variables
developed for the stream type classifications were derived from readily available GIS data,
satellite imagery, and LiDAR data (when available). A combination of statistical techniques were
utilized to select the final input variables and to create the stream type classifications for each
installation.

Analyses were performed in EXCEL, the R statistical software (www.r-project.org) within the
R-Studio interface (www.rstudio.com), and SPM. Correlation analysis (Pearson correlation
analysis in EXCEL) was used to reduce the number of input variables. Principal components
analysis (PCA) was used to determine which variables were most significant, and which were
related (varied together). PCA is a form of multidimensional scaling, and is a linear
transformation of the variables into a lower dimensional space that retains the greatest amount of
information about the variables.

We used an agglomerative hierarchical clustering technique in R, Aclust, with the Euclidean
distance function and Ward’s method, to create the stream type classifications. Euclidean
distance is the ordinary distance between two points. Ward’s method is a minimum variance
method that finds compact, spherical clusters (http://stat.ethz.ch/R-manual/R-
patched/library/stats/html/hclust.html). Nonmetric multidimensional scaling (NMDS) in R was
used to view the structure of the datasets for each cluster result. Cluster validity tests were
performed in R to aid in the identification of the optimal number of clusters for each installation.
Over 30 tests were performed, including silhouette widths, generalized minimum distance of
distributions, dissimilarity measure, Dindex index, and Hubert index. These analyses produced
either a plot or index that identifies the optimum number of clusters as an abrupt change, bend or
elbow in the data. We selected the strongest tests from Milligan and Cooper’s (1985) review of
procedures for determining the number of clusters in a data set.
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The validity tests indicated that while there was usually one optimal cluster arrangement, there
were several acceptable cluster configurations. Therefore, the results from the validity tests were
used to guide the selection of the optimal number of clusters, but site knowledge, field data,
photos, and examination of the mapped data were used to select the final arrangement that best
described the variability across each installation. A one-way analysis of variance (ANOVA) and
Tukey’s Honestly Significant Difference (HSD) tests were used to determine if the variables
within each cluster (stream type) were statistically significantly different for each level of
clustering. The tests compared the means and assigned a letter to each cluster that indicated its
similarity to or difference from the other clusters. Clusters that do not share a letter have
significantly different means. Boxplots were used to visualize the cluster statistics and also
identify the variables most important in defining each cluster. This information was also used in
selecting the final number of clusters.

The thresholds or breaks for each variable for each stream type were determined using a CART
classification decision tree, using the Salford Predictive Modeler software suite. The final stream
types were used as the target variables, and all defaults were kept for the initial tree (Gini
method, 10-fold cross validation, no limits on tree size or minimum cases per terminal node, no
weighting, and equal priors). The stream type classifications are unique for each installation,
with no overlap across installations; however, the classification procedure may be applied within
the same ecoregion. Thresholds can be used by management as a predictive tool to place streams
not on the NHD stream network (new data) into one of the stream types. Combining cluster
analysis with decision trees has been described by various researchers as a data mining technique
that improves accuracy and results (Aviad and Roy, 2011; Gothai and Balasubramanie, 2012;
Sharma and Kaler, 2013).

Summary documents with mapped clusters, dendrograms, NMDS plots and boxplots for each
installation are included as Appendix B. A GIS data layer with the classified stream types was
produced for each installation that includes all variables (geomorphology, riparian vegetation and
hydrology) for each stream reach.

The input variables (described in more detail previously) used in the cluster analysis for the
stream type classifications were:

Elevation (m)

Slope (%)

Flow Permanence (%)

Peak flow for the 25-yr 1-hr storm (Qp, m?/s)

Vegetation structure (heights) groups (% cover of each layer), from the LIDAR
vegetation height layer, varies by installation (not available for YPG)
Vegetation cover (%), derived using the vegetation index

Vegetation density, derived from the mean vegetation index

Total stream power for the 25-yr 1-hr storm (kW/m)

Cumulative area above the reach (m?)

10 Water surface width at inundation depth of 2 m

11. Rainfall seasonality index (RSI)

M

0 %0 N o
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12. Entrenchment Ratio, calculated from the water surface widths at 3 m and 0.5 m
inundation depths (ER_3m_05m)

13. Seasonal Vegetation Response Index (SVRI), Landsat 5 TM MSAVI2, percent difference
from June, 11, 2008 to Oct. 1, 2008, for YPG only

Task 4a: Wildlife Associations

This part of the research explored wildlife use patterns of ephemeral and intermittent streams
using the geomorphic, hydrologic, and vegetation variables and the stream type classes. The
research was conducted in detail at Fort Bliss, and the methods were applied at the other three
installations. Additional analyses were conducted if other types of wildlife data were available.
Wildlife use patterns were examined at three levels: single species, an entire group of species
(e.g. mammals), and all species. For more detail, see the Master’s Thesis by Hammer (2014).

To address whether habitat for particular vertebrate wildlife species of concern is associated with
particular stream reaches, species distribution models were created using the ecohydrological
input variables that evaluated the use of streams by single species of concern. At Yuma Proving
Ground, there were not enough data on any one species in the stream reaches to model, so
species richness in the bosques was modeled. Wildlife camera data, available for the mesquite
bosques at YPG from the Arizona Game & Fish Department (AZGFD), were used with multi-
return LiDAR to examine wildlife use of those areas.

At an intermediate level, multi-return LiDAR data were used at Fort Bliss to assign a nesting
habitat index for all breeding birds and for just TER-S breeding birds to each stream reach in the
study area. This index was tested using field data provided by the installation. The field data also
allowed us to conduct a small test of estimated species richness derived from stacked animal
habitat distribution models (described next).

To gain the broadest perspective, stacked Gap Analysis Program (USGS, 2014; USGS, 2007)
animal habitat distribution models were created to explore patterns of terrestrial vertebrate
species richness in the stream types at each installation. Richness of all species, birds, mammals,
reptiles, and amphibians were examined. In addition, the richness of the TER-S species in each
of these groups was examined. We created models to understand what particular ecohydrological
characteristics were associated with TER-S richness.

Species Distribution Modeling Methods

An objective of the project was to link the stream classification to TER-S species. All
installations except for YPG were able to provide enough point data for modeling the occurrence
of at least one species in stream reaches on their installation.

Fort Bliss was able to provide an excellent data set to model one species. Gray vireos (Vireo
vicinor) have a regional NatureServe rank in New Mexico of Apparently Secure (S4) for their
breeding range and Vulnerable (S3) in their non-breeding range. They are listed by New Mexico
as Threatened.
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Fort Irwin was able to provide enough point data to model two species. Mohave desert tortoises
(Gopherus agassizi) have a global NatureServe rank of G3, Vulnerable, and a regional rank in
California of S2, Imperiled. They are also listed as Threatened under the Endangered Species
Act. Burrowing owls (Athene cunicularis) have a regional NatureServe rank of S3, Vulnerable,
in California. They are also listed as a Species of Special Concern by the California Department
of Fish and Wildlife. Though not exclusive to streams, these species use the banks of washes for
burrows. Wildlife managers at Fort Irwin have found them to be somewhat associated with
washes and expressed interest in understanding better which washes are important for these
species.

Fort Huachuca was also able to provide enough point data to model two to three species.
Mexican spotted owls (Strix occidentalis lucida) have a global NatureServe rank of G3,
Vulnerable, and a regional rank in Arizona of S3S4, Imperiled to Apparently Secure. They are
also listed as Threatened under the Endangered Species Act. Whiskered screech owls
(Megascops trichopsis) have a regional NatureServe rank of S3, Vulnerable, in Arizona. They
are also listed as a Species of Greatest Conservation Need by the Arizona Department of Game
and Fish. Western screech owls (Megascops kennicotti) do not have any special designations in
Arizona, but at times have been considered conspecific with whiskered screech owls. Wildlife
managers at Fort Huachuca expressed interest in understanding better which canyons are
important for these species.

Environmental data

Seventeen of our ecohydrological variables were used for species distribution modeling: 7
vegetation, 3 hydrologic, and 7 geomorphic/physical variables (Table 2). We used one additional
geomorphic variable from our data catalog and derived 5 additional variables that could be
important for species occurrence. The additional variable from our data catalog used in species
distribution modeling was rock type at Fort Huachuca, from the Arizona Geology dataset. For
Fort Huachuca and Fort Bliss, we derived two measures of vegetation structure complexity using
the LIDAR data: the Shannon diversity index (Shannon and Weaver, 1949) and the Simpson (1-
D) diversity index (Burnham and Overton, 1979; Magurran and McGill, 2011). For both
measures, higher values correspond to increasing structural diversity. For Fort Bliss, we used the
land cover variety variable derived for the species richness analysis at that installation (see
Species Richness Analysis Methods section below for more detail). This variable indicates the
number of different ecological systems occurring in a stream reach. Because both desert tortoises
and burrowing owls use wash banks for burrows, we derived a measure of bank slope at Fort
Irwin by calculating the average slope of the area between the 0.25 m inundated depth polygon
and the 2 m inundated polygon. Surface roughness has been shown to be a good predictor of
desert tortoise presence (Nussear et al., 2009), so we derived an average surface roughness
variable following the method used by Wallace and Gass (2008). We used DEM Surface Tools
for ArcGIS (Jenness, 2013) to calculate the Surface Ratio of the LIDAR DEM . We then derived
the average surface roughness by calculating the mean Surface Ratio within the 2 m inundated
depth stream reaches using the ZonesWOverlap tool (Clark, 2012) in ArcGIS 10.
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Table 2. Ecohydrological variables using in modeling individual species occurrence at each
installation. Codes used here were also used for species richness modeling.

Variable Code Huachuca| Irwin Bliss

Cumulative area above reach Cum_area . . .
Elevation LidElevMidPts o o o
Entrenchment ratio ER_3m_05m . . .
Slope PCTslope . . .
Rainfall Seasonality Index RSI . . .
Mean riparian width (2m deep) [Width2m o o o
Mean riparian width (3m deep) |Width3m . .
Rock type Rocktype .

Flow permanence FlowPerm . . .
Total stream power (25-yr) Q25TSP . . .
Peak flow (25-yr) Qp25 . . .
LiDAR % cover, ground cover veg0_025m .

LiDAR % cover, low veg veg0_1m/veg025 1/veg05 1 o . .
LiDAR % cover, veg 1-4m vegl 4m o o o
LiDAR % cover, veg 4-12m vegd 12m o o o
LiDAR % cover, veg >12m vegl2m/vegl2mPA . .
Mean vegetation index msavi2/rendvi_mean o o o
Percent cover msavi2/rendvi_pct o o o
Average surface roughness AvSurfRough .

Bank slope Slope2_025_m .

Number of land cover types Landcover_variety .
Shannon structural diversity Shannon o o
Simpson structural diversity Simpsonl D . .

Each variable was linked to the appropriate stream polygons (3 m inundated depth at Fort
Huachuca and Fort Bliss, 2 m inundated depth at Fort Irwin). At Fort Huachuca and Fort Irwin,
each variable linked to the polygons was then converted into a raster with a cell size of 5 square
meters for use in MaxEnt. Only the area within the 2 or 3 m flooded zone of the stream reaches
was modeled for each species.

For all species, locations were spatially filtered to no more than one per stream reach and usually
at least 1 km apart by selecting all stream reaches within either 50 m, 100 m, or 200 m of a
species location. Stream reaches were represented by the 3 m inundated depth riparian polygons.
Spatial filtering helps reduce the effect of spatial autocorrelation, reduce overfitting, and prevent
overly complex models (Radosavljevic and Anderson, 2013; Shcheglovitova and Anderson,
2013). The presence input used for MaxEnt was the center point of each of the selected streams.

Fort Bliss — Logistic Regression

From 2007-2012, most stream reaches in the gray vireo’s range on Fort Bliss were surveyed for
the species (White Sands, 2007; Zia, 2010, 2012a, 2012b, 2013). Observations, nests, and male
territories were documented. Survey locations were recorded and whether or not vireos were
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observed, yielding a dataset of both presence and absence, assuming lack of detection was true
absence.

At Fort Bliss, the gray vireo was found in streams in the Organ and Sacramento Mountains, so
the modeled region included the 3 m flooded depth stream reaches in these areas. Because the
dataset had both presence and absence, the modeled area only included surveyed streams in these
mountains. The modeled area included 199 stream reaches, representing 10% of the reaches on
the installation.

For gray vireos, stream reaches within 50 m of a species location were selected. Out of 2844
total survey points, 1094 were within this distance of one of our stream reaches. We used both
the point locations and male territory polygons to assign each stream reach a presence or absence
value. These steps resulted in 62 stream reaches used by vireos, 3.1% of the total number of
reaches on the installation and 31.2% of the stream reaches in the modeling area.

For model validation, we split the data into a training set and a testing set. We used a random
number generator to reserve 23.6% (n=47) (Huberty, 1994) of the stream reaches in the modeling
area for testing.

We used the training set to create a binomial generalized linear model (GLM) with a log link,
also known as logistic regression. Occurrence (presence or absence) was modeled as a function
of the ecohydrological variables. The top models for gray vireo occurrence were generated
through a process modified from Grueber et al. (2011). Akaike’s Information Criterion adjusted
for small sample size (AICc) was used to evaluate model performance. Because the Shannon
index of vegetation structural diversity had a lower AICc value than the Simpson (1-D) index
when each variable was used independently to predict gray vireo presence (AAICc =2.7), only
the Shannon index was used in modeling.

An initial global model that included all possible predictor variables was built and then
standardized by centering on the mean and dividing by 2 standard deviations (Gelman, 2008)
using the arm package in R (Gelman et al., 2009). The package MUMIN (Barton, 2009) was
used to generate all model subsets of the global model. All models within 2 AAICc of the top
model were examined for uninformative parameters. Models that simply added one or two
variables to another model in the top set were only retained if they had a lower AICc than
simpler model. A second global model was created that contained only those variables found in
the reduced top model set. MUMIN was used to generate all model subsets of the second global
model. Parameter estimates of all models in the top 2 AAICc were model averaged using the
natural averages method to generate estimates of effect size. Standardized parameter estimates
are reported as effect sizes with unconditional standard errors. Estimates were transformed to an
odds ratio and adjusted using the standard deviation of each variable from the training set to
correspond with a meaningful change in each predictor variable. All models subsets of the
second global model were used to generate measures of relative variable importance to ensure
that it was calculated from a balanced set (Burnham and Anderson2002: 167-169).

We calculated predicted values for both the training and testing sets using the model-averaged
estimates. Predicted values from a logistic regression range from 0 — 1. We determined what
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value was the most appropriate threshold to consider presence when converting predicted values
to presence/absence by calculating overall accuracy of the training and testing sets for different
threshold values. For the most appropriate threshold value, we built confusion matrices for the
training and testing sets, and calculated overall accuracy, omission and commission rates for
both presence and absence, and the Kappa coefficients (Cohen, 1960) for both sets, which
measures how much better than random a model is. An early guideline for interpretation of
Kappa by Landis and Koch (1977) suggested that values < 0.4 indicated poor agreement that the
model was better than random, 0.41-0.80 as moderate agreement that the model was better than
random, and >0.80 as strong agreement that the model was better than random. Using the
package ROCR (Sing et al., 2005) in R, we also obtained AUC values for both sets. AUC (area
under the curve of the receiver operating plot) reveals the models discriminatory ability. When
both presence and absence are known, it measures the probability that the model correctly ranks
a random presence locality higher than a random absence locality.

To assess whether gray vireos were associated with a particular stream type, we performed a
Kruskal-Wallis test for differences in probability of presence among the 8 stream types at Fort
Bliss. Tukey HSD tests were used to examine pairs of stream types to determine which were
significantly different from each other.

Fort Huachuca and Fort Irwin — MaxEnt

Data provided by Fort Huachuca and Fort Irwin were in the form of presence-only data. We used
MaxEnt (version 3.1; http://www.cs.princeton.edu/~schapire/maxent/; Phillips et al., 2004, 2006)
to model species at this installation because it has been widely used for this application.

At Fort Irwin, both species modeled were found across the installation, so the modeled region
included the 3 m inundated depth stream reaches on the entire installation with the exception of
the Leach Lake Impact Area. The modeled area included 1427 stream reaches, 82.1% of the
reaches on the installation.

At Fort Huachuca, both species were confined to the mountains. The lowest elevation GAP land
cover (Lowry et al., 2005) that either species occurred in was Madrean Encinal. The lower
elevation limit of this land cover was approximately 1600 m. The modeling area included all
stream reaches which reached an elevation of 1600 m anywhere along their length. Any stream
reaches that did not meet this criteria but were at least partially within the USFWS designated
critical habitat for Mexican spotted owls were also added to the modeling area. The modeled area
included 69 stream reaches, 27.0% of the reaches on the installation.

Study species and occurrence records

Fort Huachuca provided us with 94 Mexican spotted owl locations collected from 1991-2010

from a number of yearly inventories. For spotted owls, stream reaches within 200 m of a species
location were selected. This step resulted in 11 stream reaches used by spotted owls, 4.3% of the
total number of reaches on the installation and 15.9% of the stream reaches in the modeling area.

Fort Huachuca provided us with 94 whiskered, 8 screech owl and western, and 9 screech owl
locations observed during the 2009 and 2010 Mexican spotted owl surveys. For screech owls,
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stream reaches within 200 m of a species location were selected. This step resulted in 8 stream
reaches used by whiskered screech owls and 7 stream reaches used by western screech owls.
Modeling for the two species was combined because both species were observed in only 9
stream reaches total, 3.5% of the total number of reaches on the installation and 13.0% of the
stream reaches in the modeling area.

The Natural Resources section of the Department of Public Works at Fort Irwin provided us with
201 burrowing owl observation locations collected in 2005 and 2010-2013. These locations were
mostly from surveys, with some incidental observations. For burrowing owls, stream reaches
within 200 m of a species location were selected. This step resulted in 34 stream reaches used by
burrowing owls, 1.9% of the total number of reaches on the installation and 2.4% of the stream
reaches in the modeling area.

The Natural Resources section of the Department of Public Works at Fort Irwin provided us with
1086 tortoise observation locations collected from 1994-2013. These locations were mostly
incidental observations of live and dead animals. For desert tortoises, stream reaches within 100
m of a species location were selected. This step resulted in 165 stream reaches used by desert
tortoises, 9.4% of the total number of reaches on the installation and 11.6% of the stream reaches
in the modeling area.

Model parameters

The models for each species were tuned by testing multiple settings for a number of MaxEnt
parameters. We evaluated model performance using four criteria. The average evaluation/test
AUC reveals the models discriminatory ability. It “quantifies the probability that the model
correctly ranks a random presence locality higher than a random background pixel” (Phillips et
al., 2006). Models with a higher AUC were preferred; the maximum AUC value is 1. The
average difference between the calibration/training and evaluation/test AUCs (AAUC)
“quantifies the degree of over-fitting to noise” (Radosavljevic and Anderson, 2013) and should
be minimized. As in Radosavljevic and Anderson (2013), we used the minimum training
presence threshold test omission rate (Zero OR) and the 10" percentile training presence
threshold test omission rate (Ten OR) to quantify over-fitting. Zero OR should be as close to
zero as possible, while Ten OR should be as close to 0.1 as possible. When results were similar
at different regularization levels, we chose the lower regularization to reduce under-fitting.

For Fort Irwin modeling, we used k-fold cross validation (k=4). Each model was tested with
regularization multipliers of 0.5, 1, 1.5, 2, 2.5, 3, 3.5, and 4. Feature classes were restricted to H
(hinge), L (linear), LQ (linear and quadratic), LQH (linear, quadratic, and hinge), and no
restriction (LQPTH; linear, quadratic, product, threshold, and hinge). For desert tortoises, the
optimal model parameters were a regularization value of 2.0 and feature class H. For burrowing
owl, the optimal model parameters were a regularization value of 1.0 (the default) and feature
classes LQ.

Since a visual inspection of tortoise and burrowing owl localities revealed that many fell along
roads, we created a biased prior by calculating the distance of each 5 square meter pixel in the
modeled region from a road and rescaling the result from 1-5 where cells with a value of 5 were
closest to the road and cells with a value of 1 were farthest from the road, implying that
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probability of having visited a cell adjacent to a road is 5 times as high as it would be far from
any road.

For Fort Huachuca, we used a delete-one jackknife approach for validation (Pearson et al, 2007,
Peterson et al., 2011). This approach has shown to produce good models using <10 occurrence
records (Anderson and Gonzalez, 2011, Shcheglovitova and Anderson, 2013). Each model was
tested with regularization multipliers of 1, 2, 3, and 4. Feature classes were restricted to H, LQ,
and LQH. For both species, the optimal model parameters were a regularization value of 3.0 and
feature class H.

Modeling was initially performed with the full set of variables for that installation (Table 2). To
arrive at the optimal model, we examined the result of jackknife tests performed in MaxEnt.
When removing a variable would increase training gain, test gain, or AUC, especially if its
percent contribution and permutation importance were low, this was done. Results are presented
using the default logistic output from MaxEnt.

To assess whether each species was associated with a particular stream type, we performed
Kruskal-Wallis tests for differences in probability of presence among groups. Tukey HSD tests
were used to examine pairs of stream types to determine which were significantly different from
each other. In addition, Fort Huachuca uses Protected Activity Centers (PACs) to manage
Mexican spotted owl habitat. For the subset of streams within the USFWS Designated Critical
Habitat for spotted owls, we used a Mann-Whitney U Test to determine if streams within PACs
had significantly different values of each ecohydrological variable than streams outside of PACs.
Since rock type was a categorical variable, we used a Pearson’s chi-squared test to determine if
streams in PACS were found in different rock types.

Mesquite Bosque Species Richness Methods

At Yuma Proving Ground, LiDAR data were available for only a portion of the installation, so it
was not possible to investigate the connection between GAP riparian species richness (described
in a later section) and vegetation structure along streams. However, LIDAR data were available
for an area in which many of YPG’s mesquite bosques are found. The bosques on YPG are made
up of honey mesquite, creosote, range ratany, white bursage, galleta grass, bush muhly, and a
variety of forbs (Jason Associated Corp., 2008). The composition of these bosques is very
similar to the xeroriparian areas along streams at YPG and, like the xeroriparian areas, they are
highly productive and species rich relative to the surrounding uplands, providing important cover
and habitat for a variety of animals.

Arizona Game and Fish conducted a camera-trapping study on bosques from April 2009 to May
2011 to identify which wildlife species use bosques, seasonal patterns of use, how use is
influenced by bosque size, shape, and proximity to permanent water
(<http://www.azgfd.gov/w_c/WildlifeUseMesquiteBosque.shtml>). There are 182 mapped
bosques in the northeast corner of the Cibola Range of YPG. AZGFD placed 50 cameras in 16 of
these bosques; 12 are ones for which LiDAR data were available. An additional 69 bosques are
covered by the LiIDAR data. Through an Interagency Service Agreement (ISA), AZGF provided
the number of each species recorded in each of these 12 bosques. We analyzed how vegetation
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structure, proximity to other bosques, and hydrologic variables of the closest streams influenced
species richness, overall wildlife abundance, and abundance of birds, mule deer, and kit fox in
these 12 bosques.

Ecohvdrological variables

We used ArcGIS 10.1 to process the LiDAR tiles provided by DISDI (Defense Installation
Spatial Data Infrastructure). We subtracted the bare-earth raster layer from the first-return raster
layer to get vegetation height for eleven of the bosques for which there were camera data. There
was no bare-earth file for Bosque 108, so we clipped the appropriate tile to just the extent of the
bosque polygon, and examined it visually for the average ground-level elevation. The value
352.4 meters produced reasonable values for the vegetation structure. We subtracted this value
from the first-return values to get vegetation height for Bosque 108. We classified the vegetation
height raster into -500-0.2 m, 0.2-1 m, 1-2 m, 2-3 m, 3-4 m, 4-5 m, >5 m and calculated the
percent of each height class in the bosques in two ways. Percent of each class present in each
bosque was calculated by dividing the number of pixels in a class by the total number of pixels in
the bosque. Cumulative percent of each class was calculated by summing the number of pixels in
a class and all those physically above it, and dividing by the total number of pixels in a bosque.
Cumulative percent cover can be interpreted in two ways. It can be thought of as an estimate of
the total amount of vegetation cover in that class in the bosque, because most pixels with taller
vegetation also contain vegetation in each height class below the tallest vegetation. It can also be
interpreted as the percent cover in the bosque of vegetation above a certain height.

Because the surrounding area could have an effect on wildlife use of a bosque, we used ArcMap
to find the number of other bosques within 250, 500, and 1000 m of the edge of each bosque. We
also calculated the percent of the area within those same distance bands that was classified as
bosque. This was done by converting the bosque polygon layer into a raster where cells in
polygons had a value of one, running the tool ZonesWOverlap (Clark, 2012) to get the sum of
the bosque raster layer in each buffer zone, and dividing the sum of the bosque raster layer by the
area of the buffer zone.

Most bosques were found along streamlines (Figure 27) for which peak flows and flow
permanence were modeled with the AGWA tool for ArcGIS (Lyon, 2013). We included the flow
permanence from NEXRAD data and peak flows for the 10 year, 1-hour storm that were closest
to each bosque in the analysis. We also included the area in square meters of each bosque.
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Figure 27. YPG - Overview of 7 of the 12 modeled bosques.

Blue lines are stream lines generated by Lyon (2013). Dark green polygons with black outlines
are bosques with wildlife camera data used to generate models. Bright green polygons are
bosques for which LiDAR were available, but no camera data, and gray polygons are bosques for
which neither type of data were available.

Species Richness

Since detection of all species present in an area is rarely possible, we used several estimators to
approximate total species richness of each bosque.

Table 3 provides a list of species included in the analysis.

Accipiter, Lizard, Unknown Raptor, Unknown Rodent, Snake, and Unknown Bird were provided
by AZGFD, but excluded from species richness estimation. Dove, Ground Squirrel, and Small
Owl may have included multiple species but were each treated as a species. These three also are
not common targets for camera-trapping because they can be difficult to detect reliably, but were
included because they had substantial numbers in multiple bosques, indicating the cameras at
YPG did an adequate job capturing their presence. We calculated the first- and second-order
jackknife richness estimators Sjackinirer (JK1) and Sjackinifez (JK2) (Burnham and Overton, 1979;
Magurran and McGill, 2011). We used EstimateS (Colwell, 2013) to calculate the Chao 1
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species richness estimator, Sciaor. Values of the Chao 1 species richness estimator were rounded
to be used as counts in modeling.

Table 3. YPG - Species or groups of species included in species richness, relative abundance
index (RAI) and bird relative abundance index.

Species | Richness | RAI | Bird RAI
Accipiter . .
Badger . .
Black-tailed Jackrabbit . .

Bobcat . .

Coyote . .

Desert Cottontail . .

Dove . . .
Grey Fox . .

Ground squirrel . .

Kit Fox . .

Lizard .

Mule deer . .

Poorwill . . .
Quail . . .
Red-tailed Hawk . . .
Road Runner . . .
Small Owl . . .
Snake .

Turkey Vulture . . .
Unknown Bird . .
Unknown Raptor . .
Unknown Rodent e

We used R (R Core Team, 2014) to model each predictor variable (Table 4) as a function of each
species richness estimator using a poisson GLM with a log link.

Next, we generated the top models for each species richness estimator through the following
process, modified from Grueber et al. (2011). We used Akaike’s Information Criterion adjusted
for small sample size (AICc) to evaluate model performance. We built an initial global model
that included all possible predictor variables, and used the package MUMIN to generate all
model subsets that had a maximum of three predictor variables. We allowed models to have only
one measure of number of bosques and one measure of percent cover of bosques within a certain
distance. We also excluded combinations of the LiDAR-derived variables that did not make
biological sense, e.g., layers that were nested closely within each other, highly correlated
adjacent layers, and layers that were mutually exclusive. We examined the models within 4 AICc
units of the top model generated by this process, and chose one measure of number of bosques
and one measure of percent cover of bosques within a certain distance to retain based on the
number of times the predictor occurred in the top models and where those models ranked.
Variables occurring in models of higher rank and more frequently were preferred. We also chose
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a set of LIDAR-derived variables to retain based on the same criteria, and avoiding any
combination precluded in the subset-generation.

Table 4. YPG - Predictor variables for bosque species richness estimators.

Variable Code

Area (m2) Area

Cumulative % >0.2 m / Vegetation >0.2 m % cover in bosque Cm % >0.2m
Cumulative % >1 m / Vegetation >1 m % cover in bosque Cm % >1m
Cumulative % >2 m / Vegetation >2 m % cover in bosque Cm % >2m
Cumulative % >3 m / Vegetation >3 m % cover in bosque Cm % >3m
Cumulative % >4 m / Vegetation >4 m % cover in bosque Cm % >4m
Cumulative % >5 m / Vegetation >5 m % cover in bosque Cm % >5m
Percent of the bosque with vegetation reaching 0.2-1 m % 0.2-1m
Percent of the bosque with vegetation reaching 1-2 m %1-2m

Percent of the bosque with vegetation reaching 2-3 m %2-3m

Percent of the bosque with vegetation reaching 3-4 m % 3-4m

Percent of the bosque with vegetation reaching 4-5 m % 4-5m

Peak Flow 10 year, 1 hour storm 10-yr Peak Flow
Flow Permanence, from NEXRAD NexradFP
Percent of area w/i 250 m that is bosque % Cover Bosques
Percent of area w/i 500 m that is bosque % Cover Bosques
Percent of area w/i 1000 m that is bosque % Cover Bosques
Number of bosques w/i 250 m # Bosques w/i
Number of bosques w/i 500 m # Bosques w/i
Number of bosques w/i 1000 m # Bosques w/i

We created a second global model with just the retained variables, generated all model subsets
that had a maximum of three predictor variables, and examined the models within 4 AICc units
of the top model. We checked for uninformative parameters to drop by determining if any nested
models did not have a marked decrease in maximized log likelihood over the next simplest
model. We created a third and final global model with all the retained parameters, and
standardized the global model by centering on the mean and dividing by 2 standard deviations
(Gelman, 2008) using the arm package in R (Gelman et al., 2009). We generated all subsets of
the standardized model with a maximum of three predictor variables. We model averaged all
models in this subset to generate measures of relative variable importance (Burnham and
Anderson, 2002: 167-169). When the number of models within 2 AAICc of the top model was
greater than one, we model averaged parameter estimates of all models in the top 2 AAICc using
the natural averages method to generate estimates of effect size. Unconditional standard errors
are reported when parameters were model-averaged.

Wildlife Abundance

We estimated overall abundance of wildlife in each bosque using a relative abundance index
(RAI). We summed the counts in each species category, divided by the number of cameras in the
bosque, and divided by 7.9, our best estimate of hundreds of camera days based on cameras
operating from April 2009 — May 2011. The results were rounded to use as a count in modeling.
We also estimated total bird abundance (Bird RAI) in each bosque using an RAI. We summed
the counts in each species category and divided by the number of cameras in the bosque. We did
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not divide these values by 7.9 because they were much smaller numbers. We rounded the result
to use as a count in modeling. We estimated abundance for two individual species. Mule Deer
RAI was calculated in the same manner as overall RAI with only mule deer counts. We initially
attempted to model kit fox presence/absence with a binomial GLM, but the sample size was too
small for this to work. We estimated Kit Fox RAI as the counts of kit foxes divided by the
number of cameras in each bosque. We multiplied this value by 4 so that rounding caused
minimal changes to the very low initial values. We used the process described for species
richness to generate a set of best models, relative variable importance, and effect size for each
RAL

Nesting Habitat Index Methods

The availability of multi-return LiDAR data for the structure of vegetation in ephemeral streams
across the installations gave us detailed information about vegetation that would normally
require extensive field work to collect. Vegetation structure is arguably the most important,
factor in defining nesting habitat for birds. Each species has a preference for where it nests
within the vegetation structure layers. We have attempted to create a metric for each stream
reach at Fort Bliss only that indicates how “valuable” it is as bird nesting habitat. We performed
this analysis at Fort Bliss because Kozma and Matthews (1995) and Myers et al. (1998) collected
data on bird use of “arroyo-riparian” areas in a focused area of Fort Bliss from 1993-1997. They
used mist-netting and point-counts to survey birds within the riparian zone and in the adjacent
uplands. Observational data on bird occurrence was collected from 1 May — 9 June, 1993; 3 May
— 15 June, 1994; 6 May — 16 June, 1995; 29 April — 16 June 1996; and 2 May — 6 June 1997.
Searches for nests were performed in 1996 and 1997. This data set allowed us to ground-truth the
nesting-habitat metric.

We narrowed the riparian-associated bird list (see Species Richness Analysis Methods section
below) to species that had distribution models with summer or year-round habitat on or very near
Fort Bliss (Appendix C, Table 1). We eliminated four species from this list that had a small
amount of their GAP distribution models present near or on the installation, but had never been
observed on the installation based on the INRMP (U.S. Army, 2001) and the online eBird
database (ebird.org). We also added eight species to the list that we had not categorized as
riparian-associated, but which Kozma et al. (1995) and Myers et al. (1998) had listed.

Based on the description of their nest site requirements from Birds of North America Online
(BNA; http://bna.birds.cornell.edu/bna/), each species received a score for each vegetation
structure layer: a two (2) indicated the species preferred to nest in that layer, a one (1) indicated
that they sometimes used that layer but it was just outside their strongest preference, and zero (0)
indicated that the species did not use that layer. For a few species with little information on
nesting habitat, we also consulted the Biota Information System of New Mexico online database
(BISON-M; http://www.bison-m.org/). We calculated the number of species using each layer as
the sum of all species scores for the layer, divided by two (Appendix C, Table 1). Since not all
species are found everywhere, we also used the habitat descriptions from BNA to note whether
the species would be found in the lowlands, foothills, or mountains of Fort Bliss; we calculated
subscores for the number of species using each layer in each of these three broad categories. We
also calculated subscores for the subset of birds that were TER-S species.
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Because tall vegetation at Fort Bliss usually has shorter vegetation beneath it and it was
important not to miss the availability of the lower layers for nesting, we calculated the percent
cover of vegetation in each structure layer (Ci) as the percent cover of that layer in each stream
reach plus the percent cover of all higher layers (this is equivalent to the cumulative percent
cover measures calculated at YPG for the bosque analysis, described previously):

Cos1=veg05 Im+veg 1 4m+vegd4 12m + vegl2m
Cia=vegl 4m+veg4 12m + vegl2m

Cs12=vegd 12m+ vegl2m

Cs12 = vegl2m

Fort Bliss provided shapefiles of all observations made during both Kozma and Mathews’ (1995)
and Myers et al.’s (1998) arroyo-riparian studies and all nests found during the 1996-1997 study.
Their transects overlapped substantially with 13 of our stream reaches. We shortened the stream
reach polygons when necessary to match the length surveyed by Kozma and Mathews and Myers
et al., and recalculated the area of the modified polygons and lengths of the streams within them.
For the observational data, we extracted the subset of observations made at survey points within
the 13 stream reaches. For the nest data, we counted the number of nests within 5 m of the
stream reach polygons, to account for small differences in vegetation in the time since the study
was done and prevent eliminating nests due to small location recording errors. This increased the
total number of nests by 13 (from 137), but only two nests were from species not classified as
riparian-associated, indicating this buffer did not include inappropriate areas.

From both datasets, we recorded the number of riparian-associated species that were observed
(So) and nesting (Sn) in each stream reach. To account for imperfect detection, we used the first-
order jackknife species richness estimator Sjackinifer (JK1; Burnham and Overton, 1979; Magurran
and McGill, 2011) to derive the estimated number of species observed (JK1o) and nesting (JK1n)
in each stream reach. To adjust for stream reaches being different lengths, we divided each
species richness metric by the surveyed stream length (km).

As part of the assessment of the nesting habitat value metric, NHa, we created Gaussian general
linear models (GLM) with an identity link in R. Regressing the ecohydrological variables against
the species/km metrics revealed that the 3-m flooded depth riparian width was a significant or
marginally significant predictor for all metrics (So/km, p=0.025; Sv/km, p=0.12; JK1o/km,
p=0.02; JK1n/km, p=0.028). Greater width was associated with increased values of all species
richness measures. Based on these results, we created a width-adjusted nesting habitat metric.
We rescaled riparian width from 0-100 to match the range of the percent cover variables. The
width adjusted metric (nhw) was calculated as:

nhw = 4*(No.5-1*Co.5-1 + N1-4*C1-4 + Na-12%Ca-12 + N>12*C>12) + Widthscaled

The multiplication of the original score by four ensured that width had a contribution equal to
that of one structure layer. We rescaled nhw from 0-10 (NHw) to improve interpretability.
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We also used the Kozma and Mathews and Myers et al. datasets to ground-truth the species
richness that we calculated from the GAP animal habitat models (see Species Richness Analysis
section).

Species Richness Analysis Methods

To gain the broadest understanding of the importance of different ephemeral and intermittent
streams to wildlife, we created xeroriparian-associated species lists for each installation, used
GAP models to derive species richness in stream reaches for various taxa groups and TER-S,
compared species richness of these groups between stream types, and examined which
ecohydrological variables influence TER-S richness in stream reaches.

Riparian-associated species

Using documents provided by the four installations, as well as other sources, an initial list of all
vertebrate species occurring on the four installations was generated (Appendix C, Table 2).
Shorebirds and waterfowl were not included, since these species are mostly vagrants or use
urbanized areas on the installations. Non-native species were also not included. Each species was
categorized as riparian-associated or not riparian-associated using the Ecology and Life History
descriptions in NatureServe Explorer (NatureServe, 2014), supplemented when necessary with
information from other sources. Species were classified as riparian-associated if the description
explicitly mentioned riparian areas, water, canyons, streams or a similar term, or if the species’
habitat was described with words such as brush, forest, shrub, thicket, dense undergrowth, and
similar descriptors that typically are only found in the xeroriparian areas of the installations.
When a species had a description that matched upland areas, such as species that primarily use
open grasslands or desert, it was categorized as not riparian-associated.

Species Distribution Models

The National Gap Analysis Program (USGS-GAP, 2014) and the Southwest Regional Gap
Analysis Program (SWReGAP; Boykin et al., 2007) have created distribution models for
numerous species found in the United States. Based on literature-cited information about habitat
associations, GAP distribution models are deductive models that predict areas suitable for
occupation within a species’ range (Boykin et al., 2007). Information used to define habitat
associations includes GAP National Land Cover data of ecological systems, elevation,
hydrology, human avoidance, forest edge, and ecotone widths. The resulting models are rasters
with a 30x30 meter pixel size. All available species distribution models for riparian-associated
species from USGS-GAP (2014) were obtained. Many species were not available from this
program. Some were not modeled, while others species’ models were still being developed. For
these species, distribution models from the older Southwest Regional GAP (USGS-GAP, 2007)
were obtained. A number of species were excluded from the analysis at this point because no
model was available for them, or none of their modeled habitat occurred on a particular
installation.

All models were reclassified so that a value of one (1) indicated presence of habitat for the
species and a value of zero (0), absence. Models were stacked using the Raster Calculator tool in
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ArcGIS 10 to create rasters with species richness values for specific groups. Known and
potential occurrence, breeding and non-breeding habitat, and seasonal habitat were pooled. For
each installation richness rasters were created for all riparian-associated species pooled, all birds
that are resident for at least part of the year, all passage migrant birds, all amphibians, all reptiles,
and all mammals. Only USGS-GAP models were available for Fort Irwin. Many of the reptile
models for this installation were not yet available, so only Bird and Mammal rasters were created
for Fort Irwin. Richness rasters for species of concern (TER-S) were created by stacking models
of species that met one of these criteria: federally listed, state listed, or ranked by NatureServe as
3 (Vulnerable) at a global, national, or regional scale in the state in which the installation being
analyzed was located. TER-S richness rasters included all species, just amphibians, just reptiles,
just mammals, and just birds.

The ZonesWOverlap tool (Clark, 2012) in ArcGIS 10 was used to calculate the mean species
richness values for each group in the 3 m inundated depth stream reach polygons at Fort Bliss,
Fort Huachuca, and Yuma Proving Ground. At Fort Irwin, the 2 m inundated depth polygons
were used. At Fort Bliss, species richness was not calculated for reaches in Texas, because
SWReGAP models did not extend into that state.

Richness Analysis

To determine whether stream types had different potential species richness for each of the
riparian-associated species groups and riparian-associated TER-S groups, Kruskal-Wallis tests
for differences among groups were performed. Tukey HSD tests were used to examine pairs of
stream types to determine which were significantly different from each other. Correlation
analysis was done on the average species richness values of each stream reach to determine
which species groups had similar patterns of richness. Correlation analysis was also done on the
species richness values of each stream type to determine which species groups had similar
patterns of richness in regard to the stream types. The average richness of each species group in
each stream type was ranked; the ranks were tested for correlation between groups.

To further understand what ecohydrological characteristics of stream reaches were associated
with the species richness of TER-S, generalized linear models (GLM) were created in R (R Core
Team, 2014). Because the Fort Bliss analysis was part of Hammer’s thesis, several other
variables were also included. An additional entrenchment ratio was tested (0.5m/2m) using a
gaussian GLM with an identity link to model species richness. The percent cover of each
vegetation structure layer was used to calculate a structural diversity measure using the Shannon
Index (Magurran and McGill, 2011). Landcover Variety was calculated to describe the horizontal
habitat heterogeneity of a stream reach, another important feature for wildlife. It was calculated
by using the ZonesWOverlap tool (Clark, 2012) in ArcGIS 10 to determine the number of
different ecological systems in the GAP National Land Cover dataset (Lowry et al., 2005)
present in each stream reach. For the other installations, only the ecohydrological variables used
to create the stream types were used to model species richness.

A Gaussian GLM with an identity link was used for all modeling. The top models for each

species richness estimator (e.g. birds, reptiles) were generated through a process modified from
Grueber et al. (2011). Akaike’s Information Criterion adjusted for small sample size (AICc) was
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used to evaluate model performance. An initial global model that included all possible predictor
variables was built and then standardized by centering on the mean and dividing by 2 standard
deviations (Gelman, 2008) using the arm package in R (Gelman et al., 2009). The package
MUMIN (Barton, 2009) was used to generate all model subsets that had a maximum of ten
predictor variables. All models that had a maximum of ten predictor variables were used to
generate measures of relative variable importance (Burnham and Anderson, 2002: 167—169).
When the number of models within 2 AAICc of the top model was greater than one, parameter
estimates of all models in the top 2 AAICc were model averaged using the natural averages
method to generate estimates of effect size. Standardized parameter estimates are reported as
effect sizes. Unconditional standard errors are reported when parameters were model-averaged.

Task 5: Field Test and Verification

During the fall and winter of 2013/2014 we visited each installation to present our results to
installation managers for their feedback, and to check our data in the field. Vegetation and
geomorphic field data were taken to validate geomorphic planform, vegetation structure,
vegetation cover, and reach width (based on the 3 m inundated water surface width). Hydrologic
modeling results were checked by visual observation for peak flow and flow permanence, by
evaluating evidence of recent flows, channel features and geometry, and vegetation
characteristics, in relation to the results from the AGWA simulations.

Hydrologic Modeling Verification

Various observations were used to verify the AGWA hydrologic model results, including
evidence of flood debris, characteristics of channel banks, identification of the Ordinary High
Water Mark (OHWM:, Lichvar and McColley, 2008), including the most common OHWM
indicators: change in bank slope, sediment size and color, vegetation type and cover, and the
presence of flood debris (Lefebvre et al., 2013). No attempt was made to estimate the actual peak
flows or flow permanence in the field; the purpose was to determine if features corresponding to
the relative model results (i.e. high flow permanence, low peak flows) were visible.

Many of the larger channels at YPG, Fort Irwin and Fort Bliss are used as roads because of the
infrequent flows. Dry streambeds provide obvious routes through the desert, and in many cases it
is difficult to determine which came first: the road or the channel. Nevertheless, we used OHWM
indicators to evaluate our modeling results at each installation during the Fall 2012/Spring 2013
field trips, and found generally good correlation with model results. An example at each
installation is included below.

The KINEROS2 model was used to simulate peak flow, using a default value of 0.2 for initial
soil moisture, an important variable in surface hydrologic processes. Holding soil moisture
constant in this way allowed us to compare relative differences across stream reaches, and
produce this stream type classification and methodology. In these water-limited environments
soil moisture tends to be very low except immediately following a precipitation event. Therefore,
a stream reach might experience large peak flows but still have low flow permanence (and low
soil moisture) due to the low frequency of the large flows as seen at YPG (Figure 31).
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An exception to this concept would be if a stream reach were consistently wet (i.e. at a spring),
this modeling approach would not reflect that. However, in a water- limited environment the
long term presence of increased soil moisture from a spring would be reflected by a more robust
vegetative growth detectable by the multi-return LiDAR vegetation height analysis, and by the
vegetation indices. Our experience is that all springs and other permanent waters are well known
to base managers.

Figure 28 is a photo taken at Fort Irwin at field site NLBLI. Simulated flow permanence at Fort
Irwin ranges from 0% to 13.1%, and the simulated 100yr-1hr peak discharge ranges from 0 - 163
m?/s. This channel is often used as a road, has very low peak flows (Qp100 = 0.001 m?/s), and
relatively moderate (for Fort Irwin) flow permanence (4.1%). Minor changes in vegetation along
the channel are visible, as well as a small change in bank slope and substrate color and texture.
Flood debris is visible along the channel banks indicating recent flow.

Figure 29 is a photo of field site BRHC1 at Fort Huachuca. Simulated flow permanence at Fort
Huachuca ranges from 0% - 92.5%, and the simulated 100-yr 1-hr peak discharge ranges from 0
— 1,702 m*/s. This channel reach has fairly high peak flows (Qp100 = 577 m?/s) and high flow
permanence (33.1%), evidenced by the large trees along the channel, large cobbles in the channel
bottom, and well defined banks.

Figure 28. Fort Irwin, field site NLBLI: Qp100=10.001 m3/s flow ermanence =4.1%.
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Flgure 29 Fort Huachuca ﬁeld site BRHC] QplOO =124 m3s ﬂow permanence =33.1%.
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Figure 30 is a photo of field site THGC! at Fort Bliss. Simulated flow permanence at Fort Bliss
ranges from 0% - 33.5%, and the simulated 100yr-1hr peak discharge ranges from 0 — 2,898

m?>/s. This channel reach has a high peak flow (Qp100 = 1,912 m>/s) and high flow permanence
(28.3%), as shown by the well-defined channel banks and dense shrub cover along the channel.
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Figure 31 is a photo of field site MW002 at YPG. Simulated flow permanence at YPG ranges
from 0% - 14.8%, and the simulated 100yr-1hr peak discharge ranges from 0 — 3,233 m?/s. This
channel reach has a high peak flow (Qp100 = 1,458 m?/s) and very low flow permanence
(0.10%).

Figure 31. YPG, field site MW002: Qp100 = 1458.4 m*/s, flow permanence = 0.10%,

Riparian Vegetation Data Verification

The vegetation cover, vegetation structure and riparian width variables were verified with field
data from each installation to the extent practicable. The vegetation structure from LiDAR was
compared with field data and is described in more detail below. Vegetation cover derived from
the classified satellite imagery was checked using visual estimates of the overall vegetation cover
for the 100 m transect. Riparian widths from the 3 m inundated polygons at 3 m depth were
checked using the GPS and shapefiles of the inundated polygons, by walking the outline of the
polygon to confirm that it adequately represented the extent of riparian-associated vegetation.

LiDAR-derived Vegetation Height Validation

Field data were used to verify the LiDAR-derived vegetation heights. Figure 32 shows a
comparison of this analysis at Fort Huachuca’s East Range for the percentage of riparian
vegetation types by height category (<1 m, 1-4 m, 4-12 m and >12 m). The green bars represent
the average of the riparian vegetation field survey results from 11 field sites in the East Range
(Figure 33). The blue bars show the percent of each height category within a 150 m wide stream
buffer for the entire East Range based on LiDAR-derived vegetation heights. The 150 m wide
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buffer (75 m on each side of the channel) was chosen so the transition from stream influenced
vegetation could be distinguished from upland vegetation, and most closely represented the
extent of the field surveys in this location. The LiDAR was classified into the four vegetation
height categories previously noted. This comparison plot shows that the LiDAR results under-
estimated percent cover when compared to field data. This may be because field data collection
enables a more detailed estimate of tree height, canopy extent and understory that may not show
up in the LiDAR due to resolution of the LIDAR data acquisition, sparseness of desert foliage or
irregular shapes of the trees and shrubs.

B LiDAR Results @ Field Data Results

70 67.20

Percent cover

0.001 0.00

<1lm 1-4m 4-12m >12m

Fort Huachuca, East Range Riparian Vegetation Height Categories

Figure 32. Fort Huachuca’s East Range riparian vegetation height categories, comparison of field
data with LiIDAR analysis results
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Figure 33. Map of Fort Huachuca’s East Range, with study sites and the LiDAR-derived

vegetation height categories clipped to a 75 m wide stream buffer (total 150 m wide).

Task 6: Assessment Methodology

The AGWA tool provides the ability to evaluate impacts from land cover, land use and climate
change scenarios (see Task 2, Hydrologic Modeling for more information on the AGWA tool).
AGWA was used to produce peak flows (m?/s) and water yield (mm; used to calculate flow
permanence) from the KINEROS2 and SWAT models, respectively (see Section 3, Task 2,
Hydrologic Modeling, for more information on AGWA). Both variables were used in this project
in the cluster analysis to obtain stream types. Thresholds for both values related to the stream
types were obtained from the CART analysis.

AGWA may be used as an assessment tool either by running SWAT or KINEROS?2 with revised
climate or land cover data to obtain new values for peak flow or water yield, or by modifying
those outputs directly. The new values may be applied to the classification decision tree to
determine if the revised land cover or climate causes the stream type to change, which could
potentially change the wildlife associations or habitat values. AGWA is best used as a relative
change tool unless the models are carefully calibrated using observed data. Comparing model
results from current and future scenarios provides an assessment methodology to improve
management decision making.

Changes in land cover or land use can be simulated in AGWA using the land cover modification
tool. New training areas can be changed from a vegetated land cover to barren, or disturbed. An
expansion of a cantonment area can be changed from vegetated to urban or built-up land cover.
Alternatively, simulating the rehabilitation of a training area might be modeled by changing that
area from disturbed to grasslands. Resulting impacts to runoff, peak flow, or water yield, are then

72



simulated using AGWA, and used directly in management, or used in the decision tree and tables
to determine changes to stream types and wildlife habitat. For example, the relative change to
peak flows at roads downstream from a new training area that would remove vegetation and
compact soil could be simulated to determine if modifications to a road crossing are necessary.

Evaluating impacts from climate change can be performed with AGWA by modifying the
precipitation inputs (e.g. increase or decrease intensity, volume, or timing) or temperature inputs.
We evaluated a climate change scenario using NOAA’s Geophysical Fluid Dynamics Laboratory
Global Circulation Model 2.1 (GFDL CM2.1) for daily precipitation and temperature forecast
values, which are based on the Intergovernmental Panel on Climate Change (IPCC) Emission
Scenario A2 that predicts a global temp increase of 3.4° C by 2100. We compared the absolute
change in historic flow permanence from 1981-2000 to projected flow permanence for 2081-
2100 for each installation. The results of the comparison show a wide variance in absolute and
percent changes of flow permanence values. One pattern that emerged was a noticeable decrease
in flow permanence in the higher elevation mountainous areas. These patterns indicate that these
areas might be more sensitive to climate change and could be used to justify the directing of
adaptation strategies to focus on species located in these areas first. Overall, flow permanence is
very low at these locations resulting in only a small change that was not enough to impact our
models. The precipitation and temperature input files will be provided to each installation, as
well as the flow permanence values, for their use and analysis.

A step-by-step tutorial and dataset were developed for each installation that illustrates a land use
change scenario and a climate change scenario. The tutorials were used in the Technology
Transfer Workshops and AGWA trainings, and will be included in the final data delivery to each
installation. An example tutorial is included as an attachment to this report.

Other management tools included in AGWA are the ability to simulate buffer strips,
detention/retention ponds or reservoirs, and post-fire effects using a burn severity map. AGWA
is routinely being updated with new management tools based on feedback from users. While our
Tucson ARS office is not set up to provide full time support for AGWA, we are available to
assist with questions, time permitting.

Task 7: Technology Transfer Workshops with DoD Managers

Throughout the project we met with DoD managers to keep them involved in this research and to
receive their feedback and comments. This proved to be very valuable in guiding our research.

Annual meetings and presentations

During each site visit to each installation we scheduled a meeting and presentation with the staff.
Attendees included natural resource managers, GIS staff, and consultants. We provided an
update on our research, and an opportunity for discussion regarding our progress to date, and on
our future directions. Participation and feedback at these presentations were especially useful.
For example, the wildlife biologist at Fort Bliss indicated that he would be able to use the results
of the stream type classification and also the riparian vegetation structure classification in
developing surveys and sampling schemes.
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Interim workshop

A manager’s workshop was held on May 16, 2012, in Tucson, to bring together all SERDP
funded teams working on Southwest Region installations with the managers at each installation
to facilitate information exchange. The workshop included presentations by each team,
discussion sessions and workshops on the technologies being applied, and a discussion of the
method of delivery for the final data products. Attendance included representatives from Fort
Huachuca, Fort Irwin, White Sands Missile Range, YPG, Barry M. Goldwater/Luke Air Force
Range, and Yuma Marine Corps Air Station (MCAS). In addition, SERDP staff, several SERDP
Technical Advisory Committee members, and other SERDP funded researchers were in
attendance. The emphasis was on two thematic areas: climate change and ephemeral streams,
and fire and invasive species. A few conclusions from this workshop are as follows:

1) Internet access is a major challenge. Thus, the managers prefer to receive data and tools that
do not require internet access. They prefer the data to be in SDSFIE format, in geodatabases,
using the NHD identifiers to reference stream reaches. They requested that the word “military”
be included as a keyword in scientific papers.

2) Fire and Invasive species: There is a general need for better regional fire models that are based
on thresholds for change and ability to translate fuel load into risk. The models also should be
informed by information such as post-fire recovery time of vegetation, locations of fire-sensitive
taxa, and better understanding of the environmental costs of fighting fires vs. allowing them to
burn. Given that fuel loads and temperature change seasonally, an ideal tool would be threshold-
based “risk” maps based on recent (prior 2 weeks) remote sensing information such as NDVL.
This would be coupled with decision support systems that allow mangers to determine when to
take action (such as fire fighting or fuel thinning).

3) Climate change. The general consensus is that the Southwest region will become hotter and
more arid, although changes in precipitation have higher uncertainty than do changes in
temperature. Overarching questions revolved around ecosystem resiliency, identifying and
monitoring indicators of climate change, and preparing for future management of new/novel
ecosystems that may result as climates in the region shift.

4) Roads. Another issue that arose was the need for greater understanding of road effects on
natural resources. On some bases, roads are cutting across ephemeral washes, resulting in
development of mesquite bosques on the upstream side of the road. Questions regarding the
environmental consequences, and roads management (e.g., via culverts) were raised.

Final Technology Transfer Workshops

Technology transfer workshops and AGWA trainings were conducted at each installation.
Attendees included natural resource managers (ecologists, wildlife biologists, archeologists,
hydrologists, botanists, etc.), GIS staff, and consultants. The format was casual, encouraged
discussion, and lasted 1 or 1.5 days. The schedule for the first morning included presentations on
the overall project goals and objectives, the stream type classification results, the vegetation,
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geomorphic, and hydrologic analyses, and the wildlife linkages results. The AGWA training
encompassed the first afternoon, and next morning for the 1.5 day workshop. It utilized a tutorial
representing a land cover change scenario that the installation suggested or one that we
developed based on our knowledge of the site. The AGWA training included the use of both the
KINEROS2 and SWAT models, use of the land cover modification tool, and a climate change
scenario using projected climate data. The workshop continued to the second morning if
necessary.

Workshop participants were asked to fill out a short questionnaire about the presentations and
AGWA trainings. Questions were regarding the level of detail presented, the difficulty of the
AGWA training, and their intention to use our tools (AGWA, the stream type and vegetation
structure classifications, wildlife analysis, etc.) in their work. Responses were favorable overall,
although some participants with little GIS experience had some difficulty using the AGWA tool.
Most participants were enthusiastic about using the tools, datasets, and methods developed
during this project.
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4.0 Results and Discussion

Natural resource managers at military installations face a number of challenges related to their
need to balance natural resource protection with the military mission. They must manage and
protect TER-S and their habitat, while at the same time providing for military use and access to
training areas. This includes identifying stream reaches that might be important to wildlife, or
roads that might become impassable during high runoff events. Managers are knowledgeable
about their installation but the large land areas and diversity of terrain, flora, and fauna can make
it difficult to know where specific landscape or habitat features might occur. They need to be
able to identify locations with specific characteristics required for TER-S (i.e. riparian areas with
dense vegetation 1 m to 4 m tall) and for other management priorities (i.e. areas that might flood
frequently). To achieve their management goals, certain areas might be recommended for closure
to military use. Managers require defensible science-based information to present to commanders
to support their recommendations, and methods to rank the relative importance of landscape
characteristics. This research provides that information in the form of a set of ecohydrologic
variables for describing stream reaches, a stream type classification and methodology that
identifies groups of similar stream reaches, and associations with wildlife groups to identify
important stream reaches.

The stream type classification and methodology will be useful for managers because it will
improve their understanding of the spatial variability of ecohydrological characteristics of stream
reaches on their installation, and their understanding of how these features relate to wildlife
habitat. The individual vegetation, hydrologic, and geomorphic variables are georeferenced to
each stream reach, allowing managers to identify specific features of concern and locations for
management actions. All of the data are delivered in a GIS and in tabular form. In addition, the
data layers derived from the satellite imagery and multi-return LiDAR for the vegetation
variables are provided to the managers for additional analyses, including extending these results
to specific areas of interest not on the NHD stream network (i.e. small tributaries).

The classification results and variables are spatially linked to specific stream reaches using a
Unique ID, allowing managers to use the data to identify locations with specific attributes to
guide surveys for wildlife management, to develop sampling schemes or protocols, to locate
reaches with high peak flows or flow permanence for transportation management, and to support
other management activities. While we cannot anticipate the needs of managers with regard to
wildlife or other management actions, we have provided a suite of information from which they
can select the data they need in the form of the variables attributed to each stream reach. The
analyses we have done for the wildlife can be used as is for management, but it may hold
addition value as an example of how managers can use this dataset. For example, creating
distribution models for other species of concern or richness maps for a particular group of
species we did not include, or methods of analyzing species observation data with respect to
stream types or ecohydrological variables. Stream reaches containing a higher proportion of
vegetation in the 1 to 4 m height range can be identified as potential habitat for a specific
species, such as the Gray Vireo that prefers that structure layer for nesting. Stream reaches with
high peak flows at road crossings can be located and appropriate culverts or modifications can be
applied. An invasive species such as buffelgrass could be mapped in relation to our dataset to
analyze patterns or identify potential new locations that species might spread to or be found. A
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particular stream type might be characterized as having very high flow permanence, indicating
both valuable wildlife habitat and potential problems for training activities. By re-classifying
flow permanence to high-medium-low, roads could be prioritized for management and training
uses. Each stream type is characterized in terms of its most important variables, enabling
managers to use the stream type classifications for similar management actions or decision
making.

This information provides managers with science-based support for their recommendations to
military commanders for management of the resource. During our numerous meetings with
resource managers they have identified the above examples of specific needs and potential uses
for our data and methodologies. The classifications are specific to the installation and ecoregion
in which they were developed. Successful application of the classification methodology to other
installations is dependent on the availability of the data required to derive the variables, and the
ability to perform the required analyses. However, if the variables can be derived, and the area
being extrapolated to is located near one of the project installations and has similar
environmental characteristics, the predictive CART models can be used to identify the stream
types and ecohydrological variables, which can then be used with the species richness models.

Ecohydrological Stream Type Classification

Ephemeral and intermittent streams at Fort [rwin, YPG, Fort Huachuca and Fort Bliss were
classified based on their hydrologic, geomorphic and vegetation characteristics described earlier
in this report. Because these four installations have very different hydrologic regimes and
physical characteristics, each classification is unique and represents the variability of stream
reaches within that installation; however, the classifications may be applicable within the same
ecoregion using the variables and thresholds. Fort Irwin, Fort Huachuca and Fort Bliss have 8
final stream types, and YPG has 10 stream types. The final stream types and input variables were
associated with wildlife habitat and species observation data, where available. The classifications
will assist natural resource managers by providing a method of identifying similar stream types,
and stream reaches with similar characteristics, for use in developing sampling schemes or
surveys for wildlife and land use management.

The final stream types were determined for each installation from statistical and cluster analyses,
cluster validity tests, examination of the mapped clusters, and site knowledge. A CART
classification tree was used to evaluate the clustering results for each installation to determine the
thresholds for the input variables for each stream type. The final stream types from the cluster
analysis were used as the target variables, and all defaults were kept (Gini method, 10-fold cross
validation, no limits on tree size or minimum cases per terminal node, no weighting, and equal
priors). Fort Irwin, YPG, and Fort Bliss, have large land areas with very diverse terrain, and
multiple distinct mountain ranges, their associated foothills, sand dunes, grasslands, creosote
flats, playas and alluvial fans. As a result, those classification trees were more complex. Fort
Huachuca is a small installation by comparison, with only one mountain range, its associated
foothills, and lower elevation grasslands, and is the only installation with permanent flow and
extensive forested areas. This classification tree was simpler than the others.
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The optimal tree, identified as the tree with the least cost, was selected for determining
thresholds for the input variables. For all installations except Fort Huachuca, the optimal tree was
limited to a depth of 7 nodes to avoid terminal nodes with very few cases and create a more
usable model for management; however, the complete tree will also be provided to each
installation. The optimal tree for Fort Huachuca was simple enough that it did not need to be
limited in depth.

Flow permanence is very low at Fort Irwin, YPG and Fort Bliss, with very subtle differences
between stream reaches. Maximum flow permanence is 92.5% at Fort Huachuca, but only 13.1%
at Fort Irwin, 14.8% at YPG, and 33.5% at Fort Bliss (Figure 34). Thus, the hydrologic variables
were more significant in determining the stream types at Fort Huachuca, while the geomorphic
variables (elevation, slope, reach width, and watershed area) were more significant at the other
installations. Elevation and slope (or total stream power) were important variables for all
installations because of the varied terrain and the strong influence of these geomorphic factors on
hydrologic and vegetative characteristics.
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Figure 34. Mean and maximum flow permanence (%) for each installation.

Appendix B shows the final mapped stream types, dendrogram, NMDS plot, and box plots of the
variables for each installation. A GIS feature class will be provided to each installation that
includes all stream reaches, their stream type, and values for each of the variables. A discussion
of the results for the stream types for each installation is included below. Misclassification errors
(prediction success) are reported below for each installation, and generally occur where one
stream type transitions to another or in stream types on the same branch of the dendrogram,
indicating that those stream types are similar in many respects. Errors are likely due to
heterogeneity of the input variables within the 1km stream reaches, which were determined
graphically and not based on vegetation, geomorphic or hydrologic characteristics.

One of the basic premises for this research was that hydrology and geomorphology influence the
vegetation characteristics. For example, it was presumed that higher flow permanence would
result in increased vegetation cover or density in these water limited regions. Although our
dataset is limited to the NHD Plus V2 stream reaches, which excludes many kilometers of lower-
order stream channels, we were able to see some minor trends in the data. Fort Huachuca had a
positive but weak relationship between flow permanence and vegetation cover (R? = 0.28). As
noted previously, Fort Huachuca is our only location with any permanent stream flow. At Fort
Bliss and YPG there was a very weak positive relationship between flow permanence and
vegetation cover (R? = 0.02 and 0.006 respectively). Fort Irwin had a slight negative relationship.
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The strongest relationships, although generally weak, between hydrology/geomorphology and
vegetation were as follows:

Fort Irwin:
Percent slope and vegetation structure 0.25 m — 1 m, R* = 0.41
Elevation and vegetation cover, R? = 0.41
Elevation and mean vegetation index/vegetation density, R> = 0.36

YPG:
Elevation and vegetation cover, R>=0.11
Elevation and SVRI, R? =0.11

Fort Huachuca:

Flow Permanence and

veg 0- 1 m,R*=10.25

veg4-12m,R?2=0.24

vegetation cover, R> = (.28

mean vegetation index/vegetation density, R> = 0.26
Elevation and

veg 0 — 1 m, R?=0.57 (negative)

veg 1 —4m, R>=0.40

veg4—12m, R*=0.62

vegetation cover, R> = 0.48

mean vegetation index/vegetation density, R> = 0.57
Slope and

veg 0 — 1 m, R?=0.41 (negative)

veg 1 -4 m,R>=0.47

veg4 —12m, R*=10.39

vegetation cover, R = 0.24

mean vegetation index/vegetation density, R> = 0.32

Width 2m and

veg 0 —1m,R?>=0.34

veg 1 —4m, R?=0.34

vegetation cover, R* = 0.25

mean vegetation index/vegetation density, R = 0.24
RSI and

veg 0 — 1 m, R?=0.42

veg 1 - 4 m, R?=0.37 (negative)

veg 4 — 12 m, R> = 0.33 (negative)

vegetation cover, R? = 0.46 (negative)

mean vegetation index/vegetation density, R? = 0.50 (negative)

Fort Bliss:

Slope and veg 0.5 — 1 m, R =0.33
Slope and veg 1 —4 m, R =0.29

79



Elevation and
veg 1 —4m, R?=0.35
veg4—12m,R*=0.25
vegetation cover, R? 0.32
mean vegetation index/vegetation density, R* = 0.25

Attempts to correlate the biotic and abiotic variables did not produce satisfactory results. We
performed a CART analysis to predict the vegetation structure (biotic) variables from the
geomorphology and hydrology (abiotic), but except at Fort Huachuca, the predictive capability
was weak. Although flow permanence, one of the hydrologic variables, can be considered as a
surrogate for soil moisture, the hydrologic properties likely influence vegetation composition
more than vegetation structure.

Lyon (2013) included a detailed discussion of the interactions of hydrologic and biotic processes
in his master’s thesis. He noted that the increased biodiversity and ecological function of riparian
areas are attributed in part to the dynamic nature of the flow regime’s regulation of soil moisture.
Species richness in riparian zones varies greatly both spatially and temporally along the stream
channel and the degree to which these vegetation changes occur is primarily regulated by the
flow regime (Naiman et al., 1993), which determines how much subsurface moisture travels
from the hyporheic and parafluvial zones beneath the active channel to the riparian zone. It is
within these areas where the majority of ecohydrological processes occur and where the other
components of the water budget determine riparian characteristics (Naiman & Decamps, 1997).
Riparian vegetation is influenced by flow regime characteristics such as presence of surface or
groundwater flows and high and low flow conditions (Stromberg et al., 2005).

Fort Irwin

The cluster validity tests for Fort Irwin suggested five or twelve stream types as optimal.
However, five stream types did not adequately describe the range of conditions we found across
the installation, and twelve clusters created several groups with very small differences based
mainly on elevation. Eight stream types were selected using site knowledge in addition to the
statistical tests to capture the variability that was not well discerned using only the statistical
methods.
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Figure 35. Fort Irwin dendrogram and map for 8 stream types.

The stream types fell into 3 main groups that were further split into 8 stream types (Figure 35).
Stream types 1, 2 and 3 form one of the main groups, and represent 29.9% of stream reaches.
Stream types 4 and 5 form the second group, representing nearly half of all stream reaches
(17.7% and 30.4% respectively). Stream types 6, 7 and 8, the third group, are the remaining 22%

of reaches. Figure 36 includes graphs showing the percentage of total stream reaches and total
stream lengths for each stream type.
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Figure 36. Fort Irwin stream types, percent of total stream reaches and total stream lengths.

Slope, vegetation cover, smaller vegetation (<1 m), reach width and elevation were significant
variables in the PCA first principal component, and these variables varied the most among the 8
stream types (see Appendix B). Vegetation structure (0.25 m — 4 m), entrenchment ratio (3 m /
0.5 m), cumulative area and elevation were significant in the second principal component.
Variable importance was similar in the CART analysis, although the vegetation structure was not
as important (Table 5). The classification tree is included as an attachment to this report.
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Table 5. Variable importance, CART analysis, Fort Irwin.

Variable Score Variable Score
Watershed Area (m?) 100.0 Total Stream Power 25-yr 1-hr (kW/m) 47.5
Elevation (m) 95.9 Flow Permanence (%) 47.1
Width 2m (m) 92.8 Veg 0 - 0.25m (%) 44.1
Vegetation Cover (%) 82.9 Entrenchment Ratio 3m/0.5m 43.0
Percent Slope (%) 72.7 Veg 1-4m (%) 42.2
Veg 0.25 - 1m (%) 55.6 Peak Flow 25-yr 1-hr (m%/s) 42.0
MSAVI2 Mean 55.0 Veg 4-12m (%) 11
RSI 49.0

The optimal classification tree for Fort Irwin included 67 terminal nodes, a relative cost of 0.142,
and a prediction success of 84.72%. This tree was limited to a depth of 7 nodes to represent most
of the variability, resulting in 21 terminal nodes, a relative cost of 0.196, and a prediction success
of 76.73%. Accuracy for each stream type obtained from the limited tree is reported in Table 6.

Table 6. Fort Irwin stream type classification analysis, prediction success, 8 stream types.
Actual Total | Percent 1 2 3 4 5 6 7 8
Class Class | Correct | N=300| N=125| N=89 | N=255| N=331| N=52 | N=130| N =145

1 227.00 | 89.43% | 203.00 | 10.00 | 000 | 0.00 | 13.00 | 0.00 | 0.00 | 1.00
2 118.00 | 78.81% | 14.00 | 93.00 | 400 | 000 | 500 | 000 | 200 | 0.00
3 81.00 |8395% | 6.00 | 4.00 | 68.00 | 000 | 200 | 0.00 | 1.00 | 0.0
4 252,00 | 76.98% | 1.00 | 0.00 | 0.0 | 194.00 | 48.00 | 0.0 | 7.00 | 2.0
5 434.00 | 59.45% | 68.00 | 17.00 | 16.00 | 60.00 | 258.00 | 0.00 | 7.00 | 8.00
6 52.00 |100.00%| 0.00 | 0.00 | 000 | 000 | 0.00 | 52.00 | 0.00 | 0.0
7 109.00 | 90.83% | 2.00 | 000 | 000 | 0.00 | 200 | 000 | 99.00 | 6.00
8 154.00 | 83.12% | 6.00 | 1.00 | 1.00 | 1.00 | 3.00 | 0.00 | 14.00 | 128.00
Total: 1,427.00

Average: 82.82%

Overall % 76.73%

Correct:

Table 7 lists the thresholds and percentages for each variable for each stream type from that tree,
in general order of importance. Values in the table indicate the percent of stream reaches in each
stream type for each variable range. The largest percentages are shown in a bold font, indicating
the majority of stream reaches. From this table, the general characteristics of each stream type
can be determined. For example, stream reaches classified as Stream Type 1 are characterized by
average reach widths <=228.02 m, TSP <=1.28 kW/m, RSI >0.20, with 95.2% of those reaches
having <=3.89% of vegetation from 0.25 and 1 m in height, and 98.7% with flow permanence
<=3.94%.

Most stream reaches at Fort Irwin are characterized by low flow permanence (less than 3.94% of
the year), and low total stream power (TSP <=1.28 kW/m). Stream type 3 has the highest total
stream power, with 81.5% of reaches having TSP >1.28 kW/m. Stream type 6 is characterized by
having the largest watershed area and relatively high flow permanence, but low elevation.
Stream type 7 has the widest reaches.
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Table 7. Fort Irwin thresholds for input variables, percent of each stream type for 8 stream types.

Stream Watershed Area (m?) Width 2m (m) TSP 25-yr 1-hr (kW/m) ER 3m/0.5m
Type <=1,589,301 | <=327,136,256 | <=517,404,360 | >517,404,360 | <=228.02 >228.02 <=1.28 >1.28 <=4.78 >4.78
1 17.2 82.8 0.0 0.0 100.0 0.0 100.0 0.0 44.1 55.9
2 28.0 72.0 0.0 0.0 98.3 1.7 91.5 8.5 96.6 3.4
3 4.9 95.1 0.0 0.0 98.8 1.2 18.5 81.5 70.4 29.6
4 10.3 89.7 0.0 0.0 93.3 6.7 100.0 0.0 20.2 79.8
5 13.6 86.4 0.0 0.0 95.9 4.1 96.3 3.7 28.6 71.4
6 0.0 0.0 0.0 100.0 48.1 51.9 92.3 7.7 69.2 30.8
7 2.8 97.2 0.0 0.0 5.5 94.5 100.0 0.0 97.2 2.8
8 0.0 94.8 5.2 0.0 77.3 22.7 96.8 3.2 41.6 58.4
Stream Veg 0.25- 1m (%) Flow Permanence (%) RSI
Type <=3.89 >3.89 <=3.94 <=4.74 <=6.95 <=7.00 >7.00 <=0.20 >0.20
1 95.2 4.8 98.7 1.3 0.0 0.0 0.0 0.0 100.0
2 16.1 83.9 92.4 0.8 3.4 0.0 3.4 0.0 100.0
3 66.7 33.3 91.4 0.0 8.6 0.0 0.0 48.1 51.9
4 100.0 0.0 96.8 2.8 0.4 0.0 0.0 0.0 100.0
5 96.3 3.7 96.1 3.2 0.7 0.0 0.0 5.3 94.7
6 98.1 1.9 0.0 23.1 76.9 0.0 0.0 0.0 100.0
7 100.0 0.0 58.7 5.5 31.2 1.8 2.8 0.0 100.0
8 99.4 0.6 2.6 13.0 37.7 3.9 42.9 0.0 100.0
Stream Elevation (m) MSAVI2 Mean Vegetation Cover (%) Veg1-4m (%)
Type <=838.69 <=897.65 >897.65 <=0.24 <=0.29 >0.29 <=3.58 >3.58 <=0.05 >0.05
1 5.7 4.4 89.9 1.3 51.5 47.1 0.0 100.0 62.1 37.9
2 20.3 5.9 73.7 28.0 51.7 20.3 0.8 99.2 0.8 99.2
3 35.8 6.2 58.0 43.2 44.4 12.3 0.0 100.0 14.8 85.2
4 92.9 4.4 2.8 99.6 0.4 0.0 25.0 75.0 92.5 7.5
5 32.9 10.6 56.5 71.7 24.2 4.1 0.9 99.1 74.2 25.8
6 100.0 0.0 0.0 98.1 1.9 0.0 44.2 55.8 80.8 19.2
7 44.0 6.4 49.5 80.7 19.3 0.0 36.7 63.3 81.7 18.3
8 39.0 13.0 48.1 64.3 23.4 12.3 2.6 97.4 66.2 33.8

Yuma Proving Ground

The cluster validity tests indicated that ten stream types were optimal at YPG, and this agreed
with our knowledge of the installation and examination of the data and clustering results. YPG is
our driest location, but experiences monsoon season storms which decrease towards the west.
YPG wraps around the Kofa and Castle Dome Mountains, resulting in a complex climate and
geography with numerous areas with distinct features. The western arm of YPG is dominated by
rugged, igneous mountains and foothills, draining west towards the Colorado River. The
southwestern and southern areas are alluvial, draining south and southwest towards the Gila
River (Figure 3).

The cluster analysis grouped the data at YPG into five main groups that were further split into 10
stream types (see the dendrogram Figure 37). Nearly half of all stream reaches (47.9%) are
classified as stream types 1 or 2, representing nearly half the total stream length. Stream type 6 is
the next largest group, representing 13.5% of stream reaches. Figure 38 includes graphs showing
the percentage of total stream reaches and total stream length for each stream type.
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Figure 38. YPG stream types, percent of total stream reaches and total stream lengths.

Peak flow, watershed area, reach width, and slope were the most significant variables in the first
principal component in the PCA. Total stream power, elevation and seasonal vegetation response
to monsoon precipitation index (SVRI) were significant in the second principal component. The
vegetation variables, percent cover and mean RENDVI, became significant in the third principal
component. Peak flow and the geomorphic variables had a stronger influence on stream types
than vegetation or flow permanence. Variable importance from the CART classification analysis
was slightly different, with RSI being most important, followed by reach width and percent slope
(Table 8).
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Table 8. Variable importance, CART analysis, YPG.

Variable Score Variable Score
RS 100.0 Peak Flow 25-yr 1-hr (m®/s) 72.1
Width 2m (m) 90.1 Elevation (m) 53.6
Percent Slope (%) 89.4 Flow Perm (%) 53.5
Watershed Area (m’) 789 RENDVI Mean 53.0
TSP 25yr 1hr (kW/m) 782| [Sedsonal Vegetation 475
Response Index (SVRI)
Vegetation Cover (%) 75.7 Entrenchment Ratio 3m/0.5m 21.2

The optimal classification tree for YPG had 86 terminal nodes, a relative cost of 0.140, and
84.83% prediction success. To produce a usable predictive model, the tree was limited to a depth
of 7 nodes, resulting in 35 terminal nodes, a relative cost of 0.167, and 80.75% prediction
success (Table 9). This tree was selected as representative of most of the variability, and will be
more useful to managers applying this classification system as a predictive tool as opposed to the
86 terminal nodes in the complete tree. Most of the misclassification errors occur at transitions
from one stream type to another, most likely due to data representation. The classification tree is
included as an attachment to this report.

Table 9. YPG stream type classification analysis, prediction success, 10 stream types.
8

Actual Total Percent 1 2 3 4 5 6 7 9 10
Class Class Correct | N=617 | N=619 N =25 N=211 | N=158 | N=435 | N=189 | N=245 | N=220 | N=123
1 684.00 72.81% 498.00 39.00 0.00 11.00 2.00 92.00 7.00 26.00 7.00 2.00
2 675.00 82.52% 75.00 557.00 0.00 13.00 4.00 25.00 1.00 0.00 0.00 0.00
3 25.00 100.00% 0.00 0.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 192.00 85.42% 4.00 3.00 0.00 164.00 3.00 6.00 8.00 1.00 2.00 1.00
5 159.00 93.71% 0.00 1.00 0.00 6.00 149.00 0.00 1.00 0.00 1.00 1.00
6 384.00 75.26% 34.00 19.00 0.00 1.00 0.00 289.00 33.00 0.00 7.00 1.00
7 160.00 76.88% 3.00 0.00 0.00 9.00 0.00 9.00 123.00 7.00 5.00 4.00
8 235.00 85.96% 3.00 0.00 0.00 2.00 0.00 10.00 9.00 202.00 3.00 6.00
9 217.00 86.64% 0.00 0.00 0.00 5.00 0.00 4.00 4.00 8.00 188.00 8.00
10 111.00 90.09% 0.00 0.00 0.00 0.00 0.00 0.00 3.00 1.00 7.00 100.00
Total: 2,842.00
Average: 84.93%
Overall % 80.75%
Correct:

This tree was used to determine the thresholds for each input variable, and the percentages for
each stream type, which are shown in Table 10. Values in the table indicate the percent of stream
reaches in each stream type for each variable range. Because YPG has a great diversity of
landforms many of the variables have numerous thresholds, and frequently there is no single
value representing the majority of stream reaches; however, the value representing the largest
percentage of reaches is shown in a bold font.
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Table 10. YPG thresholds for input variables, percent of each stream type for 10 stream types.

Stream Flow Perm (%) Qp25 (m’/s) RSI Width 2m (m)
Type <=3.32 >3.32 <=208.10 <=354.06 >354.06 <=0.16 <=0.17 <=0.18 >0.18 <=226.10 | <=230.04 | <=266.46 | >266.46
1 100.0 0.0 99.4 0.3 0.3 47.7 48.0 3.7 0.7 70.9 1.9 7.7 18.9
2 100.0 0.0 97.2 2.4 0.4 83.3 16.6 0.1 0.0 5.5 0.3 5.6 87.9
3 0.0 100.0 80.0 20.0 0.0 68.0 0.0 32.0 0.0 44.0 4.0 8.0 44.0
4 100.0 0.0 16.1 75.0 8.9 40.1 46.9 13.0 0.0 31.8 2.6 16.7 49.0
5 100.0 0.0 1.9 10.7 87.4 27.7 27.7 29.6 15.1 13.8 0.0 9.4 76.1
6 100.0 0.0 99.7 0.3 0.0 77.1 20.8 1.8 0.3 88.5 0.8 3.1 7.0
7 100.0 0.0 94.4 5.0 0.6 38.8 24.4 14.4 22.5 99.4 0.0 0.0 0.0
8 100.0 0.0 100.0 0.0 0.0 0.0 9.4 51.9 38.7 96.6 0.4 1.7 1.3
9 100.0 0.0 94.5 5.5 0.0 0.0 7.4 733 19.4 46.5 0.9 7.4 43.3
10 100.0 0.0 100.0 0.0 0.0 0.0 0.0 4.5 95.5 100.0 0.0 0.0 0.0
Stream RENDVI Mean Vegetation Cover (%)
Type <=0.11 <=0.12 <=0.13 <=0.15 >0.15 <=0.23 <=0.23 <=0.46 <=0.51 >0.51
1 50.0 33.0 12.0 4.8 0.1 85.8 1.0 13.0 0.1 0.0
2 5.3 20.3 36.1 34.2 4.0 86.7 1.3 11.4 0.3 0.3
3 0.0 20.0 16.0 56.0 8.0 24.0 4.0 64.0 8.0 0.0
4 26.0 30.7 21.9 19.8 1.6 63.5 2.6 28.1 1.6 4.2
5 17.6 14.5 22.0 39.0 6.9 64.2 1.9 28.3 1.3 4.4
6 3.1 19.0 29.2 40.9 7.8 22.7 7.3 65.1 3.1 1.8
7 35.0 27.5 13.1 16.9 7.5 5.6 0.6 43.8 14.4 35.6
8 80.4 17.9 1.7 0.0 0.0 64.3 1.3 30.6 1.7 2.1
9 0.0 9.2 16.6 51.6 22.6 59.4 1.8 35.5 2.8 0.5
10 3.6 2.7 18.0 70.3 5.4 92.8 1.8 5.4 0.0 0.0
Stream Elevation (m) Slope (%)
Type <=207.65 | <=236.65 | <=237.23 <=349.33 <=400.63 >400.63 <=3.25 <=4.82 <=17.88 >17.88
1 51.8 14.0 0.6 32.0 1.3 0.3 93.0 4.7 2.3 0.0
2 66.5 11.1 0.4 16.6 2.2 3.1 100.0 0.0 0.0 0.0
3 56.0 8.0 0.0 4.0 20.0 12.0 96.0 4.0 0.0 0.0
4 46.9 14.6 0.5 36.5 1.6 0.0 99.5 0.5 0.0 0.0
5 40.3 10.1 0.0 35.2 7.5 6.9 96.9 1.3 1.9 0.0
6 4.2 7.6 0.3 41.9 16.7 29.4 96.9 3.1 0.0 0.0
7 5.0 6.9 0.0 41.3 15.6 313 83.1 16.9 40.0 0.0
8 12.3 12.8 0.0 44.7 21.7 8.5 86.8 12.3 0.9 0.0
9 0.0 0.0 0.0 51.2 36.9 12.0 97.7 1.8 0.5 0.0
10 0.0 0.0 0.0 39.6 30.6 29.7 78.4 21.6 27.0 7.2
Stream ER 3m/05m Watershed Area (mz) SVRI
Type <=3.55 >3.55 <=31429012 | <=103478288 | <=358500096 | >358500096 <=-0.83 <=0.28 <=0.42 <=0.83 >0.83
1 26.0 74.0 97.5 2.0 0.4 0.0 72.2 27.5 0.0 0.3 0.0
2 62.5 37.5 81.5 16.4 1.9 0.1 38.5 54.5 1.2 2.7 3.1
3 44.0 56.0 60.0 24.0 12.0 4.0 8.0 68.0 0.0 16.0 8.0
4 38.5 61.5 15.1 60.4 24.5 0.0 46.4 45.8 3.6 3.1 1.0
5 67.3 32.7 1.3 18.9 58.5 21.4 38.4 57.2 0.6 2.5 1.3
6 16.1 83.9 98.7 13 0.0 0.0 15.9 66.4 5.5 10.4 1.8
7 63.8 36.3 98.8 1.3 0.0 0.0 20.6 46.9 13.8 11.9 6.9
8 23.0 77.0 100.0 0.0 0.0 0.0 31.1 68.1 0.9 0.0 0.0
9 47.5 52.5 84.8 15.2 0.0 0.0 38.2 60.8 0.0 0.5 0.5
10 48.6 51.4 100.0 0.0 0.0 0.0 0.9 58.6 8.1 19.8 12.6

Most stream types are generally characterized by low slope, low peak flow and low flow
permanence, except for stream type 3 which has the highest mean flow permanence, and stream
type 5 which has the highest mean peak flow and total stream power. Intermediate peak flows
are found in Stream Type 4, where 75% of the stream reaches have a 25-yr 1-hr Peak Flow
(Qp25) of between 208.1 and 354.05 m*/s. All stream reaches classified as Stream Type 3 have
greater than 3.32% flow permanence. Stream types 1 and 2 are characterized by low elevation,
low slope, low vegetation cover and low SVRI. Both have a wide range of widths, although
stream type 2 has the highest mean width, and stream type 1 has the lowest SVRI. Stream type 3
has moderately high vegetation cover. Stream types 4 and 5 have the highest peak flows and total
stream power of all stream types. Stream types 6 through 10 are the highest elevation reaches,
with stream types 7 and 10 having the greatest slopes of all stream types.
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Fort Huachuca

The cluster validity tests indicated that five stream types exist at Fort Huachuca. Based on our
site knowledge and the other statistical analyses we identified eight stream types. Although Fort
Huachuca is a small installation, it has a wide range of elevation, slopes, vegetation
communities, and a much wider range of flow permanence; eight clusters adequately
characterize that variability here.

The stream types fell into 4 main groups that were further split into 8 stream types, representing
the high elevation mountains, mid elevation foothills, lower elevation grasslands, and the main-
stem channel reaches (Figure 39). Stream types 1 and 2 constitute 18.3% of stream reaches, all
located in the upper elevation mountains. Stream types 3 and 4 represent 12.5% of stream
reaches and are the main stem channels of the larger watersheds, Garden Canyon, Huachuca
Canyon, Slaughterhouse Wash, and Rock Spring/Soldier Canyon. Lower Garden Canyon is
separated to form stream type 3 due to its higher flow permanence, peak flows, entrenchment
ratio, and vegetation cover and heights. It drains to a different outlet from the other main stem
channels, to the east to the San Pedro River, instead of to the north to the Babocomari River.
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Figure 39. Fort Huachuca dendrogram and map for 8 stream types.

Stream type 5 represents the middle elevation foothill channels that transition from the
mountains to the grasslands, and comprises 12.5% of stream reaches. Stream types 6, 7 and 8§ are
located in the grasslands and East Range, and comprise the remaining stream reaches. Stream
type 6 is the largest group with 35.5% of all stream reaches. Figure 40 includes graphs showing
the percentage of total stream reaches and total stream lengths for each stream type.
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Figure 40. Fort Huachuca stream types, percent of total stream reaches and total stream lengths.

PCA analysis indicated that the first principal component is strongly correlated with vegetation
structure (vegetation <1 m, and 4 - 12 m), elevation, vegetation density, RSI, slope and
vegetation cover. Stream types at Fort Huachuca are clearly delineated on these variables,
especially elevation and slope (Figure 39). The second principal component is strongly
correlated with peak flow, TSP, cumulative area, entrenchment ratio, flow permanence and
width, indicating the importance of these variables in further defining the stream types.

Variable importance from the CART classification analysis indicated that peak flow, vegetation
between 4 — 12 m, RSI, and elevation were the most important variables (Table 11). The optimal
classification tree for Fort Huachuca had 11 terminal nodes, a relative cost of 0.188, and 81.25%
prediction success (Table 12). This tree was used to determine the thresholds for each input
variable, and the percentages for each stream type, shown in Table 13. Values in this table
indicate the percent of stream reaches in each stream type for each variable range. Values shown
with a bold font indicate the majority of stream reaches for each variable. For example, 100% of
the stream reaches classified as Stream Type 1 have more than 2.54% of all vegetation between 4

— 12 m in height, and are over 1423.65 m in elevation. The classification tree is included as an
attachment to this report.

Table 11. Variable importance, CART analysis, Fort Huachuca.

Variable Score Variable Score
Peak Flow 25-yr 1-hr (m®/s) 100.0 MSAVI2 Mean 39.4
Veg 4-12m (%) 64.4 Veg 1-4m (%) 38.9
RSI 55.4 Flow Perm (%) 35.2
Elevation (m) 51.2 Percent Slope (%) 26.8
Total Stream Power 25-yr 1-hr (kW/m) 48.9 Width 2m (m) 21.0
Watershed Area (m?) 48.1 Veg >12m (%) 17.6
Veg 0-1m (%) 45.9 Vegetation Cover (%) 11.9
Entrenchment Ratio 3m/0.5m 39.4
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Table 12. Fort Huachuca stream type classification analysis, prediction success, 8 stream types.
3

Actual Total Percent 1 2 4 5 6 7 8
Class Class Correct N =25 N=24 N=5 N =26 N =31 N =89 N =31 N =25
1 27.00 81.48% 22.00 4.00 0.00 0.00 1.00 0.00 0.00 0.00
2 20.00 95.00% 1.00 19.00 0.00 0.00 0.00 0.00 0.00 0.00
3 5.00/ 100.00% 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00
4 27.00 96.30% 0.00 1.00 0.00 26.00 0.00 0.00 0.00 0.00
5 32.00 71.88% 2.00 0.00 0.00 0.00 23.00 5.00 0.00 2.00
6 91.00 81.32% 0.00 0.00 0.00 0.00 5.00 74.00 6.00 6.00
7 30.00 80.00% 0.00 0.00 0.00 0.00 0.00 4.00 24.00 2.00
8 24.00 62.50% 0.00 0.00 0.00 0.00 2.00 6.00 1.00 15.00
Total: 256.00
Average: 83.56%
Overall % 81.25%
Correct:

Table 13. Fort Huachuca thresholds for input variables, percent of each stream type for 8 stream

types.
Stream Peak Flow 25-yr 1-hr (m3/s) Vegetation 0- 1 m (%) Vegetation 4- 12 m (%)

Type <=112.07 <=262.24 <=350.71 <=785.56 >785.56 <=66.98 >66.98 <=2.54 >2.54
1 12.5 45.8 20.8 20.8 0.0 100.0 0.0 0.0 100.0
2 93.1 6.9 0.0 0.0 0.0 75.9 24.1 6.9 93.1
3 0.0 0.0 0.0 16.7 83.3 16.7 83.3 33.3 66.7
4 0.0 6.5 6.5 87.1 0.0 3.2 96.8 83.9 16.1
5 75.0 25.0 0.0 0.0 0.0 4.2 95.8 8.3 91.7
6 81.4 18.6 0.0 0.0 0.0 0.0 100.0 95.3 4.7
7 97.3 2.7 0.0 0.0 0.0 0.0 100.0 81.1 18.9
8 88.7 11.3 0.0 0.0 0.0 0.0 100.0 98.4 1.6

Stream Elevation (m) ER3m /0.5m Width 2m (m) Flow Permanence (%)

Type <=1423.65 >1423.65 <=9.15 >9.15 <=90.8 >90.8 <=26.32 >26.32
1 0.0 100.0 100.0 0.0 100.0 0.0 8.3 91.7
2 0.0 100.0 100.0 0.0 100.0 0.0 44.8 55.2
3 0.0 100.0 0.0 100.0 83.3 16.7 16.7 83.3
4 74.2 25.8 83.9 16.1 51.6 48.4 48.4 51.6
5 4.2 95.8 95.8 4.2 100.0 0.0 16.7 83.3
6 44.2 55.8 48.8 51.2 44.2 55.8 74.4 25.6
7 100.0 0.0 100.0 0.0 67.6 32.4 100.0 0.0
8 75.8 24.2 95.2 4.8 79.0 21.0 93.5 6.5

Stream types 1 and 2 are characterized by high percentages of vegetation taller than 4 m, and

high flow permanence, although stream type 2 has higher flow permanence than stream type 1.
Reaches in stream type 3 have high peak flow, the highest flow permanence, and a high
entrenchment ratio. Stream type 5 represents the middle elevation foothill channels that
transition from the mountains to the grasslands. Stream types 6, 7 and 8 have high amounts of
vegetation below 1 m, and very little above 4 m high. They have low peak flow, flow
permanence and stream power.
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Fort Bliss

The cluster validity tests indicated that seven clusters were the optimum number for Fort Bliss.
This cluster arrangement did not separate streams above and below Otero Mesa which, based on
our field experience have different characteristics. The next cluster level split those stream
reaches, so we selected eight stream types for Fort Bliss.

The stream types fell into three main groups: high elevation - high slope mountain reaches, mid-
elevation reaches, and lower elevation - low slope reaches (Figure 41). Stream types 1, 2 and 3
are higher elevation - high slope reaches, and represent 16.2% of all stream reaches. Stream
types 4, 5 and 6 are the second group of stream reaches, are mid-elevation with moderate slopes
and comprise 57.3% of reaches. Stream types 7 and 8, the lower elevation - low slope reaches,
make up the remaining 26.4% of stream reaches. Figure 42 is a graph showing the percentage of
total stream reaches and total stream lengths for each stream type.

Fort Bliss has numerous discontinuous sheetflood reaches identified as Chihuahuan-Sonoran
Desert Bottomland and Swale Grassland (Tobosa Swales) by NatureServe
(http://www.natureserve.org), characterized by wide, shallow flow paths with vegetation distinct
from the adjacent uplands (see Figure 13). These reaches were not identified as a separate stream
type using our methods; however, most of these reaches are classified as stream type 7 (widest
and lowest slopes) or stream type 5 (lowest peak flow, low vegetation cover, and least amount of
vegetation taller than 0.5 m in height). In addition, many of these reaches may not have been
included on the NHD stream network, due to the way that network was created (note the large
areas of Otero Mesa in the northeast area of the installation with no stream lines). This reach type
is discussed in the next section.

Fort Bliss
Stream Type Classification
8 Clusters

Fort Bliss

Figure 41. Fort Bliss dendrogram and map for 8 stream types.
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Figure 42. Fort Bliss stream types, percent of total stream reaches and total stream lengths.

PCA analysis confirmed that the vegetation variables were most significant in the first principal
component, followed by slope and elevation. The hydrologic and physical variables were
significant in the second principal component.

The optimal classification tree for Fort Bliss included 63 terminal nodes, a relative cost of 0.136,
and a prediction success of 85.41%. Variable importance in CART was similar to the PCA
results, indicating that vegetation structure and elevation were the most important (Table 14).
This tree was limited to a depth of 7 nodes to represent most of the variability and create a more
useful prediction model. This resulted in a tree with 29 terminal nodes, a relative cost of 0.176,
and prediction success of 80.59% (Table 15). The classification tree is included as an attachment

to this report.

Table 14. Variable importance, CART analysis, Fort Bliss.

Variable Score Variable Score
Veg <0.5m (%) 100.0 Peak Flow 25-yr 1-hr (m?/s) 56.1
Elevation (m) 90.4 RENDVI Mean 52.4
Veg 1-4m (%) 90.0 Watershed Area (m?) 47.8
Width 2m (m) 72.9 Percent Slope (%) 318
Veg 4 - 12m (%) 69.9 TSP 25-yr 1-hr (KW/m) 28.7
Vegetation Cover (%) 60.4 RSI 11.6
Veg 0.5 - 1m (%) 59.1 ER 3m / 0.5m 7.2
Flow Perm (%) 56.1

Table 15. Fort Bliss stream type class1ﬁcat10n analysis, prediction success, 8 stream types

Actual Total Percent 1 3 4 5 6 7
Class Class Correct | N=112 = 162 N=69 | N=354| N=290 | N=493 | N=380 = 134
1 110.00 | 90.00% 99.00 4.00 3.00 2.00 0.00 1.00 0.00 1.00
2 146.00 | 83.56% 10.00 122.00 0.00 7.00 0.00 6.00 0.00 1.00
3 67.00 98.51% 0.00 1.00 66.00 0.00 0.00 0.00 0.00 0.00
4 373.00 | 80.16% 3.00 8.00 0.00 299.00 29.00 22.00 9.00 3.00
5 230.00 | 82.17% 0.00 0.00 0.00 3.00 189.00 20.00 18.00 0.00
6 541.00 | 74.31% 0.00 25.00 0.00 39.00 40.00 402.00 34.00 1.00
7 395.00 | 79.24% 0.00 0.00 0.00 4.00 31.00 36.00 313.00 11.00
8 132.00 | 88.64% 0.00 2.00 0.00 0.00 1.00 6.00 6.00 117.00
Total: 1,994.00
Average: 84.57%
Overall % Correct: 80.59%
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Table 16 lists the thresholds and percentages for each variable for each stream type from that
tree, in general order of importance. Values in the table indicate the percent of stream reaches in
each stream type for each variable range. The largest percentages are shown in a bold font,
indicating the majority of stream reaches. From this table, the general characteristics of each
stream type can be determined. For example, 98.5% of all stream reaches in stream type 3 have a
flow permanence of greater than 14.16%, and this stream type has the highest flow permanence
for Fort Bliss. Stream type 8 has the highest peak flows of all stream reaches, with 82.6%
estimated to have peak flows greater than 544.3 m?/s.

In general, stream types 1, 2 and 3 have the greatest amount of vegetation cover, most of which
is between 0.5 - 1 m in height. These three stream types also have the greatest amount of
vegetation between 1 — 4 m, and relatively higher slopes than the other stream types. Stream type
1 has 90.9% of reaches with more than 20.11% of vegetation between 1 —4 m in height. Stream
reaches in types 7 and 8 are the widest reaches, with the majority wider than 188.99 m. Most of
the vegetation in stream types 4 through 8 is less than 4 m in height, and these stream reaches are
less entrenched than reaches in stream types 1 to 3. Stream types 6, 7, and 8 are low elevation
reaches.

92



Table 16. Fort Bliss thresholds for input variables, percent of each stream type for 8 stream

types.
ST Flow Perm (%) Peak Flow Qp25 (m3/s) Veg <0.5m (%) Veg 1-4m (%)
<=14.16 >14.16 <=317.35 <=438.91 <=544.30 | >544.30 <=82.93 >82.93 <=12.75 <=20.11 >20.11
1 99.1 0.9 97.3 1.8 0.9 0.0 99.1 0.9 3.6 5.5 90.9
2 100.0 0.0 96.6 2.7 0.7 0.0 99.3 0.7 60.3 30.8 8.9
3 1.5 98.5 74.6 0.0 3.0 22.4 50.7 49.3 67.2 9.0 23.9
4 100.0 0.0 98.7 1.3 0.0 0.0 4.8 95.2 100.0 0.0 0.0
5 100.0 0.0 100.0 0.0 0.0 0.0 0.0 100.0 100.0 0.0 0.0
6 100.0 0.0 98.0 1.7 0.4 0.0 10.2 89.8 99.8 0.2 0.0
7 100.0 0.0 87.1 7.3 3.8 1.8 2.8 97.2 100.0 0.0 0.0
8 100.0 0.0 5.3 3.0 9.1 82.6 13.6 86.4 97.7 2.3 0.0
RENDVI Mean (vegetation density) RSI Width 2m (m)
Stream Types
<=0.15 <=0.16 <=0.19 >0.19 <=0.19 <=0.22 >0.22 <=162.42 | <=188.99 >188.99
1 0.9 2.7 26.4 70.0 41.8 30.0 28.2 99.1 0.0 0.9
2 12.3 14.4 37.0 36.3 56.8 43.2 0.0 100.0 0.0 0.0
3 4.5 7.5 35.8 52.2 32.8 67.2 0.0 77.6 3.0 19.4
4 3.8 7.2 54.4 34.6 6.4 85.0 8.6 76.4 7.2 16.4
5 90.0 6.5 3.5 0.0 30.0 70.0 0.0 88.3 8.3 3.5
6 56.4 20.0 22.7 0.9 42.5 57.1 0.4 87.6 5.9 6.5
7 89.1 9.1 1.8 0.0 15.7 84.3 0.0 9.4 8.9 81.8
8 37.1 11.4 34.1 17.4 28.8 69.7 1.5 34.8 7.6 57.6
ER 3m/05m Percent Slope (%) Veg 4-12m (%)
Stream Types
<=6.43 >6.43 <=2.85 <=3.07 <=8.56 <=11.07 <=23.72 >23.72 <=1.11 <=4.52 >4.52
1 100.0 0.0 1.8 0.0 51.8 7.3 25.5 13.6 8.2 13.6 78.2
2 99.3 0.7 1.4 7.5 71.2 10.3 9.6 0.0 66.4 30.1 3.4
3 95.5 4.5 34.3 3.0 46.3 4.5 9.0 3.0 68.7 11.9 19.4
4 95.4 4.6 47.7 6.7 37.3 5.1 3.2 0.0 99.7 0.3 0.0
5 100.0 0.0 62.6 6.5 30.9 0.0 0.0 0.0 100.0 0.0 0.0
6 90.9 9.1 34.8 4.4 53.6 3.1 4.1 0.0 99.8 0.2 0.0
7 96.2 3.8 94.9 2.0 3.0 0.0 0.0 0.0 100.0 0.0 0.0
8 85.6 14.4 68.9 5.3 23.5 0.0 2.3 0.0 97.7 1.5 0.8
ST Veg 0.5-1m (%) Watershed Area (m2) Elevation (m) Veg. Cover (%)
<=3.23 >3.23 <=164494480 | >164494480 | <=1404.74 | <=1466.43 | >1466.43 | <=51.65 >51.65
1 2.7 97.3 100.0 0.0 0.9 1.8 97.3 2.7 97.3
2 0.7 99.3 100.0 0.0 11.0 10.3 78.8 42.5 57.5
3 25.4 74.6 91.0 9.0 3.0 3.0 94.0 44.8 55.2
4 62.5 37.5 100.0 0.0 8.3 6.4 85.3 50.7 49.3
5 95.7 4.3 100.0 0.0 0.9 10.0 89.1 100.0 0.0
6 17.4 82.6 100.0 0.0 43.8 26.6 29.6 97.0 3.0
7 75.2 24.8 100.0 0.0 65.6 9.6 24.8 100.0 0.0
8 47.0 53.0 77.3 22.7 40.9 20.5 38.6 81.1 18.9

Special Conditions

Two conditions that we were not able to adequately describe with our methods are described
here: discontinuous sheetflood zones, and springs.

Discontinuous Sheetflood Zones

Stream segments that terminate in playas or sand dunes, or are discontinuous sheetflood zones

(vegetated swales), like those found at Fort Bliss or Fort Irwin, were difficult to delineate as a

separate reach type using our methods. We are using the NHD Plus V2 flowline for our stream
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network that delineates only those stream segments that could be defined in terms of flow
direction, and this method generally did not include those terminal stream reaches in playas or
dunes. However, in our analysis we restricted maximum stream width to 400 m (200 m on either
side of the flowline) to confine the width of streams ending in those areas. Using ratios of our
variables for water surface widths these terminal stream reaches may be identified, i.e. for the 3
m and 2 m inundations, the ratio will be 1 or close to 1. The best results would be achieved using
a combination of ratios to avoid errors resulting from entrenched reaches that would also have a
ratio of close to 1.

This method may also be used to identify discontinuous or vegetated swale stream reaches,
which were often included in the NHD stream network. A concern with this method is that the
NHD flowlines do not follow the drainages very well, and we used a relatively coarse 10 m
DEM for the inundation depths at Forts Irwin and Bliss. Even with the stream line editing done
for this project, it is still not adequate for creating highly accurate water surface widths. This
issue needs further study, to include more careful streamline editing with LIDAR data, and using
the LIDAR bare earth DEM in the inundation step. Experimenting with various depths and ratios
could possibly identify the discontinuous sheetflood reaches or vegetated swales more
accurately.

Springs

Fort Irwin contains numerous springs that are monitored regularly. While we were not able to
delineate them as a separate stream type using our methods, we are able to identify them using
the vegetation structure variables, 1-4 m and 4-12 m. When the springs fall on our stream
network (the NHD Flowline), those stream reaches exhibit a higher percentage of vegetation in
the taller height classes, and can be identified in this manner. The vegetation structure
classification can also be used in general to identify stream reaches that contain a higher
percentage of taller vegetation, indicating higher moisture content.

Wildlife Associations

The DoD manages a vast amount of arid and semi-arid land in their Southwest Region that
contains mainly ephemeral or intermittent stream reaches. Although knowledge and
understanding of how these systems function is slowly increasing, there is a general lack of
knowledge regarding the interaction between arid and semi-arid ecosystem features and wildlife
needs. Most research on stream systems focus on perennial streams, and most stream type
classifications focus on a particular type of data such as hydrologic or vegetation. This project
addresses these knowledge gaps by combining vegetation, geomorphic and hydrologic data to
classify and describe ephemeral and intermittent stream reaches, and associates the results to
wildlife habitat, resulting in a broader overview and understanding of these interactions.

These results address whether habitat for particular vertebrate wildlife species of concern is

associated with particular stream reaches, using species distribution models that evaluated the
use of streams by single species of concern. We also evaluated which ecohydrological variables
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were associated with TER-S richness and whether stream types were good indicators of species
richness.

Fort Irwin

At Fort Irwin, we modeled desert tortoise and burrowing owl occurrence in ephemeral and
intermittent streams and tested their probability of occurrence in relation to stream type. We
mapped species richness of riparian associated birds and mammals, and tested whether stream
type was related to richness of these two groups. We mapped species richness of all riparian-
associated TER-S, bird TER-S, mammal TER-S, and reptile TER-S, and tested whether stream
type was related to richness of these groups. We modeled species richness of the TER-S groups
as a function of ecohydrological variables to better understand why richness varied in stream
reaches.

Desert Tortoise

This species was modeled with MaxEnt. Probability of presence predicted for desert tortoise with
an unbiased prior was highly correlated with presence predicted by the biased prior incorporating
distance from roads (r = 0.996, p<0.001). We report the modeling results for the unbiased prior.

When desert tortoise presence was modeled without a biased prior, seven variables were retained
for the final model: riparian width (27.4% contribution, 15.4% permutation importance),
elevation (24.1% contribution, 29.1% permutation importance), bank slope (24% contribution,
22.6% permutation importance), total stream power (15.7% contribution, 15.1% permutation
importance), percent cover (3.6% contribution, 7.6% permutation importance), peak flow (3.2%
contribution, 7.6% permutation importance),and RSI (2.1% contribution, 8.2% permutation
importance). Higher probability of presence was generally related to elevations between 600 -
900m, RSI values near 0.225, and narrower riparian widths. Three variables showed a more
threshold-like response: probability of presence dropped substantially once total stream power
and peak flow exceeded zero, and probability of presence increased substantially once percent
slopes exceeded about 5%. Generally, lower percent covers increased probability of presence,
but percent cover below 5% was associated with low probability of presence (Figure 43).
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Figure 43. Probability of tortoise presence as a function of each individual variable.
The x-axis shows the range of values of the variable, while the y-axis shows the resulting
probability of presence when just that variable was used to predict presence.

The AUC value of the model was acceptable for the testing sets (1L = 0.728, s = 0.028). Zero OR
for the testing set was 0.03 (s = 0.04, expected mean of 0) and Ten OR for the testing set was
0.18 (s = 0.10, expected mean of 0.10).

Desert tortoise probability of presence was significantly correlated with average values in each
stream reach for probability of presence predicted by the 1-km resolution USGS desert tortoise
model (Nussear et al., 2009) (Figure 44). Correlation was slightly higher for the unbiased prior (r
=0.42, p<0.001) than the biased prior ( = 0.38, p<0.001). This is not surprising since the USGS
model was not created with a biased prior. While Nussear et al. (2009) did not include how the
variables in their final model affected probability of presence, three of the seven variables in
their final model are similar to the ecohydrological variables in our final model. They included
elevation, as did we. They included a measure of average surface roughness, which may relate to
our bank slope measure. Lastly, they included a measure of perennial plant cover, which is likely
very similar to our measure of percent cover derived from MSAVI2 values.
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SERDP PP

USGS PP

Figure 44. Correlation of desert tortoise probability of presence from our unbiased prior model
(SEDRP model) and the USGS model.

A visual inspection of the results (Figure 45) shows that tortoise richness tends to be highest in
mid-elevation streams. Probability of presence changes slightly in some streams when a biased
prior is used, but is overall very similar across the installation. This model may help detect areas
that are especially valuable for desert tortoise.

Desert tortoise probability of presence was not significantly different between stream types for

either an unbiased prior or a biased prior. Stream types had about equal probability of tortoise
presence; they were not a good predictor of where desert tortoises may occur.
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Figure 45. MaxEnt modeling results for the desert tortoise with an unbiased prior (top) and a
biased prior (bottom).
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Western Burrowing Owl

This species was modeled with MaxEnt. Probability of presence predicted for burrowing owl
with an unbiased prior was highly correlated with presence predicted by the biased prior
incorporating distance from roads (» = 0.995, p<0.001). We report the modeling results for the
unbiased prior.

When burrowing owl presence was modeled without a biased prior, seven variables were
retained for the final model: veg 1-4 m (21.4% contribution, 14.3% permutation importance),
veg 4-12 m (19.8% contribution, 0.2% permutation importance), percent cover (14.6%
contribution, 8.9% permutation importance), bank slope (14.1% contribution, 18.4% permutation
importance), flow permanence (11.1% contribution, 26.1% permutation importance), percent
slope (9.6% contribution, 19.6% permutation importance), and peak flow (9.3% contribution,
12.5% permutation importance). Higher probability of presence was associated with increasing
percent cover of veg 1 - 4 m, veg 4 — 12 m, percent cover, and flow permanence (Figure 46).
Probability of presence peaked sharply when bank slope was about 15% and more broadly when
percent slope of the streamline was about 12%. Probability of presence was highest at the very
lowest peak flow values and dropped rapidly once peak flow increased.

flowperm percent cover pctslope
10 - T 1 - 10 - L] T - |0 - T I —
05 _/_- 05 _/‘ 05 —m-
0.0 b = 0.0 E—t i 0.0 b—1 M
0 13.082 0.044 04.211 0.113 31.305
peak flow bank slope veg1_4m
10 F T — 1ofF T — LOF—T n
) _\ 1" « 1 ™ /
0.0 b = 00— - 00k $—-
0 61.746 1.972 63.211 0 10.52
vegd_12m
10F—T  —
05 _/—-
00k il 1 -
0 5322

Figure 46. Probability of presence for burrowing owl as a function of each individual variable.
The x-axis shows the range of values of the variable, while the y-axis shows the resulting
probability of presence when just that variable was used to predict presence.

The AUC value of the model was acceptable for the testing sets (L= 0.751, s = 0.069). Zero OR

for the testing set was 0.06 (s = 0.07, expected mean of 0) and Ten OR for the testing set was
0.26 (s = 0.19, expected mean of 0.10).
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A visual inspection of the results (Figure 47) shows that the best habitat for burrowing owls may
cluster in several areas of the installation. Values for the biased prior are nearly identical with
those for the unbiased prior.
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Figure 47. MaxEnt modeling results for the burrowing owl with an unbiased prior (top) and a
biased prior (bottom).
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Burrowing owl probability of presence was not significantly different between stream types for
either an unbiased prior or a biased prior. Stream types had about equal probability of owl
presence; they were not a good predictor of where burrowing owls may occur.

Desert tortoise and burrowing owl probability of presence were slightly, but significantly
correlated with each for both the unbiased prior (= 0.22, p<0.001, Figure 48) and the biased
prior (»=0.21, p<0.001).

Desert Tortoise PP

Burrowing Owl PP
Figure 48. Correlation of desert tortoise and burrowing owl probability of presence for the
unbiased prior model.

Geographic distribution of species richness

Fort Irwin was the least species rich installation, with a total of 242 possible species, 142 of
which (59%) were riparian-associated (Appendix C, Table 2). For the riparian-associated
species, models were available for 19 reptiles, 20 mammals, 72 birds, and no amphibians (there
are three species of amphibians that could potentially occur on the installation, but none have
ever been observed there).

For riparian-associated species, only bird and mammal richness were calculated. Bird and
mammal richness were not correlated (» = -0.22). Richness of birds was often highest in mid-
elevation reaches between the higher mountain reaches and the main valley drainages (Figure
49). Richness of mammals was often high in the higher mountain stream reaches, but did not
follow a clear pattern geographically.

Fort Irwin had 32 potential TER-S: 21 birds, 7 mammals, and 4 reptiles (Appendix C, Table 3)
for which models were available. For riparian-associated TER-S, bird, mammal, reptile, and
pooled richness of the three groups were calculated. Pooled richness of all TER-S was correlated
with reptile richness ( = 0.73). Richness of all TER-S species and TER-S reptiles was generally
highest in stream reaches in the southeastern area of the installation (Figure 50). Bird richness for
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TER-S followed a similar geographic pattern as all riparian-associated bird richness. TER-S
mammal richness was generally highest in the highest elevation stream reaches, particularly in a
mountainous area in the far eastern area of the installation.

— 6.2-8.4 11.6 - 12.2 — 31-8 10 - 10.4

— 8.5-91 12.3-13 — 81-84 10.5-10.8
92-99 — 13.1-18.5 85-89 — 10.9-12
10 - 11.5 9-9.9
Birds Mammals

Figure 49. Fort Irwin - Richness of riparian-associated species.

Dark green reaches have a value less than 1.5 standard deviations (SD) below the mean value for
the group, medium green reaches are 1-1.5 SD below the mean, light green are 0.5-1 SD below
the mean, yellow are within 0.5 SD of the mean, light red are between 0.5-1 SD above the mean,
medium red are 1-1.5 SD above the mean, and bright red are >1.5 SD above the mean.
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— 0.7 -1 21-3
11-2 — 31-4
Reptile TER-S

—0-1 31-4 — 1.9 31-4
—11-2 41-5 — 2 — 41-5
21-3 — 51-6 21-3
Bird TER-S Mammal TER-S

Figure 50. Fort Irwin - Richness of riparian-associated TER-S species.
Darker green reaches have lower richness, yellow have intermediate richness, and dark red have
the highest richness.
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Species richness and stream types

When the average riparian-associated species richness in each stream type was ranked, the
distribution of bird richness into the stream types at Fort [rwin was not correlated with the
distribution of mammal (r = -0.17) richness in stream types (Figure 51).

Stream type 1 — Moderately low bird richness and moderate mammal richness.

Stream type 2 — Moderate bird richness and moderately high mammal richness, significantly
higher than in stream type 1.

Stream types 3, 4 & 5 — Moderately high bird richness, significantly higher than in stream type 1,
moderately high mammal richness, significantly higher in stream types 3 and 5 than in stream

type 1.

Stream types 6, 7 & 8 — Moderate to moderately high bird richness, significantly higher in stream
type 8 than in stream type 1, and low to moderate mammal richness. Mammal richness is
significantly lower in stream type 7 than in type 2 — 5.
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Figure 51. Fort Irwin - Richness of riparian-associated species in the eight stream types.
Colors match those shown on stream type maps. Width is proportional to number of streams in
each type.
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When the average riparian-associated species richness of TER-S in each stream type was ranked,
the distribution of pooled richness into the stream types at Fort [rwin was correlated with reptile
(r=10.93) and mammal (r = 0.81) richness. Mammal and reptile TER-S richness were somewhat
correlated (r = 0.62). Richness of all TER-S, reptiles, and mammals shows very similar patterns
within the stream types, with the highest richness in stream types 4 and 6, intermediate richness
in stream types 5, 7, and 8, and the lowest richness in stream type 1. Bird richness for TER-S
shows few differences between the stream types, with higher average richness in types 3 and 8
than in type 4 (Figure 52).

Stream type 1 — Low overall and reptile TER-S richness, low bird richness, and low mammal
richness.

Stream types 2 & 3 — Low overall and reptile TER-S richness in stream type 2 to moderate
richness in stream type 3, low bird richness in stream type 2, moderate bird richness in stream
type 3 that is significantly higher than in type 4, and moderate mammal richness, significantly
higher in stream type 2 and in type 1.

Stream types 4 & 6— Significantly higher overall and reptile TER-S richness than any other
stream types, low to moderate bird richness, and high mammal richness, along with stream type
5, significantly higher than in any other stream type but 8.

Stream types 5, 7 & 8 — Moderate to high overall and reptile TER-S richness, with a few stream
reaches having the highest values for overall richness on the installation, moderate bird richness
in stream types 5 and 7, moderately high bird richness in stream type 8, significantly greater than
in stream type 4, and moderately high mammal richness, significantly higher than in stream type
1 but significantly lower than in stream type 4.
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Figure 52. Fort Irwin - Richness of riparian-associated TER-S in the eight stream types.
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In individual stream reaches, richness of general riparian-associated species was correlated with
richness of TER-S for birds (» = 0.79), but less strongly for mammals (» = 0.56) At Fort Irwin,
planning management for the general riparian-associated bird group should benefit TER-S bird
richness also, and vice versa. It is less clear whether this would be true for mammals. The
correlation held for birds when the average species richness in each stream type was examined,
but not for mammals.

TER-S response to ecohydrological variables

When pooled TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was that of elevation (Table 17). Higher elevations caused species richness to
decrease. The mean vegetation index value had the second largest effect; higher values of it also
tended to decrease species richness, indicating the TER-S richness at Irwin is higher in less dense
vegetation. Percent cover also had a large effect, but increased richness, indicating TER-S
richness may be higher in reaches with more, but low density, vegetation.

Table 17. Fort Irwin - Effect of ecohydrological variables on all pooled TER-S riparian-
associated species richness.

Relative 95% Confidence Interval
Effect Relative
Parameter . Effect SE
Siz . Lower Upper Importance
Size
LidElevMidPts -1.55 35.9 0.09 -1.57 -1.54 1.00
msavi2_mean -0.64 14.7 0.10 -0.65 -0.63 1.00
msavi2_pct 0.45 10.3 0.10 0.43 0.46 1.00
FlowPerm 0.34 7.8 0.06 0.33 0.34 1.00
Width2m -0.32 7.5 0.06 -0.33 -0.31 1.00
veg0_025m -0.29 6.7 0.06 -0.30 -0.28 1.00
RSI -0.29 6.6 0.08 -0.30 -0.28 0.99
CumArea -0.16 3.6 0.06 -0.16 -0.15 0.87
ER3m_05m 0.14 3.3 0.05 0.14 0.15 0.86
vegd 12m -0.08 1.9 0.05 -0.09 -0.08 0.35
Qp25 -0.07 1.6 0.05 -0.08 -0.06 0.24
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When reptile TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was again that of elevation (Table 18). Higher elevations caused species richness to
decrease. The RSI value had the second largest effect; higher values of it also tended to decrease
species richness, indicating the TER-S richness at [rwin is higher where rainfall is more evenly
spread throughout the year. Percent of the stream reach with vegetation 0-0.25 m also had a
substantial effect, decreasing richness, indicating TER-S richness may be higher in reaches with
a higher percent cover of vegetation >0.25 m.

Table 18. Fort Irwin - Effect of ecohydrological variables on reptile TER-S riparian-associated
species richness.

Relative 95% Confidence Interval
Effect Relative
Parameter . Effect SE
Size . Lower Upper Importance
Size
LidElevMidPts  -1.15 48.5 0.04 -1.16 -1.14 1.00
RSI -0.27 11.4 0.04 -0.28 -0.27 1.00
veg0_025m -0.22 9.2 0.03 -0.22 -0.21 1.00
vegd 12m -0.13 5.6 0.03 -0.14 -0.13 1.00
CumArea -0.12 5.0 0.03 -0.12 -0.12 1.00
msavi2_pct 0.10 4.2 0.04 0.09 0.10 0.74
msavi2_mean 0.07 2.8 0.05 0.06 0.07 0.37
Qp25 -0.06 2.7 0.03 -0.07 -0.06 0.76
Width2m -0.06 2.5 0.03 -0.06 -0.06 0.64
ER3m_05m 0.04 1.6 0.03 0.03 0.04 0.37
Q25TSP -0.04 1.6 0.04 -0.04 -0.03 0.31
PCTSlope -0.03 1.4 0.04 -0.04 -0.03 0.22
FlowPerm 0.03 1.4 0.03 0.03 0.04 0.26
vegl 4m -0.03 1.1 0.03 -0.03 -0.02 0.23
veg025_1m -0.02 0.9 0.03 -0.03 -0.02 0.21
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When bird TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was that of the mean MSAVI2 value (Table 19). Higher values caused species
richness to decrease, indicating the bird TER-S richness at Irwin is higher in less dense
vegetation. Flow permanence had the second largest effect; higher values of it tended to increase
species richness. RSI and elevation also had substantial effect sizes. Higher values of both
variables were associated with increased bird richness.

Table 19. Fort Irwin - Effect of ecohydrological variables on bird TER-S riparian-associated
species richness.

Relative 95% Confidence Interval
Effect Relative
Parameter ) Effect SE
Size . Lower Upper  Importance
Size
msavi2_mean -0.26 16.6 0.06 -0.27 -0.25 0.99
FlowPerm 0.24 15.5 0.04 0.24 0.25 1.00
RSI 0.17 10.7 0.06 0.16 0.18 0.73
LidElevMidPts 0.16 10.4 0.07 0.15 0.17 0.62
Width2m -0.15 9.8 0.05 -0.16 -0.15 0.94
veg025_1m -0.11 7.3 0.05 -0.12 -0.11 0.67
vegd 12m 0.11 7.3 0.04 0.11 0.12 0.87
Q25TSP 0.09 6.0 0.05 0.09 0.10 0.65
msavi2_pct 0.06 3.9 0.08 0.05 0.07 0.28
CumArea 0.06 3.7 0.05 0.05 0.06 0.36
vegl 4m 0.05 3.3 0.09 0.04 0.06 0.36
Qp25 -0.05 3.0 0.05 -0.05 -0.04 0.29
veg0_025m 0.02 1.5 0.05 0.02 0.03 0.25
ER3m_05m 0.02 1.0 0.04 0.01 0.02 0.27
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When mammal TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was that of elevation (Table 20). Higher elevations caused species richness to
decrease. The mean vegetation index value had the second largest effect; higher values of it also
tended to decrease species richness, indicating that mammal TER-S richness at Irwin is higher in
less dense vegetation. Percent cover also had a large effect, but increased richness, indicating
TER-S richness may be higher in reaches with more, but low density, vegetation. The
ecohydrological variables with the largest effect on TER-S mammal richness were essentially the
same as for all TER-S richness.

Table 20. Fort Irwin - Effect of ecohydrological variables on mammal TER-S riparian-associated
species richness.

Relative 95% Confidence Interval
Effect Relative
Parameter . Effect SE
Size . Lower Upper  Importance
Size
LidElevMidPts -0.57 25.4 0.04 -0.57 -0.56 1.00
msavi2_mean -0.36 16.0 0.05 -0.36 -0.35 1.00
msavi2_pct 0.31 13.8 0.05 0.30 0.31 1.00
RSI -0.17 7.4 0.04 -0.17 -0.16 1.00
vegl 4m 0.12 5.3 0.04 0.11 0.12 0.96
vegd 12m -0.11 4.9 0.03 -0.11 -0.11 1.00
CumArea -0.10 4.3 0.03 -0.10 -0.09 0.99
Width2m -0.10 4.3 0.04 -0.10 -0.09 0.93
ER3m_05m 0.09 4.1 0.03 0.09 0.10 0.99
FlowPerm 0.09 3.9 0.03 0.08 0.09 0.98
veg0_025m -0.08 3.7 0.03 -0.09 -0.08 0.85
PCTSlope 0.06 2.8 0.04 0.06 0.07 0.61
veg025_1m -0.04 1.7 0.06 -0.05 -0.03 0.35
Qp25 -0.03 1.2 0.02 -0.03 -0.02 0.40
Q25TSP -0.02 1.1 0.03 -0.03 -0.02 0.32

There are several variables that had a large effect on the species richness of multiple TER-S taxa
groups. Elevation was one of the largest effects for mammals and reptiles and the fourth largest
effect for birds, with a relative variable importance of 10 — 49%. Higher elevations were
associated with decreased richness of mammals and reptiles, but increased richness of birds.
Mean vegetation index value was one of the top two largest effects for mammals and birds, with
a relative variable importance of 16 — 17%. Higher values were associated with decreased
richness for both groups. RSI was one of the four largest effects for all groups, with a relative
variable importance of 7 — 11%. Higher values were associated with decreased richness of
mammals and reptiles, but increased richness of birds.

111



YPG

At Yuma Proving Ground, we modeled species richness of bosques and overall relative
abundance of vertebrates, birds, mule deer, and kit fox in bosques with camera-trapping data
provided by the Arizona Game and Fish Department. We mapped species richness of all
riparian-associated species, riparian associated birds, passage migrant birds, mammals, reptiles,
and amphibians, and tested whether stream type was related to richness of these groups. We
mapped species richness of all riparian-associated TER-S, TER-S birds, TER-S mammals, TER-
S reptiles, and TER-S amphibians, and tested whether stream type was related to richness of
these groups. We modeled species richness of the TER-S groups as a function of ecohydrological
variables to better understand why richness varied in stream reaches.

Mesquite Bosques

For each species richness predictor tested separately, p-values < 0.3 are reported in Table 21. No
variables were found to be significant on their own for Chaol or JK1, though the percent of area
within 500 m classified as bosque was marginally significant at p = 0.10. Nexrad flow
permanence (NexradFP) was marginally significant at p = 0.10 for JK1. The percent of area
within 500 m classified as bosque and the number of bosques within 500 m were significant (p
<0.05) predictors of JK2. The percent of area within 250 m classified as bosque, the number of
bosques within 250 m, and the Nexrad flow permanence were marginally significant
(0.05<p<0.1) for JK2. The peak flow of the 10-yr storm was also marginally significant (p=0.2).

Table 21. YPG — Mesquite bosques P-values <0.3 from poisson GLM for predictor variables as a

function of species richness estimators. Values 0.2-0.3 are in gray.
Predictor i Chaol : JK1 : JK2

Area : : 0.19
Cm % >0.2m

Cm % >1m

Cm % >2m

Cm % >3m

Cm % >4m

Cm % >5m

% 0.2-1 m

% 1-2 m

% 2-3 m

% 3-4 m

% 4-5 m

10-yr Peak Flow 0.20

NexradFP 0.18 0.07

% Cover Bosques w/i 250m 0.20 0.07

% Cover Bosques w/i 500m 0.10 0.10 0.05

% Cover Bosques w/i 1000m

# Bosques w/i 250m 0.06

# Bosques w/i 5000m 0.05

# Bosques w/i 1000m
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The top models (Table 22, Table 23, Table 24) for all three species richness estimators all
included the percent of vegetation reaching 2-3 m and the percent cover in the bosque of
vegetation above 5 m (Cm % >5m). The effect of Cm % >5m on species richness was negative
and the largest effect for all three response variables (-0.83 to -0.95). The effect of % 2-3 m on
species richness was positive and nearly equal to that of Cm % >5 m for all three response
variables (0.72 - 0.85). Percent cover of bosques within 500 m (% Cover Bosques w/i 500m) was
an important predictor for Chaol and JK2, with a relative importance comparable to Cm % >5 m
and % 2-3 m, but a smaller effect size of about 0.28. The number of bosques within 500 m (#
Bosques w/i 500m) and flow permanence (NexradFP) were also important predictors for JK2,
with positive effects on species richness. Chaol was positively affected by the total amount of
vegetation (Cm % >0.2m), but this variable was less important than others in the top set of
models.

Table 22. Effect of each parameter on the species richness estimator, JK1.
95% Confidence Interval

Parameter Estimate SE Lower Upper Relative
Importance

(Intercept) 2.49 0.08 2.44 3.90

Cm %>5m -0.95 0.34 -1.15 -0.75 0.74

% 2-3m 0.85 0.33 0.66 1.04 0.69

Table 23. Effect of each parameter on the species richness estimator, JK2.

95% Confidence Interval

) Relative
Parameter Estimate SE Lower Upper
Importance
(Intercept) 2.57 0.09 2.52 2.62
% Cover Bosques w/i 500m 0.29 0.18 0.19 0.40 0.31
#Bosques w/i 500m 0.29 0.19 0.18 0.40 0.32
Cm %>5m -0.83 0.38 -1.04 -0.61 0.28
% 2-3m 0.72 0.36 0.51 0.93 0.23
NexradFP 0.27 0.19 0.16 0.38 0.24
Table 24. Effect of each parameter on the species richness estimator, Chaol.
95% Confidence Interval
) Relative
Parameter Estimate SE Lower Upper
Importance
(Intercept) 2.45 0.10 2.40 2.51
Cm %>5m -0.85 0.40 -1.08 -0.62 0.31
% 2-3m 0.80 0.39 0.58 1.02 0.27
% Cover Bosques w/i 500m 0.27 0.19 0.16 0.38 0.24
Cm % >0.2m 0.22 0.21 0.10 0.34 0.16

113



The top models for overall wildlife abundance showed that area of the bosque and percent of the
bosque with vegetation reaching 3-4 m (% 3-4 m) had a positive effect, while the amount of
vegetation over 5 m had a negative effect (Table 25). All three variables were equally important.
Cm % >5m had the greatest effect (-1.48), followed by % 3-4m (1.24) and Area (0.96).

Table 25. Effect of each parameter on the overall RAI.
95% Confidence Interval

) Relative
Parameter Estimate SE Lower Upper
Importance
(Intercept) 3.70 0.05 3.67 3.73
Area 0.96 0.07 0.92 1.00
Cm %>5m -1.48 0.21 -1.60 -1.36 1
% 3-4 m 1.24 0.20 1.13 1.36

The top models for overall bird abundance showed that flow permanence of the nearest stream
(NexradFP) and the percent of the bosque with vegetation reaching 1-2 m (% 1-2m) had a
positive effect, while 10-yr peak flow of the nearest stream (10-yr Peak Flow), the number of
bosques within 1000 m, and the amount of vegetation over 5 m had a negative effect (Table 26).
Percent 1-2m, NexradFP, and 10-yr Peak Flow were the three most important variables with the
largest effect sizes.

Table 26. Effect of each parameter on the bird RAI.
95% Confidence Interval

. Relative
Parameter Estimate SE Lower Upper
Importance

(Intercept) 2.79 0.09 2.74 2.85

NexradFP 2.19 0.37 1.98 2.40 0.69
10-yr Peak Flow -1.71 0.34 -1.91 -1.51 0.69
% 1-2m 1.61 0.20 1.49 1.72 1.00
Cm %>5m -1.20 0.24 -1.34 -1.07 0.31
#Bosques w/i 1000m -0.53 0.13 -0.61 -0.46 0.31

For mule deer (Table 27), the top models showed that the peak flow of the 10 year storm in the
nearest stream and the number of bosques within 1000 m had a positive effect on relative
abundance. These two variables had equal importance, with number of bosques within 1000 m
having a slightly larger effect size (1.06 versus 0.85). The percent cover of bosques within 1000
m was nearly equal in importance to the other two predictors, but it had a smaller and negative
effect (-0.71) on mule deer relative abundance.
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Table 27. Effect of each parameter on the mule deer RAI
95% Confidence Interval

) Relative
Parameter Estimate SE Lower Upper
Importance
(Intercept) 2.69 0.08 2.64 2.73
10-yr Peak Flow 0.85 0.14 0.77 0.93 1.00
#Bosques w/i 1000m 1.06 0.21 0.94 1.18 1.00
% Cover Bosques w/i 1000m -0.71 0.20 -0.82 -0.59 0.97

Kit fox relative abundance (Table 28) was positively associated with the percent cover of
bosques within 250 m and negatively associated with the amount of vegetation over 2 m. The
two predictor variables were equal in importance, but the effect of Cm % >2m (-4.43) was nearly

twice that of % Cover Bosques w/i 250m (2.35).

Table 28. Effect of each parameter on the kit fox RAI
95% Confidence Interval

Parameter Estimate  SE Lower Upper Relative
Importance
(Intercept) 0.15 0.50 -0.13 0.44
Cm%>2m -4.43 1.23 -5.14 -3.73 1.00
% Cover Bosques w/i 250m 2.35 0.45 2.09 2.61 1.00

The top models for all three species richness estimators all included the percent of vegetation
reaching 2 - 3 m and the percent cover in the bosque of vegetation above 5 m. Both Chaol and
JK2 were also predicted by the percent cover of bosques within 500 m. The similarity in the
results from the three estimators is strong evidence that these three characteristics of bosques are
quite important to wildlife. It is not surprising that the percent of the bosque with vegetation
reaching 2 - 3 m is important to species richness.

A number of studies have found that vertebrate species richness increases with increasing
structural diversity (e.g. Vale et al. 1989, Goetz et al. 2014). The 2 - 3% layer represents where
the vegetation becomes taller than is typically found in the surrounding desert scrub, and higher
layers > 3 m have decreasing amounts of cover, so this layer probably does a good job of
representing the increased structural diversity of the bosques. The presence of more bosques
within 0.5 km is reasonable, too, because it should support the presence of species that are more
reliant on the unique environments bosques provide, increasing species richness. The upper
vegetation layer (5-7 m) had a negative relationship to species richness, which is less easily
explainable. This vegetation layer does not occur in over half of the bosques modeled and is very
rare in the ones in which it occurs. The tallest trees may serve as hunting perches for raptors,
who in turn deter other species, or it could be a proxy for a variable I did not consider.

It seems reasonable that overall wildlife abundance is higher in larger bosques. Larger bosques
provide more area for more individual home ranges. Bosques with a higher percent of their area
with vegetation reaching 3-4 m was another important variable, most likely for similar reasons
that the percent cover of vegetation reaching 2-3 m had a positive effect on species richness. As
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with species richness, the percent cover in the bosque of vegetation above 5 m had a negative
effect on relative abundance of wildlife.

Bird abundance appears to be higher in bosques with more vegetation reaching 1-2 m, which
suggests this vegetation layer is heavily used by the species at YPG for roosting or nesting. This
also fits with the finding that breeding bird density is positively associated with vegetation
volume (Mills et al. 1991). The fact that higher flow permanence is associated with greater
abundance could be caused by these bosques remaining a bit moister and cooler, making them an
important refuge in this hot, dry climate. Areas with higher flow permanence might also have
more fruit on their shrubs and more forage in general, providing food for more individuals. Ten-
year peak flows of the nearest stream had a negative effect on bird relative abundance. Areas that
experience higher peak flows may have less mature vegetation to provide food and shelter. Once
again, the percent cover in the bosque of vegetation above 5 m had a negative effect on relative
abundance of birds. The number of bosques within 1 km having a negative effect on bird
abundance is unexpected. This is one of the less important variables, and has only a quarter to
one half of the effect of the other variables. One possible explanation is that in areas with few
bosques, many birds that have their home ranges in the surrounding desert scrub congregate in
isolated bosques for specific habitat values it provides, while in areas with more bosques, birds
have more places spread out into to seek these values, resulting in a lower numbers of birds per
bosque. Alternatively, its smaller effect and importance could indicate it is a spurious variable
that would not be supported if the sample size was larger.

Mule deer in the King Valley in the adjacent Kofa National Wildlife Refuge use xeroriparian
habitat in washes almost exclusively because they provide more food, cover, and travel corridors
than adjacent uplands (Krausman et al., 1985). The bosques in this study have a very similar
composition, and while they lack obvious stream channels, many are in fact along drainage
routes. Bosques are essentially xeroriparian habitat. This information about mule deer habitat
corresponds well to the finding that mule deer abundance is positively affected by the number of
bosques within 1 km. More patches within the area should also increase their utility as travel
corridors. The 1 km distance band seems appropriate for a larger animal with bigger home range
size. Unlike birds, mule deer abundance is positively associated with 10-yr peak flows. Bosques
with larger peak flows may have more clearings in underbrush that increase ease of movement
for these larger animals. The negative effect of percent cover of bosques within 1 km on mule
deer abundance is puzzling, but in conjunction with their greater abundance where more bosques
are found, could mean areas with higher numbers of small bosques are ideal for supporting mule
deer populations. These areas would have shorter average distances between bosques, decreasing
travel distances and making it easier for deer to stay in their preferred habitat.

The percent cover of vegetation >2 m had a very strong negative effect on relative abundance of
kit fox. While kit foxes use bosques, they avoid those with much tall vegetation cover. This
result is supported by the fact that kit foxes are primarily animals of open desert, shrub, or shrub-
grass environments (NatureServe, 2014). Since kit foxes spend much of their time in burrows,
which are usually well hidden by thick brush (Meaney et al., 2006), denning may be one way in
which they use bosques. It is interesting that they preferred bosques with a higher percent cover
of other bosques within 250 m. Higher percent cover of bosques most likely corresponds to
higher prey availability for kit foxes, since their rodent prey reaches its highest density in mixed
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riparian scrub (Kepner, 1978). However, the 250 m distance is surprising. A 250 m radius circle
has an area of only ~0.2 km?, while typical home range size for kit fox ranges from >2 km?
(O’Neal et al., 1987) in Utah to > 12 km? in habitat in western Arizona similar to YPG (Zoellick
and Smith, 1992). The smaller number here could just mean kit foxes prefer to hunt where travel
distances are short, or the bosques could be core-use areas for them.

While species richness estimators are a sound approach to analyzing this camera data, relative
abundance indices (RAIs) are not generally recommended for analysis of camera data because
there is no way to separate detection probability from the actual probability of an animal being
present. We have presented our interpretations of the model results, but the results for overall,
bird, mule deer, and kit fox RAI should be viewed with caution. We are optimistic about the
results because many of them fit with what is known about the ecology of the groups or species,
but some of these could just be a due to detection probability differences, rather than real
differences in abundance.

Geographic distribution of species richness

Yuma Proving Ground had with a total of 315 possible species, 195 of which (62%) were
riparian-associated (Appendix C, Table 2). For the riparian-associated species, models were
available for 34 reptiles, 34 mammals, 94 birds, and 6 amphibians. Pooled richness of all
riparian-associated species was correlated with richness of birds (r = 0.75), mammals (r = 0.65),
and reptiles (r = 0.65), but not amphibians or passage migrant birds. Pooled richness, mammal
richness, and bird richness was greatest in many of the higher elevation areas on the Cibola
Range and the East Arm (Figure 53), though bird richness was not high in all mountainous areas
or most of the East Arm. None of the richness values for the taxa-specific groups were correlated
with each other. Richness of passage migrant birds was highest in stream reaches of the East
Arm and scattered reaches elsewhere, particularly in some stream reaches close to the Gila River,
just south of the installation. Most of the streams on the installation might provide habitat for 3-5
amphibian species, but richness was typically lower in the highest elevations.

Yuma Proving Ground had 57 potential TER-S: 1 amphibian (Colorado River toad, Incilius
alvarius), 29 birds, 17 mammals, and 10 reptiles (Appendix C, Table 3). For TER-S richness,
pooled richness of all species was not correlated with richness of any taxa-specific group. Pooled
richness of all TER-S species was not distributed across the installation with any clear pattern
(Figure 54), but values tended to be somewhat higher in lower elevation stream reaches. Reptile
richness was highest in the East Arm and streams draining south into the Gila River. Mammal
richness tended to be grouped by watershed. Bird TER-S richness was relatively uniform across
the installation. Because there was only one amphibian TER-S, the values for mean TER-S
richness for that group actually represent the percent of each stream reach that had habitat
modeled for that species.
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Figure 53. YPG - Richness of riparian-associated species.

Dark green reaches have a value less than 1.5 standard deviations (SD) below the mean value for
the group, medium green reaches are 1-1.5 SD below the mean, light green are 0.5-1 SD below
the mean, yellow are within 0.5 SD of the mean, light red are between 0.5-1 SD above the mean,
medium red are 1-1.5 SD above the mean, and bright red are >1.5 SD above the mean.
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Species richness and stream types

When the average riparian-associated species richness in each stream type was ranked, the
distribution of pooled richness into the stream types at Yuma Proving Ground was correlated
positively with the distribution of bird (r = 0.90), mammal (r = 0.79), and reptile (r = 0.79)
richness in stream types (Figure 55). Average bird and mammal richness in each stream type
were correlated (r = 0.76). Richness of reptile and passage migrant bird species in the ten stream
types were also correlated (r = 0.64).

Stream types 1, 4, & 5 — Low overall species richness, though significantly higher than that in
stream type 2, low passage migrant bird richness, particularly in stream type 4, high amphibian
richness, the lowest reptile richness, low bird richness, moderate mammal richness.

Stream types 2 & 3 — Lowest overall species richness, though some reaches in type 3 have
moderate overall richness, low passage migrant bird richness, high amphibian richness,
moderately high reptile richness, low bird richness, moderately low mammal richness.

Stream type 6 — Moderate overall species richness, though some reaches have high overall
richness, the highest passage migrant bird richness, along with stream type 7, the highest
amphibian richness, high reptile richness, low bird richness, moderately high mammal richness.

Stream types 7 & 9 — Moderate overall species richness, though some reaches have high overall
richness, the highest passage migrant bird richness in stream type 7, along with type 6, low
passage migrant bird richness in stream type 9, moderate amphibian richness, moderate reptile
richness, moderate bird richness, higher mammal richness.

Stream type 8§ — Moderate overall species richness, moderate passage migrant bird richness,
moderate reptile richness, moderate bird richness, higher mammal richness.

Stream type 10 — Significantly higher overall species richness than any other stream types,
potential habitat for 2 migrant bird species, significantly lower amphibian richness than any other
stream type, high reptile richness, significantly higher bird richness than any other stream type,
moderate mammal richness.
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When the average riparian-associated species richness of TER-S in each stream type was ranked,
richness of any of the groups was not correlated with richness of any other group. There were
significant differences between some stream types in TER-S richness, but many were quite
similar and had broad ranges of richness for the different groups (Figure 56). Overall, stream
type at Yuma Proving Ground did not seem to predict TER-S richness very well.

Stream type 1 — Moderate overall TER-S richness, a broad range of reptile richness, but low on
average, moderate bird richness, higher mammal richness.

Stream types 2 & 3 — Moderate overall TER-S richness in stream type 3 to moderately high
overall richness in stream type 2, high reptile richness, particularly in stream type 2, low to

moderate bird richness, moderate mammal richness.

Stream type 4— Moderate overall TER-S richness, lower reptile richness, moderate bird richness,
moderate mammal richness.

Stream type 5 — Moderate overall TER-S richness, lower reptile richness, moderate bird richness,
moderate mammal richness.

Stream type 6 — Moderately high overall TER-S richness, moderate reptile richness, high bird
richness, moderate mammal richness.

Stream type 7 — Moderate overall TER-S richness, lower reptile richness, high bird richness,
moderate mammal richness.

Stream type 8 — Moderately low overall TER-S richness, very low reptile richness, high bird
richness, moderate mammal richness.

Stream type 9 — Lower overall TER-S richness, very low reptile richness, moderate bird richness,
moderate mammal richness.

Stream type 10 — Lower overall TER-S richness, moderate reptile richness, high bird richness,
low mammal richness.
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In individual stream reaches, richness of general riparian-associated species was correlated with
richness of TER-S for two groups. All riparian-associated species richness and all TER-S
richness were negatively correlated (» =-0.76). Riparian-associated bird species richness and
bird TER-S richness were positively correlated (» = 0.65). For birds, planning management for
riparian-associated species should benefit TER-S also, and vice versa. However, for mammals
and reptiles, it is important to plan for TER-S specifically. This pattern did not hold when the
average species richness in each stream type was examined. For stream types average richness
was only correlated between the richness of riparian-associated amphibians and the amount of
habitat for the one amphibian TER-S (r = 0.64).

TER-S response to ecohydrological variables

When pooled TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was that of elevation (Table 29). Higher elevations caused species richness to
decrease. Percent slope of the stream reach, peak flow, RSI, and riparian width all had about
equal effect sizes, with higher values of all four variables tending to decrease species richness.

Table 29. YPG - Effect of ecohydrological variables on All TER-S riparian-associated species
richness.

Relative 95% Confidence Interval
Effect Relative
Parameter . Effect SE
Size . Lower Upper Importance
Size
CumArea 0.26 8.7 0.05 0.26 0.27 1.00
SVRI 0.22 7.2 0.03 0.21 0.22 1.00
rendvi_mean 0.21 6.9 0.03 0.20 0.21 1.00
rendvi_pct 0.12 4.1 0.04 0.12 0.13 0.99
Q25TSP 0.05 1.8 0.06 0.05 0.06 0.36
FlowPerm -0.06 2.1 0.03 -0.07 -0.06 0.78
ER_3m_05m -0.17 5.5 0.03 -0.17 -0.16 1.00
Width2m -0.34 11.2 0.04 -0.34 -0.33 1.00
RSI -0.34 11.4 0.03 -0.35 -0.34 1.00
Qp25 -0.36 12.1 0.06 -0.37 -0.36 1.00
PCTSlope -0.37 12.3 0.04 -0.38 -0.37 1.00
ypg_elev -0.50 16.6 0.04 -0.51 -0.50 1.00
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When percent of the stream reaches with habitat for the single amphibian TER-S was modeled as
a function of the ecohydrological variables, the largest effects were that of riparian width and
slope (Table 30). Greater widths and higher slopes caused species richness to decrease.

Table 30. YPG - Effect of ecohydrological variables on Amphibian TER-S riparian-associated
species richness.

Relative 95% Confidence Interval
Effect Relative
Parameter . Effect SE
Size . Lower Upper  Importance
Size
Width2m -0.23 28.1 0.01 -0.24 -0.23 1.00
PCTSlope -0.21 25.6 0.01 -0.21 -0.21 1.00
ypg_elev -0.08 9.7 0.01 -0.08 -0.08 1.00
rendvi_mean 0.07 9.0 0.01 0.07 0.08 1.00
rendvi_pct 0.06 7.6 0.01 0.06 0.06 1.00
RSI 0.06 6.6 0.01 0.05 0.06 1.00
SVRI 0.04 5.1 0.01 0.04 0.04 1.00
Qp25 0.03 4.2 0.02 0.03 0.04 0.87
CumArea -0.02 2.3 0.01 -0.02 -0.02 0.47
FlowPerm -0.01 1.2 0.01 -0.01 -0.01 0.41
ER_3m_05m 0.00 0.4 0.01 0.00 0.00 0.28
Q25TSP 0.00 0.3 0.02 0.00 0.00 0.36
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When reptile TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was that of peak flow (Table 31); higher peak flows caused species richness to
decrease. The second largest effect was that of mean RE-NDVI, with higher values increasing
species richness. This indicates that, once peak flow is adjusted for, reptile TER-S richness at
YPG may be greatest in stream with dense vegetation. RSI was also an important variable, with
higher values decreasing reptile richness.

Table 31. YPG - Effect of ecohydrological variables on Reptile TER-S riparian-associated
species richness.

Relative 95% Confidence Interval
Effect Relative
Parameter . Effect SE
Si . Lower Upper  Importance
Size
Qp25 -0.65 20.1 0.05 -0.66 -0.64 1.00
rendvi_mean 0.49 15.2 0.02 0.49 0.49 1.00
RSI -0.44 13.5 0.02 -0.44 -0.43 1.00
ypg_elev -0.30 9.4 0.02 -0.31 -0.30 1.00
CumArea 0.30 9.2 0.03 0.29 0.30 1.00
Q25TSP 0.26 8.2 0.04 0.26 0.27 1.00
Width2m 0.21 6.7 0.03 0.21 0.22 1.00
rendvi_pct -0.20 6.3 0.02 -0.21 -0.20 1.00
SVRI 0.19 6.0 0.02 0.19 0.20 1.00
PCTSlope 0.12 3.6 0.03 0.11 0.12 1.00
ER_3m_05m -0.04 13 0.02 -0.05 -0.04 0.75
FlowPerm 0.02 0.5 0.02 0.01 0.02 0.33
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When bird TER-S richness was modeled as a function of the ecohydrological variables, the
largest effects were that of riparian width and slope (Table 32). These two variables combined
accounted for 56% of the total effect. Greater widths and higher slopes caused species richness to
decrease.

Table 32. YPG - Effect of ecohydrological variables on Bird TER-S riparian-associated species
richness.

Relative 95% Confidence Interval
Effect Relative
Parameter . Effect SE
Size . Lower Upper Importance
Size
Width2m -0.37 37.0 0.01 -0.37 -0.37 1.00
PCTSlope -0.21 21.0 0.01 -0.21 -0.21 1.00
rendvi_pct 0.07 7.3 0.01 0.07 0.07 1.00
RSI 0.07 6.5 0.01 0.06 0.07 1.00
rendvi_mean 0.06 6.2 0.01 0.06 0.06 1.00
ypg_elev -0.06 5.6 0.01 -0.06 -0.05 1.00
ER_3m_05m -0.06 5.5 0.01 -0.06 -0.05 1.00
SVRI 0.05 4.9 0.01 0.05 0.05 1.00
Qp25 0.02 2.3 0.01 0.02 0.02 0.65
Q25TSP 0.02 1.8 0.01 0.02 0.02 0.47
FlowPerm -0.01 1.3 0.01 -0.01 -0.01 0.55
CumArea -0.01 0.6 0.01 -0.01 0.00 0.31
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When mammal TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was that of mean RE-NDVI (Table 33); higher values caused species richness to
decrease. This indicates that mammal TER-S richness at YPG may be greatest in streams with a
low density of vegetation. Peak flow was the second largest effect size, with higher values
associated with decreased mammal richness. Percent cover and peak flow also had substantial
effects. Higher values of both tended to increase mammal richness. Mammal richness appears to
be highest in streams with greater percent cover of vegetation, but where that vegetation is more
sparse, rather than dense.

Table 33. YPG - Effect of ecohydrological variables on Mammal TER-S riparian-associated
species richness.

Relative 95% Confidence Interval
Effect Relative
Parameter . Effect SE
Size ) Lower Upper  Importance
Size
rendvi_mean -0.42 28.7 0.03 -0.42 -0.41 1.00
Q25TSP -0.21 14.3 0.05 -0.21 -0.20 1.00
rendvi_pct 0.19 13.1 0.03 0.19 0.20 1.00
Qp25 0.18 12.5 0.05 0.18 0.19 0.98
PCTSlope -0.10 6.8 0.04 -0.10 -0.09 0.91
SVRI -0.07 4.9 0.03 -0.08 -0.07 0.92
ER_3m_05m -0.07 4.9 0.03 -0.07 -0.07 0.92
Width2m 0.07 4.6 0.04 0.06 0.07 0.72
FlowPerm -0.06 3.8 0.02 -0.06 -0.05 0.83
ypg_elev -0.06 3.8 0.03 -0.06 -0.05 0.70
RSI -0.03 2.1 0.03 -0.03 -0.03 0.42
CumArea 0.01 0.5 0.04 0.00 0.01 0.29

There are several variables that had large effects on the species richness of multiple TER-S taxa
groups. Riparian width was the largest effect for both birds and the amphibian species, with a
relative variable importance of 28 - 37%. Greater reach widths were associated with decreased
richness for both groups. The second largest effect for both of these groups was also the same —
percent slope - with a relative variable importance of 21 — 26%. Higher slopes were associated
with decreased richness. Mammal and reptile TER-S richness shared two of their most important
variables. Mean RE-NDVI had the largest effect size for mammals (29%) and the second largest
effect size for reptiles (15%). While higher values of this variable increased reptile richness, they
decreased mammal richness. Peak flow was also important for both mammals and reptiles (13 —
20%), but again with an opposite effect on the two groups; higher peak flows decreased reptile
richness and increased mammal richness.
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Fort Huachuca

At Fort Huachuca, we modeled Mexican spotted owl and screech owl occurrence in ephemeral
and intermittent streams and related their probability of occurrence to stream types. We mapped
species richness of all riparian-associated species, riparian associated birds, passage migrant
birds, mammals, reptiles, and amphibians, and tested whether stream type was related to richness
of these groups. We mapped species richness of all riparian-associated TER-S, bird TER-S,
mammal TER-S, reptile TER-S, and amphibian TER-S, and tested whether stream type was
related to richness of these groups. We modeled species richness of the TER-S groups as a
function of ecohydrological variables to better understand why richness varied in stream reaches.

Mexican Spotted Owl

This species was modeled with MaxEnt. For Mexican spotted owls, only four variables were
retained for the final model: percent slope (43% contribution, 45.1% permutation importance),
veg 0-1 m (31.5% contribution, 9.2% permutation importance), veg 4-12 m (0% contribution,
0.2% permutation importance), and veg >12 m (25.5% contribution, 45.4% permutation
importance). Higher probability of presence was generally related to steeper slopes, lower
percent cover of veg 0-1 m, and higher percent cover of veg 4-12 m and veg >12 m (Figure 57).

slope \pego_“m
|.U - I T = I‘U - 1§ 1 =
) H-/- 05| \ .
00—t T 00kt F—
238 26.041 15.808 79.144
veg12m veg4_12m
10T 3 10T ™
05 -/ = 0.5 -/-
0.0 b—t 3— 00—t $—f
0 20.215 0.913 45,604

Figure 57. Fort Huachuca — Mexican Spotted Owl probability of presence as a function of four
variables.

The x-axis shows the range of values of the variable, while the y-axis shows the resulting
probability of presence when just that variable was used to predict presence.

The AUC value of the model was quite high for the testing sets (u = 0.908, s = 0.075). Zero OR
for the testing set was 0.18 (s = 0.40, expected mean of 0) and Ten OR for the testing set was
0.36 (s = 0.50, expected mean of 0.10). A visual inspection of the results (Figure 58) shows that
the Protected Activity Centers (PACs) used by Huachuca for management correspond very
closely to higher probability of presence predicted by MaxEnt. This model may help detect areas
that are especially valuable for spotted owls.
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Mexican spotted owl probability of presence was significantly different between stream types
(Kruskal Wallis y*=24.8, p = <0.001) (Figure 59). Only stream type 5 was significantly
different from stream types 1 and 2. However, stream type 7 did not occur within the modeling
area, and stream types 3,4, 6, and 8 have only 1-2 reaches each in the modeling area. As a result,
statistical tests could not detect a difference between any types but stream types 1, 2, and 5. This
suggests that stream type is actually a good predictor of spotted owl presence, with these owls
only likely to occur in stream types 1 or 2.

. Known Occurrences
[C] usFWws Ccritical Habitat

PACs
Probability of Presence
——0-0.01 0.41 - 0.47

- 0.02 - 0.07 0.48 - 0.54

-~ 0.08-0.13  0.55-0.6

~— 0.14-0.2 — 0.61-0.67

~—0.21 - 0.27 — 0.68 - 0.74
0.28 -0.34 —— 0.75-0.8
0.35-04

Figure 58. Fort Huachuca - MaxEnt modeling results for Mexican spotted owl.
PACs are Protected Activity Centers used by the installation for management.
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Figure 59. Fort Huachuca - Probability of presence for Mexican spotted owls in stream types
within the modeling area.
Pairs of streams not sharing a letter indicates a significant difference between the pair.

For the subset of streams within the USFWS Designated Critical Habitat for spotted owls,
streams within PACs had significantly different values for many of the ecohydrological variables
than streams outside of PACs (Table 34). Only peak flow, flow permanence, Shannon structural
diversity, and cumulative area were not significantly different. PACs were preferentially located

in areas of sandstone and limestone, but occurred much less frequently than expected in areas of
granite (° = 96.4, p<0.001).

Table 34. Fort Huachuca - Results of Mann-Whitney U Tests for each ecohydrological variable
in Critical Habitat for spotted owls.

Variable In PACs W p
Slope greater 315 0.003
Q25TSP greater 288 0.001
LidElevMidPts greater 160 <0.001
msavi2_mean greater 175 <0.001
msavi2_pct greater 262 <0.001
vegl 4m greater 319 0.004
vegd 12m greater 85 <0.001
Simpsonl D greater 84 <0.001
veg0_1m less 998 <0.001
Width3m less 752 0.007
RSI less 716 0.015
ER3m_05m less 751 0.007
Qp25 same
FlowPerm same
Shannon same
CumArea same
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Western and Whiskered Screech Owls

This species was modeled with MaxEnt. For screech owls, only two variables were retained for
the final model: rocktype (92% contribution, 68.9% permutation importance) and RSI (8%
contribution, 31.1% permutation importance). Higher probability of presence was generally
related to lower RSI values (Figure 60). Probability of presence was lower in stream reaches
located in granite.

rocktype rsi
L

10FT T T T3 1oF— 71 —

) . l l I ) ‘\-
0.0 - 0.0 bt —
1 2 3 4 5

0.2 0.24

Figure 60. Fort Huachuca — Owl probability of presence as a function of two variables.
The x-axis shows the range of values of the variable, while the y-axis shows the resulting
probability of presence when just that variable was used to predict presence. Rock type 1 =
sandstone, 2 = granite, 3 = sand, 4 = conglomerate, and 5 = limestone.

The AUC value of the model was high for the testing sets (u = 0.831, s =0.183). Zero OR for the
testing set was 0.11 (s = 0.33, expected mean of 0) and Ten OR for the testing set was 0.11 (s =
0.33, expected mean of 0.10). A visual inspection of the results (Figure 61) shows most of the
high elevation areas on the installation have relatively high probability of presence for screech

owls. Screech owl and Mexican spotted owl probability of presence were correlated with each
other (0.82).
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—— 0.265-0.28 ~ 0.444-0.478
- 0.281-0.31 — 0.479-0.556

= 0.311 - 0.352 = 0.557 - 0.593
0.353 - 0.388 = 0.594 - 0.637

Figure 61. Fort Huachuca - MaxEnt modeling results for screech owls.

Screech owl probability of presence was significantly different between stream types (Kruskal
Wallis ¥?=23.7, p =<0.001). Only stream type 5 was significantly different from stream type 1.
As for Mexican spotted owls, stream type 7 did not occur within the modeling area, and stream
types 3, 4, 6, and 8 have only 1-2 reaches each in the modeling area. This suggests that stream
type is actually a good predictor of spotted owl presence, with these owls only likely to occur in
stream types 1 or 2. Visualizing the probability of presence in the boxplot (Figure 62) suggests
that screech owls may be slightly more likely to occur in stream type 1 than 2.
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Figure 62. Fort Huachuca - Probability of presence for screech owls in stream types within the
modeling area.
Pairs of streams not sharing a letter indicates a significant difference between the pair.

Geographic distribution of species richness

Fort Huachuca was the most species rich installation, with a total of 438 possible species, 258
(59%) of which were riparian-associated (Appendix C, Table 2). For the riparian-associated
species, models were available for 45 reptiles, 47 mammals, 116 birds, and 14 amphibians.
Pooled richness of all riparian-associated species was highly correlated with richness of birds (»
= 0.83), and also correlated with richness of mammals (» = 0.78) and reptiles (» = 0.70), but not
amphibians or passage migrant birds. Pooled richness was highest in the mid-elevation mountain
canyons, but also high in other streams across the Fort (Figure 63). Reptile and amphibian
richness were correlated (» = 0.77) with each other; both had lower values in the mountains and
higher values in the lower elevation streams. Bird and mammal richness were somewhat
correlated (» = 0.63), with a pattern opposite from the herpetofauna. Richness of birds and
mammals was highest in the mountains and average to below-average in the low-elevation
streams. Richness of passage migrant birds was usually highest in certain mountain stream
reaches. For all groups, Garden Canyon had average to above-average richness and often stood
out compared to other reaches.

Fort Huachuca had 98 potential TER-S: 7 amphibians, 47 birds, 23 mammals, and 21 reptiles
(Appendix C, Table 3). For TER-S richness, pooled richness of all species was correlated with
bird (r = 0.80), mammal (r = 0.63), and reptile (r = 0.81) richness. For all three groups, richness
was generally highest in mid-elevation mountain streams (Figure 64). Bird TER-S richness was
also high in higher elevation streams, mammal TER-S richness values were more variable across
the installation, and reptile TER-S richness was high in just one mountain canyon. The highest
values for both reptile and amphibian TER-S groups were found in Garden Canyon. Amphibian
TER-S richness was generally high in all other non-mountain streams. Reptile TER-S richness
was average across much of the installation, with high richness in specific lowland streams.
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Figure 63. Fort Huachuca richness of riparian-associated species.

Dark green reaches have a value less than 1.5 standard deviations (SD) below the mean value for
the group, medium green reaches are 1-1.5 SD below the mean, light green are 0.5-1 SD below
the mean, yellow are within 0.5 SD of the mean, light red are between 0.5-1 SD above the mean,
medium red are 1-1.5 SD above the mean, and bright red are >1.5 SD above the mean.
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Figure 64. Fort Huachuca richness of riparian-associated TER-S species.
Darker green reaches have lower richness, yellow have intermediate richness, and dark red have
the highest richness.
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Species richness and stream types

When the average riparian-associated species richness in each stream type was ranked, the
distribution of pooled richness in the stream types at Fort Huachuca was correlated positively
with the distribution of bird (r = 0.71) and passage migrant bird (r = 0.67) richness in stream
types (Figure 65). For all three groups, richness of stream type 1 is significantly greater than that
of stream type 6. Richness of amphibian and reptile species in the eight stream types was highly
correlated (r = 1.00). For both groups, richness is significantly lower in stream types 1 and 2 than
in all other stream types. The distribution of bird, passage migrant bird, and mammal richness in
stream types were all highly correlated with each other (bird-mammal, r = 0.81, bird-passage
migrant, r = 0.93, mammal-passage migrant, r = 0.93). For these groups, richness was highest in
stream types 1 and 2. Though not highly correlated, amphibian and reptile richness were
generally opposite that of bird and mammal richness in the stream types.

Stream types 1 & 2 — Moderately high overall richness, very high passage migrant bird richness
highest bird richness on average, highest mammal richness, lowest reptile and amphibian
richness.

Stream type 3 — Moderately high overall richness, with some reaches having the highest values
on the installation, a broad range of bird and passage migrant bird richness, high amphibian
richness, quite high reptile richness, and moderately high mammal richness.

Stream type 4, 6, and 8 — Generally low overall richness, lowest passage migrant bird richness,
moderately high amphibian richness, with some type 8 reaches having the highest values on the
installation, high reptile richness, the lowest bird richness, and low mammal richness, though
type 8 has significantly higher richness than type 7.

Stream type 5 — Along with type 1, the highest overall species richness, moderately low passage
migrant bird richness (between types 1/2 and type 8), moderately high amphibian richness,
moderate reptile richness, though significantly lower than type 7, moderately high bird richness
that is significantly greater than types 6 and 8, and high mammal richness.

Stream type 7 — Moderate overall species richness, low passage migrant bird richness,

moderately high amphibian richness, high reptile richness, moderate bird richness that is
significantly greater than type 6, and low mammal richness.
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Figure 65. Fort Huachuca richness of riparian-associated species in the eight stream types.

Colors match those shown on stream type maps. Width is proportional to number of streams in

each type.
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When the average riparian-associated species richness of TER-S in each stream type was ranked,
the distribution of pooled richness into the stream types at Fort Huachuca was correlated with
only bird (r = 0.83) and mammal (r = 0.76) richness. For all species pooled and birds, type 1
stream reaches had significantly higher richness than types 4, 6, and 8. Mammals followed this
pattern, but only the difference between stream types 1 and 8 was significant. Unlike the
riparian-associated groups including non TER-S, reptile and amphibian TER-S richness were
somewhat negatively correlated (r = -0.64). These groups had somewhat similar distribution of
richness values into the stream types, with types 1 and 2 having the lowest richness, and type 3
having the highest richness. However, though not significant, richness of amphibians tended to
be higher in type 7 than type 5, while reptile richness tended to be higher in type 5 than type 7
(Figure 66).

Stream types 1 & 2 — Moderately high overall richness, though some type 2 reaches have the
lowest values on the installation, moderate mammal richness, high bird richness, particularly in
type 1, lowest reptile and amphibian richness.

Stream type 3 — High overall and mammal richness, with some reaches having the highest values
for those groups on the installation, a broad range of bird richness, high amphibian richness, and
the highest reptile richness.

Stream type 4, 6, and 8§ — Moderately low overall richness, moderately high amphibian richness,
with some type 8 reaches having the highest values on the installation, moderate reptile richness,
the lowest bird richness, and low mammal richness.

Stream type 5 — Moderately high overall species richness, moderately high amphibian and reptile
richness, moderately high bird richness that is significantly greater than types 4 and 6, and
moderate mammal richness.

Stream type 7 — Moderate overall species richness, moderately high amphibian richness,

moderate reptile richness, moderate bird richness that is significantly greater than types 4 and 6,
and low mammal richness, significantly less than in types 1, 2, 3, 5, and 6.
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In individual stream reaches, richness of general riparian-associated species was highly
correlated with richness of TER-S for all groups (all species, 0.92; amphibians, 0.87; birds, 0.90;
mammals, 0.77; and reptiles, 0.88). At Fort Huachuca, planning management for each riparian-
associated general group should benefit TER-S also, and vice versa. The same patterns held
when the average species richness in each stream type was examined.

TER-S response to ecohydrological variables

When pooled TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was that of elevation (Table 35). Higher elevations caused species richness to
decrease. Examination of the distribution of pooled richness on the installation (Figure 64) shows
that there is actually a mid-elevation peak in overall species richness. The mean vegetation index
value had nearly as large an effect as elevation, but higher values of the index tended to increase
species richness, indicating the TER-S at Huachuca may prefer more dense vegetation. RSI also
had a large effect, but decreased richness, indicating TER-S may prefer stream reaches where
rainfall is more evenly distributed throughout the year. Interestingly, the effect of the percent
cover of 4-12 m vegetation was negative, while the effect of the percent cover of 1-4 m
vegetation was positive.

Table 35. Fort Huachuca - Effect of ecohydrological variables on all TER-S riparian-associated
species richness.

Relative 95% Confidence Interval

Effect Relative
Parameter . Effect SE
Size . Lower Upper  Importance
Size
LidelevMidPts  -4.94 20.5 1.05 -5.07 -4.81 1.00
msavi2_mean 4.07 16.9 1.15 3.93 4.22 0.99
RSI -3.54 14.7 0.93 -3.66 -3.42 0.99
vegd 12m -1.86 7.7 1.37 -2.04 -1.69 0.42
vegl 4m 1.55 6.4 0.88 1.44 1.66 0.60
PercentSlope -1.28 5.3 1.04 -1.41 -1.15 0.38
CumArea 1.24 5.1 0.55 1.17 1.31 0.67
Q25TSP 1.17 4.9 0.92 1.06 1.29 0.35
Width2m -1.05 4.3 0.67 -1.13 -0.96 0.48
Qp25 1.02 4.2 0.67 0.94 1.11 0.40
vegl2m -0.84 3.5 0.64 -0.92 -0.76 0.40
msavi2_pct 0.70 2.9 0.83 0.60 0.81 0.29
ER3m_05m -0.43 1.8 0.52 -0.50 -0.37 0.33
FlowPerm 0.43 1.8 0.63 0.35 0.51 0.26
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When amphibian TER-S richness was modeled as a function of the ecohydrological variables,
the largest effects were that of elevation and slope (Table 36). Higher elevations and slopes
caused species richness to decrease. Three vegetation structure layer variables were also
important; higher percent covers of the 0 - 1 m, 1 - 4 m, and 4 - 12 m layers increased amphibian
richness, with the largest influence from the 1 - 4 m layer. High peak flows tended to decrease
amphibian richness, though high total stream power tended to increase it. Increased cumulative
area and mean vegetation index also tended to increase species richness for amphibians.

Table 36. Fort Huachuca - Effect of ecohydrological variables on amphibian TER-S riparian-
associated species richness.

Relative 95% Confidence Interval
Effect Relative
Parameter . Effect SE
Size . Lower Upper  Importance
Size
LidelevMidPts -0.62 15.6 0.18 -0.64 -0.60 0.98
PercentSlope -0.62 15.5 0.17 -0.64 -0.59 0.99
vegl 4m 0.46 11.5 0.15 0.44 0.48 0.92
vegO_1m 0.32 8.1 0.17 0.30 0.34 0.69
Qp25 -0.31 7.9 0.21 -0.34 -0.29 0.35
Q25TSP 0.25 6.4 0.20 0.23 0.28 0.45
vegd 12m 0.23 5.8 0.17 0.21 0.25 0.29
CumArea 0.23 5.7 0.09 0.21 0.24 0.83
msavi2_mean 0.23 5.7 0.16 0.21 0.25 0.38
RSI 0.18 4.4 0.15 0.16 0.20 0.39
ER3m_05m 0.15 3.8 0.08 0.14 0.16 0.60
Width2m -0.13 3.4 0.11 -0.15 -0.12 0.34
msavi2_pct 0.12 3.1 0.12 0.11 0.14 0.32
FlowPerm -0.12 3.1 0.12 -0.14 -0.11 0.36

142



When reptile TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was again that of elevation (Table 37); higher elevations caused species richness to
decrease. The effect of the 4-12m vegetation structure layer was quite strong, but unlike for
amphibians, higher percent covers of this layer decreased reptile richness. The mean vegetation
index had a strong effect on reptile richness, with higher values increasing richness, indicating
that more reptile TER-S occur in dense vegetation at Huachuca. RSI also had a significant effect,
but decreased richness, indicating TER-S reptiles may prefer stream reaches where rainfall is
more evenly distributed throughout the year. Greater cumulative area and total stream power also
tended to increase species richness for reptiles.

Table 37. Fort Huachuca - Effect of ecohydrological variables on reptile TER-S riparian-
associated species richness.

Relative 95% Confidence Interval
Effect Relative
Parameter Effect SE
S . Lower Upper  Importance
Size
LidelevMidPts -1.79 20.2 0.35 -1.83 -1.74 1.00
vegd 12m -1.39 15.7 0.55 -1.46 -1.32 0.70
msavi2_mean 1.24 14.0 0.46 1.18 1.29 0.73
RSI -1.07 12.1 0.34 -1.12 -1.03 0.96
Q25TSP 0.54 6.2 0.31 0.51 0.58 0.42
CumArea 0.54 6.1 0.22 0.51 0.57 0.80
Qp25 0.46 5.2 0.31 0.42 0.50 0.39
Width2m -0.42 4.7 0.23 -0.44 -0.39 0.59
vegl2m -0.31 3.5 0.26 -0.34 -0.28 0.47
veg0_1m 0.31 3.5 0.41 0.26 0.36 0.27
msavi2_pct 0.30 3.4 0.33 0.26 0.34 0.41
ER3m_05m -0.29 33 0.19 -0.32 -0.27 0.52
FlowPerm 0.18 2.0 0.25 0.15 0.21 0.29
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When bird TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was that of the mean vegetation index (Table 38); higher vegetation index values
caused species richness to increase. More bird TER-S may occur in dense vegetation at
Huachuca. As with the other TER-S groups, elevation also had a strong and negative effect on
bird richness. As with reptile TER-S, RSI had a large effect, with higher values decreasing bird
richness. The most important vegetation structure layer for TER-S birds was the 1-4 m layer.
Higher percent cover of this layer increased bird richness. Higher percent cover of the 0-1 m
layer tended to decrease bird richness. Because of the way these layers were derived, higher
values of the 0-1 m layer indicate lower values of the any vegetation >1 m, so bird richness at
Huachuca seems to be associated with higher percent cover of tall vegetation.

Table 38. Fort Huachuca - Effect of ecohydrological variables on bird TER-S riparian-associated
species richness.

Relative 95% Confidence Interval
Effect Relative
Parameter . Effect SE
Size ) Lower Upper Importance
Size
msavi2_mean 2.11 18.2 0.49 2.04 2.17 1.00
LidelevMidPts  -2.07 17.9 0.53 -2.14 -2.00 0.99
RSI -1.83 15.8 0.42 -1.88 -1.77 1.00
vegl 4m 1.68 14.5 0.43 1.63 1.74 1.00
veg0_1m -0.70 6.0 0.50 -0.76 -0.64 0.42
PercentSlope -0.59 5.1 0.49 -0.65 -0.53 0.41
vegd 12m -0.50 4.3 0.67 -0.59 -0.42 0.28
ER3m_05m -0.48 4.1 0.26 -0.51 -0.44 0.64
Width2m -0.34 2.9 0.33 -0.38 -0.30 0.36
msavi2_pct -0.31 2.7 0.43 -0.37 -0.26 0.31
Qp25 0.27 2.3 0.25 0.23 0.30 0.28
Q25TSP 0.25 2.1 0.33 0.21 0.29 0.27
CumArea 0.20 1.7 0.25 0.17 0.23 0.26
FlowPerm 0.15 1.3 0.31 0.11 0.19 0.25
vegl2m 0.12 1.1 0.32 0.08 0.16 0.25
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When mammal TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was that of RSI (Table 39); higher values caused species richness to decrease. More
predictable rainfall spread throughout the year is associated with higher mammal richness.
Unexpectedly, the next strongest effect is that of the 1-4 m vegetation structure layer, though
higher percent cover of this layer is actually associated with decreased mammal TER-S richness.
Both the mean vegetation index and percent cover derived from it have a substantial and positive
effect on mammal richness. This would indicate that richness for this group is higher where there
is more and denser vegetation. This seems to be at odds with the vegetation structure results,
where higher percent cover of the 4-12 m layer also decreases richness. Higher values of total
stream power, peak flow, and percent slope are all associated with increased mammal richness.

Table 39. Fort Huachuca - Effect of ecohydrological variables on mammal TER-S riparian-
associated species richness.

Relative 95% Confidence Interval
Effect Relative
Parameter . Effect SE
Size . Lower Upper  Importance
Size
RSI -0.73 15.0 0.19 -0.75 -0.70 1.00
vegl 4m -0.51 10.4 0.19 -0.53 -0.48 0.74
msavi2_mean 0.47 9.7 0.28 0.44 0.51 0.55
msavi2_pct 0.43 8.9 0.20 0.41 0.46 0.67
Q25TSP 0.35 7.3 0.21 0.33 0.38 0.45
vegd 12m -0.33 6.7 0.38 -0.37 -0.28 0.35
Qp25 0.30 6.2 0.13 0.28 0.32 0.47
PercentSlope -0.29 6.1 0.21 -0.32 -0.27 0.51
vegl2m -0.28 5.8 0.15 -0.30 -0.26 0.55
CumArea 0.26 5.4 0.14 0.24 0.28 0.48
veg0_1m 0.22 4.6 0.25 0.19 0.26 0.34
LidelevMidPts  -0.17 3.6 0.23 -0.20 -0.15 0.29
ER3m_05m 0.17 3.6 0.13 0.16 0.19 0.48
FlowPerm 0.16 3.3 0.15 0.14 0.18 0.28
Width2m 0.16 3.3 0.16 0.14 0.18 0.37

There are several variables that had large effect on the species richness of multiple TER-S taxa
groups. Elevation was one of the two largest effects for all groups except mammals, with a
relative variable importance of 16 —20%. Higher elevations were associated with decreased
richness for all these groups. Mean vegetation index value was one of the three largest effects for
all groups except amphibians, with a relative variable importance of 8 — 18%. Higher values
were associated with increased richness for all these groups. RSI was one of the four largest
effects for all groups except amphibians, with a relative variable importance of 12 — 16%. Higher
values were associated with decreased richness for all these groups. Percent cover of the 1-4 m
vegetation layer was one of the four largest effects for all groups except reptiles, with a relative
variable importance of 10 — 15%. Higher values were associated with increased richness of
amphibians and birds, but decreased richness of mammals. Total stream power had a substantial
effect on all groups except birds, with a relative variable importance of 6-16%. Higher values
were associated with increased richness of all of these groups.

145



Fort Bliss

At Fort Bliss, we modeled gray vireo occurrence in ephemeral and intermittent streams and
related their probability of occurrence to stream types. We created a nesting habitat metric and
tested it against previously-collected field data. We used this same field data to conduct a test of
breeding bird species richness derived from stacked GAP models. We mapped species richness
of all riparian-associated species, riparian associated birds, passage migrant birds, mammals,
reptiles, and amphibians, and tested whether stream type was related to richness of these groups.
We mapped species richness of all riparian-associated TER-S, bird TER-S, mammal TER-S, and
reptile TER-S, and tested whether stream type was related to richness of these groups. We
modeled species richness of the TER-S groups as a function of ecohydrological variables to
better understand why richness varied in stream reaches.

Gray Vireo Model

For gray vireos, twelve variables were retained for the final model (Table 40). Higher probability
of presence was generally related to smaller cumulative watershed area, lower 10-yr peak flows,
higher percent cover of veg 0.5 - 1 m, and lower mean RE-NDVI. Other interesting effects
include the avoidance of streams with vegetation >12 m, higher probability of presence in
streams with higher flow permanence, and a negative effect of percent cover.

Table 40. Fort Bliss - Effect of ecohydrological variables used in the averaged top set of gray
vireo models.

Odds can be interpreted as the increase or decrease in probability of presence for a change in
units as indicated in the unit change column (e.g., increasing RSI by 0.01 units increases the
probability of presence by 202%, while increasing the cumulative area by 10 km? decreases the
probability of presence by 31%).

Effect Relative 95% Cl Effect Relative Unit 95% Cl Odds
Parameter Size Effect Lower Upper Importance Change - Odds Lower Upper
Size for Odds

(Intercept) -2.06 -212 -2.01
Cum_Area -4.41 13.4 -4.79 -4.02 0.39 10 (km2) 0.69 0.67 0.72
Qp10 -3.72 113 -3.87 -3.57 0.99 10 091 0091 0.92
veg05_1m 3.70 11.2 3.58 3.81 1.00 1 1.35 1.34 1.37
rendvi_mean -3.36 10.2 -3.52 -3.19 0.89 0.01 0.70 0.68 0.72
LidElevMidPts -2.97 9.0 -3.08 -2.85 0.98 100 0.21 0.19 0.22
RSI 2.96 9.0 2.83 3.09 0.94 0.01 202 194 2.11
vegl2m_PA -2.87 8.7 -3.09 -2.65 0.50 NtoY 0.06 0.04 0.08
FlowPerm 2.46 7.5 2.36 2.56 0.98 1 1.17 1.16 1.18
rendvi_pct -2.16 6.5 -2.28 -2.03 0.81 0.1 0.63 0.61 0.65
Landcvr_variety 1.93 5.8 1.83 2.02 0.92 1 228 2.16 2.40
PCTSlope -1.29 3.9 -1.37 -1.20 0.61 1 0.84 0.83 0.85
Q25TSP -1.15 3.5 -1.24 -1.06 0.43 10 0.95 0.94 0.95

The AUC value of the model was quite high for both the training (0.905) and the testing set
(0.822). Overall accuracy was highest with a threshold value of 0.207. This threshold resulted in
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an overall accuracy of 74.5% for the test set and 76.3% for the training set, for a weighted
accuracy for both sets combined of 75.9%. Kappa coefficients were 0.447 for the test set and
0.519 for the training set, indicating the model was at least moderately better than a random
model. Confusion matrices and omission and commission rates are reported in Table 41. Of the
62 stream reaches in which gray vireos were found, the model predicted they would be present in
52 of these, as well as 38 additional stream reaches in which they were not observed.

Table 41. Confusion matrix and accuracy rates for overall gray vireo modeling (training and test
sets combined).

Observed
Presence Absence Sum L Lo

Accuracy |Omission Comission

T |Presence 52 38 90

kS Presence 83.9% 57.8%

S |Absence 10 99 109

L Absence 72.3% 90.8%

2 |Sum 62 137 199

A visual inspection of the results (Figure 67) shows that the model had trouble predicting gray
vireo occurrence in the Organ Mountains. Different factors may affect vireo occurrence in
different mountain ranges. This model may be best suited for managing gray vireos in the

Sacramento Mountains.
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Figure 67. Logistic modeling results for gray vireo.

The Sacramento Mountains modeling area is shown above, and the Organ Mountains modeling
area is shown below to the left. Using the 0.207 threshold as indicating presence, streams that are
at symbolized with light blue to red could be habitat for vireos.

Figure 68 shows that gray vireo probability of presence was significantly different between
stream types (Kruskal-Wallis y~= 73.2, p <0.001). Stream type 2 had a significantly higher

148



probability of presence than stream types 1, 3, and 4. However, stream types 5 and 7 did not
occur within the modeling area, and stream type 6 had only 3 reaches each in the modeling area.
This suggests that stream type is actually a good predictor of gray vireo presence, with these
birds only likely to occur in stream type 2, and possibly in stream type 6.

2 3 4 6 8
Classes

Figure 68. Probability of presence for gray vireos in stream types within the modeling area.
Pairs of stream not sharing a letter indicates a significant differences between the pair.
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Nesting Habitat

Including the species Kozma and Mathews and Myers et al. found to be riparian-associated, Fort
Bliss had 84 birds which are likely to nest in xeroriparian areas, 41 (49%) of which are summer-
only residents (Appendix C, Table 1). Nine of the 84 species were not included in the nesting
habitat metric because their nest site requirements were not primarily vegetation associated;
some species used burrows or cliffs, or nested on the ground. Cowbirds were excluded because
they are nest parasites. Twenty-two of the 75 birds included in the metric were TER-S species.
Fifty-six of the 75 species occur in the lowlands, 68 in the foothills, and 50 in the mountains.
Overall, the 1 - 4 m and 4 - 12 m vegetation structure layers were the most heavily used by birds
nesting at the installation, with about 40% and 30% of species using each layer, respectively
(Table 42). The lowest and highest layers see use by only about 15 - 20% of birds each. Creating
sub-lists for lowlands, foothills, and mountains had only very small effects on the distribution of
use. Mountains showed the greatest change in use of the vegetation layers from the overall
metric; use of the two lower layers decreased while use of the upper layers increased. TER-S use
of the vegetation layers was also very similar to overall use. Because values for the subsets and
overall were so close, overall calculations were used for all subsequent analyses.
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Table 42. Number of species nesting in each vegetation layer at Fort Bliss (left) and percent of
species nesting in each vegetation layer (right).

Vegetation Layer Vegetation Layer
Subset 0.5-Im 14m 4-12m >12m Subset 0.5-Im 1-4m 4-12m >12m
Overall 27 54.5 39 19 Overall 19.4% 39.1% 28.0% 13.6%
Overall Lowlands 21 41 27 12 Overall Lowlands 20.8% 40.6% 26.7% 11.9%
Overall Foothills 22 49.5 36.5 18 Overall Foothills 17.5% 39.3% 29.0% 14.3%
Overall Mountains 16 34 29 16.5 Overall Mountains 16.8% 35.6% 30.4% 17.3%
TERS 8 13.5 9.5 6 TERS 21.6% 36.5% 25.7% 16.2%
TERS Lowlands 7 11 8.5 5.5 TERS Lowlands 21.9% 34.4% 26.6% 17.2%
TERS Footbhills 6 11.5 9 5.5  TERS Foothills 18.8% 35.9% 28.1% 17.2%
TERS Mountains 3.5 5.5 4 3.5 TERS Mountains 21.2% 33.3% 242% 21.2%

From 1993-1997, Kozma and Mathews and Myers et al. made 8341 observations of 51 riparian-
associated species in the 13 reaches that corresponded to those in our study. Reaches were
observed to have 20 — 34 species each.

From 1996-1997, Myers et al. found 150 nests belonging to 22 species of birds in 13 reaches that
corresponded to those in the SERDP study. Five species, accounting for 11% of all nests (17)
were not on the riparian-associated species list. Stream reaches contained nests belonging to 4-10
different species.

The original overall metric, NHa, was not a significant predictor of So/km (p=0.221), Sn/km
(p=0.503), JK1o/km (p=0.309), or JK1n/km (p=0.247), but the estimates for its effect on these
measures was positive (So/km, 7.96; Sn/km, 1.67; JK1o/km, 8.67; JK1n/km, 4.94). However, once
width was included in the metric, NHw, it was a significant predictor of So/km (estimate = 11.08,
p=0.014), JK1o/km (estimate = 13.67, p=0.021), and JK1n/km (estimate = 7.04, p=0.018) and a
marginally significant predictor of Sw/km (estimate = 2.75, p=0.132). NHw was a slightly better
predictor of breeding bird richness than width alone for So/km (AAIC = 1.34) and JK1v/km
(AAIC = 0.97), while width alone was a slightly better predictor of Sw/km (AAIC = 0.20) and
JK1o/km (AAIC =0.11).

The original metric, NHa, and the width-adjusted metric, NHw, are distributed differently across
the installation (Figure 69). For the original overall metric, NHa, nearly all values above 2.5 are
in the mountainous areas of Fort Bliss, values between 1 and 2.5 are found in the foothills and
some of the lowlands, and values below 1 account for the rest of the area, primarily lowlands.
Over half of the stream-km on the installation (56.6%, 1089 km) are between 0 — 0.249, while
values 2 or greater account for only 7.2% (138 km) of all stream-km (Figure 70).

The distribution of the nesting height metric changes for the width-adjusted metric, NHw. The
highest values, those over 5, are still primarily in the mountains, but some downstream reaches
draining into the Tularosa Basin and on Otero Mesa also have higher values of 2.5 or more (the
widest streams). Values from 0.5-2.5 are scattered throughout the area, while values below 0.5
make up the rest of the streams, mostly in the lowlands and foothills. The distribution of stream
length values is more “normal,” but still skewed to the left (Figure 70). Streams with a value of
1-1.49 are the most common (27.1%, 521 km), and values 2 or greater have increased to 30.6%
of stream-km (589 km).
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Figure 69. Values across stream reaches on Fort Bliss, NM/TX of the overall nesting habitat
value metric, NHa (top) and the width-adjusted nesting habitat value metric, NHw (bottom).
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Figure 70. Total stream lengths at Fort Bliss, NM/TX of values of the overall nesting habitat
metric, NHa and width-adjusted metric, NHw.
Number above column indicates distance in stream-km for that range of metric values.

Species richness of breeding birds (birds with only summer or year-round habitat) derived from
the stacked GAP models was not a significant predictor of any measure of breeding bird richness
derived from the Kozma and Mathews and Myers et al. data (Table 43). Since only 13 stream
reaches in one small area of the installation were used to ground-truth, it is difficult to determine
whether this actually indicates a problem with the stacked GAP model richness.

Table 43. Results of GLM regression of estimated breeding bird richness derived from stacked
GAP models against breeding bird richness measures derived from Kozma and Mathews (1995)
and Myers et al. (1998) for 13 stream reaches on Fort Bliss, NM.

Richness Measure Estimate p-value

So/km -0.10 0.16
JK1o/km -0.06 0.32
Sn/km -0.19 0.34
JK1n/km -0.14 0.19
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Geographic distribution of species richness

Fort Bliss had a total of 378 possible species, 218 of which (58%) were riparian-associated
(Appendix C, Table 2). For the riparian-associated species, models were available for 42 reptiles,
37 mammals, 100 birds, and 9 amphibians. Pooled richness of all riparian-associated species was
correlated with richness of birds (» = 0.77), mammals (» = 0.78), and reptiles (» = 0.71), but not
amphibians or passage migrant birds. Pooled richness was highest in the Organ Mountains,
Hueco Mountains, the Castner Draw/School Tank area, and the Grapevine and Culp Canyons
area (Figure 71). The escarpment of Otero Mesa was also relatively rich, while Otero Mesa itself
was of average richness. The Sacramento Mountains had average to below average richness.
Bird and mammal richness were correlated (» = 0.78). Bird richness values were distributed
similarly to pooled richness, but with higher values in the Sacramento and Organ Mountains, and
particularly low richness values in the Tularosa Basin and parts of Otero Mesa. Mammal
richness was close to average in many of the stream reaches across the installation, but was much
higher in the Organ and Sacramento Mountains.
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All Passage Migrant Birds

Birds - Mammals

Figure 71. Fort Bliss - Richness of riparian-associated species.

Dark green reaches have a value less than 1.5 standard deviations (SD) below the mean value for
the group, medium green reaches are 1-1.5 SD below the mean, light green are 0.5-1 SD below
the mean, yellow are within 0.5 SD of the mean, light red are between 0.5-1 SD above the mean,
medium red are 1-1.5 SD above the mean, and bright red are >1.5 SD above the mean.
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Reptile and amphibian richness were correlated ( = 0.66) with each other — both had lower
values in the Organ and Sacramento Mountains and higher values in the Hueco Mountains,
escarpment of Otero Mesa, and the Castner Draw/School Tank area. Herpetofauna richness
followed an opposite pattern from birds and mammals in the higher Organ and Sacramento
Mountains, but was similar to these groups in the Hueco Mountains and Castner Draw/School
Tank area.

Richness of passage migrant birds was highest in the mountains and east of the Otero Mesa
escarpment, with particularly high richness in small areas of the Organ and Sacramento
Mountains, as well as the El Paso Draw area of Otero Mesa. Streams draining off of the
escarpment to the west and into Tularosa Basin had well-below-average richness.

Fort Bliss had 43 potential TER-S: 27 birds, 9 mammals, and 7 reptiles (Appendix C, Table 3).
None of the amphibian species that might occur on the base fit any of the TER-S criteria. For
TER-S richness, pooled richness of all species was highly correlated with bird (» = 0.92) richness
and also correlated with mammal (» = 0.78) richness.

Pooled TER-S richness was highest in the Grapevine and Culp Canyons area, the Organ
Mountains, parts of the Hueco Mountains, and the escarpment of Otero Mesa (Figure 72). Parts
of the Sacramento Mountains and the Castner Draw/School Tank area were also high in habitat
for TER-S, while Otero Mesa and the Tularosa Basin had habitat for the fewest species.

Bird TER-S richness was correlated with mammal (» = 0.66) TER-S richness. Bird TER-S
richness was highest in the Organ Mountains, Grapevine Canyon area, and short stretches of
streams on the Otero Mesa escarpment. The rest of the Sacramento Mountains, the Hueco
Mountains, the Castner Draw/School Tank area, and the northern part of Otero Mesa also had
above average richness. For mammals, the most species rich areas were the middle- to lower-
elevation areas of the Sacramento Mountains, the escarpment of Otero Mesa, the Hueco and
Organ Mountains, and a few reaches in the Castner Draw/School Tank area.

Reptile TER-S richness was distributed quite differently than and somewhat opposite from the
bird and mammal groups. Streams draining the Otero Mesa escarpment, in the Tularosa Basin,
and the lowest streams of the Dofia Ana range had much higher-than-average richness. A few
slightly higher elevation streams and scattered streams in other areas had average richness, while
the rest of the installation had below average richness.
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Figure 72. Fort Bliss - Richness of riparian-associated TER-S.

Dark green reaches have a value less than 1.5 standard deviations (SD) below the mean value for
the group, medium green reaches are 1-1.5 SD below the mean, light green are 0.5-1 SD below
the mean, yellow are within 0.5 SD of the mean, light red are between 0.5-1 SD above the mean,
medium red are 1-1.5 SD above the mean, and bright red are >1.5 SD above the mean.

Species richness and stream types

When the average riparian-associated species richness in each stream type was ranked, the
distribution of pooled richness into the stream types at Fort Bliss was correlated positively with
the distribution of bird (» = 0.64) and mammal (» = 0.71) richness in stream types (Figure 73).
For all three groups, stream types 1 and 2 have high richness and 7 and 8 have the lowest
richness. Richness of amphibian and reptile species in eight stream types was highly correlated (»
= 1.00). For both groups, stream type 1 has significantly lower richness than almost every other
stream type. Both also have significantly higher richness in stream types 5 and 6 than all types
but type 4, while types 2 and 3 have intermediate richness. The distribution of bird, passage
migrant bird, and mammal richness in stream types were all correlated with each other (bird-
mammal, » = 0.98, bird-passage migrant, » = 0.8 1, mammal-passage migrant, » = 0.74). For these
groups, richness was highest in stream types 1,2, and 3, and lowest in 6, 7, and 8. Both
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amphibian and reptile richness were negatively correlated with bird richness ( = 0.60 for both
pairs), and also generally opposite that of mammal richness and passage migrant bird richness in
the stream types.

Stream type 1 — Moderately high overall richness, high passage migrant bird richness, lowest
reptile and amphibian richness, highest bird and mammal richness.

Stream types 2 & 3 — Moderately high overall richness in type 2, significantly lower overall
richness in type 3 (moderately low), high passage migrant bird richness, moderate reptile and
amphibian richness, moderate mammal richness, moderate bird richness, though significantly
higher in stream type 1 than type 2.

Stream types 4 & 5 — Moderate to moderately low overall richness, high passage migrant bird
richness, high amphibian and reptile richness, moderately low bird richness, low mammal
richness.

Stream type 6 — High overall richness, significantly greater than all types than 1 and 2, a broad
range of passage migrant bird richness, but significantly lower than types 1-5, the highest reptile
and amphibian richness, significantly greater than all but stream type 5, moderately low bird
richness, moderately low mammal richness, but significantly higher than stream types 4/5 and
7/8.

Stream types 7 & 8 — Significantly lower overall richness than any other stream types, a broad
range of passage migrant bird richness, but generally the lowest of the stream types, moderately
high amphibian and reptile richness, between that of stream types 2/3 and 6, very low bird and
mammal richness, significantly lower than almost all other stream types.

157



q

©

©

oe

PO
qe
qe

O SE€ 0E ST 0Z &b O
s2102ds Jo JaguinN

S0

0ok 56 08 se
s2102ds Jo JaguinN

Passage Migrant Birds

All

(&)
[ L0

Q@

o O @
w o

=]

©

=

™ B SLEEE 4
-~ - I -~~~ .
boneeennees -

I I I I

SE 0g S 0z

sal08dsg Jo JagquinN

o -~

-

-
..... S S SR
..... -
oo -
I I I I
3 g ¥ £

s2102dg Jo JagquinN

Reptiles
© L O

Amphibians

a0

=

=]
=) © T T

@ O

Ze 0g 8z 9z

o sE 0g
s2102ds Jo JagquinN

Mammals

Birds

Colors match those shown on stream type maps. Width is proportional to number of streams in

Figure 73. Fort Bliss - Richness of riparian-associated species in the eight stream types.
each type.
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When the average riparian-associated species richness of TER-S in each stream type was ranked,
the distribution of pooled richness in the stream types at Fort Bliss was correlated with only bird
(r=0.88) and mammal (» = 0.74) richness (Figure 74). Bird and mammal TER-S richness were
also highly correlated with each other (» = 0.86). For these three groups, type 1 and 2 stream
reaches typically have the highest richness, while types 7 and 8 have the lowest richness. Reptile
TER-S richness was negatively correlated with both mammal TER-S (» =-0.71) and bird TER-S
(r =-0.67) richness, typically having richness low richness in stream types where mammal and
bird richness were high.

Stream type 1 — Moderate overall TER-S richness, significantly higher than types 4, 5, 7, and 8,
though with some streams having the highest richness on the installation, lowest reptile richness,
highest bird richness, high mammal richness.

Stream type 2 — Highest overall TER-S richness on average, significantly greater than all other
stream types, moderate reptile richness, highest bird richness, highest mammal richness,
significantly higher than in nearly all stream types.

Stream type 3 — Broad range of overall TER-S richness, on average moderate values, moderate
reptile richness, moderately high bird richness intermediate between stream types 1/2 and all
other types but 6, which it is similar to, very high mammal richness.

Stream type 4 — Moderate overall TER-S richness, significantly lower than stream types 1, 2, and
6 but higher than stream types 5, 7, and 8, moderate reptile richness, low bird richness but higher
than in types 5 and 7, high mammal richness.

Stream type 5 — Low overall TER-S richness, along with types 7 and 8, moderate reptile
richness, lowest bird richness, high mammal richness.

Stream type 6 — Moderate overall TER-S richness, significantly higher than types 4, 5, 7, and 8§,
high reptile richness, moderately high bird richness intermediate between stream types 1/2 and

all other types but 3, which it is similar to, high mammal richness.

Stream type 7 — Low overall TER-S richness, along with types 5 and 8, high reptile richness,
lowest bird richness, lowest mammal richness.

Stream type 8§ — Low overall TER-S richness, along with types 5 and 7, high reptile richness, low
bird richness, very low mammal richness, but significantly higher than in stream type 7.
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Figure 74. Fort Bliss - Richness of riparian-associated TER-S in the eight stream types.
Colors match those shown on stream type maps. Width is proportional to number of streams in
each type.

In individual stream reaches, richness of all riparian-associated species was highly correlated
with richness of all TER-S (0.81). This was also true for the riparian-associated and TER-S
mammals (0.67) and riparian-associated and TER-S birds (0.76). However, reptile TER-S
richness was not correlated with general riparian-associated reptile richness (0.12). For birds and
mammals, planning management for each riparian-associated general groups should benefit
TER-S also, and vice versa. However, for reptiles, it is important to plan for TER-S specifically.
The same patterns held when the average species richness in each stream type was examined.

TER-S response to ecohydrological variables

As a reminder, the entrenchment ratio for the wildlife analysis at Fort Bliss only was calculated
by dividing the 0.5 m width by the 2 m width, resulting in higher values corresponding to
greater entrenchment, the inverse of the ratio used in the rest of the study.
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When pooled TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was that of riparian width (Table 44). Greater riparian widths caused species
richness to decrease. Elevation had the second largest effect, with higher values associated with
decreased species richness. Percent cover had a substantial effect size; streams with higher
percent cover had higher overall TER-S richness. The variety of landcover types had a
substantial negative effect on richness.

Table 44. Fort Bliss - Effect of ecohydrological variables on all riparian-associated TER-S
richness.

Effect Relative 95% Confidence Interval Relative
Parameter . Effect SE
Size . Lower Upper Importance
Size
Width3m -1.12 26.1 0.06 -1.12 -1.11 1.00
LidElevMidPts -0.63 14.7 0.07 -0.63 -0.63 1.00
rendvi_pct 0.41 9.7 0.12 0.41 0.42 1.00
Landcvr_var -0.38 8.9 0.04 -0.38 -0.38 1.00
veg05_1m 0.28 6.7 0.09 0.28 0.29 0.94
rendvi_mean -0.27 6.3 0.08 -0.27 -0.27 0.64
CumArea -0.26 6.1 0.05 -0.26 -0.26 1.00
Q25TSP 0.26 6.0 0.05 0.26 0.26 1.00
RSI 0.20 4.7 0.04 0.20 0.20 1.00
vegl 4m -0.20 4.7 0.07 -0.21 -0.20 0.38
PCTSlope 0.14 34 0.05 0.14 0.15 0.32
FlowPerm 0.11 2.6 0.04 0.11 0.11 0.52

When reptile TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect by a substantial margin was that of elevation (Table 45). Higher elevations caused
species richness to decrease. Two vegetation structure layer variables were also important.
Higher percent covers of the 0.5-1 m and 4-12 m layers increased reptile richness, with the
largest influence from the 0.5-1 m layer.
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Table 45. Fort Bliss - Effect of ecohydrological variables on riparian-associated reptile TER-S
richness.

Effect Relative 95% Confidence Interval Relative
Parameter . Effect SE
Size . Lower Upper Importance
Size
LidElevMidPts -0.67 44.7 0.02 -0.67 -0.67 1.00
veg05 1m 0.20 13.1 0.02 0.19 0.20 1.00
vegd 12m 0.14 9.1 0.02 0.14 0.14 1.00
rendvi_mean -0.10 7.0 0.02 -0.10 -0.10 1.00
EROSm 2m -0.10 6.5 0.02 -0.10 -0.10 1.00
Width3m -0.06 43 0.02 -0.07 -0.06 0.99
vegl 4m 0.04 3.0 0.03 0.04 0.05 0.27
rendvi_pct 0.04 2.7 0.02 0.04 0.04 0.21
Shannon 0.03 2.1 0.01 0.03 0.03 0.55
Landcvr_var 0.03 .8 | 0.01 0.03 0.03 0.69
PCTSlope -0.03 1.8 0.02 -0.03 -0.03 0.37
Qp25 0.03 1.8 0.01 0.03 0.03 0.63
FlowPerm 0.03 1.8 0.01 0.03 0.03 0.64

When mammal TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was that of riparian width (Table 46). Greater riparian widths were associated with
decreased mammal richness. The 1-4 m vegetation structure layer had the second-strongest effect
size. Higher percent cover of this layer decreased mammal richness. As with the TER-S reptile
group, elevation was also an important variable. However, the effect of elevation was opposite
that for reptiles; higher elevations were associated with increased mammalian TER-S richness.

Table 46. Fort Bliss - Effect of ecohydrological variables on riparian-associated mammal TER-S
richness.

Relative 95% Confidence Interval .
Parameter £ f ect Effect SE Relative
Size . Lower Upper Importance
Size

Width3m -0.60 32.7 0.02 -0.60 -0.60 1.00
vegl_4m -0.34 18.4 0.03 -0.34 -0.33 1.00
LidElevMidPts 0.28 15.1 0.02 0.28 0.28 1.00
Landcvr_var -0.14 7.6 0.02 -0.14 -0.14 1.00
rendvi_pct 0.10 5.7 0.02 0.10 0.10 1.00
Q25TSP 0.09 5.0 0.02 0.09 0.09 1.00
PCTSlope 0.08 4.5 0.02 0.08 0.08 0.97
vegd 12m -0.08 4.3 0.02 -0.08 -0.08 0.91
ERO5m_2m 0.07 3.6 0.02 0.06 0.07 0.84
CumArea -0.06 3.1 0.02 -0.06 -0.06 0.78
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When bird TER-S richness was modeled as a function of the ecohydrological variables, the
largest effect was that of elevation (Table 47). As was found for mammals, higher elevations
were associated with decreased bird richness. Landcover variety had the second strongest effect,
with a negative relationship with bird richness. Percent cover also had a strong effect — higher
values were associated with higher species richness, indicating that stream reaches with more
vegetation may support more bird TER-S at Bliss. About equal in effect was cumulative area,
with higher values associated with lower bird richness. RSI also had a substantial positive effect,
suggesting areas that receive more concentrated periods of precipitation host more bird TER-S at
this installation.

There are several variables that had large effects on the species richness of multiple TER-S taxa
groups at Fort Bliss. Bird and mammal richness in particular responded to the same
ecohydrological variables. For these two groups, riparian width had the strongest effect, with a
relative variable importance of 20 — 33%; greater widths were associated with decreased richness
for both groups. Landcover variety was one of the four largest effects for both groups, with a
relative variable importance of 8 — 13%; higher values were associated with decreased richness
for both groups. Percent cover was one of the five largest effects for both groups, with a relative
variable importance of 6 — 12%; higher values were associated with increased richness for both
groups. Mammal and reptile richness were both strongly affected by elevation, with a relative
variable importance of 15 —45%. However, higher elevations were associated with increased
richness of mammals, but decreased richness of reptiles. The 0.5-1 m vegetation structure layer
had a substantial effect on birds and reptiles, with a relative variable importance of 9-13%;
higher values were associated with increased richness of both groups.

Table 47. Fort Bliss - Effect of ecohydrological variables on riparian-associated bird TER-S
richness.

Relative 95% Confidence Interval .
Parameter Effect Effect SE Relative
Size . Lower Upper Importance
Size

Width3m -0.37 19.5 0.04 -0.38 -0.37 1.00
Landcvr_var -0.24 12.6 0.03 -0.24 -0.24 1.00
rendvi_pct 0.22 11.5 0.04 0.22 0.22 1.00
CumArea -0.21 11.0 0.03 -0.21 -0.21 1.00
RSI 0.20 10.5 0.03 0.20 0.20 1.00
veg05_1m 0.17 8.9 0.04 0.17 0.17 0.98
LidElevMidPts  -0.15 8.0 0.04 -0.15 -0.15 0.99
PCTSlope 0.13 7.0 0.04 0.13 0.14 0.95
Q25TSP 0.12 6.3 0.03 0.12 0.12 0.95
FlowPerm 0.09 4.7 0.03 0.09 0.09 0.86

163



Discussion

Analysis of the stream type classification results and input variables provides an improved
understanding of the ecohydrology of the ephemeral and intermittent streams and the
relationships between variables at each installation. Results were unique for each installation, as
expected, and could generally be explained in terms of the climate regime and geomorphology
for YPG and Fort Irwin where annual rainfall amounts are very small or are largely confined to
one season per year. Fort Bliss and Fort Huachuca experience higher annual rainfall amounts
with a bimodal pattern, and vegetation variables are more important in those classifications.
Vegetation density and cover are strongly related to elevation at all installations. Some
observations for each installation are discussed below.

Fort Irwin receives approximately 110 mm (4.13 in) of annual precipitation, mainly from
October through April, as widespread, long duration events, enhanced by El Nifio conditions.
Flow permanence at Fort Irwin is estimated at a maximum 13.1%, and a mean of approximately
2%. Peak flows are also low, with a maximum of 61.8 m%/s, and a mean of 0.7 m%/s for the 25-yr
1-hr event. Due to the low annual cool-season rainfall, low flow permanence and peak flows,
vegetation tends to be sparse and small, and geomorphic factors become more important in
distinguishing stream types. Watershed area, elevation, and reach width were the three most
important variables in the CART analysis, and slope was the fifth most important (Table 5).
Vegetation cover was the fourth most important. In the PCA analysis, slope, vegetation cover,
vegetation less than 1 m in height, reach width and elevation were the most significant variables
for the first principal component.

YPG receives approximately 92.7 mm (3.65”) of rainfall per year, with nearly half occurring
during the summer monsoon season as high-intensity, short-duration thunderstorms. Although
flow permanence is low (14.8% maximum, 0.2% mean), peak flows can be high with a
maximum 25-yr 1-hr peak flow of 1145.2 m*/s and a mean of 98.2 m*/s. Geomorphic and
climatic factors were the most important in determining stream types, with RSI, channel width,
slope, watershed area and total stream power being the most important.

Fort Huachuca receives approximately 381 mm (15.6 in) of annual precipitation, with about 58%
occurring during July — September. Peak flows are high, at 1146.9 m*/s for the maximum 25-yr
1-hr event, and an average of 137.2 m>/s. Flow permanence is also high at 92.5% maximum and
22.0% mean. As expected, vegetation cover is also high, and these variables were very
significant in the classification. In the PCA, vegetation taller than 1m, RSI , slope and TSP were
the most significant variables in the first component. Peak flow, vegetation from 4-12 m, RSI,
elevation, and TSP were the most important in the CART analysis.

Fort Bliss receives approximately 220 mm (8.66 in) of annual rainfall, with about half falling
during July — September. Peak flows can be very high with a maximum of 1481.2 m*/s and a
mean of 145.1 m?/s for the 25-yr 1-hr event. Flow permanence reaches a maximum of 33.5% in
the upper reaches of the Organ Mountains, with an overall mean of 2.4%. Vegetation ground
cover, elevation, vegetation from 1 — 4 m height, channel width, and vegetation from 4 — 12 m
height were the most important variables in this classification. The PCA results showed all
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vegetation variables as being the most significant in the first principal component, followed by
slope and elevation.

Overall, we found a number of the ecohydrological variables we derived to be significant
predictors of wildlife richness in ephemeral and intermittent streams across the study areas. We
were able to create adequate to very good models of stream use for all five species with primarily
the original ecohydrological variables. Even when supplemental variables were important, they
were still related to the ecohydrological characteristics of the stream. Similarly, we were able to
create models of species richness for all groups we considered from our ecohydrological
variables. Richness of every group was significantly related to several of these variables.

The stream types created through clustering were also useful in understanding wildlife linkages
with ephemeral and intermittent streams. Stream type was a significant predictor of occurrence
of gray vireos, screech owls, and Mexican spotted owls. However, desert tortoise and burrowing
owl occurrences were not linked to stream type. This may have been because of the
ecohydrological variables we chose to use in clustering the reaches into types, or because of
where we chose to split the tree to determine the number of types. Stream type was also a
significant predictor of species richness for all the species groups we examined. These results
indicate classifying ephemeral and intermittent streams could potentially be a powerful tool for
understanding their importance to wildlife.

Our supplemental analyses of the bosque data at YPG and breeding bird data at Fort Bliss
emphasized the importance of vegetation structure to wildlife, a key ecohydrological variable
influenced by climate, hydrology, and geomorphology. Both analyses also found that
hydrological variables added information not provided by the vegetation variables; riparian
width improved the prediction of breeding bird richness and flow permanence was important for
species richness in bosques. The prevalence of the measures of the number and amount of
bosques used in modeling species richness and relative abundance in the bosques also
demonstrated that connectivity is critical for wildlife. Ephemeral and intermittent streams
connect wildlife habitats across these larger, arid landscapes.

As noted earlier, the majority of the time spent on this project was spent in determining the most
informative variables, the best methods of creating those variables, and the most appropriate
methods for relating the variables and stream types to the wildlife data. As we progressed
through the project we altered and improved our methods, resulting in some of the earlier
methods being discarded. Some of the lessons learned and take away messages are described
below.

1. Using the NHD Plus V2 flowline as the stream network limited the analysis. This dataset was
originally chosen because of the rich underlying data that we planned to utilize in the
geomorphic analysis. By the time we determined that the original geomorphic analysis would not
produce useful results, we were too far into the project to select another stream network. Some of
the issues with the NHDPlus flowline are: 1) it does not accurately reflect the total extent of
ephemeral and intermittent streams, 2) it does not include stream segments less than 1 mile in
length, 3) it is based on the 1:100,000 scale topographic maps which leaves out many stream
reaches, especially headwater stream channels and other small streams, 4) dry streambeds that
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contain water only during or after a rain event are not consistently demarcated, and 5) streams in
which the flow direction could not be definitively determined were left out (stream reaches with
very low slope). The resulting stream network limited the number of stream segments included
in this analysis. Using the AGWA generated stream network or streams derived from the LiDAR
bare earth DEMs would have greatly improved this analysis.

2. Resolution of the RapidEye imagery and QuickBird imagery for vegetation analysis may have
been inadequate to capture desert vegetation. Both types of imagery provided good results for
vegetation cover and density; however, the lower resolution of the RapidEye (5 m vs. 2.4 m for
QuickBird) meant that smaller plants were possibly not adequately represented. In arid locations
this could include a large amount of vegetation on the landscape, and might result in under-
estimating the vegetation cover or density. The 2.4 m resolution of the QuickBird data was also
likely too large to capture most of the smaller plants, especially at Fort Irwin where small shrubs
dominate most of the landscape. Future analyses should pan-sharpen the QuickBird data to the
0.6 m resolution of the panchromatic band to improve the analysis. We tested this by pan-
sharpening one tile at Fort Irwin, and comparing the difference in total amount of classified
vegetation cover per stream reach. Although we speculate that this might have improved the
results in some respects or in some locations, the difference in cover was not significant for this
tile.

3. The method used to create the inundated polygons used for the vegetation analysis and stream
reach widths could be improved. The method used was the HGVC Inundation Depth tool using a
filled DEM (LiDAR bare earth or USGS 10 m DEM), a streamline, and a specified depth. To
improve the results, the flowlines from the NHD Plus V2 dataset were manually edited to more
closely follow the channels based on aerial imagery and the DEM or LiDAR hillshade before
being used in the HGVC. We used the LiDAR bare earth DEM at Fort Huachuca, and a 10 m
DEM at the other 3 installations. Possible improvements include using only LiDAR for all
installations, and creating the streamline from the LiDAR data. For example, the analysis
performed for the Spring 2014 IPR comparing the resulting 3 m inundated polygons generated
using LiDAR vs. a 10 m DEM showed that the LiDAR gave a superior result (Figure 75, Table
48). Vertical accuracy of the USGS-NED 10 m DEM is approximately 1.55 m, while the
approximate vertical accuracy of LiDAR varies depending on land cover type from 36 — 72.5 cm
(from the documentation for the LiDAR acquisition for Fort Huachuca, 2009). Additionally,
resolution of the LIDAR DEM is up to ten times better than the 10 m DEMs, providing a more
accurate depiction of the shape of the channel and its valley. Using LiDAR for all analyses
would greatly improve the resulting polygons and vegetation analyses. While we found
significant differences in LIDAR vs. 10 m DEM for all widths, the 3 m inundation depth used in
our vegetation analyses had the smallest percent difference and highest correlation. This
minimized the possible discrepancies we might have created by using the 10 m DEM instead of
LiDAR.
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Figure 75. p

showing the difference in water surface extent derived from the 10 m DEM and

1 m LiDAR for the 3 m inundated depth at Fort Huachuca.

Table 48. Statistical comparison of derived water surface widths from a 10 m DEM vs. 1 m

LiDAR at different inundation depths.
Width Wilcoxon
. Percent . .
Inundation| Mean . Signed | Spearman Correlation
. Difference
Depth (m) | Difference (%) Rank Test
0
(m) P-Value |Coefficient| P-Value
3 45.17 32.19 <0.001 0.83 <0.001
2 46.1 45.88 <0.001 0.79 <0.001
1 31.42 59.84 <0.001 0.74 <0.001
0.5 21.56 76.06 <0.001 0.72 <0.001
0.25 15.63 94.25 <0.001 0.7 <0.001

4. GAP animal habitat distribution models are intended to be used on a broad scale and are based
primarily on habitat associations reported in the literature. As such, the species richness values
we report should be regarded with some caution and thought of as the number of species a
stream reach could potentially provide habitat for. The accuracy of our potential species richness
values depends on how well species were categorized as riparian or non-riparian and the
accuracy of the GAP models used to calculate richness. By using the GAP models to focus just
on which stream reaches may be habitat for a species and agglomerating many species models,
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we hope to have minimized the effect of any inaccuracies in the models. The GAP data provided
a way to examine a broad suite of species across a large landscape. As better models at finer
scale are produced in the future, our methods may yield even better results.
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4.1 Action Items
Classification Coordination with Projects RC-1725 and RC-1726

The Program Office has requested that we coordinate with projects RC-1725 (D. Cooper, PI) and
RC-1726 (J. Stromberg, PI) to “reconcile your various approaches to stream classification so that
final proposed classification schemes are consistent and complementary, as appropriate.” We
have been in contact with the teams from both projects throughout this research; however, the
three classifications are at different spatial scales with different methods and objectives, making
it difficult to truly combine our classifications. Two efforts at classification coordination are
described below.

Coordination with project RC-1726 (J. Stromberg, PI)

We coordinated with Dr. Julie Stromberg and her colleagues on project RC-1726 to examine
how our AGWA flow permanence results compared to their tidbit results for flow permanence,
to create a flow permanence classification at Fort Huachuca. Five of her sites corresponded with
our stream network, and we used the data from those sites. Using our modeled flow permanence
values where NEXRAD 2005-2012 precipitation data were used in the model inputs, and in-
stream sensor results from the Stromberg team we were able to extrapolate their classification to
all of Fort Huachuca. Stromberg’s preliminary class names were Hyper-ephemeral (non-
phreatic), Ephemeral (deep to non-phreatic), Dry Intermittent (deep to shallow phreatic), Wet
Intermittent (shallow phreatic), and Quasi-Perennial (shallow phreatic). These names were
ultimately not used; only the range of values was used for each class (Figure 76). However, the
names provide an indication of the potential range of values for “ephemeral” vs. “intermittent”
reaches.

However, extending this classification breakdown to our other sites (Fort Irwin, YPG and Fort
Bliss), was not appropriate because the climate regimes are too different from Fort Huachuca
(Figure 77, Figure 78, Figure 79) to be usable as defined here. Fort Huachuca has much higher
precipitation and flow permanence than our other locations. Fort Irwin and YPG have similar
precipitation and flow permanence, but not peak flows. Fort Irwin does not have a summer
monsoon, and is dominated by frontal systems from the Pacific that typically have lower rainfall
intensities. Fort Bliss has the highest peak flows of the four installations and intermediate flow
permanence. Using Stromberg’s preliminary classes would result in YPG and Fort Irwin having
only two flow permanence classes, and Fort Bliss having three. Our goal for a classification is to
be able to distinguish ephemeral and intermittent stream types beyond just two or three classes.
We have not done anything further on this, but may pursue it in the future.
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Figure 76. Preliminary coordinated classification for flow permanence at Fort Huachuca.
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Figure 77. Comparison of flow permanence (%) at all four installations.
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Figure 78. Comparison of average annual precipitation (mm and inches) at all four installations.
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Figure 79. Comparison of 25-yr 1-hr peak flow (m?/s) at all four installations.

Coordination with project RC-1725 (D. Cooper, PI)

Early in the project we coordinated with Dr. Cooper’s team (Project RC-1725) and met out in the
field at YPG to review their geomorphic data collection methods and possibly coordinate field
sites. At that time, neither of us had finalized our geomorphic reach type classifications or the
variables used to define the classes, and therefore we were unable to combine our classifications.
However, in preparation for that field trip a preliminary analysis was conducted to characterize
our stream network in terms of geology and land cover. The characterization consisted of a GIS
analysis of the unique combinations of geology or rock type and land cover (SWReGAP) on a
buffered stream map. Figure 80 shows an example at Mohave Wash, YPG. The unique GAP-
Rock Type combinations are shown as colored lines, the yellow dots represent the Cooper
Team’s study locations, and the magenta dots represent the Levick Team’s study sites as of
January 2011. This analysis assisted us in understanding their classification goals, enabled us to
assess the overall variability of stream types, and guided our selection of initial field sites to
represent unique combinations of geology and land cover. This information was used to select
field sites for all spring 2011 field trips, with the goal of capturing the variability in land cover
and geology.

While in the field, we quickly realized that the level of detail of their data collection was much
more intense than ours, and they were sampling at a much finer scale than we were and over a
much smaller area. For example, their goal, as described to us, was to sample 100 sites
representing the five pre-defined geomorphic stream types (braided, bedrock, bedrock with
alluvium, single-thread, and piedmont headwaters) in the Mohave and Yuma Wash watersheds.
Their data collection methods were aimed at geomorphic properties (cross sections, pebble
counts, width/depth ratios, etc.). Our field data collection methods were geared towards
understanding the variability of stream characteristics across all of YPG, Fort Irwin, Fort
Huachuca and Fort Bliss, and were necessarily less detailed.

Upon finalizing our classifications, we compared our reach type classification with Project RC-
1725. They produced a geomorphic classification of ephemeral channels in mountainous regions
of southwestern Arizona, and developed their dataset in the Yuma and Mojave Washes of YPG.
From Sutfin et al. (2014) they surveyed 86 stream reaches at YPG and took detailed geomorphic
data for the purpose of characterizing five geomorphic reach classes: piedmont headwater,
bedrock, bedrock with alluvium, incised alluvium, and braided channels. Their study sites were
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selected to represent these five geomorphic types. They tested their results at Barry M.
Goldwater Air Force Range, but did not extend their classification at YPG beyond their study
sites. In contrast, our project produced an ecohydrological stream type classification that
included geomorphic, hydrologic, and vegetation variables, and also attempted a geomorphic
reach classification (see next section). We surveyed 74 stream reaches distributed across all of
YPQG, selected randomly to capture the variability in stream types, and assigned a geomorphic
reach class in the field based on visual inspection. We had only 7 common sites with Project RC-
1725, making a statistical comparison of results not feasible.

The two projects had different approaches, methods, goals, and spatial extents. Project RC-1725
reach characteristics were obtained mainly from field data, while our variables were obtained via
GIS analyses. Our field data were used to determine the best methodology for selecting and
developing the vegetation and other ecohydrological variable analyses, for assigning geomorphic
reach class, and for developing a database of photographs, geomorphic and vegetation data to
support our GIS analyses. The most important difference between our two projects is Project
RC-1726’s classification is a geomorphic classification limited to ephemeral mountainous
regions in the Sonoran Desert, while our classification is ecohydrological and includes all terrain
types. Our methods were developed for and applied to the four desert ecoregions across the
southwest U.S., and is therefore more applicable to wildlife and natural resources management

on a broader scale.
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Geomorphic Reach Type Classification

We performed a geomorphic reach type classification based on a suite of variables derived from
the NHD Plus V2 dataset and other data (see Section 1, Data Mining). The geomorphic data were
used to create a geomorphic-based reach type classification for each installation, for potential use
in the stream type classification, and for possible coordination with David Cooper’s SERDP
Project (RC-1725). Our initial reach classes were based on their reach classes (Sutfin et al., 2014;
Ellen Wohl, personal communication, 2011): bedrock, bedrock with alluvium, braided, incised
alluvium, and piedmont headwater. These classes were developed for ephemeral mountainous
regions in southwestern Arizona (i.e. the western arm of YPG; Sutfin et al., 2014).

For our analysis, we used the RandomForests (RF) model in the SPM software package, to
classify all 1 km stream reaches in our stream network, using the stream reaches classified from
field work to train the model. All of our field sites were identified as one of the 5 Sutfin et al.
(2014) reach types based on field data and visual observation. The NHDPlus V2 and other
datasets were used to derive the predictor variables, and the reach type was used as the target
variable. RandomForests was used to predict reach class for all remaining reaches besides the
reaches with our field sites. Depending on the installation, we used 46-50 geomorphic variables
in the model, derived from various sources (Table 49) at three scales based on the NHD Plus V2
dataset: watershed (HUC12), valley (catchment) and reach.

Table 49. Watershed, valley and reach scale attributes.

Watershed Scale Attributes | Valley Scale Attributes Reach Scale Attributes
1) Area, Width, Length 1) Area, Width, Length 1) Slope
2) Drainage Density 2) Slope 2) Mean Stream Widths
3) Slope 3) GAP Land Cover (Majority) |3) Rock Types and Lithology
4) GAP Land Cover (Majority) 4) Flooding Frequency 4) Rainfall Seasonality Index
5) Weathered Products Texture 5) Hydrological Group 5) Modified Fournier Index
6) NOAA Flood-Frequency-Duration |6) Soil Drainage Class 6) Contributing Area
7) Rainfall Seasonality Index 7) USLE - K Factor 7) Flood-Peak Discharge
8) Modified Fournier Index 8) Total Stream Power
9) Unit Stream Power

After visiting each of the installations several times we identified stream types that were not
adequately described using the five Sutfin et al. (2014) classes. This is particularly true at Fort
Irwin, where large alluvial fans and broad flow-production zones dominate the landscape, and at
Fort Bliss where discontinuous streams with vegetated swales or sheetflood zones are
widespread. To include these unique reach types and improve prediction accuracy, we revised
the classes to better represent the variability we observed at our study locations: bedrock, single-
thread, braided, discontinuous, and floodout (where channelized flow stops; Tooth, 1999). We
also added additional training sites using GoogleEarth (www.earth.google.com) to identify reach
type. Since Fort Bliss had the greatest number of discontinuous and floodout type reaches, we
tested these reach classes on that dataset.

Original prediction accuracy from the RF model was generally low (20-35% for all installations).
Overall prediction accuracy for Fort Bliss improved to 50% from 32% after the modifications to
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reach type and input variables. Most of the misclassification in this analysis was between
bedrock and single-thread, and between discontinuous and floodout. Our dataset was not
adequate to distinguish these reach types, so we combined them into single-thread and
discontinuous/sheetflood, resulting in three geomorphic reach types: single-thread,
discontinuous/sheetflood, and braided. In addition, we revised the predictor variables to improve
predictive accuracy by adding mean riparian widths at different depths, and removing highly
correlated variables and those with low predictive capability based on model output. This
improved the model accuracy to approximately 80%; however we determined that our dataset
was still not adequate for the model to distinguish these stream types, and that more intensive
and detailed field data collection would be required to more accurately assign reach types. In
addition, the model was not able to correctly classify transition zones or mixed stream reaches,
indicating that our stream reaches need to be shorter in some areas. Stream reaches based on
changes in vegetation, hydrology, or geomorphology might be especially useful in improving
geomorphic reach classification. Our final geomorphic reach classes for each 1 km stream reach
are based on field data, the RF model, and aerial imagery. Although the stream reaches at Fort
Bliss were assigned a reach class, this information was not used in the stream type classification
because: (1) it was only 80% accurate, and (2) it was categorical data and not compatible with
the rest of our variables. Other studies have experienced similar issues with attempts to classify
southwestern stream reaches based on geomorphic features (see, for example, Lichvar and
McColley, 2008, and Lefebvre et al., 2013), suggesting that these streams are too variable with
respect to flow regime and watershed characteristics, including location on the landscape to
classify at the reach scale (Lefebvre et al., 2013).

Valley Bottom Floodplain Complex, Growler Wash

The Valley Bottom Floodplain Complex is a natural community conservation element identified
in the Nature Conservancy document “Conservation Elements of and a Biodiversity
Management Framework for the Barry M. Goldwater Range, Arizona” (Hall et al., 2001). From
that report, Table 6.1, “Natural Community Elements of the Barry M. Goldwater Range”, this
community type exhibits a spatial pattern described as a “linear/large patch system, with linear
xeroriparian areas embedded within the complex, and is characterized by a shifting mosaic of
vegetation patches spread across a floodplain, which may also be considered a large patch
system.”

In response to a request from the Program Office to address this type occurrence, on Nov. 21,
2013, L. Levick, S. Hammer and R. Lyon visited the Growler Valley and San Cristobal Wash in
Organ Pipe Cactus National Monument and Cabeza Prieta National Wildlife Refuge to sample
this natural community type. The purpose of this site visit was to determine if and how this
community compared to others we have seen at our other study locations.

Access was via Bates Well Road and EI Camino del Diablo. Growler Wash in this area is a well-
defined channel, and not representative of the Valley Bottom Floodplain Complex, so this
channel was not surveyed. Instead, the valley between Growler and San Cristobal Washes was
surveyed at three patch locations: two about 2.6 km north of El Camino, and one about 150 m
south of E1 Camino. A vegetation strand/patch in San Cristobal Wash was surveyed at one
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location about 2.5 km north of El Camino, and at one upland area between vegetation strands
about 700 m north of El Camino (Figure 81).

Detailed vegetation and geomorphic characteristics were recorded and photographs taken for a
total of five (5) locations that included patches, linear strands, and uplands. General notes and
photos were taken at two (2) additional locations.

Each site is summarized below. A summary of field data from one of our study sites at a
mesquite bosque at YPG are included, along with photos for comparison (Figure 82).

CPO1

Located in the Growler Valley, approximately 2.6 km north of El Camino del Diablo, west of the
Organ Pipe Cactus National Monument boundary road in an area of patchy bosque-like features.
Two data points were taken at this location, with additional photos and notes at two other
locations.

Geomorphic description: sheetflood with some discontinuous channeling, less than 1 m deep,
soil 90% silt/clay, 10% sand.

CPO1.1: UTM Zone 12 WGS 84 3559568.6 303048.0, elev. 332.5 m

Vegetation description: linear riparian feature with dense vegetation and standing dead trees,
located in a swale, no defined channel, dominated by mesquite and creosote, with wolfberry,
bursage and grasses (galleta).

Vegetation structure: 7% bare ground, 30% < 1 m, 25% 1-4 m, 2% 4-12 m, 0% >12 m
Average width 71 m, Maximum vegetation height 4.5 m
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Figure 81. Map of Cabeza Prieta Growler and San Cristobal Washes, with data points.
Colored dots refer to individual site locations.

CP01.2: UTM Zone 12 WGS 84 3559600.4 303011.7

Vegetation description: channel feature downstream from CP01.1, with smaller vegetation
patches

Bursage, grasses (galleta), creosote, dead mesquite

Uplands: sparse creosote

CP01.3: UTM Zone 12 WGS 84 3559528.6 303077.6, Uplands adjacent to vegetation strand,
start point walking back to truck, photos are for the entire walk back

Vegetation description. sparse creosote, bursage and grasses, isolated mesquite, dead mesquite
and creosote

CP01.4: UTM Zone 12 WGS 84 3559542.6 303220.4

Vegetation description: Swale/patch, denser and taller vegetation than CP01.1, more defined
channel, mesquite, wolfberry, grass (galleta), creosote, bursage

Vegetation structure: 10% bare ground, 25% <1 m, 30% 1-4 m, 5% 4-12 m, 0% >12 m
Average width 70 m, Maximum vegetation height 5 m
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CP02: UTM Zone 12 WGS 84 3555331.0 298587.2, elev. 311.8 m

San Cristobal Wash Uplands area between vegetation strands, about 700 m north of El Camino
del Diablo.

Geomorphic description: sheetflood, no defined channel, mostly silt, mudcracks, soil 90%
silt/clay, 10% sand.

Vegetation description. creosote with sparse forbs and grasses, abundant dead vegetation
Vegetation structure: 80% bare ground, 10% < 1 m, 3% 1-4 m, 0% 4-12 m, 0% >12 m
Maximum vegetation height 2 m

CP03: UTM Zone 12 WGS 84 3556640.5 297365.9, elev. 304.7 m

San Cristobal Wash, vegetation strand/patch about 2.5 km north of El Camino del Diablo in an
area of linear vegetation features. This was one of the more dense areas within one of the longer
vegetation strands.

Geomorphic description: sheetflood with some discontinuous channeling, less than 1 m deep,
mudcracks, sand bed (60% silt/clay, 39% sand, 1% gravel).

Vegetation description: dense vegetation strand, defined flow path <I m wide/deep, mesquite,
creosote, bursage, shrubs, grasses (galleta)

Vegetation structure: 5% bare ground, 5% <1 m, 50% 1-4 m, 10% 4-12 m, 0% >12 m
Average width 35 m, Maximum vegetation height 6 m

Uplands/walk back to truck: sparse creosote, barrel cactus, dead creosote and small mesquite,
pencil cholla, saguaro, ground cover

CP04: UTM Zone 12 WGS 84 3558289.3 307321.9, elev. 348.0 m

Bosque, isolated patch 150 m south of EI Camino, possibly associated with a longer flow path.
Geomorphic description: sheetflood, no defined channel, 100% silt/clay at GPS point.
Vegetation description: mesquite, bursage, grasses (galleta), creosote

Vegetation structure: 20% bare ground, 35% <1 m, 20% 1-4 m, 5% 4-12 m, 0% >12 m
Average width 40 m, Maximum vegetation height 7 m

Uplands: small creosote, desert pavement, dead mesquite and creosote

Data from YPG Mesquite Bosque:

Bosquel, YPG, located in the northeast portion of the Western Arm of YPG, near Tyson Wash.
No defined channel, within a creosote flat, approx. 40 m wide.

Dominant vegetation: mesquite, creosote, shrubs, grasses.

Vegetation structure: 30% <1 m, 5% 1-4 m, 30% 4-12 m, 0% >12 m
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Figure 82. Photos from Growler Wash area, Valley Bottom Floodplain Complex (top), and YPG
mesquite bosque (bottom).

Summary

In general these areas within the Valley Bottom Floodplain Complex are very similar to the
mesquite bosques at YPG, and to a lesser extent the discontinuous streams at Fort Bliss, in that
they are patches of dense vegetation that differ from the surrounding areas in species
composition, height and density, and are topographic low areas usually related to flow paths.

YPG has numerous mesquite bosques which are similar in density and vegetation diversity, but
are restricted to relatively small areas, mainly in the northeast portion of the western arm of YPG
(Figure 83). They follow the stream network, but do not have defined channels and are probably
located in topographic low areas. The vegetation species are very similar to the community in the
Growler/San Cristobal area.
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Figure 83. Location of the majority of mesquite bosques at YPG.

Fort Bliss has many discontinuous stream systems, with sheetflood zones interspersed with
channelized segments where the vegetation is different in composition, height and density from
the uplands; however, the vegetation there is sparser, not as tall or as diverse. These features at
Fort Bliss can be described as linear only because they generally follow flow paths; the patches
themselves are not necessarily linear.

We do not have LiDAR or satellite imagery for the Growler Wash/San Cristobal Wash area so
are unable to analyze these sites to fit them into a vegetation structure or stream type class.
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Channel Incision

This section addresses an Action Item from the Spring 2014 IPR and the follow-up comments.
Our response submitted with the July 15, 2014 Quarterly Progress Report is copied here,
followed by our response to the follow-up comments regarding a pilot test of our proposed
alternative, and an additional method of determining channel incision, which may be more
feasible to apply.

QPR July 15, 2014, Suggested Method of Determining Channel Incision

Channel entrenchment or incision is a common adjustment pattern for ephemeral and intermittent
streams in the Southwest. The method to create channel widths combined with the GIS slope
methodology can be used to evaluate channel incision. Channel incision is useful for identifying
gulleys that might impede training activities, determining steep banks that may provide habitat
for wildlife, or identifying down-cutting which may indicate a watershed issue upstream (i.e.
anthropogenic impacts such as urban development, cattle grazing, etc.). The degree of channel
incision was not included as a variable in this classification because we did not develop it until
after the classification was performed. Degree of channel incision could be a useful addition to
the set of variables for the reasons mentioned above, or as an analysis variable on its own.
Having more direct measures of incision in our variable set (as opposed to surrogates) could
have potentially enhanced the ability to link hydro-geomorphic and biological characteristics.
However, a simplistic one-size-fits all threshold of incision depth is not recommended given the
wide range of channel sizes considered in this study. Instead, methods that account for the
degree of incision relative to the scale and watershed position of channels are more likely to
provide useful information related to ecological characteristics.

Investigations of the causal mechanisms of entrenchment (Schumm and Hadley, 1957; Mosley,
1972; Patton and Schumm, 1975; Cooke and Reeves, 1976; Bull, 1997; Pelletier and DeLong,
2004; and others) have revealed three broad classes of perturbations that can initiate the process
of downcutting: land management, climate change, and internal adjustments (Graf, 1988b;
Cooke and Reeves, 1976; Graf, 1983). Long term decreases in sediment to water ratio, loss of
flow resistance associated with climate change, and artificial flow concentrations have all been
cited as conditions favorable to erosion over aggradation (Field and Lichvar, 2007). Eventually,
the increasing vertical extent of incised channels creates instability, causing the bank soils and
vegetation to collapse, resulting in increased bed roughness, reducing stream power, and
initiating a cyclic phase of aggradation. The alluvial water table generally drops as a result of
channel incision, causing die back or death of woody vegetation along the high banks (Webb and
Leake, 2006). While the process of erosion can occur quite rapidly (years to decades), phases of
infilling can take much longer (decades to centuries).

Channel incision is typically determined via field methods and can be described using various
ratios such as flood-prone width/bankfull width, or lowest bank height/maximum bankfull depth.
These ratios describe the degree of channel incision as opposed to defining an incised channel vs.
one that is not. However, since we are unable to determine bankfull depth from our dataset, we
suggested the following alternative method to determine degree of channel incision (although
performing this analysis at all installations is beyond the scope and timeframe of this project).
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As part of the analysis for this project we have developed mean channel widths for each 1 km
stream reach based on a series of inundation depths: 0.25 m, 0.5 m, 1 m, 2 m, and 3 m using the
HGVC tool in ArcMap. The HGVC floods a digital elevation model given an input inundation
depth or discharge / Manning # value. Outputs include a polygon delineating water surface
extent from which we calculated the mean width for each 1 km stream reach. These widths may
be used in various combinations and ratios to determine the degree of channel incision, which
can also be described as valley entrenchment. We attempted to perform this analysis using a
discharge value without success, due to the very complex nature of the HGVC model and inputs
(i.e., we could not get it to complete the analysis without crashing). More time would be required
to trouble-shoot this problem. However, we describe the general multi-stepped methodology
below.

1. Stratify all stream reaches by geomorphic setting across an installation. For example, bedrock
dominated areas could be separated from alluvial channels using geologic, geomorphic and soils
data. Field data, slope and elevation could be used to stratify the channels further.

2. Use the HGVC tool to create inundated polygons using a reference peak discharge value
obtained from USGS flood frequency regression equations for each stream reach, and calculate
the mean water surface width of each 1 km stream reach at the reference discharge.

3. Test various ratios of inundation width by creating a ratio of the water surface width at the
reference peak discharge (e.g., the 10-yr. USGS peak discharge, Qp10) to the water surface
width at some multiple of the reference peak discharge. Different return intervals could be tested
with field or LIDAR topographic data to identify the ratio that best describes the degree of
incision relevant to the management question of interest. For the desert southwest, the dominant
discharge based on field indicators often corresponds to a peak flow with a 10 to 20 year return
period. Thus, an example ratio might be:

Inundated width using LiDAR with the 10 — yr peak discharge (Qp10)
Inundated width using LIDAR with (Qp10 x 3)

Entrenchment ratio =

Given that depth often scales with approximately Q% in at-a-station hydraulic geometry
relationships (Knighton, 1998); a discharge multiplier of approximately three in the denominator
would be a reasonable starting point for creating a ratio of water surface widths. Alternatively,
depths corresponding to the reference discharge could be used to construct the ratio. For
example, Dodov and Foufoula-Georgiou (2006) used a depth multiplier of 1.6 to construct an
entrenchment ratio based on water surface width.

This approach would account for both geomorphic context through an initial stratification of
channel types and the scale-dependency of incision depth across a broad range of drainage areas

and dominant discharges.

Alternative method of determining channel incision using GIS slope analysis

This method is based on the concept that changes in slope or percent slope at channel banks can
be used as a measure of incision. This method was tested in ArcGIS using the “slope” function
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on a LiDAR bare earth 1 m DEM to get the slope of channel banks. We tested this method for a
subset of streams in the East Range at Fort Huachuca, and the approach is described below. The
accuracy of this method is largely dependent on the accuracy of the stream line used to create the
inundated polygons. The best result would be obtained if the streamlines were generated using
the LiDAR DEM, and the inundated polygon generated from the LIDAR DEM and that
streamline. The difference in slope or height from top of bank to channel bottom can also be used
to determine degree of incision. This example illustrates using the mean bank slope.

1. Using the 0.5 m and 2 m inundated polygons created with the HGVC Inundation tool, erase
the 0.5 m water surface width polygon from inside of the 2 m (or other) polygon to isolate the

channel banks from the bottom and floodplain.

2. Run the Slope tool using the LiDAR bare earth DEM to get a layer of the bank slopes.

Figure 84. Tllustrations of bank slope, with the outline of the 0.5 m and 2 m water surface width
polygons.

Figure 84 illustrates the bank slope where slope increases from dark green (lowest slope) through
yellow to red (highest slope). The difference in the polygons captures the channel banks fairly
well. Notice the headcut in the stream section in the image on the right.

3. Run “ZonesWOverlap” tool (Clark, 2012) in ArcMap using the erased polygon layer as the
zonal feature class, and the slope layer as the value raster. This will output a table of the
summary statistics for slope for each 1 km polygon, including mean and maximum values. Note
that these values reflect both sides of the channel for the entire 1 km stream reach.

4. Map the “mean bank slope” results on the stream network for each 1 km stream reach (Figure
85). Lower values for slope indicate less incised (blue lines); higher values indicate more incised
(red lines). Green lines represents stream reaches with a slope of at least 3.5, which is where we
estimate streams begin to be incised. Photos of field sites illustrate the range of values from “un-
incised” to “highly incised.” For stream reaches that have a head-cut and transition from un-
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incised to incised, the degree to which the mean bank slope is affected depends on how far up the
stream reach the nick-point is found.
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Fort Huachuca East Range
Degree of Incision - Based on Mean Bank Slope
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Figure 85. Map of stream reaches displayed with “Mean Bank Slope” (blue = lowest to red =

highest) and photos of selected field sites.
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5.0 Conclusions and Implications for Future Research/Implementation

A stream type classification procedure was developed and applied at four military installations
located in four southwestern ecoregions, using a cluster analysis of a set of variables specific to
each installation. A CART analysis of the classification results defined the range of the most
important variables for each class, providing a method of placing a new stream reach at each
installation into the classification. This predictive model is summarized in tables for each
installation, where the percentage of stream reaches that fall within the thresholds (range of
values) for each variable is shown for each stream type. The threshold that represents the largest
percentage of reaches is highlighted using a bold font and is a good predictor for that stream
type; when the percentages for all ranges are similar that variable is not a good predictor for that
stream type (see Section 4). The Guidance Documents included as appendices explain how to
obtain each variable, which are necessary to obtain to be able to use the tables. Many variables
can be derived from commonly available GIS data or LiDAR (elevation, slope, and watershed
area), or from USGS gage data (rainfall). Once the stream type is identified, the wildlife analyses
can be used to determine the relative richness of the different wildlife groups (mammals, birds,
amphibians, reptiles, TER-S, etc.). The methodologies used to analyze wildlife observation data
can be applied to other species of concern to evaluate their habitat requirements or potential
habitat locations with respect to our variables.

The data layers derived for each installation that are required to develop the input variables are
included in the data catalogue, and can be used to perform this analysis on stream reaches not on
the NHD stream network used in this project. A limitation of applying the classification to other
installations is the availability of the data required to derive the variables, and the ability to
perform the required analyses. For example, a LIDAR DEM may be available to derive reach
elevation and slope, but multi-return LiDAR data are required for the vegetation structure
variables. Satellite imagery and the ability to process and analyze it are required for the
vegetation cover and mean vegetation index variables. Ability to run the AGWA hydrologic
model and compute flow permanence is also required. In addition, the predictive models and
classifications are specific to the ecoregion in which they were developed, and should only be
applied within the installation for which they were developed, or in the areas immediately
surrounding that installation and within the same ecoregion. The Guidance Documents included
as appendices to this report include the methodologies to perform these analyses. The
installations were provided with all data derived for this project.

The field procedures, modeling methods, and classification system will be useful for determining
ephemeral and intermittent stream features and wildlife habitat for base resource management
needs. Resource managers at each installation will receive a broad range of physical and
biological attributes that are spatially referenced to stream reaches in a GIS database. These
attributes can be used to assess relative susceptibility to disturbance using the database and
multi-criteria decision analysis. The ecohydrological classification, GIS database, and mapping
tools provide for flexibility and adaptive management as information availability and objectives
evolve over time.

We have provided several sets of information about wildlife for managers. We developed
distribution models for how five species of management concern use stream reaches. These
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provide better maps of which areas species use than were previously available and elucidate
which ecohydrological characteristics are associated with their occurrence. Managers can use the
maps to adjust high-impact training away from streams important for these species and better
plan future surveys for the species. They could potentially use the information on which
ecohydrological characteristics are important for the species to plan habitat improvements to
marginal areas and prevent activities that might lower the habitat value of currently good habitat.
Occurrence of the three species at Forts Huachuca and Bliss was associated with stream type;
this could be used to simplify implementation of the previous suggested uses.

We also developed maps of species richness in stream types, associated species richness with
stream types, and examined the correlation of species richness between the species groups, and
created models to show which ecohydrological characteristics were associated with TER-S
richness. As with the data on individual species, managers can use the maps to adjust high-
impact training away from streams high in overall species richness or species richness of a
particular group of species, including TER-S. The richness maps may also identify valuable
areas that have been overlooked. Managers could potentially use the information on which
ecohydrological characteristics are important for TER-S richness to plan habitat improvements to
marginal areas and prevent activities that might decrease potential richness of valuable stream
reaches. Additionally, the correlations of species richness between groups should help managers
better understand how a planned action will influence other groups.

The analysis of the bosque camera data also provided some potentially useful insights.
Vegetation structure above 2m and measures of bosque connectivity (number of bosques and
amount of bosque environments) consistently were important variables that positively influenced
species richness and abundance. This information can be used to help direct training and
development of new training areas to locations that minimize loss of connectivity and bosques
with the most valuable vegetation characteristics.

The nest height metric developed for Fort Bliss provides an estimate of the value to breeding
birds of stream reaches across the installation. It requires further verification, but should serve as
a useful tool for planning surveys and other studies. Even in its current form, it could be used to
avoid high-impact activities in areas very likely to be breeding habitat for many bird species.

In addition to these suggested uses, we have developed methods of understanding the link
between ephemeral and intermittent streams and wildlife that can be applied by managers
seeking to do more detailed analyses. For example, managers could develop richness maps for a
select group of species in which they are interested, create distribution models for other species
of concern with the ecohydrological variables we have provided, or predict which stream reaches
provide habitat for a select group of breeding birds.

A new method of using LiDAR to explore vegetation structure was developed that increases
knowledge about riparian vegetation by adding a vertical component for describing vegetation
features. It also provides a new tool to define potential wildlife value based on their use of
vegetation structure. Classification schemes are becoming widely used as a tool to improve
understanding and prediction of complex ecological data and patterns; however, these tools are
best used as supplements to local ecological knowledge (Olden, et al., 2008).
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The tools and products from this research meet specific needs for improved management of
military lands in support of sustained land use for testing and training. Specifically, the AGWA
tool provides the ability to evaluate the effects of land cover and climate change scenarios on the
hydrologic flow regime, identifying areas of increased or decreased flows or sediment yield that
could interfere with the use of some roads or training areas. This information can aid in planning
new training areas, or in designing road modifications. Complete datasets with tutorials for
performing these analyses are provided to each installation. The wildlife species richness models
and specific species distribution models provide information on locations that are important to
wildlife, and that could be included in future wildlife surveys, or protected from training
activities. The input variables and stream type classifications are delivered in tabular and spatial
formats with a Unique ID for each stream reach, allowing managers to evaluate individual
variables. As examples, they will be able to select all stream reaches with vegetation cover
greater than 50%, or slopes less than 1%, or peak flow greater than 100 m3/s, and so on. The
stream type classification can be used in a similar manner. Having this type of information
readily available will be a benefit to natural resource managers by supporting their management
activities for protection of the resources needed for both wildlife management and for sustaining
land use in the context of military training and testing. We have provided tools and datasets that
are ready to use as is, and also training workshops, tutorials and guidance documents that will
support continued and expanded use of these tools

Remaining Research Questions/Future Research

While collecting and analyzing the data for this project, and developing the methods to produce
the stream type classification and wildlife associations, numerous issue arose that point to the
need for additional research. Some of those issues are listed here.

a. A better method is needed to delineate homogeneous stream reaches for use in ecological
studies. The streams for this project were split into 1 km segments by dividing the stream
reach into equal segments as close to 1 km as possible. As a result the stream reach breaks
did not correspond with on-the-ground changes in geomorphology, vegetation or
hydrology. Additional research is needed to determine an improved method to split stream
reaches based on those features. For example, in mountainous areas reaches might be split
based on change in slope, or sinuosity. This would improve the input variables and
resulting classifications developed for this project.

b. Additional research is needed as a follow-up to this project to field test the species richness
estimates, and determine if they are useful. This project did not include time or funding for
these tasks.

c. This research used a method to estimate mean channel width that encompasses the riparian
vegetation zones; however, other methods of defining channel or riparian zone widths exist
(various equations, Soar and Thorne, 2001) that could be investigated using channel
forming flows and TSP values, for example. Related to that, a method to define the
width/extent of just the riparian vegetation either on the banks of the channel or within it
would be useful for relating vegetation to wildlife use. Since these streams provide
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movement corridors for wildlife, measures of patchiness or connectivity would also be
helpful in future studies. Degree of channel incision, combined with channel width could
potentially enhance the ability to link hydro-geomorphic and biological characteristics (see
Section 4.1, Action Items, Channel Incision for more information on deriving channel
incision).

. This project used USGS 10 m DEM data and LiDAR-derived DEM data for the analyses
(see Table 50 below). Future research could determine the impact on the vegetation
variables and resulting stream type classifications when using only LiDAR-derived DEM
data to delineate the riparian zone (via the HGVC inundation tool) rather than the lower-
resolution DEMs. We speculate that using LiDAR data for all analyses might produce
different results. The HGVC tool produces a polygon layer that was used to calculate reach
widths (water surface extent for a given depth above the thalweg), and also to derive the
vegetation variables (vegetation height from multi-return LiDAR, and vegetation indices
and cover from satellite imagery). We used the LiDAR-derived DEM to delineate the
riparian zone at Fort Huachuca only; a USGS DEM was used at the other installations.
Additionally, multi-return LiDAR data were used to develop the vegetation structure
variables, but were not available for YPG in time for use in these analyses. We evaluated
the difference in producing inundated polygon areas with LIDAR vs. USGS data for a
small area and found a small but noticeable difference (for the 3 m inundation depth);
however, we did not compute and compare the vegetation variables. The resolution of the
LiDAR data is much finer than the USGS data (1 m vs. 10 m), and its use in the HGVC
tool would create riparian polygons that more closely approximated the topography on the
ground, resulting in a better approximation of the riparian vegetation extent and resulting
calculations.

Table 50. Use of USGS DEM and LiDAR-derived DEM data in the analyses

Type of Data
Riparian Zone Polygons* Vegetation Structure variables
Fort Irwin 10 m USGS DEM 1 m Multi-return LiDAR
YPG 10 m USGS DEM n/a
Fort Huachuca 1 m LiDAR-derived DEM 1 m Multi-return LiDAR
Fort Bliss 10 m USGS DEM 1.5 m Multi-return LIDAR

*Riparian Zone Polygons were used to derive input variables: reach widths, vegetation
cover, mean vegetation indices, entrenchment ratios from the reach widths, and SVRI from
the mean vegetation index at YPG.

e. Further research could be conducted that combines all data developed for this project to
determine if a combined classification is possible for the entire southwest as opposed to the
ecoregion — specific classifications that were developed here. A preliminary analysis
indicated that this could be accomplished; however, additional data and processing time
would be required so that all datasets were uniform. Currently we do not have LiDAR-
derived vegetation structure data for YPG, and the data derived from the different types of
satellite imagery would need to be standardized.
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f. Further research might determine if the LIDAR vegetation structure data and the vegetation
indices can be combined to improve the extraction of the riparian vegetation zone for
ephemeral and intermittent streams.

Both vegetation structure and vegetation greenness can indicate more dense or lush
vegetation suggestive of riparian areas, and by combining these two data types, a better
delineation of riparian zones might be accomplished. While both on their own can be used
to do this, combining them should be more effective. The MSAVI2 vegetation index and
the Red Edge NDVI both use spectral data to identify areas of higher greenness, usually
found along riparian zones. The LiDAR structure data can also indicate riparian areas by
identifying taller vegetation than in the adjacent upland areas. Vegetation is generally taller
and denser along stream channels in arid regions than in the uplands due to increased
moisture. Both of these data types were used in the project; however, they weren’t
combined in such a way that would improve identification of riparian zones. By
thresholding or classifying both types of data, the location where vegetation transitions
from riparian to uplands might be distinguished. The difference in greenness and structure
in combination should be able to delineate riparian vegetation as distinct from the uplands
or channel bed. Our efforts to perform this type of analysis were not successful, and we
found the HGVC tool to be more efficient for our large study area. However, further
investigation might produce a more efficient methodology.

Potential for direct implementation for DoD and others

The stream type classifications, wildlife analyses, and input variables can be used as presented
here for supporting and informing management actions. The AGWA tool can be used
immediately to evaluate management actions or climate change scenarios that modify the input
variables, to determine if and how the stream type and wildlife associations might be affected.
All data and results were delivered to each installation with guidance documents to facilitate
their use. All variables and results are spatially referenced to each stream reach using a “Unique
ID” and can be used immediately to evaluate individual stream reaches for management needs.

Although the AGWA results for flow permanence and peak flows were not tested or validated at
each installation, the AGWA tool and its embedded models have been tested and validated at
numerous locations around the world. See Goodrich et al. (2012) regarding KINEROS2 and
AGWA, model use, calibration and validation. For the SWAT model, see Arnold et al. (2012)
regarding SWAT, model use, calibration and validation, and Baker and Miller (2013). For this
project, AGWA/SWAT was calibrated at Fort Huachuca (Lyon, 2013) where 2 USGS
streamflow gages were available. No gages were available at the other 3 installations; therefore
Fort Huachuca was used to perform the calibration.

The stream type classification was not tested or validated in the field primarily due to lack of
time; however, field data, photos, and site knowledge were used extensively in selecting the
methodology to create the stream type classification and verifying the number of final classes to
represent the variability of stream reaches across each installation. The CART predictive models
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(regression analysis) included cross-validation which withholds portions of the dataset for
validation.

The wildlife species richness models were not tested or validated except for the small test case at
Fort Bliss using the 13 stream reaches for which breeding bird data were available. The mesquite
bosque data were not tested with an independent set due to the very small sample size. The
breeding bird nest height data at Fort Bliss were verified with the field data. The species
distribution models for specific species of concern at Forts Bliss, Huachuca, and Irwin all were
tested or built with a test set or cross-validation.

The classification procedure was developed and applied using data specific to each installation
and the data and methodologies are appropriate for use in extending the classification to streams
not on the NHD stream network within each installation. The threshold values related to the
classifications may be used to apply the classifications in areas with similar hydrologic regime
and geomorphology (i.e. the same ecoregion) surrounding each installation. The methodology
and procedures are broadly applicable; however, a limitation of applying the classification
procedure to other locations is the availability of the data required to derive the input variables,
and the ability to perform the required analyses. This classification methodology should be
reviewed and tested if applied beyond the ecoregion for which it was developed.
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Boxplots, 8 Stream Types
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Yuma Proving Ground

Stream Type Classification Results — 10 Classes
Mapped Cluster, Dendrogram, NMDS plot, Box Plots for Input Variables
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Boxplots, 10 Clusters
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Fort Huachuca

Stream Type Classification Results — 8 Clusters
Mapped Clusters, Dendrogram, NMDS plot, Box Plots for Input Variables
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Boxplots, 8 Clusters
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Fort Bliss

Stream Type Classification Results — 8 Classes
Mapped Clusters, Dendrogram, NMDS plot, Box Plots for Input Variables
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Boxplots, 8 Clusters
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