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Abstract 

Over the past 150 years, conifer species have been expanding into southwestern 

grasslands, displacing resident plant communities. The expansion of juniper (Juniperus 

spp.) and ponderosa pine (Pinus ponderosa) has led to reductions of grass and forb 

communities, has altered wildlife habitat, and has created potential problems for wildlife 

managers and ranchers, who often desire to remove or reduce juniper or ponderosa stands 

in an effort to improve wildlife or livestock habitat. The goal of this study was to 

determine the effects of juniper and ponderosa pine removal by selective logging and 

hydraulic mulching, on mule deer habitat in northeastern New Mexico. The primary 

objectives of this study were to: (1) examine differences in plant community richness, 

species occurrence, and cover between areas with and without removal of juniper and 

ponderosa; and (2) determine if removal of juniper and ponderosa improves biomass 

production, abundance and cover of key forage species available to mule deer 

(Odocoileus hemionus). Plant composition, biomass production, and plant density were 

assessed during June and July, at the height of the growing season, in 2011 and 2012. 

Analysis via Proc General Linear Models and Tukey Honestly Significant Difference 

were used to evaluate the treated and untreated plant communities and their differences in 

habitat characteristics preferred by mule deer. The results of this study will help provide 

information about how conifer removal and resulting changes in vegetation composition 

and production influence habitat characteristics preferred by mule deer. There was a 

slight increase in species richness, total biomass production and key forage abundance in 
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areas where trees were mechanically thinned. Treatments were unsuccessful at increasing 

herbaceous cover during times of drought. This information will be beneficial for 

ranchers and wildlife managers who seek to maintain suitable ungulate body conditions 

and healthy plant communities, by determining whether logging and hydro-axing are 

feasible and beneficial for managing habitat for mule deer. 
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Chapter I 

Introduction – Juniper and Ponderosa in the Southwest, and 

Their Effects on Mule Deer Habitat 

 Since the late 1800s, woody plants in western savanna and grassland ecosystems 

have become more dense and expanded into formerly herbaceous communities. Two of 

the most common woody plants associated with this expansion are juniper (Juniperus 

spp.) and ponderosa pine (Pinus ponderosa) (Pieper 1990; Belsky 1996; Moore et al. 

1999; Ansley et al. 2006; Weisberg et al. 2007; Coultrap 2008). This woody invasion has 

often taken place in areas of moderate to high elevation (1,460-2,550m) with low annual 

precipitation (33-51cm) (Short et al. 1977). Once the new woody vegetation is 

established, it often forms a new ‘stable state’ due to the near irreversibility of plant 

composition without anthropogenic manipulation (Laycock 1991). The scale of 

landscapes involved in the habitat conversion of juniper alone is over 10 million ha of 

grassland in New Mexico, Oklahoma and Texas (Short et al. 1977; Clements and Young 

1997; Jacobs and Gatewood 1999; Ansley et al. 2006; Weisberg et al. 2007).  

 Even in areas of habitat management, juniper and ponderosa pine expansion 

decreases habitat and forage quality, creating closed stands, unsuitable for large ungulates 

and livestock (Schott and Pieper 1985; Armentrout 1988; Belsky 1996; Clements 1997; 

Moore et al. 1999; Ansley et al. 2006). Such increases in juniper are likely due to changes 

in natural disturbance regimes within these communities across the southwest (Jacobs 

and Gatewood 1999; Ansley and Rasmussen 2005; Weisberg et al. 2007). Over time, fire 

suppression and livestock overgrazing have interacted to promote juniper and ponderosa 

1
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pine expansion (Touchan et al. 1996). Overgrazing has a myriad of  effects, including 

reducing the herbaceous fuel that supports fire and weakening the ability of grasses to 

compete against juniper seedlings (Jacobs and Gatewood 1999; Ansley and Rasmussen 

2005; Weisberg et al. 2007). 

 Herbaceous vegetation generally decreases in areas as juniper canopy increases, 

although juniper canopies can provide suitable conditions for some species. For instance, 

in areas of alligator juniper (Juniperus deppeana) encroachment, production of cool-

season grasses was higher directly under tree crowns than in open areas beyond tree 

influence (Clary and Morrison 1973). In another case, one-seeded juniper (Juniperus 

monosperma) produced more grass standing crop directly beneath the tree crown 

compared to production in tree interspaces that were within the area of juniper roots 

(Arnold 1964). 

 The densification of ponderosa pine also alters some plant communities. The 

increase in ponderosa decreases the amount of sunlight and precipitation that reaches the 

soil surface by enclosing the overstory canopy and creates mats of litter on top of the soil. 

This canopy enclosure and litter mat reduces soil moisture, nutrient availability and water 

flow, decreasing native herbaceous growth, forest health and overall diversity, while 

encouraging the growth of exotic forbs (Wright 1988; Covington et al. 1997; Allen et al. 

2002; Moore et al. 2004; Metlen and Fiedler 2006). 

 

Expansion of Juniper in the Southwest 

 Due to the aggressive nature of juniper, with its shallow root system, dense 

foliage and allelopathic effects, expansion often impacts the herbaceous understory, 
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reducing growth, mining soil nutrients from interstitial spaces, increasing soil erosion and 

decreasing access of herbaceous plants to precipitation and light (Ansley et al. 2006). The 

litter and canopy cover of juniper can have a negative effect on graminoid communities; 

with the removal of juniper canopy and a reduction in juniper litter, Jameson (1966) 

documented an increase in blue grama (Boutelous gracilis) in central Arizona. Juniper 

canopy reduces the amount of sunlight and precipitation that reaches the soil surface, but 

these negative effects can be balanced out by the beneficial effects of reduced 

evapotranspiration and heat stress (Jameson 1966). However, competition with the root 

system of juniper can also reduce the basal area of blue grama. Jameson (1970) 

documented a 23% increase in blue grama basal area following juniper root removal. 

This result was attributed to the decrease in competition for nutrients and water following 

root removal (Jameson 1970). In a study in Oregon and California, there was a significant 

relationship between juniper cover and the density of understory woody plants, with a 

decrease in understory density as juniper cover increased (Miller et al. 2000). Miller et al. 

(2000) also documented a decrease in perennial grass cover as juniper cover increased. 

 Mechanical mastication, also known as hydraulic mulching, has become a 

prominent means for mechanical thinning within the past 20 years (Vitorelo et al. 2009; 

Cline et al. 2010). There are two types of mulching heads that are commonly used, both 

of which can be either boom-mounted on excavators and backhoes, or integrated onto 

skid steers, front-end loaders, etc. The first type of mulching equipment is a rotary head 

masticator, which is capable of treating standing stems with larger diameters (e.g., 15.24 

cm), though also producing larger mulch fragments, at low energy consumption. The 

second is a horizontal drum masticator, which is able to cut closer to the soil surface and 
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produces smaller mulching fragments but has lower kinetic blade energy compared to 

rotary heads. Using either attachment, mastication can reduce erosion, soil compaction 

and crown fuel loads but treatments tend to be costly and must be conducted every 5 to 

10 years to be effective (Vitorelo et al. 2009). 

 Most successful juniper removal studies only address a short time frame (10 years 

or less) and often involve chaining or mastication in combination with prescribed fire 

which is used to increase cover and production of herbaceous vegetation in encroached 

pinyon-juniper communities (Jacobs and Gatewood 1999; Ansley and Rasmussen 2005; 

Bates and Svejcar 2009). O'Rourke and Odgen (1969) noted that herbage production 

increased in only two of their four sample sites when using mechanical and manual 

removal without burning. In many cases where mastication is compared to a combination 

of mastication and fire, vegetation recovery is attributed to fire and it is concluded that 

proper restoration requires fire after mechanical removal (Wright 1988; Kauffman 2004). 

Bates and Svejcar (2009) noted that burn treatments resulted in 1.5-2 times greater grass 

and forb herbaceous cover, perennial grass cover and perennial grass densities than cut 

treatments that were not burned, and that burning resulted in more rapid changes and 

larger increases in understory growth than unburned treatments. In Colorado, Utah, 

Arizona and New Mexico a combination of prescribed burning and windrowing was the 

most effective method for restoring pinyon-juniper woodlands to their historic grassland 

state (Jacobs and Gatewood 1999; Ansley and Rasmussen 2005). The effectiveness of 

this method is due the dramatic increase in forage production following burning and 

windrowing, which reduces the ability of juniper to re-establish by disturbing the 

remaining juniper root systems (Aro 1971). However, even with fire, not all restoration 
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studies have produced positive results. Furthermore, even a process of mechanical 

treatment such as chaining coupled with fire will often produce immediate increases in 

herbaceous production but over longer term observations (7 or more years), production 

decreases and restoration is still incomplete with periodic prescribed burns (Ansley and 

Rasmussen 2005).  

 The mulch produced from juniper mastication can reduce soil erosion but it can 

also alter plant composition and can slow the recovery of native perennials and promote 

the dominance of undesirable annual grasses, having the same effect as heavy pine needle 

deposition (Brockway et al. 2002; Bates and Svejcar 2009). Cline et al. (2010) found that 

in the case of Utah Juniper (Juniperus ostesperma), mastication had a beneficial effect on 

erosion and water infiltration and suggested that coarser mulching fragments resulted in 

higher infiltration than finer fragments. However, excessive accumulations of mulch can 

inhibit the growth of desirable plants species through allelopathy. For example, Molinar 

et al. (2001) found that litter and mulch from pinyon-juniper could disrupt the 

germination and growth of understory grasses by leaching allelopathic chemicals from 

the mulch into the soil. In Arizona, juniper slash did not improve seed emergence, and 

contrary to Molinar et al. (2001), Lavin et al. (1981) did not note any toxic effects of the 

juniper mulch on plant growth. The juniper mulch retained moisture better than bare 

ground controls, but areas of slash mulch often became weedy, with native, non-seeded 

plant species. Early seedling growth was thin and spindly but those plants remained green 

and continued growing for weeks after plants in synthetic mulch peaked (Lavin et al. 

1981). 
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Densification of Ponderosa Pine Stands in the Southwest 

 Within the past century there has been a similar ecological shift within millions of 

hectares of ponderosa pine forests in the Southwest (Arizona, New Mexico, Utah and 

Colorado) as ponderosa pine has increased in stand density. Ponderosa pine historically 

(ca. 1880) had less dense and more open-structured vegetation communities, based on 

presettlement and density reconstruction accounts (Abella 2004; Moore et al. 2004). The 

densification is attributed to long term overgrazing, fire suppression, improper logging 

techniques, road construction, exotic species introduction and an increase in shade-

tolerant species (Covington et al. 1997; Allen et al. 2002; Baker et al. 2006; Metlen and 

Fiedler 2006). Although fire suppression has been the factor most commonly cited as 

contributing to ponderosa densification and the related reduction understory diversity and 

production (Moore et al. 1999; Abella 2004; Schoennagel et al. 2004; Baker et al. 2006). 

Historically, frequent but low-intensity fires (often multiple fires per decade) burned in 

ponderosa forests, preventing densification and maintaining diverse vegetation 

communities (Abella 2004). These fires affected forests by removing saplings and raising 

the crown level within the forest. For example, if a ground level fire raises the tree 

canopy from 6 meters to 8 meters, any saplings that are below the height of 8 meters are 

unlikely to survive the burn, while larger, older trees can withstand the low level ground 

fire. These ground fires naturally prune the tree canopy, reducing the canopy density and 

removing the excess needle litter and dry material covering the soil, both of which 

increase the amount the sunlight and precipitation that reaches the soil surface (Cooper 

1960). Within the past few decades there has been an increasing awareness of pine 

densification in both the scientific community and general public, largely due to an 
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increase in crown fires that have threatened homes and families in the southwest 

(Covington et al. 1997).  

  Homogenization and densification of ponderosa pine forests started during the 

settlement of the southwest in the late 1800s. Larger trees were harvested for timber and 

portions of the forest were cleared for livestock grazing. As agriculture thrived in the 

region natural fire regimes were eliminated, allowing smaller trees to survive and 

changing the species composition with an increase in white fir (Abies concolor), Douglas 

fir (Pseudotsuga menziesii) and Junipers (Juniperus spp.) (Allen et al. 2002; Moore et al. 

2004: Metlen and Fiedler 2006). These compositional changes have led to an increase in 

large-scale crown fires, which decimate both forest canopy and native understory due to 

the increased fire intensity, facilitating the invasion of exotic forbs and decreasing the 

overall health of the forest (Moore et al. 2004; Metlen and Fiedler 2006). The 

densification results in a closing of the overstory canopy and the creation of dense pine 

needle mats at the soil surface, leading to decreases in soil moisture, nutrient availability 

and water flow. These changes decrease herbaceous recruitment by making germination 

difficult. Such changes also alter nutrient cycling dynamics and overall community 

diversity (Wright 1988; Covington et al. 1997; Allen et al. 2002; Metlen and Fiedler 

2006). 

 There has been a recent increase in efforts by federal, state and local government 

agencies to thin ponderosa pine forests by a combination of tree harvesting and 

prescribed burning to reintroduce fire resilience and reduce the risk of destructive fire 

events (Allen et al. 2002; Metlen and Fiedler 2006). The most common treatments for 

ponderosa removal are manual/mechanical thinning, forest fuel manipulation, prescribed 
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burning or a combination of two or more treatments (Covington et al. 1997). Prescribed 

burning alone is often capable of producing reductions in surface fuel loads, stimulating 

nitrogen availability and increasing herbaceous productivity, though the results are often 

localized, unpredictable and difficult to manage, with little reduction in stand density 

(Covington et al. 1997; Allen et al. 2002; Metlen and Fiedler 2006). Therefore, thinning 

is often recommended. Mechanical thinning may reduce average canopy density but may 

not necessarily reduce the maximum canopy bulk density (Pollet and Omi 2002; Agee 

and Skinner 2005). Furthermore, thinning may have little effect on surface fuel loads, and 

may even increase them, depending on the method of limb and detritus removal. 

Mechanical removal is the most appropriate method for forests that are too densely 

packed to allow burning, areas where skilled and knowledgeable prescribed burning 

crews are not available, or where there is a market for small to medium diameter trees. 

On the other hand, mechanical fuel treatments can be limited by accessibility, are labor 

intensive, and are not always commercially attractive due to the small diameter trees that 

should be removed (Pollet and Omi 2002).   

 Covington et al. (1997) noted that, similar to juniper treatments, using a 

combination of thinning and prescribed burning resulted in higher soil moisture 

availability, increased soil nitrogen and more favorable response by grasses, forbs and 

shrubs, increasing net diversity and production, than using each treatment separately. 

Similarly, the combination of thinning and prescribed fire resulted in at least modest 

changes in understory composition, while thinning and prescribed fire alone did not yield 

significant changes in community composition (Wienk et al. 2004; Melten and Fiedler 

2006; Harrod et al. 2008). 
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Importance of Juniper and Ponderosa Habitat for Mule Deer 

 Vegetation plays an integral role in the survival and reproduction of mule deer 

(Odocoileus hemionus) (Bender 2006; Bender 2007). The abundance, quantity and 

diversity of key forage is essential to habitat utilization and herd health (Bowyer et al. 

2001; Gibbs et al. 2004; Lawrence et al. 2004; Bender 2007), and areas dominated by 

dense juniper or ponderosa pine contain lower abundance of forage species preferred by 

mule deer (Short et al. 1977; Jacobs and Gatewood 1999; Ansley and Rasmussen 2005; 

Bender 2006; Bender et al. 2007). Mule deer also require access to high quality forage to 

maintain suitable body condition, which is important for both survival and recruitment. 

When females fail to attain high body condition, they tend to produce fewer young for 

several reasons, including delayed sexual maturity, failure to ovulate or conceive, 

reduced litter size and bearing weaker fawns that have lower survival rates (Bender 2006; 

Bender et al. 2007). Heavy grazing in pinyon-juniper communities results in a reduction 

of grasses and succulents, and in an increase in forbs and shrubs compared to ungrazed 

communities (Harris et al. 2003). Thinning of juniper and ponderosa stands might 

positively affect habitat utilization for mule deer, since deer would consume more forage 

in areas that have been thinned because of greater understory production.  In unthinned 

stands, less consumption would occur because more time and energy would be spent 

searching, due to a lower standing crop (Gibbs et al. 2004). In central Nevada, forage 

production increased eight-fold from 80 pounds per acre to 650 pounds per acre 

following the removal of pinyon-juniper woodlands increasing mule deer utilization by 

allowing them to spend less energy searching for forage (Jensen 1972). 
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 Vegetation cover is also an important factor that influences habitat use by mule 

deer. Cover has the ability to affect grouping, vigilance, and flight responses, and 

provides thermal and precipitation cover (Mysterud and Ostbye 1999; Pierce et al. 2004). 

It is quite common for areas of juniper and ponderosa pine to meet the security and 

thermal cover requirements of mule deer but lack large quantities of preferred forage. For 

example,  in north-central New Mexico mule deer include areas of pinyon-juniper in their 

home ranges to a greater extent than is available, which is attributed to ample security 

cover, though forage availability is limited (Bender 2006). Serrouya and D'Eon (2008) 

documented that mule deer utilized forests with canopies of 66%-85% cover at a 

proportionally higher rate than the amount available during the winter months in times of 

heavy snow. Areas of forest with a crown canopy between 26% and 65% were also 

frequently utilized, but not as frequently as areas of 66%-85%.  

 

Study Site 

 The study area was located at the NRA Whittington Center (approximately 36o 

47’ N, 104o 30’ W), which is near the city of Raton, Colfax County, New Mexico. The 

Center covers over 12,950 hectares along the historic Sante Fe Trail region in north-

central New Mexico. Despite the fact that the center is completely fenced by three-stand 

barbed wire, numerous large mammals move through the center including elk (Cervus 

canadensis), pronghorn (Antilocapra americana), mule deer, black bear (Ursus 

americanus) and mountain lion (Puma concolor). Domestic livestock have been excluded 

from the site since 1973, but the area was previously grazed (Hild and Wester 1998). 
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 The vegetation within the Center varies from xeric grasslands at lower elevations 

(2036 meters) to semi-mesic forests dominated by Rocky Mountain juniper (Juniperus 

scopulorum), one-seeded juniper (Juniperus monosperma), pinyon pine, ponderosa pine 

and Douglas fir (Pseudotsuga menziesii) at higher elevations (approximately 2400 

meters). The lower grasslands are mostly composed of C4 grasses, including blue grama 

(Boutelous gracilis), sideoats grama (Bouteloua curtipendula), little bluestem 

(Schizachyrium scoparium), and sand dropseed (Sporobolus cryptandrus). The C3 grass 

Canada wild rye (Elymus canadensis) and the subshrub fringed sagebrush (Artemisia 

frigida) are also common. Throughout the center, large dense stands of Gambel oak 

(Quercus gambelii) can also be found. The vegetation at the center is similar to plant 

communities elsewhere in north-central New Mexico (Armentrout and Pieper 1988). 

 The climatic conditions of the center depend on aspect and elevation, and the 

average temperature varies throughout the year with high and low averages of 28.0o C 

and 12.9o C in July to 7.1o C and -7.3o C in January, correspondingly. The study site 

receives seasonal precipitation, with the majority occurring between the months of May 

and August (62%). The historic annual precipitation ranges from 43-47cm (Hild and 

Wester 1998; Bender 2007). The center is part of the Canadian River Watershed, and the 

river runs through the eastern boundary (Bender 2007). 

Climatic data was collected for the duration of the study at 2 locations in and near 

the Center. A portable Onset HOBO® U30-NRC Data Logger weather station that was 

set-up along a ridge within the Whittington Center boundaries, and the National Climatic 

Data Center, collects data from the Raton Municipal Airport, Raton, New Mexico 

(approximately 4.5 km southwest of the study area; Weather Source ID20937). 
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 In 2008 the Whittington Center began a series of vegetation treatments aimed at 

an 80% reduction of the cover, extent, and density of the extensive pinyon/juniper and 

ponderosa pine vegetation types at specific areas within the Center. In 2008, the 

treatment consisted of the removal of juniper and Gambel’s oak brush throughout 33 ha. 

A hydraulic rotary mulching head attached to an excavator was used to cut and mulch the 

woody vegetation to its base. This treatment continued in March 2009 and included 97 ha 

of juniper and Gambel’s oak brush using the same criteria, creating a total of 130 

contiguous ha of treated vegetation at this location. The final mulching occurred in April 

2010, in which 29 ha of juniper was removed along the coal canyon road, again using a 

hydraulic mulching head.  

 Areas of Douglas fir, white fir (Abies concolor) and ponderosa pine are also 

currently being removed via selective logging at higher elevations beginning in 2010. 

Logging sites are selected by ease of access for machinery and harvestable densities; 

trees smaller than 50.8 cm in diameter are cut at the stump and limbs are removed. Cut 

limbs are then gathered and left at the site for burning at the discretion of the Center. 

There were a total of six areas that composed of two areas of juniper and one area of 

ponderosa, identified as: Main Treated (Juniper), Main Untreated (Juniper), Coal Treated 

(Juniper), Coal Untreated (Juniper), Logged Treated (Ponderosa), and Logged Untreated 

(Ponderosa). 

 The increase in juniper and ponderosa pine in the region has led to a decrease in 

herbaceous cover and production (Bender 2006), and these treatments have been 

conducted in hopes of reversing the negative effects of juniper and ponderosa and to also 

provide preferable habitat conditions for mule deer. This thesis reports the effects of these 

Texas Tech University, David W. Kramer, December 2012 

12



treatments on both vegetation composition and cover, and on forage species preferred by 

mule deer in an effort to understand how mule deer may respond to these treatments. 
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Figure 1.1 Map of the NRA Whittington Center with Vegetation Treatments and  
  Sampling points. 
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Chapter II 

Effects of Hydraulic Mastication and Selective Logging on 

Vegetation Understory in Pinyon/Juniper and Ponderosa 

Stands in Northeastern New Mexico, USA 

Introduction 

 Juniper woodlands, ponderosa pine forests and southwestern savanna grasslands 

have experienced a shift in ecological structure and composition within the past century 

(Belsky 1996; Jacobs and Gatewood 1999; Allen et al. 2002; Stoddard et al. 2008), most 

often in areas of relatively high elevation (1,460-2,550m) and low annual precipitation 

(33-51cm) (Short et al. 1977). The probable causes of these changes are not always well 

understood, but likely include anthropogenic factors such as overgrazing and fire 

suppression, which interact with climatic factors such as drought (Touchan et al. 1996; 

Clements and Young 1997; Jacobs and Gatewood 1999; Ansley et al. 2006). The spread 

of juniper and the densification of ponderosa pine often negatively influence herbaceous 

and understory vegetation communities, exposing more bare ground, increasing soil 

erosion, depleting the soil-stored seed bank and disrupting the hydrological structure of 

the site (Allen et al. 2002; Stoddard et al. 2008). These undesirable conditions become 

problematic when addressing ungulate herd health and utilization, since vegetation plays 

a key role in the survival and reproduction of mule deer (Odocoileus hemionus). Habitat 

utilization and herd health are often direct results of preferred forage abundance, quantity 

and diversity, as well as vegetation cover (Short et al. 1977; Jacobs and Gatewood 1999; 
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Mysterud and Ostbye 1999; Pierce et al. 2004; Ansley and Rasmussen 2005; Bender 

2006; Bender et al. 2007). 

 The encroachment of juniper into western savanna and grassland ecosystems was 

documented beginning in the late 1800s. The change in vegetation composition in the 

region resulted in over 10 million hectares of diverse grasslands in New Mexico, 

Oklahoma and Texas becoming degraded monotypic communities (O'Rourke and Odgen 

1969; Pieper 1990; Moore et al. 1999; Ansley et al. 2006; Coultrap 2008). These 

ecological shifts often occur in areas of relatively high elevation (1,460-2,550m) that 

receive low annual precipitation (33-51cm) (Short et al. 1977). The encroachment is often 

attributed to anthropogenic factors, with overgrazing and fire suppression being the most 

significant, with drought often amplifying the effects (Touchan et al. 1996; Clements and 

Young 1997; Jacobs and Gatewood 1999; Ansley et al. 2006). The change in composition 

has resulted in areas with lower habitat and forage quality, increased top soil erosion, 

reduced herbaceous production and increased occurrence of invasive plants (Schott and 

Pieper 1985; Armentrout 1988; Belsky 1996; Clements 1997; Moore et al. 1999; Ansley 

et al. 2006). 

 Mulching, tree mastication and mechanical thinning have been used in the past 

few decades as restoration techniques aimed at returning the degraded areas of juniper 

and ponderosa encroachment to their original grassland-savanna ecotypes (O'Rourke and 

Odgen 1969; Covington et al. 1997; Jacobs and Gatewood 1999; Ansley and Rasmussen 

2005; Bates and Svejcar 2009). These methods are often most successful when used in 

tandem with prescribed burning and seeding, but the effects are often monitored for only 

a limited number of years (e.g., ≤10 years) following removal (Wright 1988; Jacobs and 
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Gatewood 1999; Kaufman 2004; Ansley and Rasmussen 2005; Bates and Svejcar 2009). 

Furthermore, it appears that although the expanded and moredense juniper and ponderosa 

stands often represent new ecological stable states that are very resistant to change, since 

reestablishment is common in areas where restoration techniques are not conducted every 

few years (Gottfriend and Severson 1994; Ansley and Rasmussen 2005).  

 Conducting mechanical removal of juniper without the aid of prescribed burning 

often does not result in an increase in herbaceous production (O'Rourke and Ogden 1969; 

Bates and Svejcar 2009). For example, O'Rourke and Odgen (1969) had an increase in 

herbaceous production in only two of their four sample sites in central Arizona. Wright 

(1988), Kaufman (2004) and Bates and Svejcar (2009) all experienced a recovery of the 

herbaceous community when prescribed burning was conducted after mastication or 

chaining. The combination of mechanical removal and prescribed burning can yield twice 

as much herbaceous cover, perennial grass cover and perennial grass densities than 

mechanical removal alone (Bates and Svejcar 2009). However, the woody fragments 

produced from mastication, which would be removed during prescribed burning, decrease 

erosion and aid in water infiltration (Cline et al. 2010). 

 Mechanical removal and prescribed burning are generally short-term solutions 

and must be conducted every 5 to 10 years to be effective (Ansley and Rasmussen 2005; 

Vitorelo 2009). Removal treatments often yield immediate increases in herbaceous 

production and cover, but over the long term (7 years or more) production and cover 

begin to decrease as juniper begins to re-establish (Ansley and Rasmussen 2005; Coultrap 

et al. 2008). Furthermore, continued inputs of mulch from tree mastication can reduce 

soil erosion but can also alter plant composition, slow the recovery of native perennials 
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and promote the dominance of undesirable annual grasses, having the same effect as 

heavy needle deposition (Brockway et al. 2002; Bates and Svejcar 2009). 

 Although overall herbaceous vegetation generally decreases in areas with 

increasing juniper cover, juniper canopies can provide suitable conditions for some 

species. In areas of alligator juniper (Juniperus deppeana) encroachment, production of 

cool-season grasses was higher directly under tree crowns than in open areas beyond tree 

influence (Clary and Morrison 1973). Likewise, Arnold (1964) noted that areas directly 

beneath the crown of one-seeded juniper (Juniperus monosperma) produced more 

vegetation standing crop compared to tree interspaces within the area of juniper roots, but 

did not produce as much biomass than areas beyond tree influence, indicating that while 

individual junipers may ameliorate the environment to be favorable to some herbaceous 

vegetation, a closed canopy forest is likely to have little herbaceous vegetation (Arnold 

1964; Clary and Morrison 1973).  

 Ponderosa pine has had a similar history of expansion in the Southwest. Since the 

early 1900s there has been a documented shift in Arizona, New Mexico, Utah and 

Colorado with millions of hectares of ponderosa pine forest becoming more dense. This 

densification has been attributed to fire suppression, overgrazing and improper logging, 

with fire suppression being the most prominent (Covington et al. 1997; Allen et al. 2002; 

Baker et al. 2006; Metlen and Fiedler 2006). The increased density results from the lack 

of removal of smaller trees, such as white fir (Abies concolor), Douglas fir (Pseudotsuga 

menziesii) and Junipers (Juniperus spp.), that would normally be removed during 

wildfires (Allen et al. 2002; Metlen and Fiedler 2006). The dense stands lead to decreased 

understory vegetation production, lower species diversity and an increase in the 
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likelihood of crown wildfires, which can also threaten developed areas (Covington et al. 

1997; Moore et al. 1999; Schoennagel et al. 2004; Baker et al. 2006). The decrease in 

production and loss of diversity is also driven by the dense mat of pine needles shed by 

the pines, the closure of the overstory canopy and the resulting decrease in moisture and 

nutrient availability (Wright 1988; Covington et al. 1997; Allen et al. 2002; Metlen and 

Fiedler 2006.) 

 Mechanical thinning and prescribed fire are the most frequently used means to 

reduce ponderosa densification. Mechanical thinning is the most common, due to the 

economic benefit from timber harvest and the unpredictability of prescribed fire, resulting 

in limited stand reduction (Covington et al. 1997; Allen et al. 2002; Wienk et al. 2004; 

Metlen and Fiedler 2006). Combinations of thinning and prescribed burning have yielded 

positive vegetation responses, higher soil moisture, increased production of  herbaceous 

vegetation, increased soil nitrogen, and higher species diversity (Wienk et al. 2004; 

Melten and Fiedler 2006; Harrod et al. 2008). Prescribed fire alone, however, is not as 

effective as a combination of thinning and prescribed burning or thinning alone. The key 

benefit from prescribed burning is the reduction of surface fuel loads, which decreases 

the likelihood of large crown wildfires (Covington et al. 1997; Allen et al. 2002; Metlen 

and Fiedler 2006). 

 For both juniper and ponderosa treatments, climatic conditions can also affect 

vegetation response during and after restoration. Events such as drought can have 

profound effects on ecosystems, by altering plant responses (Allen and Breshears 1998).  

Ansley and Rasmussen (2005) attributed slowed vegetation recovery in areas of juniper 

removal in northwestern Texas to a higher than normal frequency of drought (3 years 
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during their 10 year study). Breshears et al. (2005) determined that during 4 years of 

drought in the southwest (2000-2003) there was a higher than average occurrence of 

juniper mortality and the vegetation understory underwent a >50% reduction of basal 

cover from 1999 to 2003. 

 As climatic conditions have become more variable, and extreme climatic events 

become more frequent, there is a need for more studies that address the effects of climatic 

conditions on restoration techniques (Harris et al. 2006). My objectives were to determine 

the effects of juniper mastication and mechanical ponderosa thinning on understory 

vegetation in juniper and ponderosa pine ecosystems during drought. I surveyed plant 

community composition to assess whether juniper and ponderosa removal would 

positively alter the community by increasing herbaceous cover and species richness. I 

also analyzed species cover to see if tree removal had an effect on individual species 

cover. 

 
Methods and Materials 

Study Site 

 The study area is located at the NRA Whittington Center (36o 47’ N, 104o 30’ W), 

which is near the city of Raton, Colfax County, New Mexico. The Center is a 12,950 

hectare outdoor recreational facility that supports numerous large mammals, including 

elk (Cervus canadensis), pronghorn (Antilocapra americana), mule deer, black bear 

(Ursus americanus) and mountain lion (Puma concolor). The Center boundary is marked 

by a three-strand barbed wire fence, and domestic livestock have been excluded from the 

site since 1973, though the site was historically grazed (Hild and Wester 1998). 
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 The climatic conditions of the center are typical of the Southwest with 

temperatures varying throughout the year. High and low temperature average 28.0o C and 

12.9o C in July to 7.1o C and -7.3o C in January, respectively. Precipitation at the site is 

seasonal with the bulk occurring during the summer months of May, June, July and 

August (62%). The historic annual precipitation ranges from 43-47cm (Hild and Wester 

1998; Bender 2007). In 2011, the Center received less than one-third of the average 

annual precipitation (13.8 cm), and 2012 has exhibited the same trend so far with only 5.3 

centimeters through June. In 2011, the majority of the rainfall occured in August, late 

enough in the growing season to prevent vegetation from reaching average peak 

production (D. Kramer, personal observation).  

 The vegetation at the center is similar to plant communities elsewhere in north-

central New Mexico (Armentrout and Pieper 1988). Xeric grasslands dominate the lower 

elevations (2,036 meters) at the Center and are mostly composed of C4 grasses, including 

blue grama (Bouteloua gracilis), sideoats grama (Bouteloua curtipendula), little bluestem 

(Schizachyrium scoparium), and sand dropseed (Sporobolus cryptandrus). The subshrubs 

fringed sagebrush (Artemisia frigida) and winterfat (Krascheninnikovia lanata) are also 

common. As elevation increases the grasslands merge with semi-mesic forests dominated 

by Rocky Mountain juniper (Juniperus scopulorum), one-seeded juniper (Juniperus 

monosperma), pinyon pine (Pinus edulis) and Gambel's oak (Quercus gambelii) with 

dense stands of ponderosa pine and Douglas fir (Pseudotsuga menziesii) at the highest 

elevations (approximately 2,400 meters). Climatic data was collected for the duration of 

the study from a portable Onset HOBO® U30-NRC Data Logger weather station set-up 

along a ridge within the Whittington Center boundaries and from NOAA weather station 
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at the Raton Municipal Airport, Raton, New Mexico (approximately 4.5 km southwest of 

study site, NOAA ID20937). 

 Vegetation treatments at the Whittington Center began in December 2008 with a 

goal of removing 80% of the juniper and ponderosa density and canopy in specific areas. 

Hydraulic mulching of the juniper and Gambel's oak was conducted from December 

2008 until April of 2010 using a rotary mulching head attached to an excavator. The 

hydraulic mulching created 130 contiguous hectares of treated vegetation on the southern 

slope of Red River Peak and an additional 29 hectares along coal canyon road. Selective 

logging began in 2010, and continues to be conducted at higher elevations at sites 

selected by machinery accessibility and harvestable densities of ponderosa pine. Trees 

smaller than 50.8 cm in diameter are cut at the stump and limbs are removed. Timbering 

litter, limbs and stumps have been consolidated into multiple slash piles that will be 

burned at the discretion of the Center.  

 This study addresses the effects of these treatments on vegetation composition 

and cover, with the aim of understanding how the vegetation understory responds to these 

treatments during drought. Such information will benefit landscape managers by allowing 

them to more confidently predict the outcomes of thinning treatments in this region. 

 

Methods 

 Vegetation data were collected within deer exclosures constructed in treated and 

untreated areas, and outside the exclosures in the same areas. Within the boundaries of 

the Whittington Center I identified three treated areas (2 areas treated by hydraulically 

thinning juniper, and 1 treatment of selectively logged ponderosa forest). Each treated 
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area was paired with an adjacent untreated control to reduce variability due to aspect and 

topography. In total, there were six areas; Main Treated (Juniper), Main Untreated 

(Juniper), Coal Treated (Juniper), Coal Untreated (Juniper), Logged Treated (Ponderosa), 

and Logged Untreated (Ponderosa). 

 Within each treated and untreated area I constructed five deer exclosures. The 

northeast corner of each exclosure was randomly selected by mapping the treatment and 

control areas using Trimble GEOXH GPS Receivers and using ArcGIS geoprocessing 

'create data point' function. The exclosures were 5 meters in width and 5 meters in length, 

creating a total area of 25m². The exclosures were constructed with 3-meter long T-posts 

in each of the four corners, which supported 1.2 meter tall field fence with 15cm spacing 

between wires and three strands of barbed wire spaced every 30cm. The barbed wire 

reached a maximum height of 2.46 meters (8 feet) (Figure 2.1). In addition, a 30 

centimeter layer of chicken wire with 2cm hexagonal spacing was placed around the base 

of each exclosure in an attempt to further exclude lagomorphs. A 1 meter buffer was 

observed within the perimeter of each exclosure to account for possible edge effects. An 

additional five ‘dummy’ exclosures were placed in each area. These dummy exclosures 

were marked with pin flags and not fenced, but were used to record the same 

measurements as the true enclosures, thus allowing the difference between grazed and 

non-grazed plant communities to be quantified. 

 Within each fenced and ‘dummy’ exclosure, species richness and cover was 

recorded in each growing season in late June to early July. Species richness was 

determined by identifying all species encountered in each exclosure, providing a total 

number of species present. Percent cover by species was assessed by adapting the point-
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intercept method from Herrick et al. (2009), and recording a total of 10 random points of 

the understory composition at both the soil surface and at the herbaceous canopy level in 

each exclosure or dummy exclosure. 

 Five 100 meter transects were also established in each of the areas (treated and 

untreated). Species richness along the transects was recorded by identifying all species 

within a 1x100m belt . Individual plants with at least half of the base inside the belt were 

recorded (Herrick et al. 2009). Percent cover of understory species was also recorded by 

the line point-intercept method every 5 meters (Herrick et al. 2009). The nearest neighbor 

point-center quarter method was conducted every 10 meters along the transect to 

determine tree densities (Chapman 1976; Cooper 1961; Etchberger and Krausman 1997; 

Bender 2006). The overall tree density of each area was calculated by dividing the square 

root of the mean distance from the transect by two (Chapman 1976). Diameter at breast 

height (DBH) was measured in centimeters to determine basal area. Mean basal area and 

density of woody species within each designated area was calculated and compared to 

determine reduction in total woody biomass via hydro-axing or selective logging. A 

spherical densiometer was used every 10 meters along the transects to calculate canopy 

cover (Chapman 1976). Density was calculated by taken the number of dots within the 

densiometer that were covered by canopy and multiplying the total by 1.04, giving and 

total percentage of canopy. 

 Climatic data were collected using an Onset HOBO® U30-NRC Data Logger set 

to record precipitation, wind speed, gust speed, wind direction, air temperature, relative 

humidity, soil water content, soil temperature and dew point once every hour. The data 

were then summarized using HOBOware Pro® software and precipitation monthly 
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averages were compared against 30-year historic averages courtesy of the National 

Oceanic and Atmospheric Administration (NOAA). 

 

Data Analysis 

 All data were analyzed by using Proc GLM with a Type III Sum of Squares in 

JMP (JMP 2011) to compare effects of treatments on plant species response. Normality 

of the data was assessed by conducting a Levene's test in SPSS (SPSS 2011). Exclosure 

and 'Dummy' exclosure data were analyzed separately from transect data. The 

independent variables tested were Treatment (Treated vs. Untreated), Area (Main vs. 

Coal vs. Logged) and Exclosure Type (Exclosure vs. Dummy) via a Fixed Effect Anova 

with Exclosure and Transect number as a random effect to account for random site 

selection.  The dependent variables were species richness, soil cover, canopy cover, 

density of woody species, forest canopy cover, and tree diameter at breast height (DBH). 

Plant species that occured in at least 20% of the samples were analyzed individually to 

determine species occurrences (Tilman 1984). Upon statistical significance, mean 

separations were conducted with Tukey's HSD for 3 or more groups or Student's t-test 

when there were two comparable groups to determine treatment differences. 

 
Results 

 I observed 71 species throughout the Center, with blue grama (Boutelous gracilis) 

being the most prominent (Table 2.1). Of the 69 species, Coal area had the most present 

with the highest species diversity (19.6 species), and treated areas had higher diversity 

(average of 1.4 species) than untreated areas. The Main area had the highest percentage 
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of bare ground, while litter was the most prevalent in the Logged Area. Coal canyon had 

the highest cover (up to 14%) of grass compared to the other areas, likely due less bare 

ground and litter coverage. 

 

Tree Diameter at Breast Height (DBH) 

 Area*Treatment (F2,24, P = 0.0023) had a significant effect on DBH, with 

Coal/Treated (  =24.1cm, SE = 1.3), Main/Treated (  = 21.1cm, SE = 2.3), and 

Logged/Treated (  = 16.67cm, SE = 1.4) being significantly greater than Coal/Untreated 

(  = 5.3cm, SE = 1.8), and no other significant differences between treated and untreated 

sites and the other locations (Figure 2.2).  

 

Tree Density (Trees per Ha) 

 Tree density was also significantly affected by the interaction of Area*Treatment 

(F2,24, P = 0.0173), with Main/Untreated (  = 860.4, SE = 182.6) being over twice as 

high as the Main/Treated area (  = 302.7, SE = 70.4) (Figure 2.3). Tree density did not 

differ in the other two areas and their respective treatments. At these locations, the 

reduction in densities failed to meet the 80% reduction criteria set by site managers. 

 

Tree Percent Tree Canopy Cover 

 Analysis of tree canopy cover also had a significant effect of Area*Treatment 

(F2,24, P = 0.0009), with Logged/Untreated (  = 78.0%, SE = 9.3) being significantly 

higher than Logged/Treated (  = 47.3), but the other two sites not differing in treatment 

means (Figure 2.4). 
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Soil Surface Cover Percentage 

Bare Ground 

 In 2011 bare ground was influenced by the interaction of Area*Treatment in both 

the exclosure (F2,54, P = 0.0072) and the transect (F2,24, P = 0.0334) data. Within 

exclosures and dummy-exclosures, bare ground was higher in Main/Untreated (  = 

60.2%, SE = 7.1) than the other Untreated areas, and also than the Logged/Treated (  = 

17.0%, SE = 6.8) area. The treatments within each area were not different (Figure 2.5). 

 On the transects, Coal/Untreated (  = 56.2%, SE = 3.8) had higher bare ground 

cover than Coal/Treated (  = 27.6%, SE = 5.3) but in the other areas, the treatments did 

not differ between treated and untreated areas (Figure 2.6). In 2012 bare ground was 

influenced only by Area in the exclosure (F2,27, P = <0.0001) data and was not significant 

in the transect data. Within the exclosure data, Main area (  = 47.0%, SE = 6.0) had the 

highest percentage of bare ground followed by the Coal and logged areas, respectively 

(Figure 2.7). 

 

Litter 

 In 2011 litter was influenced by the interaction of Area*Treatment in both 

exclosure (F2,27, P = <.0001) and transect (F2,24, P = 0.0012) data. In the exclosure data, 

treatment effects were significant only in the Main area, where Main/Treated (  = 

59.1%, SE = 10.7) had higher litter cover than Main/Untreated (  = 27.8%, SE = 7.7) 

(Figure 2.8). Treatment effects were not significant in other locations. 
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 Along transects treatment effects were significant only in the Coal area, with 

Coal/Treated (  = 56.2%, SE = 3.8) having higher litter cover than Coal/Untreated (  = 

17.1%, SE = 4.2) (Figure 2.9). Litter cover did not significantly differ in the other areas. 

 In 2012 litter was influenced by Area in both exclosure (F2,27, P = <.0001) and 

transect (F2,27, P = 0.0028) data. Within the exclosure data, the Logged area (  = 83.5%, 

SE = 4.1) had the highest percentage of bare ground (Figure 2.10). Likewise, within 

transect data the Logged area (  = 78.5%, SE = 5.7) also had the highest percentage of 

litter (Figure 2.11). 

 

Forb 

 In 2011 and 2012 there were no significant treatment or area effects on forbs in 

either exclosures or along transects. 

 
Grass 

 In 2011 cover of grass was influenced by Area (F2,57, P = 0.0050)  and Exclosure 

Type (F1,58, P = 0.0068) in the exclosure data and by Area*Treatment (F2,24, P = 0.0472) 

in transect data. In the exclosure data, the Coal area (  = 21.1%, SE = 4.0) had 

significantly more grass cover than the Main (  = 9.5%, SE = 1.9) and Logged areas (  

= 9.4%, SE = 2.1) (Figure 2.12), and exclosures had significantly more (  = 18%, SE = 

2.9) grass cover than the dummy exclosures (  = 8.7%, SE = 1.6) (Figure 2.13).  

 Along Transects, Main/Treated (  =17.1%, SE = 3.6) and Coal/Untreated (  = 

21.9%, SE = 1.2) had the greater grass cover than either logged treatment, although grass 

cover did not differ between treatments within each area (Figure 2.14). 
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 In 2012 cover of grass was influenced by the interaction of Area*Treatment 

within the exclosure (F2,24, P = 0.0196) data and by Area within the transect (F2,57, P = 

0.0083) data. Within the exclosure data Coal/Untreated (  = 25%, SE = 4.0) had the 

higher grass cover than the other areas, but grass cover did not differ between treatments 

within each area (Figure 2.15). 

 Along transects, the Coal area (  = 10.5%, SE = 3.0) had significantly more grass 

cover than the Logged area (  = 1.0%, SE = 0.7) (Figure 2.16). 

 

Woody 

 In 2011 woody cover was influenced by Area in the transect (F2,27, P = 0.0002) 

data, but there were no significant effects in the exclosure data. Along transects, Coal (  

= 3.3%, SE = 1.0) had significantly higher woody cover than the Logged (  = 0.0%, SE 

= 0.0) and Main (  = 0.0%, SE = 0.0) areas, which had none (Figure 2.17). 

 In 2012 there were no significant effects of woody cover at soil level within 

transect and exclosure data. 

 

Plant Canopy Percent Cover 

Bare Ground 

 Bare ground at canopy level was when there was a lack of any herbaceous canopy 

above a bare soil surface. In 2011 bare ground was influenced by the interaction of 

Area*Exclosure in exclosure (F2,54, P = 0.0013) data, however there was no treatment 

effect. In transect data was influenced by both Area (F2,27, P = <.0001) and Treatment 

(F2,28, P = 0.0018). Within the exclosure data, the post-hoc analysis showed that 
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Logged/Dummy (  = 77.0%, SE = 5.6) had significantly higher bare ground than any 

other area, and that most other sites were similar (Figure 2.18). 

 Along transects, Main (  = 57.5%, SE = 4.0) and Coal (  = 32.0%, SE = 6.1) 

areas had smaller proportions of bare ground than Logged (  = 90.0%, SE = 2.4) (Figure 

2.19). More importantly, Treated areas (  = 67.0%, SE = 5.7) had more bare ground than 

Untreated (M = 52.7%, SE = 8.1) (Figure 2.20). 

 In 2012 bare ground was influenced by Area in both the exclosure and the transect 

data. The effect of Area was significant for bare ground in exclosures (F2,54 P = <.0001) 

(Figure 2.21) and transects (F2,27, P = 0.0184) (Figure 2.22) such that the Main area had 

significantly higher bare ground cover than the other two areas in both data sets.  

 

Forb 

 In 2011 forb cover was influenced by Area (F2,27, P = 0.0026) in the transect data, 

but there were no significant effects for forbs in the exclosure data. Along transects, Coal 

(  = 7.5%, SE = 2.3) had significantly higher forb cover than Main (  = 1.5%, SE = 

0.8) and Logged (  = 0.0%, SE = 0.0) (Figure 2.23). In 2012 there were no significant 

effects in forb cover at canopy level in both exclosure and transect data. 

 

Grass 

 In 2011 grass cover was influenced by Area (F2,57, P = <.0001) in the exclosure 

data and both Area (F2,27, P = <.0001) and Treatment (F1,28, P = 0.0005) in transect data. 

Within exclosure data, the Logged (  = 22.0%, SE = 3.4) area had significantly lower 
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grass cover than Coal (  = 51.5%, SE = 4.6) and Main (  = 48.0%, SE = 4.4) (Figure 

2.24). 

 In the transect data, all areas, Coal (  = 58.5%, SE = 4.8), Main (  = 42.0%, SE 

= 4.4) and Logged (  = 6.0%, SE = 1.2), were different from each other (Figure 2.25), 

and Untreated (  = 42.3%, SE = 7.3) areas had higher grass cover than Treated areas (  

= 28.7%, SE = 5.3) areas (Figure 2.26). 

 In 2012 grass was influenced by the interaction of Area*Treatment (F2,54 P = 

0.0020) in the exclosure data and by Area (F2,27, P = 0.0001) in the transect data. In the 

exclosure data, Coal/Untreated had a higher percentage of grass cover than all areas but 

Coal/Treated and there was no difference between treatments within each area (Figure 

2.27). Within the transect data, Coal area had significantly higher grass cover than the 

other areas (Figure 2.28). 

 

Woody Cover 

 In 2011 woody cover was influenced by the interaction of 

Area*Treatment*Exclosure in the exclosure (F2,48, P = 0.0242) data but there was no 

significant effect in the transect data.  Logged/Treated/Exclosure (  = 38.0%, SE = 8.0) 

had higher cover of woody species than Logged/Treated/Dummy (  = 6.0%, SE = 6.0), 

Logged/Untreated/Dummy (  = 4.0%, SE = 2.4), and Main/Treated/Exclosure (  = 

6.0%, SE = 4.0) (Figure 2.29). 

 In 2012 there were no significant effects of treatment, area or exclosure type on 

woody cover at canopy level in both exclosure and transect data. 
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Individual Species Cover 

 Plant species that occurred in over 20% of the transect data or exclosure data were 

analyzed independently due to their understory dominance. In 2011 these species  were 

blue grama (Bouteloua gracilis), fringed sagebrush (Artemisia frigida), Gambel's oak 

(Quercus gambelii), kochia (Bassia prostrata) and winterfat (Krascheninnikovia lanata). 

In 2012 blue grama (Bouteloua gracilis), and Gambel's oak (Quercus gambelii) were the 

only species present in ≥20% of the samples. 

 

Blue Grama 

 In 2011 blue grama was influenced by Area (F2,57, P = <.0001) and Exclosure 

type (F1, 58, P = 0.0408) in the exclosure data and by Area (F2,27, P = <.0001) in the 

transect data. The analysis for Area showed that the Coal (  = 33.8%, SE = 4.9) and 

Main (  = 33.2%, SE = 4.2) areas had higher cover of blue grama than the Logged area 

(  = 0.0%, SE = 0.0) (Figure 2.30). In addition, exclosures had greater cover of blue 

grama (  = 27.3%, SE = 4.3) than the Dummy Exclosures (  = 17.3%, SE = 3.8) 

(Figure 2.31). Along the transects, the Coal (  = 38.0%, SE = 4.4) and Main (  = 

31.5%, SE = 4.6) areas significantly differed from the Logged (  = 0.0%, SE = 0.0) area 

(Figure 2.32). 

 In 2012 blue grama was influenced by Area*Treatment (F2,54 P = 0.0352) in the 

exclosure data and by Area (F2,27, P = <.0001) in the transect data. In the exclosure data, 

Coal/Untreated (  = 70.0%, SE = 4.7) had a higher cover of blue grama than 

Coal/Treated (  = 37.0%, SE = 8.4), but blue grama cover did not differ between 

treatments in the other two areas (Fig 2.33). Within transect data, the Main (  = 45%, SE 
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= 9.9) and Coal (  = 69%, SE = 12.4) areas had significantly more blue grama cover 

than the Logged (  = 0.0%, SE = 0.0) area (Figure 2.34). 

 

Fringed Sagebrush 

 In 2011 fringed sagebrush was influenced by the interaction of Area*Treatment 

(F2,54, P = <.0001) in the exclosure data and Area (F2,27, P = 0.0050) in the transect data. 

In the exclosure data, Coal/Untreated (  = 12.1%, SE = 2.5) had higher cover than any 

other treatment/area combination, and treatment effects were not significant at the other 

areas (Figure 2.35). In the transect data, Coal (  = 5.0%, SE = 1.8) area was different 

from Logged (0.0%, SE = 0.0) or Main (  = 0.0%, SE = 0.0) (Figure 2.36). 

 In 2012 there were no significant effects of treatment, area or exclosure type on 

fringed sagebrush in both exclosure and transect data. 

 

Gambel's Oak 

 In 2011 gambel's oak was influenced by the interaction of 

Area*Treatment*Exclosure (F2,48, P = 0.0050) in the exclosure data and by Area (F2,27, P 

= 0.0068) in the transect data. In the exclosure data, Logged/Treated/Exclosure (  = 

32.0%, SE = 14.3) had significantly higher cover than all other groups except for 

Main/Treated/Dummy (  = 26.0%, SE = 10.8) (Figure 2.37). Along transects, Coal (  = 

0.0%) differed from Logged (  = 7.5%, SE = 2.0) or Main (  = 6.0%, SE = 1.8) (Figure 

2.38). 

 In 2012 there was a significant effect of Area (F2,57, P = 0.0076) on oak cover in 

exclosure data but there were no significant effects within the transect data. In the 
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exclosure data, there was a significantly higher cover of oak in the Logged (  = 17%, SE 

= 4.2) area than the remaining two areas (Figure 2.39). 

 

Kochia 

 In 2011 kochia was not present in at least 20% of exclosures, so it was not 

included in the exclosure analysis. It was, however, influenced by Area in the transect 

data (F2,27, P = 0.0025). The Coal area (  = 6.0%, SE = 1.8) had greater cover than 

Logged (  = 0.0%, SE = 0.0) or Main (  = 1.0%, SE = 0.7) (Figure 2.40). 

 In 2012 there were no significant effects of kochia in both exclosure and transect 

data. 

 

Winterfat 

 In 2011 winterfat was influenced by the interaction of Area*Treatment (F2,24, P = 

0.0011)  in the transect data. Winterfat was not present in at least 20% of exclosures so it 

was not included in the exclosure analysis. Along transects, Coal/Untreated (  = 16.0%, 

SE = 1.9) was significantly higher than the other five groups, and treatments were not 

different in the other two areas (Figure 2.41).  

 In 2012 there were no significant effects of treatment, area or exclosure type on 

winterfat in both exclosure and transect data. 

 

Species Richness 

 In 2011 species richness was influenced by Area (F2,57, P = <.0001) in the 

exclosure data and by the interaction of Area*Treatment (F2,24, P = 0.0006) in the transect 
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data. In exclosures, Main (  = 5.00, SE = 0.51), Coal (  = 6.35, SE = 0.39) and Logged 

(  = 2.85, SE = 0.20), were significantly different from one another (Figure 2.42). Along 

transects, Coal/Treated (  = 22.20, SE = 1.07) was significantly higher than all other 

areas, and there was no difference between treatments in the other two areas (Figure 

2.43). 

 In 2012 species richness was influenced by Treatment (F1,58, P = 0.0068) and 

Exclosure type (F1,58, P = 0.0180) within the exclosure data and by Area (F2,27, P = 

<.0001) within the transect data. Within exclosure data, treated areas (  = 8.03, SE = 

0.41) had higher richness (Fig 2.44), and ungulate exclosures (  = 7.97, SE = 0.39) had 

higher richness (Figure 2.45). 

 Within transect data, the Main area (  = 11.6, SE = 0.65) had significantly lower 

richness than the other two areas (Figure 2.46). 

 

Precipitation 

 Both 2011 and 2012 had precipitation lower than that of the 30 year historic 

annual (414 mm). 2011 received a total yearly rainfall of 138 mm, with the months of 

January through June receiving 55 mm in 2012 (Figure 2.47). 

 
Discussion 

 In spite of the extensive efforts by the Whittington Center to remove and thin both 

juniper and ponderosa stands, I observed very little response from species and plant 

growth forms that would indicate any alteration of tree density and canopy cover or 

improved vegetation composition or cover in these areas. There was no consistent 
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difference in grass, forb or woody cover or species richness between treated and 

untreated areas, suggesting that mechanical thinning alone was not successful at 

increasing herbaceous cover during drought.  

 The mechanical thinning of ponderosa and juniper resulted in a significant 

difference of tree density in the Main area and overstory canopy in the Logged area, but 

overall the treatments did not lead to consistent results in all the areas. The Coal area 

lacked a significant reduction in both canopy and tree density, though it had a significant 

difference in mean tree diameter. The site managers had planned an 80% removal of 

ponderosa and juniper but this goal was not achieved at all sites. The three areas had 

juniper and ponderosa reductions between 55%-68%. 

 Overall, bare ground was the only factor that consistently differed between treated 

and untreated areas, leading to the conclusion that juniper and ponderosa stand thinning 

has not been successful, at least over the short-term, via mechanical removal. A more 

important conclusion is that there was increased cover of grass and woody vegetation in 

ungulate exclosures than in 'dummy' exclosures, suggesting that herbivory is a significant 

factor in vegetation recovery of the site. Finally, due to the fact that the only difference in 

species richness occurred in the 2012 exclosure data (roughly 1.4 more species), it is 

evident that mechanical removal alone is not a successful means for altering vegetation 

composition in this situation 

 Bare ground cover was higher in areas treated with mechanical thinning or 

mastication. In other studies, this has been attributed to a combination of bare patches 

where juniper and ponderosa pine canopy prevented growth and to the lack of 

precipitation following thinning (Covington et al. 1997; Allen et al. 2002; Ansley et al. 
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2006; Stoddard et al. 2008). Stoddard et al. (2008) emphasized the role that climatic 

conditions, such as precipitation, play in whether thinning in semi-arid zones succeeds or 

fails. The monthly precipitation at the study site in 2011 and 2012 (Figure 2.47) was 

much lower than the 30-year historic average. Drought is known to limit herbaceous 

production and decrease herbage cover (Allen and Breshears 1998; Ansley and 

Rasmussen 2005). Ansley and Rasmussen(2005) stated that precipitation is the limiting 

factor in herbaceous response; as precipitation decreases, the time required for 

community recovery increases. Herbaceous recovery takes a number of years even if 

there is adequate precipitation and at this site it is apparent that recovery will take 

additional seasons to recover. Furthermore, the low precipitation may not only increase 

the recovery time of herbaceous plants but also encourage the expansion of juniper at the 

Center by reducing competition (Allen and Breshear 1998). 

 Though bare ground cover was higher in treated areas, herbaceous cover did not 

differ between these areas. The disruptive nature of the mulching and thinning machinery 

and the lack of precipitation following the disruption both likely limited herbaceous 

recovery. In addition, vegetation communities often require a year or two to increase 

cover after mechanical treatment (Jacobs and Gatewood 1999; Ansley et al. 2006; 

Coultrap et al. 2008), even when annual precipitation is at or above historic averages. 

 In 2011 grass cover was twice as in high, and woody cover was also higher in 

ungulate exclosures compared to cover in 'dummy' exclosures, where ungulates were not 

excluded. In 2012 species richness was slightly higher in ungulate exclosures. This 

suggests that ungulate herbivory plays a significant role in the maintenance and recovery 

of these herbaceous communities. In this case, it is also likely that the drought may have 
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amplified the effects of herbivory by limiting the opportunity for the plant community to 

produce enough material to meet the ungulate off-take. This is important because high 

intensity ungulate herbivory can be detrimental to recovery of herbaceous communities if 

ungulates are not excluded (Cid et al. 1991, Thaxton et al. 2010). The amplified pressure 

created evident browse lines in several species of woody plants, including Gambel's oak 

and at higher elevation, mountain mahogany (Cercocarpus montanus) (D Kramer, 

personal observation). 

  Species richness was no different between treatments and their respective 

controls. This again suggests that mechanical thinning and mastication did not change 

community composition during the drought. It is possible that additional plant species 

remain dormant in the seed bank and that the lack of precipitation did not allow them to 

germinate. Alternatively, it is also possible that decades of erosion associated with 

juniper encroachment and ponderosa pine densification has washed away a large 

percentage of the once-available seed bank (Pierson et al. 2007). Brockway et al. (2002) 

suggested that species richness can increase in areas that are treated by mastication, 

though this study’s results agree more with Coultrap et al. (2008), who found that juniper 

removal was unable to increase species richness and alter community composition in 

northeastern California (Coultrap et al. 2008). 

 The introduction of prescribed burning to the site would likely positively 

influence these results. Prescribed burning of ponderosa and juniper following 

mechanical thinning can increase herbaceous cover (by as much as double), perennial 

grass densities, and herbaceous production (Wright 1988; Covington et al. 1997; Allen et 

al. 2002; Kaufman 2004; Metlen and Fiedler 2006; Bates and Svejcar 2009). Periodic 
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prescribed burning would not only limit growth of new juniper and ponderosa saplings, it 

would also remove the large quantities of old, dead plant matter that is limiting the 

potential for new herbaceous growth, as well a increase the quality of the forage.  

  
Management Implications 

 Juniper mastication can increase vegetation cover and production of desirable 

herbaceous species after multiple growing seasons (Jacobs and Gatewood 1999; 

Brockway et al. 2002; Stoddard et al. 2008; Bates and Svejcar 2009). However these 

results contradict those prior studies. Climatic conditions resulting in lower than average 

rainfall (figure 2.47) during this study likely influenced results, so treatments such as 

these, aimed at reducing juniper and ponderosa stands, should be conducted during years 

of normal rainfall whenever possible.  In addition, many juniper and ponderosa pine 

treatment recommendations involve prescribed fire after mechanical removal. This 

practice was not followed at this study site, and likely would have helped increase the 

plant response in spite of drought (Wright 1988; Kaufman 2004; Bates and Svejcar 

2009). Whenever possible, such mechanical treatments should be followed by prescribed 

fire for maximum effectiveness. The site plan was to remove 80% of the ponderosa and 

juniper woodlands, but the actual treatment only removed 55%-68% of the trees. After 

mechanical removal, the overstory canopy was only reduced in one of the three study 

sites suggesting that either the amount of reduction or technique used was not effective at 

reducing tree canopy. However, given the ongoing regional drought, a more thorough 

reduction may not have yielded a more positive herbaceous result. If the overall goal of 

the Whittington Center is to increase the herbaceous community while reducing 
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ponderosa densification and juniper encroachment, more mechanical removal is 

necessary, but would probably be more successful when conducted during years of more 

normal precipitation and when followed by prescribed fire. 
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Tables and Figures 

Table 2.1 Species observed at the NRA Whittington Center, Raton, New Mexico, 
2011-2012.  
 Form Family Species Common Name 

Graminoid Cyperaceae Carex spp. sedge spp. 

 

Juncaceae Juncus tenuis path rush 

 
Poaceae Agropyron cristatum crested wheatgrass 

 
 Aristida divaricata poverty threeawn 

 
 A. purpurea purple threeawn 

 

 Blepharoneuron 
tricholepis pine dropseed 

 
 Bouteloua curtipendula sideoats grama 

 
 B. dactyloides buffalograss 

 
 B. eriopoda black grama 

 
 B. gracilis blue grama 

 
 Bromus japonicus field brome 

 
 Elymus canadensis Canada wildrye 

 
 E. elymoides squirreltail 

 
 Muhlenbergia richardsonis mat muhly 

 
 Panicum capillare witchgrass 

 
 P. obtusum vine mesquite 

 
 Pleuraphis rigida big galleta 

 
 Poa fendleriana muttongrass 

 
 Schizachyrium scoparium little bluestem 

 
 Sporobolus airoides alkali sacaton 

 
 S. cryptandrus sand dropseed 

 
 S. giganteus giant dropseed 

Woody Amaranthaceae Salsola tragus Russian thistle 

 
Asteraceae Artemisia frigida prairie sagewort 

 
 A. ludoviciana fringed sagebrush 

 
Chenopodiaceae Krascheninnikovia lanata winterfat 

 
Cupressaceae Juniperus monosperma oneseed juniper 

 

 
J. scopulorum 

Rocky Mountain 
juniper 

 
Fabaceae Robinia neomexicana New Mexico locust 

 
Fagaceae Quercus gambelii Gambel oak 

 
Pinaceae Abies concolor white fir 

 
 Pinus edulis pinyon pine 

 
 P. ponderosa ponderosa pine 

    Pseudotsuga menziesii Douglas-fir 
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Table 2.1 Continued 

Form Family Species Common Name 

Woody Rosaceae Cercocarpus montanus mountain mahogany 

 

Tamaricaceae Tamarix ramosissima saltcedar 

Forb 
Asteraceae Machaeranthera 

pinnatifida lacy tansyaster 

 

 
Carduus nutans 

nodding plumeless 
thistle 

 

 
Stephanomeria pauciflora 

brownplume 
wirelettuce 

 

 Grindelia squarrosa curlycup gumweed 

 

 Helianthus praetermissus New Mexico sunflower 

 

 
Ratibida tagetes 

green prairie 
coneflower 

 

 Thelesperma filifolium prairie greenthread 

 

 T. megapotamicum Hopi tea greenthread 

 

Berberidaceae Mahonia repens creeping barberry 

 

Boraginaceae Plagibothrys spp. popcornflower spp. 

 

Chenopodiaceae Bassia prostrata kochia 

 

Convolvulaceae Convolvulus arvensis field bindweed 

 

Fabaceae Melilotus officinalis sweetclover 

 

 Astragalus flexuosus wavy milkvetch 

  

Psoralidium lanceolatum lemon scurfpea 

 

Geraniaceae Geranium spp. geranium spp. 

 

Liliaceae Allium geyeri wild onion 

 

Linaceae Linum perenne blue flax 

 

Malvaceae Callirhoe digitata winecup 

 

 Sphaeralcea coccinea scarlet globemallow 

 

Onagraceae Gaura coccinea scarlet guara 

 

Papaveraceae Argemone hispida hispid pricklypoppy 

 

Polygonaceae Polygonum spp.  knotweed 

 

Rosaceae Fragaria virginiana Virginia strawberry 

 

 Rosa woodsii Woods' Rose 

 

Scrophulariaceae Castilleja spp. indian paintbrush spp. 

 

 Verbascum thapsus mullein 

 

Verbenaceae Verbena bracteata tall verbana 

 

 V. hastata swamp verbana 

Succulent Agavaceae Yucca glauca soapweed yucca 
 Cactaceae Cylindropuntia imbricata cholla 
  Opuntia spp. cacti spp. 
  P. simpsonii mountain ball cactus 
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Figure 2.2 Interaction effect of Area*Treatment on Diameter at Breast Height (DBH) 
(cm) (mean ± S.E.) at the Whittington Center, New Mexico in 2011. Means followed by 
the same letters are not significantly different (0.05 level). 
 

 

Figure 2.3 Interaction effect of Area*Treatment on Trees per hectare (mean ± S.E.) at 
the Whittington Center, New Mexico in 2011. Means followed by the same letters are not 
significantly different (0.05 level). 
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Figure 2.4 Interaction effect of Area*Treatment on percent overstory canopy cover 
(%) (mean ± S.E.) at the Whittington Center, New Mexico in 2011. Means followed by 
the same letters are not significantly different (0.05 level). 
 

 

Figure 2.5 Interaction effect of Area*Treatment on cover (%) of bare ground at the 
soil surface (mean ± S.E.) within exclosures at the Whittington Center, New Mexico in 
2011. Means followed by the same letters are not significantly different (0.05 level). 
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Figure 2.6 Interaction effect of Area*Treatment on cover (%) of bare ground at the 
soil surface (mean ± S.E.) along transects at the Whittington Center, New Mexico in 
2011. Means followed by the same letters are not significantly different (0.05 level). 
 

 
 

Figure 2.7 Main effect of Area on cover (%) of bare ground at the soil surface (mean 
± S.E.) within exclosures at the Whittington Center, New Mexico in 2012. Means 
followed by the same letters are not significantly different (0.05 level). 
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Figure 2.8 Interaction effect of Area*Treatment on cover (%) of litter at the soil 
surface (mean ± S.E.) within exclosures at the Whittington Center, New Mexico in 2011. 
Means followed by the same letters are not significantly different (0.05 level). 
 

 

Figure 2.9 Interaction effect of Area*Treatment on cover (%) of litter at the soil 
surface (mean ± S.E.) along transects at the Whittington Center, New Mexico in 2011. 
Means followed by the same letters are not significantly different (0.05 level). 
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Figure 2.10 Main effect of Area on cover (%) of litter at the soil surface (mean ± S.E.) 
within exclosures at the Whittington Center, New Mexico in 2012. Means followed by 
the same letters are not significantly different (0.05 level). 
 

 
 

Figure 2.11 Main effect of Area on cover (%) of litter at the soil surface (mean ± S.E.) 
along transects at the Whittington Center, New Mexico in 2012. Means followed by the 
same letters are not significantly different (0.05 level). 
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Figure 2.12 Main effect of Area on cover (%) of grass at the soil surface (mean ± S.E.) 
within exclosures at the Whittington Center, New Mexico in 2011. Means followed by 
the same letters are not significantly different (0.05 level). 
 

 

Figure 2.13 Main effect of Exclosure Type on cover (%) of grass at the soil surface 
(mean ± S.E.) within exclosures at the Whittington Center, New Mexico in 2011. Means 
followed by the same letters are not significantly different (0.05 level). 
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Figure 2.14 Interaction effect of Area*Treatment on cover (%) of grass at the soil 
surface (mean ± S.E.) along transects at the Whittington Center, New Mexico in 2011. 
Means followed by the same letters are not significantly different (0.05 level).   
 

 
 

Figure 2.15 Interaction effect of Area*Treatment on cover (%) of grass at the soil 
surface (mean ± S.E.) within exclosures at the Whittington Center, New Mexico in 2012. 
Means followed by the same letters are not significantly different (0.05 level).   
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Figure 2.16 Main effect of Area on cover (%) of grass at the soil surface (mean ± S.E.) 
along transects at the Whittington Center, New Mexico in 2012. Means followed by the 
same letters are not significantly different (0.05 level).   
 

 

Figure 2.17 Main effect of Area on cover (%) of woody cover at the soil surface (mean 
± S.E.) along transects at the Whittington Center, New Mexico in 2011. Means followed 
by the same letters are not significantly different (0.05 level). 
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Figure 2.18 Interaction effect of Area*Exclosure Type on cover (%) of bare ground at 
the canopy level (mean ± S.E.) within exclosures at the Whittington Center, NE New 
Mexico in 2011. Means followed by the same letters are not significantly different (0.05 
level). 
 

 

Figure 2.19  Main effect of Area on cover (%) of bare ground at the canopy level 
(mean ± S.E.) along transects at the Whittington Center, New Mexico in 2011. Means 
followed by the same letters are not significantly different (0.05 level). 
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Figure 2.20 Main effect of Treatment on cover (%) of bare ground at the canopy level 
(mean ± S.E.) along transects at the Whittington Center, New Mexico in 2011. Means 
followed by the same letters are not significantly different (0.05 level). 
 

 
 

Figure 2.21 Main effect of Area on cover (%) of bare ground at the canopy level 
(mean ± S.E.) within exclosures at the Whittington Center, New Mexico in 2012. Means 
followed by the same letters are not significantly different (0.05 level). 
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Figure 2.22 Main effect of Area on cover (%) of bare ground at the canopy level 
(mean ± S.E.) along transects at the Whittington Center, New Mexico in 2012. Means 
followed by the same letters are not significantly different (0.05 level). 
 

 

Figure 2.23 Main effect of Area on cover (%) of forbs at the canopy level (mean ± 
S.E.) along transects at the Whittington Center, New Mexico in 2011. Means followed by 
the same letters are not significantly different (0.05 level). 
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Figure 2.24 Main effect of Area on cover (%) of grass at the canopy level (means ± 
S.E) within exclosures at the Whittington Center, New Mexico in 2011. Means followed 
by the same letters are not significantly different (0.05 level). 
 

 

Figure 2.25 Main effect of Area on cover (%) of grass at the canopy level (means ± 
S.E.) along transects at the Whittington Center, New Mexico in 2011. Means followed by 
the same letters are not significantly different (0.05 level). 
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Figure 2.26  Main effect of Treatment on cover (%) of grass at the canopy level (means 
± S.E.) along transects at the Whittington Center, New Mexico in 2011. Means followed 
by the same letters are not significantly different (0.05 level). 
 

 
 

Figure 2.27  Interaction effect of Area*Treatment on cover (%) of grass at the canopy 
level (means ± S.E.) within exclosures at the Whittington Center, New Mexico in 2012. 
Means followed by the same letters are not significantly different (0.05 level). 
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Figure 2.28  Main effect of Area on cover (%) of grass at the canopy level (means ± 
S.E.) along transects at the Whittington Center, New Mexico in 2012. Means followed by 
the same letters are not significantly different (0.05 level). 
 

 

Figure 2.29  Interaction effect of Area*Treatment*Exclosure Type on cover (%) of 
woody plants at the canopy level (mean ± S.E.) within exclosures at the Whittington 
Center, New Mexico in 2011. Means followed by the same letters are not significantly 
different (0.05 level). 
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Figure 2.30 Main effect of Area on percent cover (%) of blue grama (Boutelous 
gracilis) (mean ± S.E.) within exclosures at the Whittington Center, New Mexico in 
2011. Means followed by the same letters are not significantly different (0.05 level). 
 

 

Figure 2.31 Main effect of Exclosure Type on percent cover (%) of blue grama 
(Boutelous gracilis) (mean ± S.E.) within exclosures at the Whittington Center, New 
Mexico in 2011. Means followed by the same letters are not significantly different (0.05 
level). 
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Figure 2.32 Main effect of Area on percent cover (%) of blue grama (Boutelous 
gracilis) (mean ± S.E.) along transects at the Whittington Center, New Mexico in 2011. 
Means followed by the same letters are not significantly different (0.05 level). 
 

 
 

Figure 2.33 Interaction effect of Area*Treatment on percent cover (%) of blue grama 
(Boutelous gracilis) (mean ± S.E.) within exclosures at the Whittington Center, New 
Mexico in 2012. Means followed by the same letters are not significantly different (0.05 
level). 
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Figure 2.34 Main effect of Area on percent cover (%) of blue grama (Boutelous 
gracilis) (mean ± S.E.) along transects at the Whittington Center, New Mexico in 2012. 
Means followed by the same letters are not significantly different (0.05 level). 
 
 

 

Figure 2.35 Interaction effect of Area*Treatment on percent cover (%) of fringed 
sagebrush (Artemisia frigida)  (mean ± S.E.) within exclosures at the Whittington Center, 
New Mexico in 2011. Means followed by the same letters are not significantly different 
(0.05 level). 
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Figure 2.36 Main effect of Area on percent cover (%) of fringed sagebrush (Artemisia 
frigida)  (mean ± S.E.) along transects at the Whittington Center, New Mexico in 2011. 
Means followed by the same letters are not significantly different (0.05 level). 
 

 

Figure 2.37 Interaction effect of Area*Treatment*Exclosure Type on percent cover 
(%) of Gambel's oak (Quercus gambelii) (mean ± S.E.) within exclosures at the 
Whittington Center, New Mexico in 2011. Means followed by the same letters are not 
significantly different (0.05 level). 
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Figure 2.38 Main effect of Area on percent cover (%) of Gambel's oak (Quercus 
gambelii) (mean ± S.E.) along Transects at the Whittington Center, New Mexico in 2011. 
Means followed by the same letters are not significantly different (0.05 level). 
 

 
 

Figure 2.39 Main effect of Area on percent cover (%) of Gambel's oak (Quercus 
gambelii) (mean ± S.E.) within exclosures at the Whittington Center, New Mexico in 
2012. Means followed by the same letters are not significantly different (0.05 level). 
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Figure 2.40 Main effect of Area on percent cover (%) of kochia (Bassia prostrata) 
(mean ± S.E.) along Transects at the Whittington Center, New Mexico in 2011. Means 
followed by the same letters are not significantly different (0.05 level). 
 

 

Figure 2.41 Interaction effect of Area*Treatment on percent cover (%) of winterfat 
(Krascheninnikovia lanata) (mean ± S.E.) along Transects at the Whittington Center, 
New Mexico in 2011. Means followed by the same letters are not significantly different 
(0.05 level). 
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Figure 2.42 Main effect of Area on species richness (mean ± S.E.) within exclosures at 
the Whittington Center, New Mexico in 2011. Means followed by the same letters are not 
significantly different (0.05 level). 
 

 

Figure 2.43 Interaction effect of Area*Treatment of species richness (mean ± S.E.) 
along transects at the Whittington Center, New Mexico in 2011. Means followed by the 
same letters are not significantly different (0.05 level). 
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Figure 2.44 Main effect of Treatment of species richness (mean ± S.E.) within 
exclosures at the Whittington Center, New Mexico in 2012. Means followed by the same 
letters are not significantly different (0.05 level). 
 

 
 

Figure 2.45 Main effect of Exclosure Type of species richness (mean ± S.E.) within 
exclosures at the Whittington Center, New Mexico in 2012. Means followed by the same 
letters are not significantly different (0.05 level). 
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Figure 2.46 Main effect of Area of species richness (mean ± S.E.) along transects at 
the Whittington Center, New Mexico in 2012. Means followed by the same letters are not 
significantly different (0.05 level). 
 

 

Figure 2.47 Comparison of 30-year historic monthly rain average and 2011 and 2012 
monthly precipitation (mm) in Raton, New Mexico. Historic average provided by 
National Climatic Data Center of the National Oceanic and Atmospheric Administration 
(NOAA ID20937). 
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Chapter III 

Effects of Hydraulic Mastication and Selective Logging on 

Mule Deer Habitat Characteristics in Juniper and Ponderosa 

Stands in Northeastern New Mexico, USA 

Introduction 

 Vegetation plays an integral role in the survival and reproduction of mule deer 

(Odocoileus hemionus). The abundance, quantity and diversity of key forage is essential 

for optimal habitat utilization and herd health (Bowyer et al. 2001; Gibbs et al. 2004; 

Lawrence et al. 2004; Bender 2007). However, areas dominated by juniper and ponderosa 

pine may contain lower abundance of forage species utilized by mule deer (Short et al. 

1977; Jacobs and Gatewood 1999; Ansley and Rasmussen 2005; Bender 2006; Bender 

2007). Mule deer especially require access to quality forage to maintain suitable body 

condition, which is important for both survival and recruitment. Female body condition 

plays a significant role in reproductive health. Delayed sexual maturity, decreases in 

ovulation and fawn production, conception failure, and lower fawn survival are directly 

related to poor female body condition (Boeker et al. 1972; Bender 2006; Bender 2007). 

Therefore, forage quality and quantity can be key limiting factors for mule deer numbers 

(Bender 2006). 

 Mule deer in areas that lack high quantities of key forages often suffer from low 

body fat and require larger home ranges to receive adequate nutrition (Boeker et al. 1972; 

Bender 2006). Pinyon-Juniper and ponderosa pine are often considered undesirable 

habitat due to the poor quality of available forage and lack of palatable understory plants 
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due to canopy closure and soil degradation (Lutz et al. 2003; Bender 2006).  Forest 

thinning of juniper and ponderosa can affect habitat utilization by encouraging deer to 

consume more forage in areas that have been thinned because such areas will have 

greater stand production. Unthinned stands will experience less consumption because 

more time and energy must be spent searching, due to a lower standing crop (Gibbs et al. 

2004).  

 Plant biomass production can act as a good predictor for herd health and 

productivity (Pederson and Harper 1978). Gibbs et al. (2004) noted that in South Dakota 

total biomass production was nearly four times higher in areas of heavy and moderate 

thinning of ponderosa pine compared to unthinned areas, with shrubs contributing up to 

78% of the standing biomass. Production of graminoids and forbs was highest in heavily 

thinned areas, while shrub production was highest in moderately thinned areas. However, 

it is important to note that in one case pellet group densities were not higher in areas of 

higher biomass, suggesting that biomass production is not the only factor governing 

habitat utilization (Gibbs et al. 2004). Nevertheless, these results agree with the earlier 

studies of Severson and Boldt (1977), who documented that biomass production was 5 

times higher in thinned stands compared to unthinned forest, and Pase (1958), who noted 

that stands thinned to 40% crown cover had up to 10 times more understory production 

than in unthinned patches. The quantity of forbs in the available biomass is also very 

important, since the majority of plants in mule deer summer diets are forbs (Bender 

2006). 

 Vegetation cover is another habitat feature that plays an important role in deer 

biology, affecting grouping, vigilance, alarm and flight responses, and providing thermal 
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and precipitation cover (Mysterud and Ostbye 1999; Pierce et al. 2004). Areas of juniper 

provide ample security and thermal cover for mule deer but often lack large quantities of 

key forage (Bender 2006). Serrouya and D'Eon (2008) documented that mule deer 

utilized forests with canopies of 66%-85% cover at a rate proportionally higher than the 

amount available. They found that areas of forest with a crown canopy between 26% and 

65% cover were also frequently utilized, but not as frequently as areas of 66%-85%. In a 

previous study in north-central New Mexico, areas of pinyon-juniper were included in 

home ranges to a greater extent than they were available in the region, which was 

attributed to security cover provided by the woodlands, despite the decreased availability 

of forage (Bender 2006). 

 Though mule deer select habitats given the proportion of canopy cover, cover isn't 

always directly related to the likelihood of predation. In 1999, Mysterud and Ostbye 

conducted a study that addressed the role cover played in predation risk. They concluded 

that cover can both be negative, by obstructing escape, or positive, by providing security. 

Pierce et al. (2004) determined that cover did not increase the likelihood for cougars to 

successfully kill deer; they reported lower frequencies of successful kills in areas of high 

cover. Cover also affects deer grouping, and there is an inverse relationship between the 

availability of vegetation cover and deer group size. As the availability of cover 

increases, the number of mule deer per group declines. Also, the farther away deer are 

from concealment cover, the larger the number of deer grouped together (Bowyer et al. 

2001). In semi-arid environments forage quality and availability played a larger role in 

both fawn and adult survival than predation suggesting that overall forage plays a more 
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significant role in herd numbers than cover and predation (Boeker et al. 1972; Bender et 

al. 2007; Lomas and Bender 2007). 

 When juniper and ponderosa are thinned to improve habitat for mule deer, 

climatic conditions can play a large role in the vegetation response. Climatic events such 

as drought can have profound effects on ecosystems, altering plant responses (Allen and 

Breshears 1998).  In north Texas, Ansley and Rasmussen (2005) attributed a slowed 

vegetation recovery, following chaining and prescribed burning, to a higher than normal 

frequency of drought: 3 years during their 10 year study. Breshears et al. (2005) 

determined that during 4 years of drought in the southwest (2000-2003) there was a 

higher than average occurrence of tree mortality of juniper and the vegetation understory 

underwent a >50% reduction of basal cover from 1999 to 2003. This study addressed the 

issue of how forage utilized by mule deer, and understory biomass production respond to 

mechanical removal of conifer species, and whether a herbaceous response could increase 

the habitat suitability for mule deer. 

 

Methods and Materials 

Study Site 

 The study area is located at the NRA Whittington Center (36o 47’ N, 104o 30’ W), 

which is near the city of Raton, Colfax County, north-central New Mexico. The center 

covers over 12,950 hectares of semi-arid grassland and semi-mesic forests with elevation 

ranging from 2037-2400 meters.  The lower grasslands are mostly composed of 

graminoids, including but not limited to, blue grama (Bouteloua gracilis), sideoats grama 
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(Bouteloua curtipendula), little bluestem (Schizachyrium scoparium), and sand dropseed 

(Sporobolus cryptandrus). Fringed sagebrush (Artemisia frigida), winterfat 

(Krascheninnikovia lanata), and Gambel's oak (Quercus gambelii) are also distributed 

throughout the Center. At the higher elevations the vegetation is dominated by Rocky 

Mountain juniper (Juniperus scopulorum), one-seeded juniper (Juniperus monosperma), 

pinyon pine, ponderosa pine and Douglas fir (Pseudotsuga menziesii). These plant 

communities are similar to plant communities elsewhere in north-central New Mexico 

(Armentrout and Pieper 1988). 

 The boundaries of the Center are marked by three-stand barbed wire fencing, but  

numerous large mammals are still capable of moving through the Center. Elk (Cervus 

canadensis), pronghorn (Antilocapra americana), mule deer, black bear (Ursus 

americanus) and mountain lion (Puma concolor) are common. As of 1973, domestic 

livestock have been excluded from the site, but historically grazed the area before then 

(Hild and Wester 1998). 

 The climatic conditions of the center depend on aspect and elevation. The 

temperature varies throughout the year with high and low averages of 28.0o C and 12.9o 

C in July to 7.1o C and -7.3o C in January, correspondingly. The study site receives 

seasonal precipitation, with the majority of it occurring between the months of May and 

August (62%). The average annual precipitation ranges from 43-47cm (Hild and Wester 

1998; Bender 2007). The center is drained by the Canadian river, which runs through the 

eastern boundary (Bender 2007). 

Climatic data was collected for the duration of the study from two different sites 

in the region and a mean was calculated for average temperatures, rainfall and humidity. 
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The two sources include a portable weather station that was set-up along a ridge within 

the Whittington Center boundaries, and the National Climatic Data Center, which collects 

data from the Raton Municipal Airport, Raton, New Mexico (approximately 4.5 km 

southwest of the study site, NOAA ID20937). 

 In 2008 the Whittington Center began a series of vegetation treatments in an 

effort to create preferable habitat for mule deer by reducing juniper densities in certain 

areas by approximately 80% (Mr. Wayne Armacost, personal communication). In 2008, 

treatment consisted of removal of juniper and Gambel’s oakbrush throughout 33 ha. A 

hydraulic mulching head attached to an excavator was used to cut and mulch the woody 

vegetation to its base. This treatment continued in March 2009 and included 97 ha of 

juniper and Gambel’s oakbrush, in total creating 130 contiguous ha of treated vegetation. 

Finally in April 2010, juniper was thinned in 29 ha of along the coal canyon road, again 

using a hydraulic mulching head and the same 80 percent reduction goal. 

 A private timber company began thinning areas of Douglas fir, white fir (Abies 

concolor) and ponderosa pine via selective logging in 2010. Logging sites were selected 

by ease of access for machinery and harvestable densities and trees smaller than 50.8 cm 

in diameter were cut at the stump and delimbed. Cut limbs were then gathered and left at 

the site for burning at the discretion of the center. 

 

Methods 

 Vegetation data were collected within deer exclosures constructed in treated and 

untreated areas, as well as outside the exclosures in the same areas as described in 

Chapter 2. There were a total of three areas where juniper and ponderosa densities were 
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altered using mechanical removal, two areas of juniper removal using a hydraulic rotary 

mulcher and one area of selectively logged ponderosa pine. To ensure an accurate 

assessment of the treatment effects, each area was paired with an adjacent control. The 

adjacency reduced any variability in the data that would have been a result in differing 

aspect and topography. With the addition of the control units, a total of six experimental 

areas were established: Main Treated (Juniper), Main Untreated (Juniper), Coal Treated 

(Juniper), Coal Untreated (Juniper), Logged Treated (Ponderosa), and Logged Untreated 

(Ponderosa). 

 In each of the six areas, I randomly placed five deer exclosures. The placement of 

the exclosures was determined using random selection within polygons created by 

ArcGIS. The exclosures were 5 meters in width and 5 meters in length, creating a total 

area of 25m². The exclosures were constructed of 3 meter T-posts, which supported 1.2 

meter field fence and three strands of barbed wire. The barbed wire reached a maximum 

height of 2.46 meters (Figure 2.1). An additional layer of 30 centimeter chicken wire was 

placed around the base of each exclosure to further exclude lagomorphs. A 1 meter buffer 

was observed within the perimeter of each exclosure to account for possible edge effects. 

An additional five ‘dummy’ exclosures were placed in each area. These dummy 

exclosures were marked with pin flags and not fenced, but were used to record the same 

measurements as the true enclosures, thus allowing the difference between grazed and 

non-grazed plant communities to be quantified. 

 Five 100 meter transects were also established in each of the areas (treated and 

untreated). Cover of understory species was recorded by the line point-intercept method 

every 5 meters (Herrick et al. 2009). Individual plant species were identified and then 
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categorized as key or non-key according to the list provided by Bender (2006), which is a 

compilation of results found through a literature review and concurs with the results 

found by Kufeld et al. (1973). The number of key individuals per transect were then 

divided by the total number to calculate the percentage of key forage per each transect. 

 To calculate biomass, all herbaceous vegetation was clipped to approximately 1 

cm (0.4 in) stubble height within a 25 cm² area at two corners within each exclosure each 

year (Alldredge 1974; Chapman 1976; Short et al. 1977; Litvaitis et al. 1996; Herrick et 

al. 2009). Sample points were selected from the northeastern and southwestern exclosure 

corners in year one and northwestern and southeastern corners in year two to ensure no 

previous growth disruptions influenced data collected in year 2 (Etchberger and 

Krausman 1997). The material was identified by species, separated, weighed and then 

oven-dried at 65º C (149º F) for 3 days. The biomass was then be re-weighed, and class 

type (grass, forb or woody vegetation) and was determined on a basis of g/m2 (Jacobs and 

Gatewood 1999; Coultrap et al. 2008; Herrick et al. 2009). 

 

Data Analysis 

 All data were analyzed by using Proc GLM with a Type III Sum of Squares in 

JMP (JMP 2011) to compare effects of treatments on plant species response. Normality 

of the data was assessed by conducting a Levene's test in SPSS (SPSS 2011). The 

independent variables tested were Treatment (Treated vs. Untreated), Area (Main vs. 

Coal vs. Logged) and Exclosure Type (Exclosure vs. Dummy) via a Fixed Effect Anova 

with Exclosure and Transect number as a random effect to account for random site 

selection. The dependent variables were percentage of key forage and biomass 
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production. Upon statistical significance, mean separations were conducted with Tukey's 

HSD for 3 or more groups or Student's t-test when there were two comparable groups to 

determine treatment differences.   

 

Results 

Key Forage  

Percent Key Forage (%) 

 In 2011 percent key forage was influenced by Area (F2, 57, P = <.0001) and 

Treatment (F2, 58, P = 0.0230) in the exclosure data and by Area (F2,27, P = 0.0020) in the 

transect data.  In exclosures, the Main (  = 81.3%, SE = 6.4) and Coal (  = 66.1%, SE = 

5.9) areas had significantly greater key forage than Logged (  = 18.05%, SE = 7.2) 

(Figure 3.1) and Treated (  = 63.8%, SE = 7.0) areas had significantly more than 

Untreated (  = 46.5%, SE = 7.1) areas (Figure 3.2). Along transects, the Logged (  = 

49.2%) area again had less than Main (  = 83.0%, SE = 5.1) and Coal (  = 81.5%, SE = 

3.7) areas (Figure 3.3). 

 In 2012 key forage was influenced by Area (F2,54, P = <.0001) in the exclosure 

data but there were no significant effect within transect data. More than 50% of the plants 

were key in both exclosure types in the Main and Coal areas (Figure 3.4). 

 

Biomass 

Grass Biomass 

 In 2011 grass biomass production was affected by an Area*Treatment interaction 

(F2,54, P = 0.0439), with Main/Untreated (  = 69.36 g/m², SE 7.8) having higher grass 
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biomass than Main/Treated (  = 38.24 g/m², SE = 8.3). Other areas did not differ 

between treated and untreated plots (Fig 3.5). 

 In 2012 there was a significant effect of treatment (F1,58, P = 0.0029), such that 

treated areas (  = 33.77 g/m², SE = 4.2) had double the production of Untreated areas (  

= 18.50 g/m², SE = 2.4) (Figure 3.6). 

Forb Biomass 

 In 2011 exclosure type was the only significant variable effecting  forb biomass 

production (F1,58, P = 0.0443), such that Exclosures (  = 13.68 g/m², SE = 3.4) had over 

twice the quantity of forb biomass as Dummy Exclosures (  = 5.984 g/m², SE = 1.5) 

(Figure 3.7). 

 In 2012 there were no significant effects of treatment, area, or exclosure type on 

forb biomass production. 

Woody Biomass 

 There were no significant effects of woody biomass in both 2011 and 2012. 

Total Biomass 

 In 2011 total biomass production was influenced by Area (F2,57, P = 0.0383), such 

that Main (  = 106.76 g/m², SE = 29.9) and Logged (  = 38.06 g/m², SE = 7.6) differed 

significantly from each other, while the Coal area (  = 82.84 g/m², SE = 19.3) was 

similar to both (Figure 3.8). 

 By 2012 total biomass was significantly affected by Treatment (F1,58, P = 0.0020), 

in which Treated plots (  = 67.76 g/m², SE = 14.9) had triple the biomass production of 

Untreated plots (  = 22.04 g/m², SE = 2.5) (Figure 3.9). 
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Discussion 

 Overall the mastication and thinning of juniper and ponderosa pine at this site did 

not result in biomass and key forage abundance that would be preferable to mule deer. 

The altering of tree density and canopy cover did not result in an overall increase in 

preferable forage. The 2011 exclosure data were the only data in which key forage was 

higher treated areas. The percentage of herbaceous vegetation that was considered key 

forage for mule deer was approximately 17% higher in areas of mulching and thinning, 

compared to areas with no treatments. However, biomass production only differed by 

area and was not significantly different between treatments. This suggests that though 

there were higher proportions of key forage, the quantity was not readily available for 

mule deer to utilize. Biomass production did not differ by treatments in 2011. As 

precipitation increased in 2012 (though still below average), treated areas did experience 

higher grass production than untreated areas. This suggests that low precipitation likely 

limited the potential increase in available forage in treated areas. Contrary to Harris et al. 

(2003), there was higher production of forbs in ungulate exclosures than in the dummy-

exclosures, which suggests that mule deer at the site selectively consume forbs and that 

grazing pressure is high on herbaceous production, as also reported by Bender (2006). 

Lastly, the lack of differences between the treated and untreated areas help to strengthen 

the suggestion that the conifer thinning treatments did not result in overstory canopy and 

tree densities that would allow increases in herbaceous species (as stated in Chapter 2). 

This highlights the need for sound pre-treatment planning, since the treatments are 

unlikely to be successful if they fail to alter the existing poor habitat enough to make it 

more favorable for mule deer habitat requirements. 
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 These results highlight the fact that simply conducting mechanical thinning 

treatments may not be enough to increase production of favorable forage species in areas 

that have experienced juniper and ponderosa pine stand expansion and densification 

(Pase 1958; Jacobs and Gatewood 1999; Bender 2006). Although such treatments can be 

successful, the observed lack of response in this case may be associated with the effects 

of the ongoing drought and the slow gradual recovery of the herbaceous community, 

which may take up to 6 growing seasons to recover after treatment (Ansley et al. 2006). 

A similar situation occurred north-central New Mexico where drought occurred from 

2002-2003 and resulted in below average herbaceous production (Bender 2006).  

 In ungulate exclosures, forb biomass was more than double that of 'dummy' 

exclosures. The exclusion of ungulates and lagomorphs allowed a high percentage of 

forbs to grow and persist by reducing selective herbivory (Cid et al. 1991; Thaxton et al. 

2010). This suggests that forbs are being consumed more aggressively than grass and 

woody vegetation since neither was significantly different in the exclosure data compared 

with the dummy exclosures. This may also reflect the fact that the majority of forb 

species found at the site were considered key forage for mule deer (Table 3.1).  

 Most areas that had the tree densities of 10-200 trees per hectare (Short et al. 

1977) lacked the most appropriate crown cover that would allow both an increase in 

herbaceous production and provide the appropriate thermal and security cover (Pase 

1958; Kufeld et al. 1988; Serrouya and D'Eon 2008). The Coal/Treated area and the 

Logged/Treated area did have adequate canopy cover and tree densities preferred for 

crepuscular foraging (as stated in Chapter 2), but an increase in herbaceous species was 

not present (Kufeld et al. 1988). The Main/Treated area provided an appropriate amount 
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of canopy cover that would encourage utilization, however the tree density was so high 

(i.e., 860 trees per hectare) that it would discourage mule deer use (Short et al. 1977). 

These results point out that more information about the site, such as tree densities, cover 

estimates and forage availability, and more planning prior to thinning can greatly improv 

application of treatments. 

Management Implications 

 Short et al. (1977) noted that as woody density increased, deer and elk use 

declined, which should be considered when determining how much thinning is 

appropriate if increasing wildlife utilization is emphasized. Kufeld et al. (1988) suggests 

that an ideal canopy density for mule deer would be 10-39% pine due to the increase in 

forage that would be associated with a less dense crown. However, Serrouya and D'Eon 

(2008) documented that mule deer utilized areas of forest with a crown canopy between 

66%-85% at a rate proportionally higher than the amount available, and though not 

utilized as much, canopy between 26-65% were also highly utilized. Though a decrease 

in canopy would provide higher quantity and quality of forage, the thermal and security 

cover provided by denser stands is also important. To attain both security/thermal cover 

while increasing available forage, managers should conduct incremental thinning, by 

reducing tree density and crown canopy each year by 5-10% in patches, and assessing the 

recovery of vegetation. They could also create a patchwork of large scale treatments, 

some thinned to the extent that herbaceous growth would be encouraged and others left as 

areas of thermal and security cover. This method is more labor intensive than a one-time 
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removal but will likely yield more successful results and allow the creation of a landscape 

where both forage availability and cover are adequate for mule deer. 
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Tables and Figures 

Table 3.1 Key grass, sedge, forb and shrub species found at the NRA Whittington 
Center. Designation of preference by mule deer follows Bender (2006). 

Growth 

Form Family Species 

 

Common Name 

Graminoid Cyperaceae Carex spp. sedge spp. 

 
 Bouteloua curtipendula sideoats grama 

 
 B. eriopoda black grama 

 
 B. gracilis blue grama 

 
 Schizachyrium scoparium little bluestem 

Woody Asteraceae Artemisia frigida prairie sagewort 

 
 A. ludoviciana fringed sagebrush 

 
Chenopodiaceae Krascheninnikovia lanata winterfat 

 
Rosaceae Cercocarpus montanus mountain mahogany 

Forb Asteraceae Helianthus praetermissus New Mexico sunflower 

 
Chenopodiaceae Bassia prostrata kochia 

 
Fabaceae Melilotus officinalis sweetclover 

  
Psoralidium lanceolatum lemon scurfpea 

    Sphaeralcea coccinea scarlet globemallow 
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Figure 3.1 Main effect of Area on percent occurrence (%) of key forage (mean ± 
S.E.) within exclosures at the Whittington Center, New Mexico in 2011. Means followed 
by the same letters are not significantly different (0.05 level). 
 

 

Figure 3.2 Main effect of Treatment on percent occurrence (%) of key forage (mean 
± S.E.) within exclosures at the Whittington Center, New Mexico in 2011. Means 
followed by the same letters are not significantly different (0.05 level). 
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Figure 3.3 Main effect of Area on percent occurrence (%) of key forage (mean ± 
S.E.) along transects at the Whittington Center, New Mexico in 2011. Means followed by 
the same letters are not significantly different (0.05 level). 
 

 
 

Figure 3.4 Main effect of Area on percent occurrence (%) of key forage (mean ± 
S.E.) within exclosures at the Whittington Center, New Mexico in 2012. Means followed 
by the same letters are not significantly different (0.05 level). 
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Figure 3.5 Interaction effect of Area*Treatment on grass biomass production (g/m²) 
(mean ± S.E.) at the Whittington Center, New Mexico in 2011. Means followed by the 
same letters are not significantly different (0.05 level). 
 

 
 

Figure 3.6 Main effect of Treatment on grass biomass production (g/m²) (mean ± 
S.E.) at the Whittington Center, New Mexico in 2012. Means followed by the same 
letters are not significantly different (0.05 level). 
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Figure 3.7 Main effect of Exclosure type on forb biomass production (g/m²) (mean ± 
S.E.) at the Whittington Center, New Mexico in 2011. Means followed by the same 
letters are not significantly different (0.05 level). 
 

 

Figure 3.8 Main effect of Area on total biomass production (g/m²) (mean ± S.E.) at 
the Whittington Center, New Mexico in 2011. Means followed by the same letters are not 
significantly different (0.05 level). 
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Figure 3.9 Main effect of Treatment on total biomass production (g/m²) (mean ± 
S.E.) at the Whittington Center, New Mexico in 2012. Means followed by the same 
letters are not significantly different (0.05 level). 
 
  

A 

B 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

Treated Untreated 

To
ta

l P
ro

d
u

ct
io

n
 9

g/
m

²)
 

Treatment 

Texas Tech University, David W. Kramer, December 2012 

99



Chapter IV 

Conclusions: Managing Juniper and Ponderosa for Mule Deer 

in Northeastern New Mexico, USA 

 Mechanical thinning and mastication of juniper and ponderosa were unable to 

consistently increase herbaceous cover, alter plant composition, increase biomass 

production, and promote favorable forage species during this study. There were very few 

plant responses to indicate that the thinning treatments had a positive effect on the plant 

communities or were a potential benefit for mule deer populations. Overall, bare ground 

cover and the percent of forage considered key were the only two parameters that differed 

between areas that had been treated and areas without manipulation. There was also an 

increase in grass and woody cover, and in forb biomass production, in ungulate 

exclosures, which suggests that the intensity of herbivory at the site plays a significant 

role in vegetation growth and maintenance. 

 The site managers had planned an 80% removal of ponderosa and juniper but 

actual reductions were much less, between 55%-68%  Given the lack of herbaceous 

response to even these reductions, an increase in reduction may not have yielded a more 

positive herbaceous result. Because the Whittington Center is trying to increase the 

herbaceous plant community, reduce woody plant density and increase the mule deer 

population, the current reduction of 55%-68% seems appropriate, given the results of 

Serrouya and D'Eon (2008), though the desired response in understory vegetation wasn't 

observed. The current reduction both allows the opportunity to increase the herbaceous 
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community while still leaving enough trees to provide adequate thermal and security 

cover, but may have been less effective when conducted during the current, region-wide 

drought, and without a subsequent prescribed burn. 

 Bare ground was the only cover variable that responded to the thinning 

treatments, with untreated areas having slightly higher bare ground cover than treated 

areas. The absence of herbaceous response was probably due to several factors, including 

the soil disturbance associated with mulching and thinning machinery, which reduces the 

rate of plant recovery, a lower than average annual rainfall following the treatments, and 

insufficient time had elapsed to allow for regrowth of key forage species given the 

drought conditions. In similar studies where annual precipitation was at or above historic 

averages, vegetation required multiple growing seasons to recover (Jacobs and Gatewood 

1999; Ansley et al. 2006; Coultrap et al. 2008). With an increase in precipitation and time 

I expect to see an increase in herbaceous cover. 

 The percentage of key herbaceous vegetation did increase by about 17% in treated 

areas as compared to untreated. However, biomass production did not differ by treatment, 

leading to the conclusion that though there was a higher composition of key forage in 

treated areas, an increase in quantity was not available. These results do not coincide with 

the well-established idea that mechanical thinning increases the biomass production of 

herbaceous species in areas of juniper and ponderosa pine stand densification (Pase 1958; 

Jacobs and Gatewood 1999; Bender 2006).  

 Species richness was also no different between treatments and their respective 

controls, which further suggests that mechanical thinning and mastication were unable to 

change community composition during a time of drought. It is possible the additional 
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plant species were present in the seed bank and that the lack of precipitation did not allow 

them to germinate. However, long-term erosion that is associated with juniper 

encroachment and ponderosa pine densification has more likely washed away a large 

percentage of the once available seed bank (Pierson et al. 2007). Brockway et al. (2002) 

noted that species richness had increased in areas of mulching, however my results agree 

more with the study by Coultrap et al (2008), where juniper removal was unable to 

increase species richness and alter community composition. 

 Ungulate exclusion had a positive effect on grass and woody cover, as well as 

forb biomass production. In ungulate exclosures, grass cover was twice as in high, woody 

cover was slightly higher, and forb production was more than double that of  'dummy' 

exclosures, and as precipitation increased in 2012, species richness was also higher in 

ungulate exclosures. This suggests that at this site, ungulate herbivory plays a significant 

role in the maintenance and recovery of the herbaceous community. Ungulate exclusion 

reduced plant herbivory, allowing a high percentage of graminoids, forbs and shrubs to 

grow and persist. In this particular study the abovementioned drought may have 

amplified the effects of herbivory by limiting the opportunity for the plant community to 

produce enough material to meet ungulate off-take. The amplified pressure has created 

evident browse lines in woody plants such as Gambel's oak and mountain mahogany 

(Cercocarpus montanus) (G Sorensen unpublished data). High intensity ungulate 

herbivory can be detrimental to recovery and production of herbaceous communities if 

ungulates are not excluded (Cid et al. 1991, Thaxton et al. 2010).  

 Most areas that had the appropriate tree density, 10-200 trees per hectare (Short et 

al. 1977) lacked the most appropriate crown cover (26-65%) that would allow both an 
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increase in herbaceous production and provide the appropriate thermal and security cover 

(Pase 1958; Kufeld et al. 1988; Serrouya and D'Eon 2008). Two of the treatment areas, 

Coal and Logged, did have adequate canopy cover and tree densities but they did not 

have an increase herbaceous cover or production. It appears that prior to treatment, 

specific goals were not clearly laid out and site managers assumed that general thinning 

of ponderosa and juniper would result in preferable habitat conditions. The thinning and 

mastication did not yield results preferable to mule deer at my site. 

 Furthermore, climatic events such as drought can have profound effects on 

ecosystems, altering plant responses (Allen and Breshears 1998). Climatic conditions 

probably played a significant role in the response of vegetation communities to thinning 

and mastication at my site. The decrease in production and lack of herbaceous cover are 

probably directly related to the ongoing severe drought at the site. My results agree with 

that of Bender (2006), Ansley and Rasmussen (2005) and Breshears et al. (2005), where 

drought reduced herbaceous production, slowed vegetation recovery and reduced 

herbaceous cover. With a subtle increase in precipitation in the second growing, there 

was a noticeable increase in grass production, suggesting that with adequate precipitation 

treatments could yield more positive results. 

 One of the most significant results of my study was the increase in grass and 

woody cover and forb production in ungulate exclosures, suggesting that intensive 

herbivory presents an obstacle to vegetation recovery at the site. This may reflect the fact 

that the majority of forb species found at the site are considered key forage for mule deer 

and that mule deer are more aggressively selecting for forbs than graminoids and shrubs 

(Bender 2006) during the summer growing season. It is likely that given adequate 
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precipitation, treated areas would provide production and composition that would be 

favorable to mule deer. 

 Prescribed burning can increase herbaceous cover (by as much as double), 

perennial grass densities, and herbaceous production. Prescribed burning of ponderosa 

and juniper following mechanical thinning would have likely increased the amount of 

herbaceous cover and production. Periodic burning at the site would remove the large 

amount of old plant matter created by the juniper and ponderosa, and deter the growth of 

new saplings, increasing the potential for new growth of key forage.  

 Two of the treatment areas had both tree canopy cover and tree densities that 

would provide preferable levels of thermal and security cover (Short et al. 1977; Kufeld 

et al. 1988). Though tree densities and tree canopy was appropriate the overall lack in 

herbaceous cover and production would not provide enough quantity to encourage 

utilization (Bender 2006). With the increase in key forage in areas of treatment, and the 

increase of grass and woody cover and forb production in exclosures, I conclude that in 

times of drought mechanical thinning and mastication did not produce preferable mule 

deer habitat conditions. 
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