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INTRODUCTION
Arid and semiarid regions in New Mexico have historically supported large popu-
lations of mule deer (Odocoileus hemionus) of high ecological, recreational, and 
economic importance (Stewart, 1967). Current populations are only a fraction of 
historical numbers (Bender et al., 2012); consequently, much recent work has fo-
cused on habitat requirements of mule deer in arid regions of New Mexico. The 
guidelines in this circular have been developed from these recent studies in (1) the 
arid grasslands and woodlands of New Mexico State University’s Corona Range 
and Livestock Research Center (Bender et al., 2008, 2011), (2) the arid Chihuahuan 
desert and mountain habitats of the greater San Andres Mountains (Hoenes, 2008; 
Bender, 2010; Bender et al., 2012; Hoenes and Bender, 2012), and (3) the semiarid 
grasslands, shrublands, and woodlands of north-central and north-east New Mexico 
(Bender et al., 2007a, 2007b; Lomas and Bender, 2007). Information used to de-
velop these guidelines includes commonalities in mule deer habitat use, movement 
patterns with respect to cover and foraging habitats, and responses of mule deer 
body condition, survival, and productivity to the habitat types, environmental con-
ditions, and management treatments present in these study areas. 

Figure 1. Benefits of well-planned habitat management include optimal mixes of forage 
and cover for mule deer, as seen here on the Canon Bonito Ranch in northeastern New 
Mexico. Such ranches produce high-quality mule deer and elk, which contribute sig-
nificantly to the bottom line of ranches. Consequently, more rural land is maintained, 
increasing the overall quality and sustainability of New Mexico’s landscape. (Photo 
courtesy of A. Darrow.)
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MULE DEER HABITAT IN NEW MEXICO
Mule deer populations have declined to a fraction of their 
former numbers throughout much of New Mexico (Bender et 
al., 2007a, 2012), mostly because of declines in the quantity 
and quality of food, seasonal drought (particularly during 
the conception-parturition period, approximately January–
June; Bender et al., 2007b, 2008, 2010, 2011, 2012; Hoenes, 
2008), and, in some areas, decreased cover. Body condi-
tion of deer indicated that survival and performance of deer 
populations in all New Mexico study areas were limited by 
poor habitat quantity and quality (Bender and Rosas-Rosas, 
2016; Bender and Hoenes, 2017, 2018; Caltrider and Bender, 
2018). Consequently, the leading cause of mortality among 
all study area populations was malnutrition (Bender et al., 
2007a, 2008, 2011, 2012; Lomas and Bender, 2007; Hoenes, 
2008; Bender, 2010; Bender and Rosas-Rosas, 2016). Dur-
ing drought years, conditions in arid New Mexico can be so 
severe as to cause annual declines in population size of more 
than 35% (Bender et al., 2007a, 2011).

Drought primarily affects forb availability and timing of 
green-up in arid environments (Hoenes and Bender, 2012; 
Caltrider and Bender, 2018), and the strong effect of drought 
on reducing condition and productivity of mule deer was 
therefore likely related to a lack of forb production and avail-
ability of other actively growing forage during the late winter 
and spring of dry years. Impacts of seasonal drought thus tend 
to be much more severe in areas where mule deer depend 
on forbs and other herbaceous forages (Bender et al., 2007a, 
2007b, 2008; Hoenes and Bender, 2012) as compared to areas 

where browse is more abundant (Hoenes, 
2008; Bender, 2010; Bender et al., 2008). 
This effect is magnified because of the gen-
eral decline in cool-season grasses throughout 
New Mexico (Bender, 2020). While seasonal 
drought will always decrease productivity of 
mule deer populations (Hoenes, 2008; Bender 
et al., 2008, 2011; Bender and Hoenes, 2017, 
2018; Caltrider and Bender, 2018), survival 
of adults can be maintained at relatively high 
levels by managing for more drought-tolerant 
foods such as browse and reestablishing cool-
season herbaceous species (Bender et al., 
2008, 2010b; Bender, 2010, 2020; Hoenes 
and Bender, 2012). 

Findings also indicated that piñon-juniper 
habitats were of key management impor-
tance for mule deer in arid habitats (Bender, 
2020). The proportion of piñon-juniper in 
both annual and spring-summer-autumn 
(SSA) home ranges was generally negatively 
related to condition of mule deer, although 
lactating and dry females were differentially 
affected. Piñon-juniper cover had a negative 
effect on body fat accrual of lactating fe-
males, but no effect on dry females. Condi-

tion of deer, in turn, influenced all survival and productivity 
parameters of deer in all areas (Bender et al., 2007a, 2007b, 
2008, 2011, 2012; Lomas and Bender, 2007; Hoenes, 2008; 
Bender, 2010; Hoenes and Bender, 2012, 2017, 2018). Fur-
ther, deer preferentially used piñon-juniper on all areas, and 
piñon-juniper was associated with decreased sizes of deer 
home ranges (an indication of better habitat quality), likely 
because of its importance as security cover (Hoenes, 2008; 
Bender, 2010, 2020; Bender et al., 2008). For example, more 
than 88% of locations of mule deer were less than 660 ft 
from unmanaged piñon-juniper woodlands or savannahs on 
the Corona Range and Livestock Research Center (CRLRC). 

Consequently, most immediate gains in mule deer habitat 
could be attained by managing piñon-juniper communities to 
increase forage quantity and quality, but care must be taken 
to preserve adequate amounts of cover for mule deer (Bender 
et al., 2007b, 2008, 2011; Hoenes, 2008; Bender, 2010, 2020; 
Hoenes and Bender, 2012) (Figure 1). The need to maintain 
piñon-juniper as deer cover is greater in areas where there is 
little topographic relief, such as areas similar to the CRLRC. 

Oak-mountain mahogany woodlands are frequently as-
sociated with piñon-juniper and also provide significant 
habitat potential for mule deer. In drier Chihuahuan desert 
areas, non-sand dune-associated mesquite shrublands, des-
ert grasslands, and sandsage shrublands (on higher-quality 
sites) can also provide quality deer habitat under certain 
circumstances. Semiarid grasslands (shortgrass prairie) 
can provide excellent habitat for mule deer if associated 
with adequate cover. In most habitat types, arroyos provide 

Figure 2. Informed habitat management can benefit mule deer and 
other ungulates, even in extremely xeric habitats such as Chihuahuan 
desert mountain ranges. Managers need to be aware of issues such as 
proper burning times and treatment return intervals to ensure that 
treatments maximize their potential to benefit wildlife while minimizing 
any potential harm. (Photo courtesy of M. Weisenberger.)
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important habitat attributes for mule deer, especially when 
they occur in otherwise unsuitable habitats such as creosote 
shrublands or most other xeric shrubland communities. 
Other arid habitats, including creosote shrublands and other 
xeric shrublands (mixed desert scrub), provide little habitat 
potential for mule deer. However, special habitats associ-
ated with these areas, such as arroyos, can provide habitat 
for deer and require special attention during management or 
type conversions of these other less suitable habitat types. 

This circular outlines actions to manage the most common 
arid and semiarid habitats of New Mexico (i.e., piñon-juniper, 
arid and semiarid grasslands, and many Chihuahuan desert habi-
tat types; included in this are commonly associated types such 
as oak-mountain mahogany) to meet the habitat requirements 
of mule deer. The guidelines are aimed at increasing the ability 
of landscapes to support mule deer; they are not intended to be 
guidelines for species other than mule deer, although these strat-
egies will generally increase habitat quality for other wild ungu-
lates such as elk (Cervus elaphus) and pronghorn (Antilocapra 
americana) (Figure 2). Because these are adaptive guidelines, 
several strategies are identified for each habitat type to provide 
managers with options to identify which approaches work best 
locally and which do not. There is much uncertainty over which 
habitat management practices truly benefit mule deer in hot arid 
and semiarid habitats of New Mexico (Bender, 2020). Further, 
adult male and female habitats, while similar in some aspects, 
are not identical (Hoenes, 2008; Bender, 2010); thus, actions 
for both sexes in the same area actually represent a compromise 
between the needs of male and female deer. Consequently, these 
guidelines should be treated as an adaptive approach; responses 
of deer and vegetation to differing management treatments 
should be compared and used to identify the best treatments to 
meet the needs of deer locally.  
 
CONSIDERATIONS FOR MANAGEMENT 
 
Habitat Types
These guidelines are based on a simple vegetation classifi-
cation relevant to mule deer and other ungulates. Although 
habitat type classifications may differ for other classifica-
tion systems (e.g., SW ReGAP, Muldavin et al., 2000), the 
habitat types used here are relatively generic, and other 
classification systems could easily be adapted to these 
guidelines. The eight habitat types (Table 1) for which mule 
deer habitat use, structure, and management recommenda-
tions are detailed are:

1. Piñon-juniper woodlands (includes ponderosa pine)
2. Oak-mountain mahogany shrublands
3. Mesquite shrublands
4. Sandsage shrublands
5. Creosote shrublands
6. Xeric shrublands (mixed lowland desert scrub and 

other shrubland types) 
7. Arid and semiarid grasslands
8. Arroyos

Table 1. List of Eight Generic Habitat Types for  
Management of Mule Deer Habitat in the Hot Arid 
and Semiarid Regions of Southern and Eastern New 
Mexico (see Hoenes [2008] for additional details)

Simplified Similar habitat types
Piñon pine-juniper wood-
lands

Ponderosa pine forest
Piñon pine woodland
Juniper woodland

Oak-mountain mahogany 
shrublands

Mountain mahogany  
shrubland
Oak woodland
Interior chaparral
Montane scrub

Creosotebush shrublands Creosotebush shrubland
Mesquite shrublands Mesquite shrubland
Mixed lowland  
desert scrub

Mixed lowland desert scrub

Sand sagebrush  
shrublands

Sand sagebrush shrubland

Other shrublands Four-wing saltbush  
shrubland
Pickleweed shrubland
Malpais lava scrub
Tamarisk shrubland
Mimosa shrubland
Tarbush shrubland
Acacia shrubland

Arid and semiarid  
grasslands

Mixed foothill-piedmont 
desert grasslands
Piedmont desert grasslands
Piedmont temperate  
grasslands
Desert plains grasslands
Shortgrass prairie
Black grama lava grasslands
Foothill-montane temperate 
grasslands
Lowland basin grasslands
Gypsum interdune swale 
grasslands
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Of these eight generic types, piñon-juniper woodlands 
(PJ) and oak-mountain mahogany (OMM) shrublands have 
the potential to provide the highest quality mule deer habi-
tat in most of arid and semiarid New Mexico. Arroyos, arid 
and semiarid grasslands (AG), non-sand dune-associated 
mesquite shrublands, and sandsage shrublands on higher-
quality sites have value for mule deer under certain circum-
stances and can be managed for mule deer, although their 
potential is lower than PJ or OMM. The remaining habitat 
types, including sand dune-associated mesquite and low-
quality sandsage, have little potential as mule deer habitat, 
and recommendations for these types are provided only as 
considerations for managing these types for other purposes 
(e.g., conversion to grassland). 
 
Soils
The ability of a site to provide water and nutrients for growth 
and development of plants is most strongly associated with 
factors that influence soil formation, as well as historical land 
use (Klemmedson and Tiedemann, 1995). Consequently, 
soils are an important consideration for any habitat improve-
ment plan (Tiedemann and Lopez, 2004). Ideally, habitat 
management plans should incorporate ecological land clas-
sification systems based on habitat types and soil characteris-
tics, including inherent fertility and potentials for grass, forb, 
shrub, or tree species. Because soil information is highly site-
specific, the guidelines in this publication are based solely 
on habitat types. However, responses to habitat management 
treatments are more rapid and effective as soil fertility in-
creases; thus, land managers should segregate habitat types 

by soil quality and soil potential to facilitate 
desired management outcomes (e.g., en-
hancement of shrubs versus grasses).

Soil classes based on Natural Resources 
Conservation Service Ecological Site De-
scriptions and Soil Survey wildlife habitat 
suitability matrices are useful for deriving 
soil potentials. Among other attributes, these 
provide estimates of potential productivity 
during years of above-normal, normal, and 
below-normal precipitation, and the potential 
of soil types to support herbaceous (grass, 
forb) or woody (shrub, tree) vegetation. In-
corporating soil data is important because 
treatments designed to increase forage will 
show best results in higher-quality soils, and 
treatments designed to establish or facilitate 
woody browse will show highest success in 
areas where soils have a good shrub potential. 
 
Management Units
Management units for mule deer should be 
based on the average home range of an adult 
doe, which is approximately 1 mi2. Ideally, 
randomized home ranges would be projected 

onto treatment areas to ensure maximum use of treatments by 
mule deer within any random home range. However, because 
mule deer use can be influenced by habitat characteristics oth-
er than structure and composition of habitat types, and because 
of the complexity associated with such a “moving windows”-
based treatment allocation in a geographic information sys-
tem, treatment areas are usually defined by habitat type and 
delineated by section lines modified by significant topographic 
(ridges, drainages, etc.) or other landscape features (roads, 
property boundaries, etc.). Although delineating management 
units by a modified section line approach results in variation 
in the size of units, this variation (typically in the range of 
0.7–1.5 mi2) usually has little effect on overall management 
because many contiguous units are typically treated concur-
rently. Additionally, where noted in the HABITAT TREAT-
MENTS section, following recommendations for minimum 
untreated and treated patch sizes eliminates concerns regarding 
variation in treatment unit size. 

As noted above, management units will most often be 
associated with specific habitat types as defined by section 
boundaries modified by the contours of other landscape 
features. Contour boundaries often, but not always, tend to 
follow topographic features, such as ridgelines. Because 
management units are frequently designed to coincide with 
slightly modified section lines rather than soil or other bio-
logical boundaries, management units often are comprised of 
multiple habitat types, although they are usually dominated 
by one. Further, in areas where habitat types may intermingle 
(for example, shrub-steppe or grassland intermixed with 
piñon-juniper), management actions are complimentary. 

Figure 3. Mule deer require cover as well as forage. Thus, habitat treat-
ments, such as thinning of the juniper canopy shown here, need to leave 
dense patches of trees or shrubs for cover adjacent to treatments or 
treatments may not be used by deer. (Photo courtesy of A. Darrow.)
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Finally, because of their unique habitat attributes, all 
riparian and wetland areas merit attention for management, 
but these should be addressed on an individual basis where 
they occur on the landscape. Moreover, continual moni-
toring of riparian and wetland areas and modification of 
management treatments is warranted because management 
actions (particularly very large-scale treatments in higher 
precipitation piñon-juniper sites) may result in altered wa-
ter flows and the subsequent expansion of both quantity and 
quality of riparian/wetland habitat over time.  
 
HABITAT TREATMENTS 
 
General Treatment Objectives and Guidelines
In general, the greatest enhancements in mule deer habitat 
can be attained by treating (1) areas that offer higher soil 
productivity and (2) areas that currently provide some deer 
habitat attributes. The following sections summarize treat-
ments for general habitat types. 
 
PIÑON-JUNIPER WOODLANDS 
Mule deer potential = HIGH 
 
Mule deer use
Mule deer use PJ habitats primarily for cover (Figure 3), 
although diversity and in some cases abundance of food 
can be similar in PJ as compared to other habitat types. 
Where present, PJ receives the greatest proportion of 
use by mule deer of any vegetation type, and makes up 
more than 50% of female mule deer home ranges spread 
among differing structural classes of PJ. The importance 
of PJ as cover is apparent when more than 88% of female 
mule deer locations were within 660 ft of unmanaged PJ 
on the CRLRC. This proportion is less where mule deer 
have alternative cover choices; for example, where there 
is significant topographic relief, including ridges, mesas, 
relatively steep hills, and riparian breaks, mule deer will 
use these topographic features for cover, reducing their 
need for vegetative cover. 
 
Habitat structure
Management of PJ for mule deer is based on a “Rule of 
4s.” Mule deer female home ranges average approxi-
mately 1 mi2, and ideally the following should apply to 
any random 1 mi2 simulated home range placed on the 
landscape. Management constraints make this generally 
impossible, so management of PJ is presented on a  
section basis.

The “Rule of 4s” states that for each section of PJ, 1/4 
should remain unmanaged and should have at least 60% 
PJ cover (if existing cover is <60%, these areas should 
be allowed to develop to >60% cover), 1/4 should be 
thinned to no less than 30% PJ cover, and the remain-
ing 2/4 can be thinned to no less than 10–15% cover. 
Further, no unmanaged stand should be less than 40 

acres. This will create a mosaic in which 1/4 of each 
home range will be in unmanaged PJ ideal for security 
cover, 1/4 will be in a structural state that provides both 
minimal cover requirements and increased forage (30% 
cover), and 1/2 will be in a structural state that provides 
scattered thermal cover and optimal foraging attributes 
(10–15% cover). This structural distribution was asso-
ciated with the highest levels of condition obtained by 
mule deer in several studies. 

Ideally, no point within a home range should be more 
than 660 ft from cover. Spatial distribution of structural 
treatments is shown in Figure 4 for the coarsest scale (i.e., 
160-acre, or quarter-section, treatments). Treatment al-
location at this scale results in approximately 70% of the 
landscape being suitable for mule deer (i.e., <660 ft from 
cover). This distribution can be scaled down and mim-
icked at finer resolution (e.g., 40-acre, or quarter-quarter-
section, treatments), but no heavy cover stand should be 

Figure 4. Illustrating the “Rule of 4s” and optimal dis-
tribution of treatments within a 1-mi2 treatment area. 
The upper distribution will result in approximately 
70% of the landscape being used by mule deer. The 
lower distribution will result in 100% of the landscape 
being used by mule deer.
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less than 40 acres. Treatment allocations at the quarter-
quarter-section level result in 100% of the landscape be-
ing suitable for mule deer. See Figure 4 for an illustration 
of this concept. 

When both piñon and juniper are present, tree removal 
should emphasize juniper unless total cover cannot be 
maintained by piñon alone. Larger individual trees are 
preferred to facilitate summer thermal cover in the 10–
15% cover treatment. All sizes should be maintained in 
the 30% cover treatment to provide both thermal (vertical) 
and obscurity (horizontal) cover. 

Establishment of desired structure requires mechani-
cal or fire treatments. Broadcast application of herbicides 
such as tebuthiuron is not recommended to decrease PJ 
cover. Treatment monitoring at the CRLRC has shown 
that broadcast herbicide application sufficient to achieve 
desired results (i.e., decrease PJ cover from >60% to 30%) 
resulted in a decrease of cover of preferred mule deer 
browse from around 15% down to less than 3% (Table 2). 
Individual tree treatments also decreased browse to less 
than 10% cover because browse often is established adja-
cent to or under the canopy of PJ trees.

Most PJ stands need some form of mechanical pretreat-
ment before introducing fire due to low fine fuel loads and/
or dense, laddered canopies on higher-quality sites (Bender, 
2011, 2020). Primary treatment objectives when treating 
PJ woodlands focus on reducing overstory cover and maxi-
mizing the nutritional quality of the understory while main-
taining security cover (Figures 5 and 6). Prescribed burning 
must be done with care, however, because even light burns 
in thinned PJ can result in a substantial kill of remaining 
trees, decreasing residual cover below desired levels (Fig-
ure 7). This may potentially be minimized by burning at op-
timal periods for mule deer nutritional management rather 
than periods designed to provide the greatest type-change 
effect (see Bender [2011] for guidelines on prescribed burn-
ing to benefit mule deer and other big game species). To 
maximize nutritional benefits of understory burning, nutri-
ents need to be provided during mid-late gestation, lacta-
tion, and antler growth. These periods initiate in late April 
or May, so burns to benefit mule deer should ideally occur 
in March or April. Such burns will be significantly cooler 
than June or July burns, and thus may minimize mortality 
in the residual overstory (Bender, 2011).

Complete removal of PJ (type change) should not occur 
unless established shrub (e.g., OMM) communities exist and 
are able to provide deer all required cover elements and food. 
Invading PJ trees can be removed from other habitat types if 
sufficient habitat structure is available in these stands. Areas 
with high topographic relief allow for removal of more PJ 
if forage is limited by providing mule deer with alternative 
cover options. For enterprises that also manage for elk, elk 
favor areas with thermal cover in summer, so heavy to total 
removal of PJ will decrease habitat quality for elk signifi-
cantly (Bender, 2020; Rosas-Rosas et al., 2019). 

The preferred treatment for PJ is mechanical thinning to 
produce a savannah (Figure 8). However, sinuous strip re-
movals can also be used to create the 30% cover treatment. 
Thinning should be used exclusively for the 10% treatment. 

Thinning. Randomly thin overstory juniper (or remove 
all juniper from stands where piñon provides >10–30% 
canopy cover) to the desired level of cover (i.e., >10% or 
>30%) to create a savannah structure (Figures 9 and 10). 
While treatments should emphasize retaining piñon over ju-
niper, in areas where piñon has been severely stressed (e.g., 
by drought, disease, or competition with juniper), residual 
piñon often shows high mortality from prescribed burns 
during follow-up maintenance treatments. In these cases, 
managers may want to maintain an even balance of residual 
piñon and juniper, or even an emphasis on juniper. 

Strip removal. Piñon-juniper can be maintained in 
about 100-ft-wide sinuous strips that follow the contour 
of the landscape and occur between treatment openings. 
Width of treated (opened) strips should be less than 300 ft, 
and ideally vary throughout the strip to maximize edge and 
minimize straight-line sight distances. 

For both treatment options, after piñon-juniper is re-
moved or knocked down, sites should be burned in early 
spring to stimulate production of herbaceous species while 
favoring establishment of woody shrubs. If necessary, 
mechanically treated or burned areas should be seeded im-
mediately prior to the wet season (July–August) or in late 
autumn or early winter to allow seeds additional scarifica-
tion, especially if mixes include cool-season grasses. 

Site maintenance. Sites with moderate soil productivity 
should be burned every 5–7 years, while sites with low soil 
productivity should be burned on 10- to 15-year intervals 
(Bender, 2011). Burns should be in early spring (March 

Table 2. Percent Cover of the Piñon-Juniper Canopy and Preferred Woody Forages of Mule Deer on Mechanically 
Thinned, Herbicide-Thinned, Open Piñon-Juniper Savannah, and Unthinned Piñon-Juniper Woodland on the  
Corona Range and Livestock Research Center, Corona, NM

Cover Mechanical Herbicide Open Unthinned

PJ 10.8 27.3 17.2 62.4
Shrub 9.8 2.4 18.4 11.0
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Figure 5. Burning and other treatments in piñon-juniper and 
other habitats can greatly enhance the nutritional quality 
of foods available to deer. Optimal management, however, 
requires blending forage and cover to meet all habitat require-
ments of mule deer. (Photo courtesy of A. Darrow.)

Figure 6. Note the lack of understory (food) in the unthinned 
juniper. Although stands such as this provide critical cover for 
deer, they should not be allowed to dominate the landscape. 
Ideally, they would provide no more than 25% cover of the 
range, well interspersed with more open patches. (Photo cour-
tesy of M. Weisenberger.)

Figure 7. Intensity of burning in any habitat type needs to 
be closely monitored and carefully controlled. See NMSU 
Extension Circular 657, Burning for Big Game (Bender, 
2011), for guidelines on burning intensity. (Photo courtesy 
of M. Weisenberger.)

Figure 8. Thinning juniper in desert mountains can free more 
light and other nutrients for more valuable mule deer forages 
such as mountain mahogany. Thinning as a savannah, as pic-
tured here, provides forage, thermal cover, and security cover 
in close proximity at any point on the range. (Photo courtesy 
of M. Weisenberger.)

Figure 9. Mechanical clearing can also increase forage pro-
duction, although mechanical treatments alone do not increase 
forage quality to the extent that burning will. Here, juniper 
has been pushed over and piled, opening the understory for 
grass and forb growth. (Photo courtesy of A. Darrow.)

Figure 10. Selective removal of juniper by hand (chainsaw) 
thinning while leaving most piñon. Treatments like this 
open the understory for greater forage production while 
maintaining security and thermal cover. (Photo courtesy of 
M. Weisenberger.)
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through early April) if establishment of shrubs is desired, or 
in late spring (April–early May) if establishment of grasses 
and forbs desired (Figures 11 and 12). Depending upon 
understory response, it may be desirable to seed the under-
story after mechanical disturbance or burning (see Wildlife 
Plantings and Special Seedings in the SPECIAL HABI-
TAT TYPES section). 
 
Habitat management guidelines
General description: Dominated by piñon-juniper wood-
land or characterized by scattered piñon-juniper mixed with 
oakbrush, mountain mahogany, or xeric shrublands, with 
grassland components interspersed. Soil productivity is typ-
ically fair to good with grass/forb/shrub potential, or poor 
to fair with forb/shrub/piñon-juniper potential. Primary 
management objectives include maintaining optimal cover 
attributes on approximately 1/4 of the treatment area and 
limiting juniper overstory (or reducing juniper canopy in 
stands while maintaining a piñon overstory) to increase the 
production of understory herbaceous forages and browse. 
Secondary objectives include encouraging the establish-
ment of shrub species if they are lacking or present with 
limited cover (<10%). 
 
Objective 1: Maintain >1/4 of each section in unman-
aged PJ, ideally with cover >60%. 
 
Objective 2: Reduce overstory canopy cover to about 
30% in 1/4 of PJ treatment area and to about 10–15% 
in 1/2 of treatment area.

Strategy 1: If piñon is present at >30% canopy cover, com-
pletely remove all juniper by cutting or other mechanical ma-
nipulations. Either scatter or pile the slash in cleared areas.

Strategy 2: If juniper is the only cover present, thin or 
clear juniper in about 100-ft-wide strips that contour the 
landscape between clearings. Maintain a distance of about 
300 ft between strips. Slash can be left or piled.

Strategy 3: Thin PJ to about 30% combined canopy cov-
er, with remaining trees left in mixed stands. Leave downed 
trees to facilitate growth of herbaceous and shrub vegeta-
tion if cattle grazing is present. 
 
Objective 3: Minimize density of remaining piñon trees.

Strategy 1: Reduce cover of remaining piñon to 10–30% 
by mechanically thinning stands. 
 
Objective 4: Increase production of herbaceous forages 
and encourage the establishment of shrub species.

Strategy 1: Broadcast burn the entire treatment area in 
early spring (March–April). 

Strategy 2: If necessary, seed desired shrub/forb/grass 
mixtures in cleared areas prior to the wet season (July–Au-
gust) or prior to snow cover (late fall or early winter). Fol-
low instructions listed under Wildlife Plantings and Spe-
cial Seedings in the SPECIAL HABITAT TYPES section 
for seedings. 
 
Objective 5: Maintain site integrity.

Strategy 1: Burn thinned sites on a 5- to 7-year rotation 
(10–15 years on poorer sites) in early spring (March–May) 
to kill re-establishing juniper and rejuvenate herbaceous 
and shrub canopies. 

Strategy 2: Once shrub communities become well es-
tablished, site maintenance should follow that described 
for dominant shrub communities if different than PJ 
maintenance recommendations. 

Figure 11. Forage responses after burning can be dramatic, 
even in the Chihuahuan desert. By increasing the quantity 
and quality of forage, productivity of deer populations can be 
greatly increased. (Photo courtesy of M. Weisenberger.)

Figure 12. Grass and forb production can increase dra-
matically following prescribed burning in open piñon-
juniper. Greenup of forage is also accelerated. (Photo 
courtesy of A. Darrow.)
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Ponderosa pine subgroup  
General description: Ponderosa pine woodland dominant 
or co-dominant with PJ. Soil productivity is fair with a 
grass/shrub/ponderosa pine or piñon-juniper potential. 
Primary management objectives will be aimed at reducing 
overstory canopy cover and increasing the production of 
high-quality forages.

Objective 1: Reduce overstory canopy cover. 
Strategy 1: Reduce canopy coverage to 25–33% by 

mechanically thinning forested stands and removing  
all juniper. 
 
Objective 2: Increase production of herbaceous forages 
and shrub species.

Strategy 1: Broadcast a low-intensity fire throughout the 
entire unit during spring (March–early May).

Strategy 2: If desired shrub/forb species are absent, the 
area can be seeded prior to the wet season or prior to snow-
fall (late fall–early winter). 
 
Objective 3: Maintain site integrity.

Strategy 1: Burn units in a 10- to 12-year rotation using 
a low-intensity prescribed burn during early spring. 
 
OAK-MOUNTAIN MAHOGANY SHRUBLANDS 
Mule deer potential = HIGH 
 
Mule deer use
Mule deer use OMM shrublands for both food and cover. 
Availability of browse is high in OMM habitats as compared 
to other habitat types in arid New Mexico, but much of this 
habitat type is in late succession, which limits availability of 
the most nutritious browse. Denser shrublands and overstory 
oak also provide horizontal and vertical cover for mule deer. 
Scattered juniper or piñon provide thermal cover for mule 
deer in OMM stands, but PJ cover should be controlled to 
maintain OMM dominance.  
 
Habitat structure
Structure of OMM should provide both security cover and 
forage. Security (and thermal) cover is best provided by 
late successional shrubs or oak trees, while forage is best 
provided by browse and herbaceous forage associated with 
early successional OMM. Similar to PJ, optimal use occurs 
if mule deer are no farther than 660 ft from cover.

Defining successional status of OMM shrublands is 
complicated by differing growth rates associated with as-
pect, slope, precipitation, soil, and other factors. In general, 
early succession can be considered less of an age issue 
and more of a structural issue. If shrubs are tall enough to 
shield bedded deer, then successional status of OMM is 
likely optimal for provision of browse, herbaceous foods, 
and some security cover. If height of shrubs or trees is tall 

enough to shield a standing deer, much of the browse po-
tential of OMM is past optimal, herbaceous forage will be 
increasingly shaded out, and browse nutritional quality has 
declined, but both horizontal and vertical cover will be ap-
proaching optimal. For areas with oaks capable of achiev-
ing a low tree canopy, production of acorns increases with 
successional status.

Because of the need to provide all mule deer habitat 
requisites in OMM, creation of structure should follow a 
similar “Rule of 4s” as PJ, with 1/4 of the treatment area 
maintained in late succession and the other 3/4 in earlier 
successional classes. For optimal use by mule deer, each of 
the quarters should be present in a quarter-quarter-section; 
this allows mule deer to never be more than 660 ft from 
cover (Figure 4).

Treatments to create and maintain early successional 
OMM should be tailored to site conditions; more mesic 
(higher moisture level) habitats require more frequent 
treatment schedules. This is particularly true in areas with 
higher cover of oakbrush. Oakbrush clones can become 
extremely dense with favorable growing conditions, shad-
ing out herbaceous forages and eventually precluding 
movements of mule deer. Such areas require more fre-
quent burning or mechanical treatments to keep oakbrush 
in early successional status while concurrently minimizing 
density of clones to allow herbaceous production and use 
by mule deer. Alternatively, to thin oakbrush sprouts and 
improve overall forage quantity and quality, clones can be 
seeded prior to the wet season (mid-July–August) with a 
grass/forb mixture. 

Early successional treatments should be burned every 
10–15 years to maintain a mosaic of varying ages and stem 
densities. To further increase diversity of structure and 
composition, establish a treatment rotation in which 1/3 
of early succession is re-treated every 12–15 years, with 
5-year lags between adjacent treatment blocks. This will 
also maintain a landscape mosaic where the landscape will 
be divided fairly evenly among late and 0 to 5, 5 to 10, and 
10 to 15-year-old age or structural classes. Establishment of 
treatment quarters on each quarter-section (160 acres) pro-
vides for full use of the landscape by mule deer.  
 
Habitat management guidelines
General description: Dominated by late seral oak and 
mountain mahogany stands interspersed with piñon-juniper 
and semi-desert grassland communities. Soil productivity 
is fair to good with grass/shrub/piñon-juniper potential. Pri-
mary management objectives include rehabilitating or rees-
tablishing shrub communities (Figure 13). Thinning of the 
forested portions of units to reduce overstory canopy cover 
is a secondary objective. Also included in these recommen-
dations are strategies for rejuvenating remnant mountain 
brush communities. 
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Objective 1: Maintain 1/4 of each 1 mi2 treatment area 
in untreated OMM. 
 
Objective 2: If present, thin piñon-juniper to 10–15% cover.

Strategy 1: Remove piñon-juniper from areas with 
greater than about 10% cover by cutting or other mechani-
cal treatments (do not chain or cable unless in areas where 
OMM will be disturbed to earlier successional classes). 
 
Objective 3: Rejuvenate OMM in remaining 3/4 of 
management area.

Strategy 1: Burn >25% of management units in early 
spring (March–April).

Strategy 2: Chain and burn denser, established oakbrush 
stands across >25% of the unit if present (usually moister sites).

Strategy 3: Crush oakbrush or mountain mahogany stands 
across >25% of the unit if present (usually moister sites).

Strategy 4: Treat remaining early successional area in the 
same manner to rejuvenate all treated OMM within 4–5 years.  
 
Objective 4: Increase the production of herbaceous forages.

Strategy 1: Seed with grass/forb mixture following burn-
ing or mechanical treatments in mid-July through August 
following onset of monsoon.

Strategy 2: For mechanically treated areas, seed area be-
fore second chaining or after initial soil disturbance; harrow 
or drag area to prepare seedbed if soil disturbance is low.

Objective 5: Maintain site integrity.
Strategy 1: Burn units on a 10- to 15-year rotation using a 

low-intensity prescribed burn in early spring (March–April).
Strategy 2: Stagger burning of early successional treat-

ments to 1/3 every 4–5 years to further increase diversity of 
structure and composition.  

ARROYOS 
Mule deer potential = HIGH 
 
Mule deer use
Mule deer use of arroyos can be 
high due to the presence of pre-
ferred habitat components that 
provide both food and cover, 
including greater cover of mes-
quite, littleleaf sumac, desert wil-
low, ephedra, four-wing saltbush, 
cliff fendlerbush, skunkbush, 
and other woody and herbaceous 
species. These habitat attributes 
provide higher-quality forage 
and cover opportunities for mule 
deer than are usually present in 
surrounding habitat types, most 
commonly creosote, other shrub-
lands, or AG. 
 

Habitat structure
Arroyos provide both vegetative and topographic vertical 
and horizontal cover, which is often the factor that most 
limits mule deer use of associated habitat types typified by 
low topographic relief, such as AG and creosote shrubland. 
Arroyos can also provide much greater cover of preferred 
browse species and often produce more herbaceous for-
age because of increased soil moisture, particularly when 
compared with creosote and other xeric shrublands. While 
it is important to maintain arroyos in all habitat types, they 
are especially critical in AG, creosote shrubland, and other 
xeric shrubland habitats. These typically provide little or 
no cover (all) or food (creosote shrubland and other xeric 
shrublands). Arroyos thus receive the majority of mule deer 
use in these habitat types and are important corridors to 
extend the use of habitat types that would otherwise be lim-
ited by lack of cover (e.g., AG). 

Maintaining high structural and species diversity in ar-
royos within a buffer of about 50–100 ft along each bank 
provides needed cover in open habitat types. Mule deer 
will preferentially use open habitats within approximately 
660 ft of cover. 
 
Habitat management guidelines
Management of arroyos is limited to individual plant 
treatments to remove undesirable species (e.g., creosote) 
and seeding to enhance development of browse and  
herbaceous forages. 
 
Objective 1: Maintain a 50- to 100-foot buffer along 
arroyos during other management treatments (conver-
sions, prescribed burns, etc.).

Strategy 1: Avoid broadcast herbicide or fire application 
within buffers during initial treatments for type conversions. 

Figure 13. Mechanical thinning of juniper can also increase shrub response, such as seen 
here with oakbrush, which greatly benefits mule deer because of greater drought hardiness 
than seen with forbs. (Photo courtesy of M. Rearden.)
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Objective 2: Individually treat plants to remove unde-
sirable species such as creosote.

Strategy 1: Individually treat (preferably mechanically 
remove) creosote shrubs within the arroyo and corridor.

Strategy 2: Individually treat (preferably mechanically 
remove) creosote within the arroyo. Feather creosote treat-
ments outward from arroyo through corridor with density 
increasing outward from the arroyo.  
 
Objective 3: Establish preferred browse and herbaceous 
forages if lacking.

Strategy 1: Seed grass/forb/shrub mixtures in and adja-
cent to arroyos prior to the wet season. 
 
ARID AND SEMIARID GRASSLANDS 
Mule deer potential = MODERATE 
 
Mule deer use
Mule deer use of AG is limited primarily by lack of 
cover. Although AG provides a high diversity and quan-
tity of mule deer foods, they are seldom used unless AG 
is in close proximity to other taller vegetation types or 
topographic cover; use can be extremely high in areas 
with high and diverse topographic relief. Mule deer sel-
dom forage more than 660 ft from cover; thus, use of the 
majority of AG is low because of a lack of screening or 
overstory woodland or shrubland cover. Livestock graz-
ing can increase mule deer use of AG by removing the 
grass overstory and decreasing foraging time for forbs 
and early phenology grasses; however, excessive grazing 
can result in high use of palatable shrubs, or in a carpet-
ing of unpalatable shrubs, decreasing the quality of AG 
for mule deer.  
 
Habitat structure
Primary treatment objectives in AG habitat types focus on re-
curring fire, establishing woody cover, and diversifying for-
age options through seeding of quality forages and/or estab-
lishment of forage plots throughout grassland and shrubland 
areas. Establishment of security structure in AG is the great-
est challenge in managing AG for mule deer in areas where 
cover-providing vegetation types are more than 660 ft from 
AG areas. Only AG within 660 ft of structures providing 
security and thermal cover should be considered “used” by 
mule deer. Cover can also be provided by topography (e.g., 
arroyos), and use of AG by mule deer can be extremely high 
where topographic relief is high and diverse. Establishment 
of cover is most effective where existing topography (e.g., 
arroyos [small or large], small hills, etc.) is used as patches 
or corridors to expand or establish vegetative cover. 

Shrub cover can be established by seeding a forb/shrub 
mixture, seeding other shrubs without a forb component 
(primarily four-wing saltbush, skunkbush, and littleleaf 
sumac), or transplanting oakbrush, skunkbush, or littleleaf 
sumac saplings/clones during early spring (Monsen et 

al., 2004). If placed in patches, shrub establishment areas 
should be at least 1 acre in size, with transplants scattered 
throughout the area. Ideally, a mosaic of patches and open-
ings should be created within the treatment area. Once 
shrubs are established, they should be maintained following 
treatment guidelines for OMM or xeric shrublands, with the 
exception that cover patches need not meet any minimum 
size requirement. At higher elevations characterized by 
piñon-juniper, clones of oakbrush can be transplanted to 
facilitate development of shrub cover in grasslands lacking 
such cover. Where it occurs, invading PJ should be main-
tained at 10–30% cover.

To develop diversity in herbaceous forages, units with 
moderate soil productivity should be burned every 5–7 
years in early spring, and every 10–15 years in late spring 
if soils with low productivity ratings dominate (Bender, 
2011). The response to fire can be enhanced by seeding 
a forb/shrub mixture (e.g., Ladak alfalfa and shrubs such 
as winterfat and those noted above; see Objective 3 under 
Habitat management guidelines in this section) immedi-
ately prior to the wet season. Areas with significant browse 
presence (>20% cover) should follow the longer (10–15 
years) burning cycle to maintain cover of woody browse.  
 
Habitat management guidelines
General description: Dominated by semiarid grassland 
habitat types on areas with fair to good soil productivity 
and grass, forb, and shrub potential. Primary management 
objectives include increasing the production of high-quality 
herbaceous species (grasses and forbs), while secondary 
objectives involve establishing woody cover. Alternative 
strategies include establishing wildlife forage plantings 
 
Objective 1: Maintain existing PJ cover at 10–30%.

Strategy 1: Mechanically thin PJ if cover is >30%. 
 
Objective 2: Maintain existing shrub cover of desirable species.

Strategy 1: Construct firebreaks around existing shrub 
communities to protect from AG burning cycle. 

Strategy 2: Construct firebreaks along arroyos to protect 
shrubs from AG burning cycle. Firebreaks should buffer 
each side of the arroyo by 50–100 ft.  
 
Objective 3: Increase forb component and enhance 
quality/palatability of existing grasses.

Strategy 1: Burn 10–25% of treatment units annually 
with cool fires in early spring (March–April).

Strategy 2: Seed forb/shrub mixtures near cover or topo-
graphic relief (drainages, etc.) prior to the wet season. 
 
Objective 4: Establish areas of cover where lacking.

Strategy 1: Seed forb/shrub mixtures in arroyos in late 
July–August during good monsoon years if woody vegeta-
tion is lacking. See ARROYOS section for management of 
 existing woody vegetation if present. 
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Strategy 2: Seed forb/shrub mixtures adjacent to topog-
raphy after burning in spring prior to summer rains. Ex-
cluding cattle for up to 3 years may be necessary to allow 
establishment of seeded shrubs.

Strategy 3: Seed shrubs or plant oakbrush, skunkbush, or 
littleleaf sumac in 1- to 3-acre patches on or adjacent to lo-
cal topographic features such as small hills or depressions. 
Plantings are best established during late July or August in 
association with monsoons. Cover of transplanted clones 
should be >10% of establishment area. Protect newly estab-
lished plantings from fire.

Strategy 4: PJ can be planted or encouraged on the mar-
gins of AG. Transplanted PJ should be in patches associated 
with local topography as described in Strategy 3.  
 
Objective 5: Maintain site integrity.

Strategy 1: Burn units every 5–10 years in early spring, 
except for areas with newly established shrub communities.

Strategy 2: Once shrub communities become well estab-
lished, site maintenance should follow that described for 
OMM or xeric shrublands. 
 
MESQUITE SHRUBLANDS 
Mule deer potential = MODERATE  
(non-sand dunes only) 
 
Mule deer use
The condition of female mule deer in autumn was positive-
ly related to the proportion of locations in mesquite shrub-
lands during the growing season in the Chihuahuan desert, 
highlighting the forage value of this habitat type. While 
browse species are rare, mesquite shrublands contained the 
most ground cover of forbs of all habitat types in the San 
Andres study area. Additionally, mesquite pods are high in 
crude protein and digestible energy, and provide mule deer 
with a forage resource that is usually readily available in 
late spring. Mesquite shrublands also provide both vertical 
and horizontal cover for mule deer through both mesquite 
trees and other associated species (e.g., littleleaf sumac). 
Consequently, mule deer does consistently selected for this 
habitat type throughout the year.  
 
Habitat structure
Mesquite shrublands typically form an open to dense sa-
vannah structure that provides both food and cover at lower 
densities and primarily cover at higher densities. Koenen 
and Krausman (2002) found that desert mule deer in Arizo-
na used mesquite shrublands when mesquite was less than 
60% of ground cover and avoided them when mesquite 
made up at least 60% of ground cover. It is not clear wheth-
er or not these findings were related to a cover “threshold” 
or were related to decreased forage abundance caused by 
mesquite’s competitive exclusion of herbaceous and woody 
browse plants. Because honey mesquite cover was approxi-

mately 45% in the San Andres Mountains of New Mexico, 
these habitats may be close to reaching a threshold where 
use by mule deer may decline in areas of low disturbance.

Similar to the “Rule of 4s” outlined for PJ, mesquite 
shrublands structure should include 1/4 of treatment ar-
eas in late succession (>40% cover), 1/4 in less than 30% 
cover, and 2/4 in at least 10% cover. To provide optimal 
blocks of cover, untreated areas and thins of approximately 
30% should be 10–20 acres in size. Maximum use of the 
landscape by mule deer will occur when all four treatments 
are present in the same quarter-section (160 acres). 
 
Habitat management guidelines
General description: Non-sand dune areas dominated 
(>30% cover) by mesquite, often interspersed with other 
shrubs (including littleleaf sumac, ephedra, and creosote-
bush) and generally with a relatively abundant grass and 
forb understory, especially on higher-quality sites or sites 
with less total mesquite cover. Mesquite shrublands on sand 
dunes are not considered mule deer habitat and should not 
be managed following these guidelines.  
 
Objective 1: Maintain 1/4 in >40% but <60%  
mesquite cover. 

Strategy 1: If mesquite cover is >60%, mechanically thin 
to 40–60% cover.

Strategy 2: If mesquite cover is >60%, individually treat 
plants with herbicide to decrease cover to 40–60%. 
 
Objective 2: Thin 1/4 of treatment area to about 30% 
mesquite cover. 

Strategy 1: Mechanically thin mesquite in savannah by 
cutting or crushing.

Strategy 2: Mechanically thin mesquite in strips by 
cutting, crushing, or chaining. Residual strips should be 
around 100 ft in width with cleared strips of 150–200 ft.

Strategy 3: Herbicidal treatment of mesquite to substan-
tially decrease cover is not recommended because of nega-
tive effects on other woody browse species. Individual trees 
can be sprayed to accomplish thinning objectives.

Strategy 4: Prescribe burn treatment areas in late winter 
or early spring (February–April) to decrease mesquite cov-
er. Care must be used with fire intensity to avoid removing 
all existing mesquite. 
 
Objective 3: Thin remaining 1/2 of management area to 
about 10% mesquite cover.

Strategy 1: See Objective 2 for thinning strategies. 
 
Objective 4: Maintain PJ canopy if present at 10–15% cover. 
 
Objective 5: Maintain open canopy mesquite.

Strategy 1: Prescribe burn in late spring on a 10- to 15-
year interval. 
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SANDSAGE SHRUBLANDS 
Mule deer potential = LOW  
(high soil quality sites only) 
 
Mule deer use
Sandsage is generally negatively associated with most 
measures of mule deer habitat quality, likely because this 
habitat is found primarily on sandy soils that support few 
herbaceous species with highly variable palatability to deer. 
Sandsage does provide security cover, and other shrubs 
occasionally present, such as littleleaf sumac, can provide 
mule deer with thermal cover. In the absence of fire, sand-
sage canopies on higher-quality sites can be quite dense, 
limiting both understory herbaceous development and mule 
deer movement. 
 
Habitat structure
Sandsage is generally a low management priority for mule 
deer. The exception to this is where it occurs on more fertile 
sites with a relatively abundant herbaceous understory. In 
these areas, limiting shrub densities with mechanical treat-
ment or fire can enhance production of herbaceous forages 
while maintaining security cover associated with sandsage. 
In these more fertile sites, sandsage is also of higher palat-
ability to mule deer, and thus significant resprouting after 
fire can increase browse availability to deer as well.

Prescribed burning in spring can reduce the height of 
sandsage by more than 50% and cover by more than 75%, 
while summer and autumn burns can reduce these attributes 
by more than 90%. Because the primary value of sandsage is 
likely related to cover, burning should be restricted to spring 
burns, or mechanical treatments (chaining or crushing) can be 
used to thin sandsage. Additionally, patches of littleleaf sumac 
and other tall shrubs or trees are heavily used by mule deer in 
sandsage shrublands, and care must be taken to preserve these 
patches and individuals during sandsage treatments. 

About 1/4 of each treatment area should be maintained 
in unmanaged sandsage to maintain security cover if treat-
ments should reduce cover in treated stands below mini-
mum requirements. The remaining 3/4 of treatment units 
can be treated with prescribed burning in spring to decrease 
cover of sandsage to less than 50%. If lacking, grass/forb/
shrub mixtures can be seeded immediately prior to or dur-
ing the monsoon (late July–August) on sites with higher 
soil quality. Once treated, sandsage areas can be burned on 
10- to 15-year or longer intervals to maintain early succes-
sional status of sandsage if cover exceeds 50%. 
 
Habitat management guidelines
General description: Dominated by sandsage interspersed 
with alkali and grama grasslands with poor to fair soil 
productivity and grass, forb, and shrub potential. Primary 
management objectives include limiting sandsage density 
to increase production of high-quality herbaceous species 
(grasses and forbs) on higher-quality sites while maintain-

ing an adequate shrub overstory for cover. Lower-quality 
sites lacking an herbaceous understory should not be man-
aged for mule deer.  
 
Objective 1: Maintain existing littleleaf sumac and mes-
quite trees.

Strategy 1: If burning, drag a fire break around clumps 
to be maintained for thermal and security cover. 
 
Objective 2: Maintain 1/4 of treatment area in  
unmanaged sandsage. 
 
Objective 3: Increase forb component and enhance 
quality/palatability of existing grasses.

Strategy 1: Burn treatment units in early spring to de-
crease cover of sandsage to <50%. Height of sandsage is 
less of a concern than limiting total cover. 

Strategy 2: Seed grass/forb/shrub mixtures near 
cover or topographic relief (drainages, etc.) prior to the 
wet season. 
 
Objective 3: Maintain security and thermal cover.

Strategy 1: Maintain shrub canopy cover of 20–33% 
with no limitations on shrub height.

Strategy 2: Preferentially maintain mesquite and little-
leaf sumac shrubs. 
 
Objective 4: Maintain site integrity.

Strategy 1: Burn units every 10–15 years in early spring 
(except for areas with newly established shrub communi-
ties) if sandsage cover exceeds 50%. 
 
CREOSOTE SHRUBLANDS AND OTHER  
XERIC SHRUBLANDS 
Mule deer potential = VERY LOW 
 (non-deer habitat) 
 
Mule deer use
Creosote shrublands receive little use and provide little 
food or cover value for mule deer unless other species or 
habitat types are present (Figure 14), such as scattered 
individuals or clumps of mesquite and littleleaf sumac, or 
arroyos. Other shrubland types receive some use depending 
upon the species composition, but are of much lower over-
all value than PJ, OMM, or non-sand dune mesquite shrub-
lands. If cover of browse species (e.g., four-wing saltbush) 
is high in xeric shrublands, other shrublands can be alterna-
tively managed following the guidelines for sandsage.

Arroyos in creosote shrublands and other shrubland 
habitat types can receive extensive use by mule deer. Such 
arroyos warrant protection and specific management ac-
tions that differ from management of creosote shrublands 
and other xeric shrublands. 

Creosote shrublands should be a low priority for man-
agement for mule deer. However, where conversions of 
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creosote shrublands to AG are occurring, maintaining some 
habitat structure and managing some associated habitat 
types (e.g., arroyos) can result in greater use of new grass-
lands by mule deer. 
 
Habitat structure
Conversion to AG is probably the best use of creosote 
shrublands for mule deer, particularly if existing mesquite, 
four-wing saltbush, and littleleaf sumac can be maintained 
(or established following conversion). Large-scale creosote 
conversions most commonly involve aerial spraying with 
tebuthiuron or other herbicides. Thus, an untreated buf-
fer of approximately 50–100 ft along arroyos in creosote 
shrublands should be established to preserve habitat com-
ponents associated with arroyos that are valuable to mule 
deer (increased presence of forage species and vertical and 
horizontal cover).

Primary treatment objectives in xeric shrublands 
(shrub-steppe) focus on rehabilitating existing stands 
of shrubs and maintaining habitat quality over time 
by prescribed burning. Where present, PJ should be 
limited to 30% cover, or maintained if present at less 
than 30% cover. After removing the excess PJ over-
story, rejuvenate shrub communities with prescribed 
burning in early spring. This should be done on a por-
tion (<20% annually) of the treatment area to maintain 
adequate security cover. Units should be burned every 
10–15 years to maintain a mosaic of varying ages and 
stem densities. 

 
Habitat management  
guidelines
General description: Creosote shrub-
lands and other xeric shrublands domi-
nated by creosotebush and tarbush 
with limited presence of preferred 
mule deer browse species. Both shru-
bland types provide minimal forage or 
cover attributes for mule deer, except 
for arroyos. These types have little 
potential for direct management for 
mule deer except for adjacent arroyos. 
Primary management objectives there-
fore include increasing the production 
of high-quality herbaceous species 
(grasses and forbs), while secondary 
objectives involve the establishment of 
woody cover.  
 
Objective 1: Maintain existing PJ, mes-
quite, or littleleaf sumac if present.

Strategy 1: Avoid herbicide applica-
tions to areas with these species during 
type change conversions. 
 

Objective 2: Type conversion to grassland.
Strategy 1: Seed grass/forb/shrub mixtures near cover or 

topographic relief (drainages, etc.) prior to the wet season if 
the entire area is treated with broadcast herbicides.

Strategy 2: Maintain existing mesquite and littleleaf su-
mac trees or clumps for vertical and horizontal cover when-
ever possible during conversions. 
 
Objective 3: Maintain existing vegetation within 50–100 ft of 
arroyos characterized by change in vegetation composition.

Strategy 1: See ARROYOS section for management 
guidelines. 
 
Objective 4: Maintain site integrity.

Strategy 1: See ARID AND SEMIARID GRASS-
LANDS section for management guidelines following 
type change. 
 
SPECIAL HABITAT TYPES 
Mule deer potential = HIGH 
 
Riparian
Primary treatment objectives in riparian corridors include 
increasing cover where absent and controlling invasion by 
juniper and saltcedar. All piñon-juniper and saltcedar should 
be removed and regeneration controlled from treatment 
sites unless other woody cover is lacking; in these instances, 
retain some piñon until shrubs are well-established. Ripar-
ian corridors lacking woody cover should be planted with 

Figure 14. Even low-quality habitat types like creosote shrublands can provide habi-
tat for mule deer if the creosote canopy is controlled. (Photo courtesy of C. Rodden.)
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desirable shrub and tree species, such 
as willows and cottonwood in wetter 
areas and littleleaf sumac or skunkbush 
in drier sites (Table 3). Land managers 
should consult their local Cooperative 
Extension Service specialist (https://
aces.nmsu.edu/county/) or New Mex-
ico State Forestry officer (http://www.
emnrd.state.nm.us/SFD/contact.html) 
for the best planting and control op-
tions for their specific geographic area. 
Riparian areas can also be initially 
burned and seeded with shrub/grass/
forb mixtures. Riparian areas should be 
managed on a case-by-case basis.  
 
Wildlife Plantings  
and Forage Seedings
Establishment of wildlife plantings or 
forage plots is a management treatment suitable primarily to 
PJ, OMM, riparian, and AG habitat types where precipitation 
exceeds approximately 10–12 inches annually. Since much 
of arid New Mexico receives less than 12 inches of precipita-
tion, seeded species should be perennial and tolerant of dry 
conditions. Because a diversity of forages is key to ensuring 
that quality foods are available throughout the year, seed mix-
tures should include more than one species and emphasize a 
high-quality forb and one or more cool-season grasses and/
or shrubs. Last, because plantings are often expensive and 
frequently fail, simplicity is key to any cost-effective seed 
mixture. For example, a simple mixture of Ladak alfalfa, a 
shrub such as winterfat, and a cool-season grass such as Indian 
ricegrass or western wheatgrass is a good basic seeding mix 
(Figure 15). All of these species are extensively employed in 
rangeland rehabilitation (Monsen et al., 2004), are of fair (win-
terfat) to excellent (alfalfa, Indian ricegrass) forage quality, and 
provide their highest forage quality during different seasons 
(alfalfa in spring–summer, winterfat in autumn–spring, and 
cool-season grasses in both spring and autumn). Other shrubs 
(e.g., mountain mahogany) or forbs (e.g., small burnett) can 
be added in moister sites if desired, especially in riparian sites 
(Table 3). Forage plantings should be made in close proximity 
to cover to maximize mule deer use (Figure 16). Also, while 
shrubs can germinate from seed, plant establishment is usually 
far better when planting seedlings or using other vegetative 
propagation. Seedlings of most species are available from 
New Mexico State Forestry, and excellent reference informa-
tion on seeding rates and times for most species can be found 
in Monsen et al. (2004). 

Most seedings in arid and semiarid New Mexico should 
emphasize Ladak or other appropriate dryland alfalfa because 
of their excellent nutritional value for mule deer. Plantings of 
dryland alfalfas need not be irrigated, but successful establish-
ment can be increased by early irrigation. Once established, no 
irrigation is needed, and dryland alfalfas show excellent long-

term persistence once established. If well-established, burn-
ing during early spring every 5–10 years may be sufficient to 
renew vigor of plantings (this regime is also compatible with 
many shrubs and cool-season grasses that may be included 
in seed mixes). If used specifically as forage plots, plantings 
should be 5–20 acres in size with 1–4 plantings per section 
(note that these recommendations also work well for under-
seeding in all treatments outlined previously). Seeding rates 
for alfalfa are 5–10 lb/acre, and aerial or broadcast seeding 
following chaining or harrowing works well for establishment 
in all vegetation types outside of specific food plots. A second 
drag for covering seeds has increased germination in some ar-
eas and decreased establishment in others. The key for dryland 
alfalfa is to not cover seeds with more than 1/16–1/8 inch of 
soil or germination will be extremely low. Ideally, disturbing 
soil by harrowing under good soil moisture conditions or im-
mediately prior to high-intensity rainfall soon followed by sur-
face broadcasting provides ideal conditions for germination.

If browse is rare, plantings should include browse es-
tablishment along with alfalfa. Also, because of their rarity, 
cool-season grasses should be considered to provide critical 
nutrition during the late gestation and early lactation peri-
ods (Bender, 2020).

Because most seedbed preparation results in highly 
variable planting depths, combining alfalfa with cool-
season grasses and shrubs often results in higher overall 
germination than single-species plantings because seeds 
have different preferred planting depths. Seeding in late 
autumn or early winter may also increase germination by 
providing additional scarification of seeds, especially for 
cool-season species. Once established, plantings require 
little annual maintenance. Early spring burning may be 
beneficial on approximately 5- to 10-year intervals to thin 
alfalfa and aggressive shrub plantings. As with riparian 
habitats, wildlife plantings are best established following 
individual site consultations. 

Table 3. List of Common Shrub Plantings That Provide Valuable Mule 
Deer Forage and Cover in Lower-Elevation, Dry Habitats of New Mexico

Species Uses Sites
Skunkbush sumac Excellent forage All
Littleleaf sumac Decent forage, excellent cover All
Wax currant Good forage Mesic
Golden currant Good forage (wildlife and human) Mesic
Hackberry Good forage All
Fernbush Good forage Mesic
Sandcherry Good forage (wildlife and human) All
New Mexico elderberry Good forage (wildlife and human) All
Desert willow Good cover Mesic
Winterfat Fair forage All
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