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ABSTRACT 
 

Many grassland bird species have exhibited population declines during the past 

three decades.  Major components of grassland bird habitat in eastern New Mexico 

include sand shinnery oak (Quercus havardii) communities, many of which have been 

subject to unmanaged livestock grazing and other impacts for decades.  As a result, these 

sand shinnery oak communities tend to deviate from the historical grass/shrub vegetation 

mix in favor of shrubs.  These communities are frequently managed with livestock 

grazing and herbicide application for shrub control.  These techniques can be used for 

potential restoration of historical community structure.   However, responses of spring 

migrating and nesting grassland birds to these management practices in shinnery oak 

communities are not well understood because of variation in species response.  

Additionally, most of the research in these communities has focused on game species.  

My study objectives, in the context of restoring shinnery oak communities, were to: 1) 

determine if tebuthiuron herbicide application or short-duration grazing had negative 

impacts on avian community structure (i.e., density, species richness, diversity, and 

evenness), 2) determine if the vegetation changes caused by tebuthiuron application and 

short-duration grazing negatively impacted avian reproduction (nest density and success), 

and 3) develop recommendations to benefit grassland birds when using herbicides and 

livestock grazing in sand shinnery oak communities. 

My study site in eastern New Mexico consisted of 1,040 ha divided into 16 plots 

of 65 ha each.  The plots consisted of 2 treatments arranged in 4 combinations: 

tebuthiuron with grazing; tebuthiuron without grazing; no tebuthiuron with grazing; and a 
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control of no tebuthiuron or current grazing.  I performed biweekly point transects on 

these plots from February through July 2004 and 2005.  Density of bird species was 

estimated using program DISTANCE.  I also searched 4-ha subplots in each treatment 

plot for nests from April-June 2004 and 2005.  I monitored nests to estimate daily 

survival rates and recorded vertical density and overhead cover measurements at each 

nest site to determine if vegetation structure affected nest daily survival or success.  In 

2005, I placed 64 artificial nests to supplement information from real nests.  This study 

occurred over years of highly variable precipitation: 2003 represented the end of a 15-

year drought with below-average precipitation, but during 2004, the area received 3 times 

the average amount of precipitation, the second highest amount ever recorded in the 

region.  The above-average precipitation affected habitat conditions and likely impacted 

my results, but precipitation returned to near average in 2005, so these conditions may 

not persist. 

Density of all avian species did not differ between grazed and ungrazed plots.  

Tebuthiuron-treated plots had a higher density of all species than untreated plots.  There 

was a higher density of all species during spring 2005 than 2004 but density was similar 

during the breeding season of both years.  These trends were predominantly influenced 

by Cassin’s sparrows (Aimophila cassinii) and, in 2005, grasshopper sparrows 

(Ammodramus savannarum).  Tebuthiuron-treated plots had a higher density of Cassin’s 

sparrows in both years.  Grasshopper sparrows were not recorded in 2004 but were 

present in greater numbers on tebuthiuron-treated plots in 2005.  The density of resident 

species (meadowlarks [Sturnella spp.] and loggerhead shrikes [Lanius ludovicianus]) 
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exhibited little response to tebuthiuron or grazing treatments.  Species richness was not 

affected by tebuthiuron or grazing, but was higher in the spring of 2005 than 2004 

because of greater numbers of migratory sparrows.  Decreases in both evenness and 

diversity in 2005 compared to 2004 were influenced by large flocks of chestnut-collared 

longspurs (Calcarius ornatus) and lark buntings (Calamospiza melanocorys).  Diversity 

was also lower on ungrazed plots in February and March. 

Nest density of all species was similar among tebuthiuron and grazing treatments 

but was greater in 2005 than 2004.  Nests of migratory species were more numerous in 

2005 than 2004, whereas equal numbers of resident species nests were found in both 

years.  Daily nest survival rates were similar between years and between incubation and 

the nestling periods, but varied among species and treatments.  Daily nest survival rates 

during incubation were 6.3% higher in untreated plots than in tebuthiuron-treated plots, 

but during the nestling period were 17.3% higher in tebuthiuron-treated plots than in 

untreated plots.  Depredation caused the majority of nest failures. 

Vertical density of vegetation differed among treatments and was greater in 2005 

than 2004 but did not differ between nest sites and associated random points, nor between 

hatched and failed nests.  Vegetation overhead cover did not vary among treatments but 

was greater in 2005 than 2004 and greater at nest sites than at associated random points.  

Overhead cover did not differ between nests that hatched and nests that failed. 

Unusually high rainfall in 2004 likely influenced results, but neither grazing nor 

tebuthiuron treatment had a substantial impact on resident birds.  Migratory birds 
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responded positively to tebuthiuron treatment, but overall density and nest success in this 

community (regardless of treatment) were extremely low. 
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CHAPTER I 

INTRODUCTION 

 
 

The short- and midgrass prairie ecosystem of eastern New Mexico (Partners in 

Flight Physiographic Area 55, Ruth 2005) provides habitat for many species of grassland 

birds, including the lesser prairie-chicken (Tympanuchus pallidicinctus; species list in 

Appendix A), a candidate for listing under the Endangered Species Act (USDI FWS 

2005), and numerous migratory species of concern.  Data from the Breeding Bird Survey 

demonstrate consistent declines across the breeding range of most grassland bird species 

between 1966 and 2001 (Peterjohn and Sauer 1999, Sauer et al. 2001).  Furthermore, 

grassland birds showed the most widespread and greatest annual mean decline of all 

surveyed avian groups (Herkert 1995).  Habitat destruction, fragmentation, and 

degradation appear to be the underlying influences in these population trends, though 

these effects may manifest differently in each species (Peterjohn and Sauer 1999).  

Major components of grassland bird habitat in eastern New Mexico include sand 

shinnery oak (Quercus havardii) communities (Figure 1.1).  These communities were 

historically codominated by shrubs and grasses (Martin 1990, New Mexico Partners in 

Flight 2003).  There is no evidence that shinnery oak invades overgrazed rangeland, but 

oak is an effective water-gatherer, and when given an advantage may almost eliminate 

associated plants due to the effects of shading and moisture competition (Peterson and 

Boyd 1998).   

 1



 

 

 

 

 

Figure 1.1: Distribution of sand shinnery oak communities in New Mexico.  Source: New 
Mexico State Land Office (unpubl. data). 
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Thus, unmanaged grazing can change the community composition, resulting in decreased 

grass production and greater frequency of shinnery oak (Peterson and Boyd 1998).  In 

some areas, shinnery oak has become essentially a monoculture, and there is interest in 

restoring the communities to a more historic grass/shrub balance.   

Tools available for restoring shinnery communities to their historical vegetation 

composition include shinnery oak control and livestock grazing.   In New Mexico, the 

predominant method of shinnery oak control is herbicide application (Peterson and Boyd 

1998).  Between 1981 and 1993, the U.S. Bureau of Land Management (BLM) treated 

40,469 ha of shinnery oak in New Mexico with the herbicide tebuthiuron (N-[5-(1,1-

dimethylethyl)-1, 3, 4-thiadiazol-2-yl]-N, N’-dimethylurea) (USDI BLM 1997).   

Tebuthiuron is a dry pelleted herbicide widely used for brush control, including 

mesquite (Prosopis spp.), whitebrush (Aloysia lyciodes), and oak (Quercus spp.).  

Numerous studies cite tebuthiuron’s effectiveness in oak control (Scifres and Mutz 1978, 

Pettit 1979, Jacoby et al. 1983, Jones and Pettit 1984).  Tebuthiuron causes shinnery oak 

to repeatedly defoliate and eventually die (Pettit 1979, Jones 1982, Jones and Pettit 

1984).  The subsequent reduction in oak competition results in increased grass growth 

(Jacoby et al. 1983, Jones and Pettit 1984, Sears et al. 1986).  The advantages of 

tebuthiuron include its relative nontoxicity to nontarget species (Emmerich 1985), its 

effectiveness after only one application (Scifres et al. 1981), and elimination of overspray 

that is a characteristic of liquid herbicides (Scifres et al. 1981).  At application rates 

below 1 kg/ha, there appears to be no detrimental effect on forbs or grasses (Jacoby et al. 

1983, Jones and Pettit 1984).  Studies performed in Woodward, Oklahoma, showed that 
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brush control increased net profit per acre 110% for grazing operations (McIlvain and 

Armstrong 1963).  The U.S. Department of Agriculture, Natural Resources Conservation 

Service (NRCS), as part of an initiative to improve range health, has proposed reducing 

shinnery oak canopy cover to less than 40% on cooperating ranches in eastern New 

Mexico through applications of 0.56-0.84 kg/ha of tebuthiuron (USDA NRCS 2000).   

Short-duration grazing systems are purported to improve range condition, forage 

production, and forage quality (Dickerson 1985).  High stocking densities used with this 

system are meant to break up the soil cap, which improves litter incorporation, water 

penetration, and seed germination (Savory and Parsons 1980).  Dickerson (1985) 

recorded no advantage of short-duration over continuous grazing in range production, 

quality, or condition on sand shinnery oak and midgrass sites in Texas.  White et al. 

(1991) found only slight differences in vegetational responses to short-duration grazing 

on blue grama (Bouteloua gracilis) rangeland.  The advantages of short-duration grazing 

are largely in higher stocking rates from improved livestock distribution and better 

livestock handling and management (Dickerson 1985, Holechek et al. 2001). 

Responses of grassland birds to restoration efforts in shinnery oak communities 

are not well understood.  Existing studies on grazing and shrub control document both 

positive and negative responses by bird populations.  Grassland birds respond to shrub 

control depending on their need for a shrub component.  Castrale (1982) recorded no 

population response to shrub control by western meadowlarks (Sturnella neglecta) and 

vesper sparrows (Pooecetes gramineus), whereas horned larks (Eremophila alpestris) 

were more abundant on shrub-controlled sites and Brewer’s sparrows (Spizella breweri) 
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were less abundant on shrub-controlled plots.  Similar patterns exist in the literature 

concerning the effects of grazing on grassland birds as species can be classified as 

“increasers” or “decreasers” in response to grazing (Ryder 1980), but many species 

respond differently to grazing depending on location, habitat type, and grazing intensity 

(Wiens 1973; Ryder 1980; Kantrud and Kologiski 1982, 1983; Vickery et al. 1995; 

Jamison et al. 2002).  New Mexico Partners in Flight (2003) identified unmanaged 

grazing and herbicide use for shrub control as the main impacts to sand shinnery oak 

habitat in New Mexico.  Peterson and Boyd (1998) also identified a need for research on 

effects of grazing and shinnery oak control on wildlife species in sand shinnery oak 

communities.     

 

Objectives 

My objectives, in the context of restoring shinnery oak communities, were to: 1) 

determine if tebuthiuron application or short-duration grazing had negative impacts on 

avian community structure (i.e., density, species richness, diversity, and evenness), 2) 

determine if the vegetation changes caused by tebuthiuron application and short-duration 

grazing negatively impacted avian reproduction (nest density and success), and 3) 

develop recommendations to benefit grassland birds when using herbicides and grazing 

in sand shinnery communities. 
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Study Area 

The study area was located in eastern New Mexico, within T. 7 S., R. 37 E, 

Sections 26, 34, 35, and 36; and T. 8 S., R. 37 E, Sections 2 and 3; Roosevelt County.  

The predominant woody vegetation present was shinnery oak and sand sagebrush 

(Artemisia filifolia).  Major grasses included sand bluestem (Andropogon hallii), big 

bluestem (A. gerardii), purple three-awn (Aristida purpurea), hairy grama (Bouteloua 

hirsuta), fall witchgrass (Leptoloma cognatam), little bluestem (Schizachyrium 

scoparium), and sand dropseed (Sporobolus cryptandrus) (Martin 1990, New Mexico 

Partners in Flight 2000; plant names follow Hitchcock 1971).  Broom snakeweed 

(Gutierrezia sarothrae), yucca (Yucca sp.), mesquite (Prosopis glandulosa), shinnery 

oak-post oak hybrids (Q. havardii x Q. stellata), and western soapberry (Sapindus 

saponaria) trees were also present.  Tebuthiuron was applied to 518 hectares of private 

land in 2000, which was adjacent to 518 ha of the State Game Commission-owned North 

Bluit Prairie Chicken Area that was not treated and represented the extant shinnery 

oak/grassland community (Figure 1.2).  Average yearly precipitation in the region is 31.5 

cm (USDC NCDC 2005); however, this study occurred during a period of highly unusual 

precipitation: 2003 represented the end of a 15-year drought at 26.15 cm of precipitation 

for the year.  In 2004, cumulative precipitation was 85.85 cm, the second highest ever 

recorded in the region.  Finally, precipitation in 2005 was closer to average at 27.5 cm as 

of November (C. Dixon, Wildlife Plus Consulting, unpubl. data). 
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Figure 1.2:  Study area in Roosevelt County, New Mexico, showing application of 
tebuthiuron and grazing treatments during 2004-2005.  Plots are named as follows: 
B=North Bluit Prairie-Chicken Area (tebuthiuron control), W=Weaver Ranch 
(tebuthiuron treated), G=grazed, N=not grazed.  Each plot was 65 ha, except WN3,  
which was 80 ha. 
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Vegetation studies conducted in 2000, prior to application of tebuthiuron, found 

no differences in vegetative composition between control and treated areas (Table 1.1: 

F15,11 = 0.65, P = 0.24 for point transects and F9,14 = 0.65, P = 0.74 for line transects; C. 

Dixon, Wildlife Plus Consulting, unpubl. data).  In October 2000, the treated area was 

aerially sprayed with 0.73 kg of tebuthiuron per hectare.  Subsequent studies conducted 

in 2001 revealed differences in vegetative composition between the control and treated 

areas (Table 1.1: F10,5 = 46.21, P = 0.0003 for point transects and F 8,7 = 17.55, P = 0.006 

for line transects; C. Dixon, Wildlife Plus Consulting, unpubl. data), including a 6.5-fold 

increase in herbaceous plant production (Table 1.1) and a 29-fold difference in grass seed 

production on treated versus untreated areas (Table 1.2).  

 In March 2003, the treated and control areas were cross-fenced into 8 plots of 

approximately 65 ha each (Figure 1.2).  Managed short-duration grazing was applied to 4 

of the control plots and 4 of the treated plots to create 4 treatment combinations, each 

replicated 4 times: herbicide with grazing, herbicide without grazing, no herbicide with 

grazing, and no herbicide without grazing.  Grazing treatments were assigned in the 

control and treatment areas by starting at the northernmost pair of plots and flipping a 

coin to decide which plot would be grazed.  The grazing treatment was then continued in 

a checkerboard pattern throughout the rest of the plots (Figure 1.2).  The grazing plan 

was designed to take a maximum of 50% of the available herbaceous material per year 

over 2 sessions, one each during the dormant and growing seasons.  Because of 

differences in grass production, control and tebuthiuron treated areas were grazed for 

different amounts of time (Table 1.3).   
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Table 1.1:  Vegetation composition and cover means from control and tebuthiuron-treated 
area vegetation transects in Roosevelt County, New Mexico, before and after 2000 
tebuthiuron application. Pre-application data were collected in 2000; post-application 
data were collected in 2001¹. 

Vegetation type  
 
 
 
 
 

Community measure 

 

Shinnery 

oak 

 

Other 

shrubs 

 

 

Grasses 

 

 

Forbs 

Bare 

ground/ 

litter 

Point transect (%)      

   Before application      

      Control 22.9 4.5 18.5 1.2 52.7 

      Treatment 23.1 5.1 16.5 0.9 54.3 

   After application      

      Control 14.7 1.4 11.6 0.9 71.7 

      Treatment 0.3 1.0 47.5 0.7 50.3 

      

Nearest plant (%)      

   Before application      

      Control 42.2 9.4 41.3 3.6  

      Treatment 39.6 6.8 48.4 4.8  

   After application      

      Control 38.4 3.7 53.3 4.3  

      Treatment 0.5 1.8 96.0 1.6  
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Line transect (%)      

   Before application       

      Control 25.6 3.4 36.0 1.8  

      Treatment 25.4 8.0 35.4 1.2  

   After application (%)      

      Control 14.3 2.9 29.0 1.9  

      Treatment 0.1 2.2 63.9 1.4  

      

Quadrat estimates (%)      

   Before application      

      Control 25.6 7.1 33.4 1.2 41.6 

      Treatment 25.7 5.2 25.5 0.7 45.4 

   After application      

      Control 21.5 4.9 26.5 1.6 80.5 

      Treatment 0.5 2.5 67.6 1.3 65.8 
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Table 1.1. Continued 
Vegetation type 

 

 
 
 
 
 
 

Community measure 

 

Shinnery 

oak 

 

Other 

shrubs 

 

 

Grasses 

 

 

Forbs 

Bare 

ground/ 

litter 

 
¹Source: C. Dixon, Wildlife Plus Consulting, unpubl. data. 
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Table 1.2: Grass seed production means on control and treatment areas in Roosevelt County, New Mexico,  
after 2000 tebuthiuron application.  Data were collected in 2001¹. 

Seed Production (kg/ha)  

 

Site 

 

Gramas 

Sand 

paspalum 

 

Dropseeds 

 

Bluestems 

 

Total 

1.06 0.71 1.50 1.06 4.83 Control (no tebuthiuron applied) 

Treatment (tebuthiuron applied) 6.06 16.84 42.55 61.08 126.53

                        
 ¹Source: C. Dixon, Wildlife Plus Consulting, unpubl. data. 
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Table 1.3: Grazing regime on tebuthiuron-treated and control areas of the  
study site in Roosevelt County, New Mexico, during 2003-2005. 

 
# animal-days 

Year Season¹ Control Treated 

Estimated % harvested 

herbaceous material 

2003 
dormant 

growing 

294 

208 

1983 

1456 

25% 

25% 

2004 
dormant 

growing 

346 

147 

2076 

1176 

25% 

18% 

2005 
dormant 

growing 

556 

292 

2224 

584 

25% 

15% 

       
¹Dormant season grazing occurred in January or February before grasses began 
 actively growing.  Growing season grazing occurred in July.            
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The same number of cattle was used per plot but the length of grazing time was adjusted 

based on forage availability.  Animal-days were calculated and adjusted before every 

grazing session from vegetation data gathered in ongoing studies on the site.  

 

Study Bird Species 

Of the grassland bird species that New Mexico Partners in Flight (2003) has 

identified as a priority, the following have been previously recorded on the study site: 

lesser prairie-chicken, scissor-tailed flycatcher (Tyrannus forficatus), Cassin’s sparrow 

(Aimophila cassinii), loggerhead shrike (Lanius ludovicianus), scaled quail (Callipepla 

squamata), burrowing owl (Athene cunicularia), common nighthawk (Chordeiles minor), 

greater roadrunner (Geococcyx californianus), Say’s phoebe (Sayornis saya), and lark 

sparrow (Chondestes grammacus) (P. McDaniel, Phalarope Consulting, unpubl. data).  

Ladder-backed woodpeckers (Picoides salaris), rock wrens (Salpinctes obsoletus), and 

curve-billed thrashers (Toxostoma curvirostre) have been sighted nearby but not recorded 

on the study site.  Other species present included Chihuahuan raven (Corvus 

cryptoleucus), mourning dove (Zenaida macroura), horned lark, mallard (Anas 

platyrhynchos), western meadowlark, and eastern meadowlark (Sturnella magna).  

Researchers from the G.M. Sutton Avian Research Center, Oklahoma, monitored lesser 

prairie-chickens on the study area.   
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CHAPTER II 

EFFECTS OF TEBUTHIURON AND GRAZING  

TREATMENTS ON GRASSLAND BIRD 

 COMMUNITY STRUCTURE 

 

Introduction 

Grassland bird communities tend to share three characteristics - they contain 

relatively few species; are typically dominated numerically by one or two abundant, 

widespread species; and contain a few species with extremely restricted habitat 

requirements (Wiens 1973, Graul 1980, Cody 1985).  Only about 5% of North America’s 

total avifauna is comprised of endemic Great Plains species (Johnsgard 1979).  Grassland 

birds appear to define their niches in terms of habitat structure (Wiens 1973) and thus, 

modification of grassland habitat may affect the abundance and distribution of bird 

populations (Martin 1995a).    

Grassland bird communities evolved in conjunction with grazing; however, 

effects of grazing on bird communities and their habitats are neither uniform nor easily 

defined (Wiens and Dyer 1975).  Knopf et al. (1988) argued that grazing has the greatest 

influence on nongame birds as it alters the horizontal patterning of the lower vegetation 

layers.  Kantrud (1981) found that mean density of birds tended to increase as grazing 

intensity increased but species richness tended to decrease.  Heavy grazing resulted in 

increased dominance by a few species, leading to reduced species richness.  Wiens 

(1973) found that ungrazed or lightly grazed plots appeared to have slightly more species 
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and greater species diversity than heavily grazed plots.  Ryder (1980) categorized 

grassland birds as “increasers” or “decreasers” in response to grazing.  Birds such as 

mountain plovers (Charadrius montanus) and horned larks are more abundant on heavily 

grazed areas, whereas meadowlarks are more abundant on lightly grazed areas.  Brown 

(1978) theorized that population densities of certain species are related to population 

carryover from the previous year, which in turn is related to perennial grass and food 

production.  If this is true, extensive removal of grass could reduce the following year’s 

population by increasing mortality.  A population of grassland birds possessing 

consistently high reproductive success could theoretically become extirpated through 

elimination or reduction of grass production or removal of residual grass cover (Brown 

1978).  

The response of grassland birds to shrub control is varied and inconsistent.  

Martin (1990) found numbers of western meadowlarks and Cassin’s sparrows to be 

similar on tebuthiuron treated and untreated shinnery oak plots.  Ruth (2000) summarized 

data supporting both positive and negative population responses of Cassin’s sparrows to 

shrub control.  Webb and Guthery (1982) reported a positive population response by 

northern bobwhite (Colinus virginianus) on treated shinnery oak plots.  Olawsky and 

Smith (1991) found no difference in lesser prairie-chicken densities between treated and 

untreated shinnery oak plots; however, lesser prairie-chickens may prefer nesting in 

untreated areas with high grass availability (Haukos and Smith 1989).  Cannon and 

Knopf (1981) found that male lesser prairie-chicken densities were positively correlated 
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with percent grass cover and negatively correlated with brush frequency and density in 

shinnery oak grassland. 

According to Peterson and Boyd (1998), on average about 20 songbird species 

nest and approximately 80 additional species historically used sand shinnery oak habitats, 

but none are endemic to the community.  New Mexico Partners in Flight (2003) has 

identified 16 species of concern in sand shinnery oak communities, of which 10 have 

been recorded on the study site and 3 nearby (Chapter I).  Thus, use of grazing and 

herbicides to restore shinnery habitats may impact migratory bird populations.  My 

objectives were to compare density, richness, evenness, and diversity of breeding 

grassland bird species among 4 combinations of herbicide and grazing treatments in sand 

shinnery oak communities to determine if either of these treatments negatively impacted 

grassland bird community parameters. 

 

Methods 

In each of the 16, 65-ha treatment plots (4 replications of 4 treatments: untreated, 

grazed; untreated, ungrazed; treated, grazed; and treated, ungrazed), I randomly placed 4, 

4-ha subplots (Appendix B).  Point transects for avian sampling were set up in a grid of 4 

points, 100 m apart, per subplot (Ralph et al. 1993, Buckland et al. 2001).  To estimate 

avian density, species richness, evenness, and diversity among treatment combinations, I 

surveyed at least 2 of the 4 points in each subplot every month (3 per subplot were 

surveyed in February to ensure adequate sample size).  Points in the same grid were not 

sampled on the same day to maintain independence.  I conducted point transects from 
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February to August of 2004 and 2005 to record migrant species in addition to breeding 

species.  From February through April, I conducted point transects from sunrise until 4 

were completed; from May through July I conducted transects from sunrise until 2 were 

completed because the birds became inactive more quickly as the weather grew warmer.  

This sampling design differed slightly from the recommended survey period and time 

frame (May-July, 0500-0900; Ralph et al. 1993) for stable detectability of breeding birds, 

but distance sampling provides a reliable estimate of density in the face of variability in 

detection due to factors such as cue production (e.g., singing) and environmental 

differences (Buckland et al. 2001).  I recorded all avian species seen or heard within 5 

minutes at the point (no settling period was used because of open features of the habitat).  

To reliably estimate absolute density, I recorded distance to each bird seen in the point 

transect with a Leica laser rangefinder (Ransom and Pinchak 2003).  Density was 

reported as individuals/ha for all species except grasshopper and Cassin’s sparrows, 

which were reported as singing males/ha because generally only singing males were 

detected during surveys.  I grouped eastern and western meadowlarks for analysis due to 

difficulty in distinguishing the species by sight in the field.  These surveys entailed 

approximately 208 person-hours per year (48 hours per month in February, 32 hours per 

month March-July). 

Bird density was estimated with program DISTANCE (Thomas et al. 2003).  The 

assumptions for distance sampling are: 1) objects on the point are detected with certainty; 

2) objects are detected at their initial location; and 3) measurements are exact (Buckland 

et al. 2001).  Species richness was the number of species observed during a survey, 
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excluding incidentals such as birds on fencelines or flying over the survey area.  I used 

relative abundance of bird species to calculate diversity with the Shannon-Weiner Index 

(H´ = – Σpi ln pi, Magurran 1988: 35) and then calculated evenness as the ratio of 

observed diversity to maximum diversity (E = H´/Hmax,; Magurran 1988: 37). 

The tebuthiuron-treated and untreated areas were analyzed as combined 

completely randomized designs to allow for inference beyond the study site (Cochran and 

Cox 1957).  All variables were compared among treatments, months, and years using 

analysis of variance (ANOVA) in a mixed linear model after the data were tested for 

normality and heterogeneous variances (Cochran and Cox 1957).  Tebuthiuron treatment, 

grazing, month, and year were analyzed as fixed effects, with year as the first repeated 

measure and month as the second repeated measure.  I separated means using the least 

significant difference (LSD) test with pairwise comparisons of least-squares means if the 

F test on marginal means was significant (P < 0.05).  Regression analysis of density by 

month was conducted using contrast coefficients within the model.  I performed 

statistical analyses using SAS 9.1 (SAS Institute Inc. 2003). 

 

Results 

Density of all species 

 Density (individuals/ha) of all species was not affected by the grazing treatment 

(F1,12 = 0.20, P = 0.66).  Density of all species was higher in tebuthiuron-treated plots 

than in untreated plots ( x treated = 0.21 ± 0.01(SE), x untreated = 0.15 ± 0.01; F1,12  = 

11.95, P = 0.005).  Because of an interaction between month and year (F5,132 = 3.19, P = 
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0.01), the increase in density from 2004 to 2005 was not consistent across months.  

Density was higher in 2005 from March through May and then converged to 2004 levels 

as migrants left the study site during the breeding season (Figure 2.1, Table 2.1) 

Regression analysis of density by month revealed a quadratic relationship in both 

tebuthiuron-treated (F1,60 = 10.0, P = 0.003) and untreated plots (F1,60 = 16.60 P = 0.0001; 

Figure 2.1) in 2004.  This relationship was also present in 2005 (F1,60 = 47.42, P <0.0001 

for tebuthiuron-treated plots, F1,60 = 30.43, P < 0.0001 for untreated plots; Figure 2.1).  In 

both years, the highest density of birds occurred in April (Table 2.1). 
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     Figure 2.1: Density of all avian species from February-July in tebuthiuron treated and untreated sand shinnery oak           
     communities in Roosevelt County, New Mexico, in 2004 and 2005.    
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 2004  2005 
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 Table 2.1: Density (individuals/ha ± SE) of all avian species from February-July on tebuthiuron treated and untreated      
  sand shinnery oak plots in Roosevelt County, New Mexico, in 2004 and 2005.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                  

1 Uppercase letters indicate differences (P < 0.05) in density between years in the same month. 
 
                     2 Lowercase letters indicate difference (P < 0.05) in density between months within a year. 

 
 
 

 

Month 

Tebuthiuron 

treated density 

Untreated 

density  

 

x density  

 Tebuthiuron 

treated density  

Untreated 

density  

 

x density  

Feb 0.08 ± 0.04  0.01 ± 0.008     0.05 ± 0.02 A1a2  0.13 ± 0.03 0.07 ± 0.008 0.10 ± 0.02 Aa 

Mar 0.07 ± 0.01  0.08 ± 0.02  0.08 ± 0.01 Aa  0.20 ± 0.03 0.12 ± 0.02 0.16 ± 0.02 Bb 

Apr 0.28 ± 0.03  0.20 ± 0.06  0.24 ± 0.03 Ac  0.41 ± 0.05 0.32 ± 0.06 0.37 ± 0.04 Bc 

May 0.22 ± 0.02  0.20 ± 0.02  0.21 ± 0.02 Ac  0.36 ± 0.03 0.26 ± 0.03 0.31 ± 0.02 Bc 

Jun 0.21 ± 0.03  0.10 ± 0.01  0.15 ± 0.01 Ab  0.18 ± 0.03 0.12 ± 0.01 0.15 ± 0.01 Ab 

Jul 0.20 ± 0.05   0.13 ± 0.02     0.16 ± 0.03 Aab  0.19 ± 0.02 0.14 ± 0.007 0.17 ± 0.01 Ab 
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Density by species 

Cassin’s sparrow, meadowlark, and loggerhead shrike were the only bird species 

for which I was able to record density in all or most survey months and for both years.  

Cassin’s sparrows were not recorded until April in 2004, though they were recorded 

during March in 2005.  Density (singing males/ha) of Cassin’s sparrows on tebuthiuron-

treated plots was twice that on untreated plots ( x treated = 0.11 ± 0.009, x untreated = 

0.05 ± 0.007, F1,12 = 19.31, P = 0.0009; Figure 2.2).  Their density was not affected by 

grazing (F1,12 = 2.42, P = 0.15), but there was an interaction between year and month 

(F4,96 = 2.99, P = 0.02).  On average, there was a higher density of Cassin’s sparrows in 

2005 than in 2004 ( x 2004 = 0.06 ± 0.01; x 2005 = 0.10 ± 0.01) but the differences were 

observed only in March, April, and May (Table 2.2).  Regression analysis by month 

revealed that in 2004, Cassin’s sparrows increased linearly in treated plots (F1,36 = 16.55, 

P = 0.0002) while remaining constant in untreated plots (F1,36 = 1.24, P = 0.27).  In 2005, 

the relationship was quadratic in both the tebuthiuron-treated (F1,48 = 9.48, P = 0.003; 

Figure 2.2) and untreated plots (F1,48 = 11.79, P = 0.001; Figure 2.2). 
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Figure 2.2: Density of Cassin’s sparrows from March-July in tebuthiuron treated and 
untreated sand shinnery oak communities in Roosevelt County, New Mexico, in 2004  
and 2005. 
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Table 2.2:  Density (singing males/ha ± SE) of Cassin’s sparrows from March-July on tebuthiuron treated and                      
untreated sand shinnery oak plots in Roosevelt County, New Mexico, in 2004 and 2005.                                     .   

 2004 2005 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

1Uppercase letters indicate differences (P < 0.05) in density between years in the same month. 
 
2Lowercase letters indicate difference (P < 0.05) in density between months within a year. 

 

Month 

Tebuthiuron 

treated density 

Untreated 

density  

 

x density  

Tebuthiuron 

treated density  

Untreated 

density  

 

x density  

Mar 0 0 0  0.06 ± 0.02 0 0.03 ± 0.01 Ba 

Apr 0.08 ± 0.01 0.01 ± 0.01 0.05 ± 0.01 A1a2 0.13 ± 0.03 0.07 ± 0.03 0.10 ± 0.02 Bb 

May 0.09 ± 0.02  0.05 ± 0.01 0.07 ± 0.01 Aab 0.17 ± 0.03 0.14 ± 0.02 0.16 ± 0.01 Bc 

Jun 0.17 ± 0.03 0.04 ± 0.01 0.10 ± 0.02 Ab 0.15 ± 0.03 0.08 ± 0.01 0.12 ± 0.02 Ab 

Jul 0.15 ± 0.04 0.05 ± 0.01 0.10 ± 0.02 Ab 0.12 ± 0.02 0.08 ± 0.02 0.10 ± 0.02 Ab 
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Loggerhead shrikes were the least numerous of the 3 species and there were 

insufficient observations of loggerhead shrikes to calculate density in June and July of 

both years and May of 2005.  Shrike density exhibited an interaction among grazing, 

year, and month (F 3,72 = 3.77, P = 0.01).  Shrike density did not differ between years 

among the ungrazed plots, whereas the grazed plots had a higher density of shrikes in 

2004 than 2005, but only during February and April (Table 2.4).  Similarly, in 2005 there 

was no difference in density between grazed and ungrazed plots, whereas in 2004 there 

were more shrikes on grazed plots than ungrazed plots, but only in February and April 

(Table 2.4). 
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I recorded eastern and western meadowlarks on the study site, but grouped the 2 

species for analysis.  Meadowlark density (individuals/ha) was not affected by 

tebuthiuron treatment (F1,12 = 0.04, P = 0.85) or grazing (F1,12 = 0.88, P = 0.37).  On 

average, there was a higher density of meadowlarks in 2004 than 2005 ( x 2004 = 0.06 ± 

0.009, x 2005 = 0.03 ± 0.004; Figure 2.3); however, because of an interaction between 

year and month (F5,132 = 5.51, P = 0.0001) the difference was not consistent over all 

months.  Meadowlark density was similar in February and July of both years but greater 

in 2004 for all other months (Table 2.3).  There was a linear relationship in both 2004 and 

2005 (F1,60 = 18.32, P <0.0001 and F1,60 = 22.60, P <0.0001, respectively; Figure 2.3); 

this was predominantly influenced by the increase in density from February to March 

(Table 2.3).   
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Figure 2.3: Density of meadowlarks from February-July in sand shinnery oak communities in Roosevelt  
County, New  Mexico, in 2004 and 2005. 
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Table 2.3:  Density (individuals/ha ± SE) of meadowlarks from  
   February-July in sand shinnery oak communities in Roosevelt  
  County, New Mexico, in 2004 and 2005. 
 

Month 2004 Density 2005 Density 

Feb 0.009 ± 0.003 A1a2 0.008 ± 0.003 Aa 

Mar 0.068 ± 0.01 Ac 0.038 ± 0.006 Bcd 

Apr 0.071 ± 0.01 Ac 0.019 ± 0.004 Bb 

May 0.039 ± 0.003 Ab 0.021 ± 0.003 Bb 

Jun 0.082 ± 0.007 Ac 0.025 ± 0.003 Bbc 

Jul 0.067 ± 0.008 Ac 0.047 ± 0.006 Ad 

 

1Uppercase letters indicate differences (P < 0.05) in density  
     between years in the same month. 

  
2Lowercase letters indicate difference (P < 0.05) in density  

    between months within a year. 
 

 

 

 

 



 2004 2005 

Month Grazed Ungrazed Grazed Ungrazed 

Feb  0.02 ± 0.008 A1a2 0.005 ± 0.002 Ab 0.006 ± 0.002 Ba 0.002 ± 0.0009 Aa 

Mar   0.01 ± 0.006 Aa 0.003 ± 0.002 Aa 0.009 ± 0.002 Aa  0.002 ± 0.002 Aa 

Apr   0.02 ± 0.01 Aa 0.007 ± 0.001 Ab 0.002 ± 0.001 Ba 0.01 ± 0.005 Aa 

May 0.006 ± 0.003 Aa 0.007 ± 0.003 Aa 0 Aa 0 Aa 
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Table 2.4: Density (individuals/ha ± SE) of loggerhead shrikes in grazed and ungrazed sand 
 shinnery oak communities in Roosevelt County, New Mexico, in 2004 and 2005.   

 
 
 

 

 

 

 

 
            

               1Uppercase letters indicate differences (P < 0.05) among grazed plots between years or among  
  ungrazed plots between years. 

 
2Lowercase letters indicate differences (P < 0.05) between grazed and ungrazed plots within a year. 
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For a few species, I was able to calculate density for only one or two months of 

the sampling period (Tables 2.5, 2.6).  These species were either migrants, not present in 

all months, or residents present in low numbers.  I calculated density for vesper sparrows 

(Pooecetes gramineus) in April and western kingbirds (Tyrannus verticalis) in May in 

both 2004 and 2005.  For vesper sparrows, an interaction between tebuthiuron treatment 

and year (F1,12= 8.64, P = 0.01) indicated that there were fewer vesper sparrows in 

untreated plots than tebuthiuron-treated plots in 2004, but fewer in the tebuthiuron-treated 

plots in 2005 compared to 2004 (Table 2.5).  The density of western kingbirds did not 

vary in response to tebuthiuron treatment, grazing, or year (Table 2.5).  I recorded 

Chihuahuan ravens and mourning doves in both 2004 and 2005, but was only able to 

calculate density in 3 different months in 2004 (March, April, and July for ravens; May, 

June and July for mourning doves).  Density of neither species varied between months 

(F2,24 = 2.48, P = 0.10 and F2,24 = 0.10, P = 0.90, respectively) and neither species 

exhibited a response to tebuthiuron or grazing treatments (Table 2.6).  Although I 

recorded white-crowned sparrows (Zonotrichia leucophrys) in both 2004 and 2005, I was 

only able to calculate density in February, March, and April of 2005.  Density of white-

crowned sparrows did not differ from month to month (F2,24 = 2.69, P = 0.09) nor did it 

differ in response to grazing or tebuthiuron treatment, although the variation in density 

between grazed and ungrazed plots is worth noting (Table 2.6).  I did not record any 

grasshopper sparrows (Ammodramus savannarum) during the breeding season in 2004 

but was able to calculate their density in March and April of 2005.  Grasshopper sparrow 

density was similar in March and April (F1,12= 0.11, P = 0.75).  



 
 
 

 
Table 2.5:  Densities (individuals/ha ± SE) of vesper sparrows and western kingbirds in grazed, ungrazed, 
tebuthiuron treated and untreated sand shinnery oak communities in Roosevelt County, New Mexico, in 2004 and 
2005. 
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      1Uppercase letters indicate differences (P < 0.05) between years within a treatment. 

 
          2Lowercase letters indicate differences (P < 0.05) between grazed and ungrazed or tebuthiuron treated and untreated   

 plots within a year. 
  

 

 

Treatment  

Species 

 

Year Grazed Ungrazed Treated Untreated 

Vesper sparrow 
2004 

2005 

 0.11 ± 0.05 A1a2

   0.07 ± 0.02 Aa 

0.10 ± 0.04 Aa 

0.03 ± 0.01 Aa 

0.18 ± 0.06 Aa 

0.02 ± 0.01 Ba 

0.04 ± 0.02 Ab 

0.08 ± 0.03 Aa 

Western kingbird 
2004 

2005 

0.008 ± 0.003 Aa 

0.008 ± 0.005 Aa 

30

 0.023 ± 0.01 Aa 

 0.005 ± 0.003 Aa 

0.015 ± 0.009 Aa 

0.006 ± 0.004 Aa 

0.015 ± 0.005 Aa 

0.007 ± 0.004 Aa 



1Lowercase letters indicate differences (P < 0.05) in density between tebuthiuron-treated and untreated plots or between    
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Table 2.6: Densities (individuals/ha ± SE) of other avian species in grazed, ungrazed, tebuthiuron treated, and untreated 

Species Year Grazed Ungrazed Treated Untreated 

Chihuahuan raven 2004 0.003 ± 0.001a1 0.0004 ± 0.0002 a 0.002 ± 0.001a 0.001 ± 0.001 a 

Mourning dove 2004  0.008 ± 0.003 a 0.009 ± 0.005 a    0.01 ± 0.006 a 0.004 ± 0.002 a 

Grasshopper sparrow 2005 0.039 ± 0.02 a    0.069 ± 0.03 a 0.097 ± 0.03 a    0.012 ± 0.01 b 

White- crowned sparrow 2005   0 ± 0 a    0.184 ± 0.09 a 0.144 ± 0.08 a    0.040 ± 0.03 a 

sand shinnery oak communities in Roosevelt County, New Mexico, in 2004 and 2005.   

Treatment 

 grazed and ungrazed plots. 
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Species Richness, Diversity, and Evenness 

 

Evenness varied similarly to species richness in that there was an interaction 

between month and year (F5,132 = 15.70, P < 0.0001) and there were no effects from 

tebuthiuron (F1,12 = 0.38, P = 0.55) or grazing (F1,12 = 0.16, P = 0.70) treatments.   

32

There were more grasshopper sparrows on the tebuthiuron-treated plots than untreated 

plots (F1,12 = 6.99, P = 0.02) but no differences between grazed and ungrazed plots 

(Table 2.6). 

 

 There was no overall tebuthiuron treatment (F1,12 = 4.45, P = 0.06) or grazing 

(F1,12 = 0.04, P = 0.85) effect on species richness.  On average, species richness was 

higher in 2005 than 2004 ( x 2004 = 6.46 ± 0.40, x 2005 = 8.14 ± 0.48) but, because of an 

interaction between month and year (F5,120 = 9.33, P < 0.0001), the difference between 

years was present only in February, March, and April (Figure 2.4). 

 Species diversity exhibited an interaction among tebuthiuron treatment, grazing 

treatment, and month (F5,120 = 2.33, P = 0.04) and between year and month (F5,120 = 5.92, 

P < 0.0001).  Thus, although diversity varied from month to month, the variation was not 

consistent across grazing and tebuthiuron treatments.  Diversity was lower on ungrazed, 

untreated plots than other treatment combinations in February and March of both years 

(Table 2.7).  On average, diversity was higher in 2004 than 2005 (

x 2005 = 1.29 ± 0.09), but the difference between years was observed only during 

February, March, and May (Figure 2.5). 

x 2004 = 1.43 ± 0.07, 



Figure 2.4: Avian species richness from February-July in tebuthiuron treated and untreated sand shinnery 
oak communities in Roosevelt County, New Mexico, in 2004 and 2005.  Uppercase letters indicate 
differences (P < 0.05) in richness between years. 
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Table 2.7:  Diversity (Shannon Index) of avian species in sand shinnery oak communities 
in Roosevelt County, New Mexico from February-July for 2004 and 2005 combined.   
 

 

 

Month Grazed Ungrazed Grazed Ungrazed 

Feb 0.92 ±  0.02 A1a2 1.19 ± 0.12 Aa 0.97 ± 0.20 Aa 0.73 ± 0.21 Ba 

Mar 0.86 ±  0.15 Aa 1.00 ± 0.26 Aa 1.03 ± 0.14 Aa 0.67 ± 0.08 Ab 

Apr 1.68 ± 0.06 Aa 1.73 ± 0.10 Aa 1.61 ± 0.12 Aa 1.58 ± 0.13 Aa 

May 1.48 ± 0.09 Aa 1.61 ± 0.19 Aa 1.77 ± 0.11 Aa 1.54 ± 0.07 Aa 

Jun 1.50 ± 0.10 Aa 1.46 ± 0.08 Aa 1.43 ± 0.05 Aa 1.54 ± 0.10 Aa 

Jul 1.60 ± 0.10 Aa 1.45 ± 0.12 Aa 1.58 ± 0.06 Aa 1.64 ± 0.05 Aa 

1Uppercase letters indicate differences (P < 0.05) between tebuthiuron treatment means at   
  a level of grazing and month. 
 
2Lowercase letters indicate differences (P < 0.05) between grazing means at a level of  
  tebuthiuron treatment and month. 
 
 
 
 
 
 
 
 
 
 

Tebuthiuron Treated Untreated  
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Figure 2.5: Avian species diversity (Shannon Index) from February-July in sand shinnery oak communities in 
Roosevelt County, New Mexico, in 2004 and 2005.   Uppercase letters indicate differences (P < 0.05) in diversity 
between years.   
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On average, evenness was closer to 1 (where 1 represents a situation in which all species 

are equally abundant) in 2004 than 2005 ( x 2004 = 0.78 ± .03, x  2005 = 0.64 ± .04) but 

the difference was present only during February, March, and May (Figure 2.6).  The drop 

in evenness in February and March of 2005 was caused by large flocks of chestnut-

collared longspurs (Calcarius ornatus); the drop in May was caused by large flocks of 

lark buntings (Calamospiza melanocorys). The influence of these flocks on species 

diversity is apparent: the dominance of these species caused the corresponding drop in 

species diversity in the same months of 2005 (Figure 2.5). 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 
 
 



Figure 2.6: Evenness of avian species from February-July in sand shinnery oak communities in Roosevelt County,  
         New Mexico, in 2004 and 2005.  Uppercase letters indicate differences (P < 0.05) in evenness between years. 
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Discussion 
 

 
This study was part of a larger experiment in which the goal was to restore the 

sand shinnery oak community to a more historical grass/shrub balance and to develop a 

grazing regime that would maintain that balance.  My results reflect the initial response 

of grassland birds to restoration efforts in sand shinnery oak communities.  Use of 

tebuthiuron to restore sand shinnery oak communities in Roosevelt County, New Mexico, 

resulted in increased density of grassland birds.  This differs from Martin (1990), who 

found no difference in abundance of all species between tebuthiuron-treated and 

untreated shinnery oak communities in southeastern New Mexico.  Migrant birds appear 

to respond differently to tebuthiuron treatment than resident birds; the influx of migratory 

grasshopper and Cassin’s sparrows had the greatest influence on the trends observed in 

density of all species.  The grazing regime had very little impact on density; loggerhead 

shrikes exhibited only a limited response and the densities of other species were not 

affected.  Month and year were the other major factors affecting grassland bird density. 

There was a higher density of Cassin’s sparrows in tebuthiuron-treated plots.  

Martin (1990) observed Cassin’s sparrows more frequently on tebuthiuron-treated areas 

during one year but similar numbers on treated and untreated areas the following year and 

found no difference overall.  Cassin’s sparrows overwinter on the study site but are 

difficult to detect and were not observed singing in the study area until April in 2004 and 

March in 2005, which is when the density of all species on the treated and untreated areas 

diverged.  Cassin’s sparrows require a shrub component within grasslands (Ruth 2000), 

but Ruth (2000) hypothesized that if the shrub density becomes too great, there is no 
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longer sufficient grass component under or between the shrubs to meet the sparrow’s 

need for grass.  The lack of a grass component in the untreated plots may explain why 

Cassin’s sparrows were more numerous on the tebuthiuron-treated plots; this hypothesis 

is also supported by nesting data (Chapter III).  The linear density relationship in 2004 

versus the quadratic relationship in 2005 suggests a habitat saturation effect: in 2004, 

untreated areas were quickly saturated and remained at a constant density whereas 

density in the tebuthiuron-treated areas expanded linearly.  After the abundant rainfall in 

2004, vegetation was denser in the beginning of 2005 (Chapter III).  Untreated plots 

supported more birds in 2005 than 2004, resulting in a quadratic relationship that 

mirrored that of the tebuthiuron-treated plots.  The peak density of Cassin’s sparrows in 

tebuthiuron-treated plots was similar in 2004 (0.31 singing males/ha) and 2005 (0.29 

singing males/ha), but occurred a month earlier in 2005, again suggesting habitat 

saturation at a certain density.  The maximum density in this study was approximately 

50% of the average density previously reported in grasslands of 0.57 singing males/ha 

(Maurer 1985). 

The neutral response of meadowlarks to tebuthiuron treatment I recorded in this 

study was consistent with Martin’s (1990) results for meadowlarks in treated and 

untreated shinnery oak areas.  Gruver and Guthery (1986) also found meadowlark 

densities to be equal on treated and untreated areas of mesquite 13 years after mesquite 

control.  The change in density from February to March in both years likely represents an 

influx of short-distance migrants into the study area for the breeding season, but more 

information on meadowlark movements is needed to support this assertion. 
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Loggerhead shrikes were present in such low numbers that it is difficult to 

decipher treatment effects on shrike density.  Shrikes are a resident species and appear to 

remain at a constant, low density across the study area.  Shrikes were frequently observed 

on yucca stalks or in mesquite.  They generally nest in trees or tall shrubs (Porter et al. 

1975, Tyler 1992) and therefore it is unlikely that grazing affects their nesting habits.  It 

is possible that grazing affects the shrike’s prey base or hunting efficiency, but if this was 

the case, I would expect the effect to be more consistent across time.  Saab et al. (1995) 

summarized 3 studies that indicated either a neutral or positive response by loggerhead 

shrikes to moderate or heavy grazing, which is consistent with the limited results of this 

study. 

Grasshopper sparrows exhibited a higher density on tebuthiuron-treated plots in 2005, 

the only year they were present on the study site during the breeding season.  

Grasshopper sparrows winter on the study area, but drought conditions at the end of 2003 

likely accelerated their departure to other breeding areas.  They were not recorded in the 

study area by the time the rains began in February of 2004.  The above-average rainfall 

throughout 2004 resulted in improved habitat conditions in 2005 (Chapter III) and thus 

grasshopper sparrows remained on the study site much longer, though it is unknown if 

they actually nested on the study site.  Vesper sparrows were more numerous on 

tebuthiuron-treated plots in 2004 but not in 2005.  This was possibly because conditions 

on tebuthiuron treated and untreated plots differed more sharply before the abundant 

2004 rainfall. 
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Year and month also influenced density of all species.  The increase in density 

from 2004 to 2005 stems again from increases in migratory species, predominantly 

grasshopper sparrows (which were not present during migration in 2004), and also from 

the earlier arrival of Cassin’s sparrows.  The increase in density during the breeding 

season was likely caused in part by the above-average rainfall in 2004.  After the peak 

migration period, density of all species was similar between years.  Similarly, Igl and 

Johnson (1995, 1999) reported the change in status of Le Conte’s sparrow (Ammodramus 

leconteii) from an uncommon breeding species to the most abundant over a period of six 

years that coincided with the amelioration of drought conditions and associated changes 

in habitat in the northern Great Plains.  Ruth (2000) summarized anecdotal evidence 

suggesting similar distribution changes in response to precipitation by Cassin’s sparrows. 

Grasslands generally have low densities of birds (usually around 100-400 

individuals/100 ha; Wiens 1973, Cody 1985), but densities on this study site were 

considerably lower than those reported in several other grassland studies (Table 2.8).  

Comparisons should be made with caution because these studies used different methods 

to estimate density; nevertheless the extreme difference is worth noting. 

Species richness and evenness were not affected by grazing or tebuthiuron 

treatment.  Species diversity exhibited a slight response to tebuthiuron treatment and 

grazing; however, month and year, as influenced by rainfall, had the greatest influence on 

community structure patterns. 
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Table 2.8:  Comparison of avian density on sand shinnery 
oak communities in Roosevelt County, New Mexico, 

  during 2004-2005, to 4 other grassland studies. 
  Average avian density 

(individuals/100ha) 

This study 17 

DeJong (2001)1 355 

Cody (1985)2 100 

Wiens and Dyer (1975)3 282 

Giezentanner (1970)4 113 

 

 

 

 

 

 

 

1 Mixed-grass prairie; South Dakota 

2 Shortgrass prairie; unspecified sites 

3 Shortgrass prairie; Alberta, Wyoming, Colorado, and Texas panhandle 

4 Shortgrass prairie; Colorado 
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The grazing regime in this study appears to have little effect on grassland bird 

populations.  With the exception of 3-way interactions in species diversity and 

loggerhead shrike density, none of the measured variables showed a response to the 

grazing treatment.  The lowest diversity occurred in ungrazed, untreated plots only in 

February and March.  There were generally more shrikes on grazed plots but the 

difference was only apparent in 2 out of 4 months in 2004.  These results indicate that 

short-duration grazing regimes, based on the correct stocking rate and knowledge of 

available forage, are not detrimental to grassland bird populations and are compatible 

with sand shinnery restoration.  

The effect of tebuthiuron on grassland bird community structure in the restoration 

of sand shinnery oak communities is more difficult to interpret.  Species richness, 

evenness, and diversity were the same in treated and untreated plots, except for the 

relatively low diversity in untreated, ungrazed plots during February and March.  

However, it appears that tebuthiuron treatment affects mainly the numbers of birds 

present, not which species or in what proportions they occur.  Tebuthiuron-treated plots 

support a higher density of the same community of birds as untreated plots. 

Species richness on the study site (5-6 spp.) was toward the high end of the 2-6 

species range for grasslands reported by Wiens (1973), Wiens and Dyer (1975), and 

Cody (1985).  The increase in species richness in the first 3 months of 2005 as compared 

to 2004 was caused by an increase in detection of migratory sparrows in 2005.  Cassin’s 

sparrows appeared a month earlier in 2005, grasshopper sparrows were recorded for the 

first time during the breeding season in 2005, and there were greater numbers of other 
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migratory sparrows such as field sparrows (Spizella pusilla), chipping sparrows (Spizella 

passerine), Lincoln’s sparrows (Melospiza lincolnii), and savanna sparrows (Passerculus 

sandwichensis; Appendix A).  When the migratory sparrows departed the study site for 

their breeding grounds, average species richness returned to 2004 levels.  Diversity was 

lower in February and March of 2005 because of the dominance of large flocks of 

chestnut-collared longspurs (occasionally >200 individuals) that were not present in 

2004.  This dominance is evident in measurement of evenness, which was smaller in 

February and March of 2005 than during the rest of the 2005 study period.  Similarly, the 

difference between years in May in both diversity and evenness was caused by large 

flocks of lark buntings.  Once wintering longspurs left the study area in April, the 

abundance distribution of species became more equal and patterns in 2005 closely 

followed patterns of 2004.  With the exception of the longspur and lark bunting flocks in 

early 2005, evenness estimates indicated that no one species was dominant on the study 

site.  This differs from the pattern observed by Wiens (1973), Wiens and Dyer (1975), 

and Martin (1990), where roughly half of the individual birds present belonged to the 

single most abundant species.  However, the average value for species diversity in this 

study (1.4) was similar to that reported by Martin (1990) in shinnery oak communities 

(1.5).  

Richness and diversity peaked concurrently, when large numbers of migratory 

birds were present on the study site in the middle of the breeding season, but this peak 

occurred a month earlier in 2005 than in 2004, suggesting a shift in the breeding timeline.  

This is supported by the earlier initiation of nesting on the study site in 2005 (Chapter 
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III).  This was also likely related to the abundant rainfall in 2004 and subsequent 

vegetation response in 2005. 

The grazing regime used in my study would be categorized as moderate 

(Holechek et al. 2001), which may contribute to the high species richness and diversity; 

this would be consistent with the patterns observed by Kantrud (1981) and Wiens (1973).  

The mosaic of grazed and ungrazed plots likely offered a variety of vegetation structure.  

Although a few species prefer habitat extremes (ungrazed or heavily grazed), a light to 

moderate grazing regime appears to support the greatest variety of grassland species.  

Kantrud (1981) observed that heavy grazing resulted in reduced species richness and 

increased dominance by a few species, whereas Wiens (1973) reported that ungrazed or 

lightly grazed plots appeared to have slightly more species and greater species diversity 

than heavily grazed plots.  Wiens and Dyer (1975) suggested that because grassland birds 

are so ecologically plastic, avifaunal shifts occur only after some threshold of habitat 

change has been passed, and therefore many species of grassland birds would be 

unresponsive to moderate levels of grazing, such as occurred in this study. 

Bourliere and Hadley (1970) and Wiens (1973) suggested that grassland birds live 

and reproduce off of the excesses produced by grasslands.  Large seasonal or annual 

fluctuations in weather and production may produce a surplus that can be exploited by 

migrant species.  Cody (1985) suggested that in response to climatic and production 

variations, grassland birds maintain a generalized morphology and behavior and practice 

resource tracking.  This phenotypic plasticity in behavior and diet allows grassland birds 

to select geographic areas from year to year based on available resources.  Igl and 
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Johnson (1999) described how erratic population fluctuations are characteristic for most 

grassland passerines because they are highly dependent on specific vegetation features 

that vary dramatically in response to local moisture conditions.  Given that seed and 

herbaceous production was considerably higher on treated plots than on untreated plots 

(Chapter I), this resource tracking may explain the differences in density patterns and 

species richness between treated and untreated plots.  This may also explain why migrant 

sparrows responded differently to shinnery oak control than did resident meadowlarks 

and loggerhead shrikes.  Precipitation was also an important factor affecting avian 

populations during the study: initial habitat conditions in 2004 were those resulting from 

many years of drought and unmanaged grazing in the area, whereas the subsequent 

above-average precipitation during 2004 produced better initial conditions in 2005.  The 

increases in density and species richness observed in 2005 reflect this improvement in 

conditions.    

In this study, sand shinnery oak plots restored with tebuthiuron to a grass/shrub 

mix supported a greater density of migratory birds than untreated plots and equal 

densities of resident birds as untreated plots.  This suggests that restoring sand shinnery 

oak communities to a more historical grass/shrub balance can create vegetation 

heterogeneity that benefits migratory grassland birds and does not appear to harm 

residents.  A carefully managed grazing regime also does not appear to negatively impact 

grassland birds and is compatible with sand shinnery oak restoration efforts.  
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CHAPTER III 

EFFECTS OF TEBUTHIURON AND GRAZING  

TREATMENTS ON GRASSLAND BIRD REPRODUCTION 

 

Introduction 

Grassland passerine nest success is notoriously low.  Nice (1957) reported that 

open-nesting passerines (birds that do not nest in cavities or build enclosed nests) 

typically lose 55% of their eggs or young.  Johnson and Temple (1986) stated that habitat 

quality for nesting birds is most reliably measured by nest productivity, not bird density.  

Winter et al. (2005) found that the vegetation variables affecting nesting success of 2 

grassland passerines differed from those influencing bird density and thus concluded that 

avian density responses to vegetation structure do not imply similar effects on nesting 

success. 

Nest depredation may contribute to the decline of grassland species or limit 

population recovery (Basore et al. 1986), and depredation is a leading cause of nest 

failure among grassland passerines (Martin 1993, Davis 2003, Winter et al. 2004).  

Vertical and horizontal cover at a nest site may influence likelihood of depredation; 

nesting birds rely mostly on decreasing nest detection or nest accessibility for nest 

protection (Martin 1995a).  Thus, land management practices that affect the vegetation 

structure may also impact nest success; for example, Hughes et al. (2000) found that daily 

nest survival rates for mourning doves were influenced by field-level vegetation 

structure.   
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Grazing and herbicide application, common management practices used to restore 

sand shinnery oak communities, may affect nest success through influence on available 

nesting substrate.  Knopf et al. (1988) argued that grazing has the greatest influence on 

nongame birds as it alters the horizontal patterning of the lower vegetation layers; 

similarly Kantrud and Kologiski (1982) stated that grazing by domestic livestock can 

rapidly alter use of grasslands by breeding birds through changes in height and density of 

the vegetation.  Roseberry and Klimstra (1970) found an inverse relationship between the 

intensity of grazing and utilization by nesting eastern meadowlarks.  Depending on 

application rate, tebuthiuron treatment tends to decrease vertical screening immediately 

after application as the shinnery oak dies off, but as bunchgrasses recover, vertical 

screening in treated plots may surpass that in untreated plots (Doerr and Guthery 1983).  

Likewise, canopy cover can eventually be greater in tebuthiuron-treated plots than in 

untreated plots (Jones 1982, Doerr and Guthery 1983). 

In shinnery oak communities, nest success data are only available for the lesser 

prairie-chicken.  Riley et al. (1992) reported that in shinnery oak and bluestem 

(Andropogon and Schizachyrium spp.) communities in southeastern New Mexico, nests 

were more successful in taller vegetation.  They theorized that tall, wide clumps of 

vegetation with spreading stems provided better concealment from predators, both 

overhead and laterally (Riley et al. 1992).  Haukos and Smith (1989) found that vertical 

screening cover and percent overhead cover were the most important features in selection 

of prairie-chicken nest sites.  However, there is little information available on nest 

density, nest-site selection, or nest success of passerines in shinnery oak communities.  
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Also, existing studies assume that shinnery oak communities are pristine, when 

historically these communities supported a greater grass component (Peterson and Boyd 

1998). 

 My objective was to determine if tebuthiuron treatment or short-duration grazing 

used restore sand shinnery oak communities to historic shrub/grass mixes negatively 

impacted reproductive success of grassland birds by testing 4 combinations of 

tebuthiuron and grazing treatments to determine if the subsequent vegetative response 

affected nest density, nest-site selection, or daily nest survival rate of grassland birds.   

 

Methods 

In each 65-ha plot 4, 4-ha (200 m x 200 m) subplots were randomly placed to 

search for nests (Appendix B).  I conducted nest searches on each plot in March, April, 

May, and June of 2004.  Because no nests were found in March of 2004, I searched for 

nests only in April, May, and June of 2005.  I randomly selected two subplots in each 

treatment plot to be searched each month, but I was limited by time and available labor to 

searching only half of each subplot.  Each search thus consisted of walking through either 

the east or west half of the subplot with 2-4 people, for a total of 4 ha searched per 

treatment replicate per month.  Nest searches and monitoring were conducted within the 

guidelines of Winter et al. (2003).  Nests were located by systematically parting 

vegetation with a hockey stick (Berthelsen and Smith 1995, Koford 1999) and watching 

for flushed adults.  Baxter and Wolfe (1973) reported that 94% of dummy nests were 

found when searching plots with hockey sticks.   
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I found both active nests and inactive nests during nest searches.  Active nests 

were almost always found by flushing the adult; these nests contained eggshells, eggs or 

young.  Inactive nests were also discovered while searching; these nests did not contain 

eggs or young, had no associated adult, and were likely at least a year old.  Although I 

had no way of determining true age of inactive nests, I recorded how many were found.  

At each active nest I recorded the GPS coordinates of the nest, identified the vegetation 

species in which the nest was located, marked the nest with a flag, and rechecked each 

nest every 4 days to determine nest fate (Ralph et al. 1993).  At failed nests, I checked for 

signs of depredation and identified the cause of failure if possible.  Determining type of 

predator from sign left at the nest can be unreliable (Marini and Melo 1998, Pietz and 

Granfors 2000) so I did not categorize depredations.   

I calculated nest density by dividing the number of nests (active or inactive) found 

during all searches by the total area searched.  The month of March was excluded from 

nest density calculations in 2004 because no nests were found. 

Because I found so few nests in 2004, I randomly placed 64 artificial nests on the 

study site (16 per treatment) in May and June of 2005 to provide more information on 

nest survival rates in relation to vegetation at the nest sites.  The artificial nests consisted 

of 2 Japanese quail (Coturnix japonica) eggs placed in a slight hollow on the ground.  I 

took vegetation measurements, monitored the nests, and calculated daily survival as for 

real nests.  After 7 days I replaced existing eggs with fresh eggs.  I considered artificial 

nests to have failed when at least one of the eggs was depredated; I considered a nest 

successful when both eggs remained intact for 14 days.  I chose this time period to 
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approximate incubation of mourning doves, the nests of which were the most similar to 

the artificial nests. 

Nest success was calculated using the Mayfield (1961, 1975) approach with the 

maximum likelihood method in program MARK (White and Burnham 1999, Williams et 

al. 2002).  I considered nests of altricial species to be successful if at least 1 young 

fledged, whereas nests of precocial species were considered successful when at least 1egg 

hatched.   Daily survival rates were modeled among species and treatments using 

program MARK.   I selected the best supported model using Akaike’s Information 

Criterion for model selection adjusted for small sample sizes (AICc; Anderson and 

Burnham 2002).  I made pairwise comparisons of daily survival rates between 2004 and 

2005 and between incubation and the nestling period with a χ² test using program 

CONTRAST as described in Sauer and Williams (1989).  I compared nest density among 

treatments and years using analysis of variance (ANOVA) in a mixed linear model after 

the data were tested for normality and heterogeneous variances (Cochran and Cox 1957).   

Because I wanted to examine nest density, nest-site selection, and nest success as a result 

of vegetation structural changes from treatment combinations, parameters were analyzed 

in response to the treatment combination of tebuthiuron and grazing rather than analyzing 

tebuthiuron and grazing as separate effects as was done for avian density (Chapter II).  

Treatment (tebuthiuron and grazing combination) and year were analyzed as fixed 

effects.  I separated means with pairwise comparisons of least-squares means using the 

least significant difference (LSD) test if the F test on marginal means was significant (P 

< 0.05).    
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To determine if birds were selecting specific structural characteristics at nest sites, 

I measured vertical density and overhead cover at each nest site and compared these 

measurements to those made at a random point within 50 m of the nest site.  I measured 

vertical density by taking profile board readings from each cardinal direction (Nudds 

1977, Guthery et al. 1981).  The profile board consisted of 10, 10-cm strata.  I recorded 

percentage of each stratum obscured by vegetation and maximum height of the 

vegetation.  Readings were taken at a distance of 7 m from the nest site at a height of 1 m 

(Guthery et al. 1981).  I took digital photographs of each nest from the height of 1 m and 

then quantified nest concealment by using a photo software program to outline the nest 

and divide the number of vegetation pixels by number of total nest pixels (Ortega et al. 

2002).  I compared these measurements to random points by importing the outline of 

each nest into a corresponding photo of a random point and dividing the number of 

vegetation pixels by the same total number of corresponding nest pixels.   

Comparison of vertical structure in different strata between nest sites and random 

points for vertical cover was performed using multivariate analysis of variance 

(MANOVA; Manly 1994).   Overhead cover between nest and random sites was analyzed 

as a completely randomized design in a mixed linear model in ANOVA (Cochran and 

Cox 1957).   Treatment (tebuthiuron and grazing combination), hatching success (hatch 

or fail), and year were all analyzed as fixed effects.   I separated means using a LSD test 

if the overall F test was significant (P < 0.05).   Statistical analyses were performed using 

SAS 9.1 statistical software (SAS Institute Inc., 2003). 
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Results 
 

From March through June of 2004, 256 ha were searched for nests (64 hectares 

per month).  Across all treatments in 2004, 26 active nests and 97 inactive nests of 

various species were found (Table 3.1).  From April through June of 2005, 192 ha were 

searched (64 hectares per month).  Across all treatments in 2005, I found 59 active nests 

and 72 inactive nests of various species (Table 3.1).  The first nest was found 17 days 

earlier in 2005 (April 1st) than in 2004 (April 18th; Appendix C).  Nest density was 

calculated using only nests found in the subplots during searches (Table 3.2).  Nests 

found incidentally outside of nest searches were used in all other calculations.   

 

Nest density 

Nest density (nests/10 ha) for all species was similar among treatments (F3,24 = 

2.07, P = 0.13), but nest density in 2005 was more than twice that in 2004 ( x 2004 = 0.70 

±  0.20 (SE), x 2005= 1.90 ±  0.30; F1,24 = 9.06, P = 0.006; Table 3.2).  Cassin’s sparrow, 

mourning dove, lesser prairie-chicken, and meadowlark species were most common 

(Table 3.1).  Density of Cassin’s sparrow nests (nests/10 ha) was not affected by 

treatment (F3,24 = 1.32, P = 0.29), but nest density was six times higher in 2005 than 2004 

( x 2004 = 0.20 ±  0.10, x 2005  = 1.20 ±  0.20; F1,24 = 13.44, P = 0.001).  I found too few 

nests of other species to make density comparisons among treatments or years. 
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Table 3.1: Total nests found by species and year in sand shinnery  
oak communities in Roosevelt County, New Mexico, during  
April-June in 2004 and 2005.  

 # nests found 

Species 2004 2005 Total 

Cassin’s sparrow 5 29 34 

Chihuahuan raven 3 1 4 

Common nighthawk 1 0 1 

Lesser prairie-chicken 6 6 12 

Loggerhead shrike 1 1 2 

Mallard 1 0 1 

Meadowlark spp. 5 5 10 

Mourning dove 4 15 19 

Northern bobwhite 0 1 1 

Unknown raptor 0 1 1 

 

 

 
 
 
 
 
 



 # Active nests # Inactive nests  Active nest density (nests/10 ha) 1

Treatment 2004 2005 2004 2005  2004 2005 

Untreated, grazed 5 10 15 9  0.21 ± 0.21 A2a3 1.25 ± 0.24 Ab 

Untreated, ungrazed 7 15 13 6  0.83 ± 0.48 Aa 1.46 ± 0.93 Ab 

Treated, grazed 3 15 34 31  0.21 ± 0.21 Aa 2.08 ± 0.87 Ab 

Treated, ungrazed 11 16 35 24  1.46 ± 0.63 Aa 2.71 ± 0.40 Ab 

Table 3.2: Total nests found and density among four combinations of tebuthiuron treatment and grazing in 
sand shinnery oak communities in Roosevelt County, New Mexico, in 2004 and 2005.  

3Lowercase letters indicate differences (P < 0.05) between years within a treatment. 

2Uppercase letters indicate differences (P < 0.05) among treatments within a year. 

1Density includes only nests found in subplots during searches. 
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Nest success 

Because there were no differences in daily survival rates for any species between 

2004 and 2005 (Table 3.3), I combined data from both years for analysis.  Daily survival 

rate across treatments did not differ between incubation and the nestling period for any 

species (Table 3.4) or within any treatment (Table 3.6).   

The models with the lowest AICc values indicated that daily survival rates were 

different among species during incubation but not during the nestling period (Tables 3.4, 

3.5).  Among treatments, daily survival rates differed during both incubation and the 

nestling period (Tables 3.6, 3.7).  During incubation, the model with the lowest AICc 

indicated that daily nest survival was similar among tebuthiuron-treated plots and among 

untreated plots (Table 3.7); survival was 6.3% higher in untreated plots than in treated 

plots (Table 3.6).  During the nestling period, the same model indicating that daily nest 

survival was the same among tebuthiuron-treated plots and among untreated plots was 

not as well supported by the data as the model with the lowest AICc, but I chose this 

model because it made more biological sense than the model with the lowest AICc (Table  

3.7).  However, during the nestling period the opposite trend manifested: daily nest 

survival was 17.3% higher in tebuthiuron-treated plots than in untreated plots (Table 3.6). 

Only 4 nests were considered successful in 2004: 1 meadowlark, 2 Chihuahuan 

ravens, and 1 mallard.  In 2005, 6 nests were considered successful: 1 Chihuahuan raven, 

1 northern bobwhite, 1 Cassin’s sparrow, and 3 lesser prairie-chickens (Appendix C).   

Out of the 64 artificial nests, only 3 (4.7%) were considered successful.   
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Table 3.3:  Comparison of 2004 and 2005 daily nest survival rates (to hatching for 
lesser prairie-chickens, to fledging for all other species) in sand shinnery oak 
communities in Roosevelt County, New Mexico. 

Species 2004 2005 χ²1 P 

All species 0.915 ± 0.036 0.916 ± 0.022 0.0006 1.0 

Cassin’s sparrow 0.864 ± 0.074 0.862 ± 0.026 0.0007 1.0 

Lesser prairie-chicken 0.869 ± 0.072 0.977 ± 0.016 2.14 0.14 

Meadowlark spp. 0.812 ± 0.089 0.920 ± 0.038 1.24 0.26 

Mourning dove 0.779 ± 0.142 0.851 ± 0.039 0.27 0.60 
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Table 3.4: Daily nest survival rates during incubation and nestling period for 4 grassland 
bird species in sand shinnery oak communities in Roosevelt County, New Mexico, in 
2004 and 2005.  
 Incubation  (n) Hatching to Fledging (n) 

All species 0.915 ± 0.013 (64) a1 0.854 ± 0.034 (19) a 

Cassin’s sparrow    0.892 ± 0.023 (30) A2a    0.780 ± 0.067 (10) Aa 

Lesser prairie-chicken       0.963 ± 0.018 (8) B N/A 

Meadowlark spp.  0.926 ± 0.036 (7)  Ca  0.933 ±  0.046 (3) Aa 

Mourning dove 0.864 ± 0.039 (16) Da 0.723 ± 0.126 (4) Aa 

 

1Lowercase letters indicate differences (P < 0.05) between incubation and nestling period      
  within species. 
 
2Uppercase letters indicate differences (based on MARK models) within incubation or  
  nestling period among species. 
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Table 3.5: Comparison of models for daily survival rates using program MARK among 
species across treatments in sand shinnery oak communities in Roosevelt County, New 
Mexico, during April-June in 2004 and 2005. 

 

Model AICc Δ AICc # Parameters Deviance 

Incubation among spp.     

A – all spp. different 160.402 0.00 4 152.294 

           B – all spp.  same 161.586 1.18 1 159.576 

Nestling period among spp.     

           B – all spp. same 29.233 0.00 1 27.131 

A – all spp. different 31.276 2.04 2 26.960 
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Table 3.6: Daily nest survival rates for all species during incubation and nestling period 
among 4 tebuthiuron and grazing treatments in sand shinnery oak communities in 
Roosevelt County, New Mexico, during April-June in 2004 and 2005. 
Treatment Incubation (n) Hatching to Fledging (n) 

Untreated, grazed    0.962 ± 0.018 (11) A1a2 0.688 ± 0.122 (4) Aa 

Untreated, ungrazed 0.922 ± 0.023 (18) Aa 0.805 ± 0.106 (4) Aa 

Treated, grazed 0.916 ± 0.026 (15) Ba 0.939 ± 0.034 (5) Ba 

Treated, ungrazed 0.856 ± 0.035 (20) Ba 0.816 ± 0.076 (5) Ba 

 

1Uppercase letters indicate differences (based on MARK models) within incubation or   
  nestling period among treatments. 
 
2 Lowercase letters indicate differences (P < 0.05) between incubation and nestling period  
  within a treatment. 
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Table 3.7: Comparison of models for daily survival rates using program MARK among 
treatments across species in sand shinnery oak communities in Roosevelt County, New 
Mexico, during April-June in 2004 and 2005. 
Model AICc Δ AICc # Parameters Deviance 

Incubation among treatments1     

A – trts 1&2 same, 3&4 same 171.112 0.00 2 167.083 

        B – all trts different 171.437 0.33 4 163.341 

C – trts 1&3 same, 2&4 same 172.200 1.09 2 168.171 

        D – all trts same 173.056 1.94 1 171.046 

E – trts 1&4 same, 2&3 same 174.947 3.84 2 170.919 

Nestling period among treatments     

E – trts 1&4 same, 2&3 same 51.698 0.00 2 47.562 

A – trts 1&2 same, 3&4 same 51.892 0.19 2 47.756 

        B – all trts different 53.071 1.37 4 44.606 

        D – all trts same 53.391 1.69 1 51.346 

C – trts 1&3 same, 2&4 same 54.604 2.91 2 50.467 

 

1 Treatment 1 = untreated, grazed 
  Treatment 2 = untreated, ungrazed 
  Treatment 3 = treated, grazed 
  Treatment 4 = treated, ungrazed 
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All successful nests were located in tebuthiuron-treated plots, but daily survival rate 

(0.762 ± 0.027) did not differ among treatments (χ²3 = 0.45, P = 0.93).  This rate was 

lower than the daily survival rate during incubation for any of the grassland species 

observed, though the comparison is best made to mourning doves (χ²1 = 4.47, P = 0.034), 

the species with nests to which the artificial nests were most similar.  Artificial nests were 

depredated with remarkable rapidity; most failed within a week. 

 

Cause of Nest Failure 

 Depredation accounted for 84% of all real nest failures (Table 3.8).  One 

depredated nest belonged to a radio-collared prairie-chicken; the female was found dead 

on the nest and the eggs were subsequently depredated.  One infertile nest belonged to a 

Cassin’s sparrow, the other to a Chihuahuan raven.  Interestingly, that same raven nest 

was used by an unknown raptor species in 2005 and the eggs were abandoned.  Nests of 

unknown fate included a mallard nest, in which the eggs hatched but the young were 

never seen on any nearby water bodies, and nests that I did not personally monitor.  

Cattle were present on the study site only in July, after I had finished searching for nests, 

so I did not record any nest losses due to trampling. 
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Table 3.8: Cause of nest failure for 75 grassland bird nests in sand shinnery oak 
communities in Roosevelt County, New Mexico, during April-June in 2004 and 2005. 

  Cause of nest failure 

  

Year 

 

Predation Abandoned Infertile 

Parent 

mortality 

 

 Unknown 

 

2004 

2005 

17 

46 

2 

3 

1 

1 

1 

0 

1 

3 

Total  63 5 2 1 4 

 63



Vegetation at the nest sites 

I was able to collect vegetation composition data for 73 of the 85 active nests 

(Table 3.9).  The majority of Cassin’s sparrow nests (76%) and meadowlark nests (90%) 

were found in little bluestem (Table 3.9).  I found too few nests of other species to make 

categorizations, though sand sagebrush appeared to be another important nesting 

substrate.  All nests found in sand sage were located in untreated plots; the tebuthiuron 

treatment removed all sand sage in treated plots.   

I analyzed profile board data from 66 active nests and 66 associated random points.  

I excluded nests in trees, nests found by other researchers that I did not personally 

monitor, and nests that had already failed when found.  Although there was a difference 

in vegetation structure at sampling points (nest and random) among treatments (Wilks’ λ 

= 0.54, P = 0.0002) and between years (Wilks’ λ = 0.38, P < 0.0001), there was no 

difference in vegetation structure between nest and random sites (Wilks’ λ = 0.87, P = 

0.17).  Among treatments, visual obscurity differed only in strata 5 though 8 (41-80 cm) 

and maximum height (Table 3.10).  In these strata, the treated, ungrazed plots 

consistently had the greatest visual obscurity whereas untreated, grazed plots had the 

lowest (Table 3.10).   Vegetation was tallest in tebuthiuron-treated plots (Table 3.10).  

Visual obscurity was greater in these strata in 2005 and maximum height was nearly 

twice that in 2004 (Table 3.11).  Across years, vegetation structure at hatched nests did 

not differ from vegetation at failed nests (Wilks’ λ = 0.91, P = 0.92) regardless of 

treatment (Wilks’ λ = 0.63, P = 0.85).   

 
 

 64



 65

 
 
Table 3.9: Vegetation composition at the nest site for 73 nests in sand  
shinnery oak communities in Roosevelt County, New Mexico, in 2004  
and 2005. 

 
Avian species # nests found Vegetation species 

Cassin’s sparrow 26 

7 

1 

little bluestem 

sand sage 

three awn 

Chihuahuan raven 2 

2 

manmade structure 

western soapberry 

Common nighthawk 1 ground 

Lesser prairie-chicken 1 

1 

1 

big bluestem 

sand sage 

snakeweed 

Loggerhead shrike 1 

1 

yucca 

oak hybrid 

Mallard 1 sand sage 

Meadowlark spp. 9 

1 

little bluestem 

big bluestem 

Mourning dove 19 ground 

Northern bobwhite 1 little bluestem 
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Table 3.10:  Visual obscurity and maximum height means by treatment at grassland bird nests and associated 
random points in sand shinnery oak communities in Roosevelt County, New Mexico, in 2004 and 2005. 

   1Lowercase letters indicate differences (P < 0.05) among treatments within a stratum.

  Visual obscurity (%) 

Stratum cm Untreated, grazed Untreated, ungrazed Treated, grazed Treated, ungrazed 

1 0-10 94.1 ± 3.9 a1 96.4 ± 1.0 a 96.2 ± 1.6 a 97.7 ± 0.7 a 

2 11-20 87.3 ± 4.3 a 89.8 ± 2.0 a 85.5 ± 3.0 a 89.2 ± 1.7 a 

3 21-30 65.2 ± 4.7 a 67.6 ± 4.0 a 59.2 ± 3.4 a 69.6 ± 2.8 a 

4 31-40 41.9 ± 4.9 a 51.7 ± 8.8 a 49.0 ± 3.6 a 59.1 ± 3.2 a 

5 41-50 23.3 ± 4.6 c 27.9 ± 2.8 bc 36.8 ± 3.7 ab 44.6 ± 3.9 a 

6 51-60 13.6 ± 2.8 b 17.1 ± 2.5 b 31.5 ± 23.7 a 37.0 ± 3.9 a 

7 61-70 6.8 ± 1.5 c 9.7 ± 1.6 c 18.3 ± 2.6 b 26.5 ± 3.6 a 

8 71-80 4.3 ± 1.0 c 6.2 ± 1.0 bc 11.1 ± 1.9 b 19.6 ± 3.1 a 

9 81-90 2.0 ± 0.5 a 3.1 ± 0.6 a 5.1 ± 1.2 a 10.2 ± 2.4 a 

10 91-100 1.6 ± 0.6 a 2.1 ± 0.4 a 3.7 ± 1.0 a 6.5 ± 2.1 a 

Max height (cm) 64.1 ± 4.5 c 72.4 ± 3.5 b 79.2 ± 2.6 a 79.5 ± 2.5 a 
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   Table 3.11:  Visual obscurity and maximum height 

means by year at grassland bird nests and associated 
random points in sand shinnery oak communities in 
Roosevelt County, New Mexico, in 2004 and 2005. 

 

   Visual obscurity (%) 

Stratum cm  2004 2005 

1 0-10  96.7 ± 1.5 a 1 96.1 ± 1.1 a 

2 11-20  87.2 ± 3.0 a 88.4 ± 1.4 a 

3 21-30  64.9 ± 4.3 a 66.1 ± 2.0 a 

4 31-40  45.4 ± 4.9 a 53.5 ± 3.2 a 

5 41-50  27.3 ± 5.5 a 36.8 ± 2.0 b 

6 51-60  18.0 ± 4.9 a 28.9 ± 2.0 b 

7 61-70  9.6 ± 3.7 a  18.9 ± 1.6 b 

8 71-80  5.6 ± 3.0 a 13.2 ± 1.4 b 

9 81-90  3.5 ± 2.7 a 6.4 ± 0.9 a 

10 91-100 3.3 ± 2.7 a 4.0 ± 0.5 a 

Max height (cm)  50.0 ± 3.0 a 

  

82.5 ± 1.2 b 

       1Lowercase letters indicate differences (P < 0.05) between  
      years within a stratum. 
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Across treatments, vertical structure did not differ between hatched and failed nests in 

either 2004 (Wilks’ λ = 0.07, P = 0.07) or 2005 (Wilks’ λ = 0.83, P = 0.73).  I was unable 

to test for an interaction between hatching success, treatment, and year because of the 

lack of nests that hatched in certain treatment-year combinations. 

A similar vertical structure pattern was observed at the artificial nest sites.  As for 

real nests, vertical structure at the 64 artificial nest sites differed among treatment 

combinations (Wilks’ λ = 0.32, P = 0.003) in strata 6 through 8 (51-80 cm; Table 3.12).  

Again, the treated, ungrazed plots consistently had the highest visual obscurity while 

untreated, grazed plots had the lowest.  Unlike at real nest sites, maximum height was 

equal in all treatments.  This was probably because artificial nests were only measured in 

2005.  Vertical structure did not differ between successful and unsuccessful artificial 

nests (Wilks’ λ = 0.83, P = 0.55) regardless of treatment (Wilks’ λ = 0.73, P = 0.13).   
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Table 3.12: Visual obscurity and maximum height means at artificial nests in sand shinnery oak communities in 
Roosevelt County, New Mexico, in 2005. 

   1Lowercase letters indicate differences (P < 0.05) among treatments within a stratum. 

  Visual obscurity (%) 

Stratum cm Untreated, grazed Untreated, ungrazed Treated, grazed Treated, ungrazed 

1 0-10 94.4 ± 2.7 a1 99.1 ± 0.8 a 94.6 ± 2.3 a 97.3 ± 1.3 a 

2 11-20 87.3 ± 4.2 a 92.4 ± 3.5 a 79.8 ± 5.1 a 89.5 ± 2.9 a 

3 21-30 69.1 ± 6.2 a 76.7 ± 6.5 a 56.0 ± 6.4 a 65.2 ± 5.3 a 

4 31-40 45.9 ± 5.8 a 53.1 ± 5.8 a 49.5 ± 5.7 a 55.9 ± 6.2 a 

5 41-50 29.3 ± 5.6 a 35.5 ± 4.7 a 35.6 ± 4.6 a 41.6 ± 5.0 a 

6 51-60 17.7 ± 3.8 a 24.2 ± 3.9 ab 29.7 ± 4.0 b 34.8 ± 4.5 b 

7 61-70 10.1 ± 2.4 a 17.4 ± 3.1 ab 18.8 ± 2.9  b 22.8 ± 3.4 b 

8 71-80 6.4 ± 1.2 a 10.3 ± 2.4 ab 12.2 ± 2.0 ab 15.6 ± 3.1 b 

9 81-90 3.9 ± 0.8 a 5.0 ± 1.0 a 6.0 ± 1.3 a 7.5 ± 1.5 a 

10 91-100 3.2 ± 0.7 a 4.7 ± 1.2 a 4.0 ± 1.3 a 4.8 ± 0.9 a 

Max height (cm) 80.8 ± 2.7 a 84.5 ± 3.0 a 84.9 ± 2.9 a 78.5± 2.5 a 
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I analyzed overhead cover data from 55 grassland bird nests and 55 associated 

random points.  Meadowlark nests were excluded because they modify the nest site by 

pulling grass over the top.  Overhead cover was greater at nest sites than at random sites 

(n =110; x nest = 72.8 ± 3.3%, x random = 44.0 ± 4.5%; F 1,96 = 15.41, P = 0.0002).  

This relationship was true in both years (F 1,96 = 0.0, P = 0.98), regardless of treatment (F 

3,96 = 1.74, P = 0.16).  Overhead cover at all sample points (nest and random) did not 

differ among treatments (F 3,96 = 0.92, P = 0.43), though it was greater in 2005 than 2004 

( x 2004 = 41.0 ± 7.6%, x 2005 = 62.2 ± 3.3%; F 1,96 = 7.49, P = 0.007).   There was no 

difference in overhead cover between nests that hatched and nests that did not hatch (n 

=56; x hatched = 70.6 ± 5.7%, x failed = 74.2 ± 3.8%; F 1,41 = 1.86, P = 0.18), regardless 

of treatment (F 3,41= 0.78, P = 0.51). 

Average overhead cover for all open-cup and ground nesting species was 72.8 ± 

3.2% (n = 56).  Average overhead cover at Cassin’s sparrow nests was 74.8 ± 3.8% (n = 

34).  Average overhead cover at mourning dove nest sites was 73.8 ± 6.0% (n = 16).   

 Average overhead cover at all artificial nests was 54.9 ± 4.1% (n = 62).  Similarly 

to real nests, overhead cover did not differ according to treatment (F3,56 = 0.19, P = 0.90), 

nor did it differ between successful and unsuccessful nests (F1,56 = 0.45, P = 0.51).   
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Discussion 
 

Use of tebuthiuron and grazing management to restore sand shinnery oak 

communities had no effect on initial density of grassland bird nests.  Despite greater 

avian density in tebuthiuron-treated plots (Chapter II), nest density was similar among 

treatments – more birds for a treatment did not translate to more nests.  Overall nest 

density was greater in 2005 than 2004, though as with avian density (Chapter II), the 

effect was most pronounced in migrant species.  Equal numbers of resident species 

(lesser prairie-chicken, meadowlark spp.) nests were found in both years, in contrast to 

the far more numerous migrant species (Cassin’s sparrow, mourning dove) nests found in 

2005 than 2004.  Migrant species appeared to respond to improved vegetation conditions 

in 2005 by producing more nests.  Resident species did not produce more nests but had 

higher survival rates.  The first nest was found 17 days earlier in 2005 than in 2004, 

possibly because of better initial conditions in 2005 than 2004. 

Precipitation likely had an important influence on results.   This study was 

conducted over years of unusual precipitation in the region (Chapter I).  These 

precipitation patterns created atypical vegetation conditions throughout the study site, and 

these results may not hold through dry-to-average years.  The above-average precipitation 

aided restoration efforts, which would be more difficult under drier conditions.   

Grassland birds did not exhibit selection among nest sites based on vertical 

density, nor did vertical density affect hatching success.  However, the differences in 

vertical density among treatments and years occurred only above 40 cm.  At the lower 

vegetation levels, the ones most important for nest concealment, there was no difference 
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in vertical density among treatments and no need for birds to select nest sites.  The 

average height of shinnery oak plants on the study site is 46.4 cm (C. Dixon, Wildlife 

Plus Consulting, unpubl. data).  This indicates that at lower vegetation strata, untreated 

shinnery oak provides similar vertical screening as the predominantly little bluestem 

communities that replace them after tebuthiuron treatment.  In this study, the moderate 

grazing regime did not significantly impact vertical density.   

Grassland birds did select nest sites based on overhead cover, presumably as a 

defense against avian predators.  Although average overhead cover did not differ among 

treatments, and ranged from 41% to 61% from 2004 to 2005, nesting birds selected sites 

with 72% cover on average.  Overhead cover was greater at nest sites than at random 

points, but this did not influence whether or not the nest hatched.   

Artificial nests provided an interesting counterpoint to real nests.  Vertical density 

and overhead cover at artificial nest sites followed much the same pattern as at real nests: 

vertical density varied only in the upper strata and neither parameter affected artificial 

nest success.  However, overhead cover was considerably less at randomly chosen 

artificial nest sites than at real nest sites, and the daily survival rate of artificial nests was 

much lower than that for any of the observed species.  This suggests that depredation 

patterns on artificial nests differ from those on real nests, a trend also observed in 

Davison and Bollinger (2000) and Mezquida and Marone (2003).  The 95% depredation 

rate on artificial nests and the rapidity with which they were depredated indicate a 

thriving predator population. 
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Greater horizontal and vertical cover in 2005 versus 2004 did not translate to 

higher daily nest survival rates.  Likewise, greater vertical cover in tebuthiuron-treated 

plots did not always result in higher daily nest survival rates; in fact, untreated plots had 

higher daily nest survival rates during incubation, although tebuthiuron-treated plots had 

higher rates during the nestling period.  This may indicate that grasses and shrubs are 

needed during different periods of brood rearing and thus both are required in a restored 

sand shinnery oak community.  Several other studies documented a similar disassociation 

between nest success and vegetation.  Newton and Heske (2001) found no relationship 

between vertical density in a field and the number of artificial nests depredated in that 

field; Rivers et al. (2003) found no consistent difference in side and overhead 

concealment between depredated and undisturbed artificial nests.  Winter et al. (2005) did 

not find recognizable effects of vegetation structure on nesting success in 2 of 3 grassland 

study species, and Kershner et al. (2004) found no difference in nest-site vegetative 

characteristics between successful and failed meadowlark nests.  The inconsistent effects 

of nest concealment may be related to the ecology of nest predators; medium-sized 

predators may be less likely to find a well-concealed nest, but small predators may be 

more likely to depredate a well-concealed nest if the concealment offers protection from 

secondary predators (Dion et al. 2000, Rivers et al. 2003).  Nest losses to predation were 

high, but this has been documented in other grassland bird studies (Martin 1993, Davis 

2003).  In addition to improving habitat for grassland birds, the abundant rainfall may 

have improved conditions for grassland bird predators.   
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Resident species had higher daily survival rates during incubation than did 

migrant species.  However, all species had extremely low daily survival rates from 

hatching to fledging.  I did not find a difference in daily survival rates between incubation 

and nestling periods, though my nestling period calculations were based on a small 

sample.  These results were contrary to what other authors have found.  Stake and 

Cimprich (2003) documented more frequent predation during the nestling stage than 

during incubation.  Predation tends to be higher during the nestling stage than during 

incubation, possibly because the noise, movement, and scent of the nestlings attracts 

predators (Eichholtz and Koenig 1992), although Davis (2003) did not find differences 

between incubation and nestling survival rates of prairie songbirds. 

The Cassin’s sparrow nests I found were the first recorded in Roosevelt County, 

New Mexico.  It is interesting to note that in 2004, the 3 Cassin’s sparrow nests found in 

the tebuthiuron-treated plots were all located in large bunches of little bluestem, whereas 

the 2 nests found in the untreated plots were located in sand sage.  In 2005, after the rains 

and resulting vegetation response, 5 Cassin’s sparrow nests were found in little bluestem 

on the untreated plots, in addition to 5 found in sand sage.  Large bunches of little 

bluestem were infrequent on the untreated plots before the above-average rainfall in 

2004, so it may be that sand sage fulfilled the same structural role.  It is also interesting to 

note that no nests, active or inactive, were found in a shinnery oak plant in either year.  

Martin (1990) suggested that the low stature and structurally weak limbs of shinnery oak 

provides limited nesting substrate and cover, while Ruth (2000) hypothesized that when 
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shrub density is too great, there is insufficient grass to meet the nesting requirements of 

Cassin’s sparrows.  My observations support these hypotheses. 

With the exception of the lesser prairie-chicken, nest success rates for all species 

to fledging were extremely low compared to those of several other grassland studies 

(Table 3.13).  This is discouraging considering the optimal conditions during the study: 

light grazing and abundant rainfall.  Poor nest success may indicate that overall nesting 

habitat quality is low (Johnson and Temple 1986) but does not necessarily translate to 

reduced annual productivity, as females may compensate by renesting and double- 

brooding (Murray 2000).  Powell et al. (1999) theorized that small increases in adult and 

juvenile daily survival rates could have a large positive effect on breeding-season 

productivity.  In spite of my preventative efforts (following Winter et al. 2003) it was 

possible that human disturbance increased predation on monitored nests, biasing my 

survival estimates.  However, the poor nest success leads to the possibility that this 

community may currently be a population sink or ecological trap.  Even though migratory 

grassland birds were more numerous on tebuthiuron-treated plots, their nests were neither 

more numerous nor more successful.   
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Table 3.13: Comparison of nest success (to hatching for lesser prairie-chicken, to fledging for all other species) of 4 
grassland bird species in sand shinnery oak communities in Roosevelt County, New Mexico, in 2004, to 6 other grassland 
studies. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 aConservation Reserve Program 
 

 Sources: 1Berthelsen and Smith (1995), 2Koford (1999), 3Kershner et al. (2004), 4Hughes et al. (2000), 5 Roseberry and       
 Klimstra (1970), 6Lanyon (1957), 7Riley et al. (1992), 8Haukos (1988). 
 

 

Nest Success (%) 
Species 

This study CRPa Grassland Pasture/hayfield Sand shinnery oak 

Cassin’s sparrow  1.0 44.01    

Lesser prairie-

chicken 

28.8    27.87

16.08

Meadowlark spp. 1.9 49.01

23.9 (ND)2

26.1 (MN)2

2.0 (ND)2

45.7 (MN)2

37.03

30.55

34.46

 

Mourning dove 0 8.9 (ND)2 36.74   
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 Restoring sand shinnery oak communities using tebuthiuron and grazing 

treatments clearly altered the vegetation structure, but the impacts of these treatments on 

avian reproduction are more ambiguous than the effects on avian density and community 

structure (Chapter II).  The above-average rainfall may have masked some treatment 

effects; birds may be more selective in dry years.  It is also important to remember that 

the control areas did not represent sand shinnery oak communities in pristine condition, 

and there may also be a lag in avian reproductive response to the treatments.  My results 

indicate that carefully managed tebuthiuron application and grazing in sand shinnery oak 

communities do not adversely impact grassland bird nest density or nest success; 

however, high depredation rates and low nest success overall do not bode well for 

grassland bird populations in this community. 
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CHAPTER IV 

MANAGEMENT RECOMMENDATIONS 

 
Historical observations suggest that sand shinnery oak communities once 

supported more grass than they do now (Peterson and Boyd 1998).  Overgrazing, 

drought, and other anthropogenic impacts have caused many of these communities to 

become essentially a monoculture of shinnery oak, with little of the native grass bank 

apparent on the landscape.  In areas where shinnery oak has become essentially a 

monoculture, tebuthiuron can be used to create vegetation heterogeneity that may benefit 

migratory grassland birds.  A restored sand shinnery community then has a codominant 

mix of grass and shrubs.  However, tebuthiuron treatment is not an excuse or a cure for 

continuing poor land management practices such as overgrazing.  The goal of tebuthiuron 

use should be to increase the grass component within the shinnery oak community, not to 

eliminate shinnery oak entirely.  Tebuthiuron can be used to restore a shinnery 

community to its historic grass/shrub composition, but the results must be carefully 

maintained primarily through managed grazing systems. 

Tebuthiuron should be applied at rates of 0.73 kg/ha or less in a manner that 

creates vegetation heterogeneity.  It is important to realize that higher application rates 

desired by landowners to meet livestock goals may not be beneficial to grassland birds.  

Creating homogeneous grassland from homogeneous shrubland is likely not the best 

approach for grassland birds, and beneficial habitat for grassland birds could be created at 

lower application rates than occurred in this study.  Tebuthiuron should not be applied to 

shinnery oak communities in poor condition, because on sandy soils, it can be difficult to 
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obtain a high canopy cover of plants after sand shinnery oak is removed (Pettit 1979).  

Adequate perennial bunchgrasses (≥ 8 plants/m² suggested) must preexist in areas to be 

treated (Doerr 1980, Jones 1982).    Doerr and Guthery (1983) suggested that a mosaic of 

untreated and treated areas treated with rates between 0.2 and 0.6 kg/ha would provide 

optimal habitat for prairie-chickens.  Ethridge et al. (1987) found that an application rate 

of 0.56 kg/ha was the maximum application that remained profitable.  Doerr (1980) 

recommended a rate of 0.4 kg/ha to produce high densities and canopy coverage of forbs 

as well as grass seed as food for lesser prairie-chickens.  Sufficient vertical structure, 

such as yucca stalks or mesquite, should be left for perches for birds such as Cassin’s 

sparrows, meadowlarks, and loggerhead shrikes.  

Grazing should be deferred for at least 1 year after tebuthiuron treatment to allow 

for adequate recovery; in this study, grazing was deferred for 3 years.  Grazing too soon 

after application can result in serious erosion (Pettit 1979).  Grazing should be deferred 

for longer periods under drought conditions, and stocking rates should be calculated 

based on available forage and frequently reevaluated to maintain the benefit of 

tebuthiuron treatment.  Cassin’s sparrows used large bunches of tall residual grass for 

nesting; specific requirements such as this should factor into any grazing regime. 

Grazing should be performed in a manner that mimics historic heterogeneous 

vegetation mosaics, where certain areas are grazed more intensively than others (Vickery 

et al. 1995).  This will support a variety of grassland species that prefer different 

vegetation heights and densities.  Moderate grazing regimes designed to take 

approximately 50% of the available herbaceous material on average, such as the one on 
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this study, appear to leave adequate residual vegetation for many grassland birds.  

Trampling should also be a consideration; in this study, grazing was conducted outside 

the breeding season specifically to avoid disturbing nests.  Jensen et al. (1990) 

determined that percentage of nests trampled by cattle increases with increasing stock 

density, with stock densities above 2.5 AU/ha possibly resulting in significant 

disturbance of ground-nesting birds.  However, they also found that the first three days of 

a grazing period were the most critical for nest survival and noted that grazing periods are 

often less than three days at high stock densities.  Short-duration grazing regimes may 

provide greater control over livestock effects on the landscape and accordingly make a 

heterogeneous vegetation mosaic easier to maintain. 

Rainfall and the resulting vegetative conditions should always factor into any land 

management practice.  The variability of weather in the Great Plains produces highly 

different conditions from year to year, and any management plan should be reevaluated 

each year to ensure that it is adequate for the conditions present.  Knowledge of available 

forage is essential to calculating the correct stocking rate.  It is critical to manage 

tebuthiuron-treated shinnery oak communities carefully to maintain the benefits of 

restoration.  Carefully managing shinnery oak communities for bird populations can also 

provide benefits to humans, but the converse is not necessarily true.   
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APPENDIX A 

STUDY SITE SPECIES LIST 

This list includes incidental species 

2004 

American kestrel   Falco sparverius 
Ash-throated flycatcher   Myiarchus cinerascens 
Barn swallow    Hirundo rustica 
Blue grosbeak    Guiraca caerulea 
Brewer’s sparrow   Spizella breweri 
Brown-headed cowbird   Molothrus ater 
Bullock’s oriole    Icterus bullockii 
Burrowing owl    Athene cunicularia 
Cassin’s sparrow   Aimophila cassinii 
Chestnut-collared longspur  Calcarius ornatus 
Chihuahuan raven   Corvus cryptoleucus 
Chipping sparrow   Spizella passerina 
Common nighthawk   Chordeiles minor 
Eastern meadowlark   Sturnella magna 
Ferruginous hawk   Buteo regalis 
Grasshopper sparrow   Ammodramus savannarum 
Great-tailed grackle   Quiscalus mexicanus 
Horned lark    Eremophila alpestris 
Killdeer    Charadrius vociferus 
Ladder-backed woodpecker  Picoides scalaris 
Lark bunting    Calamospiza melanocorys 
Lesser prairie-chicken   Tympanuchus pallidicinctus 
Long-billed curlew   Numenius americanus 
Loggerhead shrike   Lanius ludovicianus 
Mallard     Anas platyrhynchos 
Mourning dove    Zenaida macroura 
Northern bobwhite   Colinus virginianus 
Northern harrier    Circus cyaneus 
Northern mockingbird   Mimus polyglottos 
Prairie falcon    Falco mexicanus 
Red-tailed hawk   Buteo jamaicensis 
Red-winged blackbird   Agelaius phoeniceus 
Rock dove    Columba livia 
Sage thrasher    Oreoscoptes montanus 
Sandhill crane    Grus canadensis   
Scaled quail    Callipepla squamata 
Scissor-tailed flycatcher   Tyrannus forficatus 
Swainson’s hawk   Buteo swainsoni 
Vesper sparrow    Pooecetes gramineus 
Western kingbird   Tyrannus verticalis 
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Western meadowlark   Sturnella neglecta 
White-crowned sparrow   Zonotrichia leucophrys 
White-winged dove   Zenaida asiatica 
Yellow-headed blackbird  Xanthocephalus xanthocephalus 
 
2005 

American kestrel   Falco sparverius 
Barn swallow    Hirundo rustica 
Blue grosbeak    Guiraca caerulea 
Bullock’s oriole    Icterus bullockii 
Burrowing owl    Athene cunicularia 
Cassin’s sparrow   Aimophila cassinii 
Chestnut-collared longspur  Calcarius ornatus 
Chihuahuan raven   Corvus cryptoleucus 
Chipping sparrow   Spizella passerine 
Clay-colored sparrow   Spizella pallida 
Cliff swallow    Petrochelidon pyrrhonota 
Common nighthawk   Chordeiles minor 
Eastern meadowlark   Sturnella magna 
Ferruginous hawk   Buteo regalis 
Field sparrow    Spizella pusilla 
Golden eagle    Aquila chrysaetos 
Grasshopper sparrow   Ammodramus savannarum 
Greater roadrunner   Geococcyx californianus 
Great-tailed grackle   Quiscalus mexicanus 
Horned lark    Eremophila alpestris 
Killdeer    Charadrius vociferus 
Lark bunting    Calamospiza melanocorys 
Lark sparrow    Chondestes grammacus 
Le Conte’s sparrow   Ammodramus leconteii 
Lesser prairie-chicken   Tympanuchus pallidicinctus 
Lincoln’s sparrow   Melospiza lincolnii 
Long-billed curlew   Numenius americanus 
Loggerhead shrike   Lanius ludovicianus 
Mallard     Anas platyrhynchos 
Merlin     Falco columbarius 
Mourning dove    Zenaida macroura 
Northern bobwhite   Colinus virginianus 
Northern harrier    Circus cyaneus 
Northern mockingbird   Mimus polyglottos 
Prairie falcon    Falco mexicanus 
Red-tailed hawk   Buteo jamaicensis 
Red-winged blackbird   Agelaius phoeniceus 
Sandhill crane    Grus canadensis 
Savanna sparrow   Passerculus sandwichensis 
Scaled quail    Callipepla squamata 
Scissor-tailed flycatcher   Tyrannus forficatus 
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Snow goose    Chen caerulescens 
Swainson’s hawk   Buteo swainsoni 
Turkey vulture    Cathartes aura 
Vesper sparrow    Pooecetes gramineus 
Western kingbird   Tyrannus verticalis 
Western meadowlark   Sturnella neglecta 
White-crowned sparrow   Zonotrichia leucophrys 
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APPENDIX B 

STUDY SITE DIAGRAMS
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 1.61 km 
 
Figure B.1.  Diagram of 4-ha subplots placed for nest searches and point transects in sand shinnery oak communities in Roosevelt 
County, New Mexico, in 2004. Plots were named as follows: B=North Bluit Prairie-Chicken Area (tebuthiuron control), W=Weaver 
Ranch (tebuthiuron treated), G=grazed, N=not grazed.  Each plot was 65 ha, except WN3, which was 80 ha. 
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Figure B.2.  Diagram of 4-ha subplots placed for nest searches and point transects in sand shinnery oak communities in Roosevelt 
County, New Mexico, in 2005.  Plots were named as follows: B=North Bluit Prairie-Chicken Area (tebuthiuron control), W=Weaver 
Ranch (tebuthiuron treated), G=grazed, N=not grazed.  Each plot was 65 ha, except WN3, which was 80 ha. 
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Figure B.3.  Location of nests found in sand shinnery oak communities in Roosevelt County, New Mexico, in 2004.  Plots were named 
as follows: B=North Bluit Prairie-Chicken Area (tebuthiuron control), W=Weaver Ranch (tebuthiuron treated), G=grazed, N=not 
grazed.  Each plot was 65 ha, except WN3, which was 80 ha. 
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Figure B.4.  Location of nests found in sand shinnery oak communities in Roosevelt County, New Mexico, in 2005.  Plots were named 
as follows: B=North Bluit Prairie-Chicken Area (tebuthiuron control), W=Weaver Ranch (tebuthiuron treated), G=grazed, N=not 
grazed.  Each plot was 65 ha, except WN3, which was 80 ha. 
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APPENDIX C 

NEST SITE CHARACTERISTICS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
Table C. 1.  Characteristics of 85 grassland bird nests found in sand shinnery oak communities in Roosevelt County, New Mexico, in 2004 
and 2005. 

Nest 

number1 Avian species Date found Clutch size 

# eggs 

hatched 

# young 

fledged Vegetation species 

% overhead 

cover 

WN4NN1 Meadowlark  18 April 2004 5 0 0 little bluestem N/A 

WN2NN1 Meadowlark  21 April 2004 4 0 0 little bluestem N/A 

BN2NN1 Mallard 24 April 2004 11 11 0 sand sage 41.4 

BG4NN1 Meadowlark sp. 7 May 2004  ---† 4 0 little bluestem N/A 

S1034 Lesser prairie-chicken 7 May 2004 --- 0 0 --- --- 

WN1NN1 Cassin’s sparrow 9 May 2004 5 5 0 little bluestem 25.6 

WN4NN3 Lesser prairie-chicken 9 May 2004 9 0 0 little/big bluestem mix 71.2 

BN2NN2 Meadowlark  10 May 2004 4 2 0 big bluestem N/A 

WG3NN1 Chihuahuan raven 11 May 2004 6 4 2+ chinaberry --- 

WN1NN2 Mourning dove 15 May 2004 2 0 0 ground 84.8 

BN3NN1 Loggerhead shrike 15 May 2004 1 0 0 yucca --- 

BG2NN1 Cassin’s sparrow 16 May 2004 5 4 0 sand sage 100 

BN3NN2 Meadowlark  16 May 2004 5 4 3 little bluestem N/A 
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 Table C.1. Continued 

Nest 

number1 Avian species Date found Clutch size 

# eggs 

hatched 

# young 

fledged Vegetation species 

% overhead 

cover 

BN3NN3 Cassin’s sparrow 16 May 2004 5 0 0 sand sage 98.8 

WN4NN4 Lesser prairie-chicken 18 May 2004  ---* --- --- --- --- 

S814 Lesser prairie-chicken 20 May 2004 --- 0 0 --- --- 

WG1NN1 Cassin’s sparrow 22 May 2004 4 4 0 little bluestem 71 

S1042 Lesser prairie-chicken 24 May 2004 --- 0 0 --- --- 

BN3NN4 Chihuahuan raven 29 May 2004 4 0 0 western soapberry --- 

BG4NN2 Common nighthawk 7 June 2004 2 2 0 ground 0 

WN2NN2 Mourning dove 8 June 2004  ---† --- 2 --- --- 

WN1NN3 Mourning dove 13 June 2004 2 0 0 ground 73.9 

BG4NN3 Mourning dove 17 June 2004 2 0 0 ground 36 

WG4NN1 Chihuahuan raven 21 June 2004  ---† --- 2 structure --- 

WN4NN5 Lesser prairie-chicken 28 June 2004 ---* --- --- --- --- 

WN2NN3 Cassin’s sparrow 1 August 2004 5 0 0 little bluestem 64.1 

WN2NN4 Mourning dove 1 April 2005 ---* --- --- ground  
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 Table C.1. Continued 

Nest 

number1 Avian species Date found Clutch size 

# eggs 

hatched 

# young 

fledged Vegetation species 

% overhead 

cover 

BN4NN1 Mourning dove 7 April 2005 2 0 0 ground 82.4 

WN1NN4 Mourning dove 14 April 2005 2 2 0 ground 32.4 

BG4NN4 Meadowlark 14 April 2005 4 3 0 little bluestem N/A 

BN4NN2 Cassin’s sparrow 22 April 2005 4 0 0 little bluestem 25.7 

BN4NN3 Cassin’s sparrow 22 April 2005 4 3 0 sand sage 74.4 

BN1NN1 Mourning dove 24 April 2005 2 0 0 ground 92.3 

S1033 Lesser prairie-chicken 26 April 2005 --- 0 0 --- --- 

BN1NN2 Lesser prairie-chicken 28 April 2005 ---* 0 0 --- --- 

S1061 Lesser prairie-chicken 29 April 2005 7 7 --- --- --- 

BN3NN5 Mourning dove 4 May 2005 2 0 0 ground 91.1 

BG4NN5 Cassin’s sparrow 4 May 2005 4 0 0 little bluestem 74.5 

BG2NN2 Cassin’s sparrow 4 May 2005 4 2 0 sand sage 43.7 

WN1NN5 Mourning dove 5 May 2005 2 0 0 ground 92.2 

WN1NN6 Cassin’s sparrow 5 May 2005 4 3 0 little bluestem 68.9 
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 Table C.1. Continued 

Nest 

number1 Avian species Date found Clutch size 

# eggs 

hatched 

# young 

fledged Vegetation species 

% overhead 

cover 

WN3NN1 Cassin’s sparrow 9 May 2005 4 0 0 little bluestem 100 

BG3NN1 Cassin’s sparrow 9 May 2005 5 0 0 sand sage 100 

WN4NN5 Cassin’s sparrow 10 May 2005 3 0 0 little bluestem 100 

WN4NN6 Mourning dove 10 May 2005 2 2 0 ground 63 

BN1NN3 Cassin’s sparrow 11 May 2005 4 3 0 little bluestem 100 

BN4NN4 Lesser prairie-chicken 11 May 2005 11 10 --- sand sage 84.5 

S1240 Lesser prairie-chicken 11 May 2005 11 10 --- snakeweed --- 

WN1NN7 Meadowlark 12 May 2005 4 0 0 little bluestem N/A 

WG4NN2 Cassin’s sparrow 12 May 2005 5 0 0 three awn 90.5 

BN3NN6 Mourning dove 12 May 2005 2 1 0 ground 100 

BN2NN3 Cassin’s sparrow 15 May 2005 5 0 0 sand sage 100 

WG2NN1 Cassin’s sparrow 15 May 2005 ---† 5 0 little bluestem 64.9 

BN4NN5 Meadowlark 15 May 2005 4 0 0 little bluestem N/A 

BN4NN6 Cassin’s sparrow 18 May 2005 4 0 0 little bluestem 89 
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 Table C.1. Continued 

Nest 

number1 Avian species Date found Clutch size 

# eggs 

hatched 

# young 

fledged Vegetation species 

% overhead 

cover 

BG2NN3 Mourning dove 18 May 2005 ---† 2 0 ground 43.7 

WN2NN5 Cassin’s sparrow 18 May 2005 4 0 0 little bluestem 100 

WN2NN6 Cassin’s sparrow 18 May 2005 2 0 0 little bluestem 74.3 

BN4NN7 Cassin’s sparrow 19 May 2005 5 0 0 sand sage 72.7 

WG2NN2 Cassin’s sparrow 23 May 2005 4 0 0 little bluestem 58.2 

WG2NN3 Cassin’s sparrow 23 May 2005 5 0 0 little bluestem 56.6 

WG4NN3 Cassin’s sparrow 24 May 2005 5 0 0 little bluestem 93.6 

BG3NN2 Mourning dove 26 May 2005 2 1 0 
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ground 66.2 

WN3NN2 Cassin’s sparrow 5 June 2005 2 2 0 little bluestem 100 

WN3NN3 Mourning dove 5 June 2005 2 0 0 ground 88.5 

WN1NN8 Meadowlark 6 June 2005 4 2 0 little bluestem N/A 

WN1NN9 Cassin’s sparrow 6 June 2005 4 0 0 little bluestem 71 

WG1NN2 Cassin’s sparrow 7 June 2005 5 3+ 3+ little bluestem 76.5 

WG1NN3 Cassin’s sparrow 7 June 2005 1 0 0 little bluestem 36 
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 Table C.1. Continued 

Nest 

number1 Avian species Date found Clutch size 

# eggs 

hatched 

# young 

fledged Vegetation species 

% overhead 

cover 

WG2NN4 Meadowlark 8 June 2005 6 5 0 little bluestem N/A 

WG2NN5 Mourning dove 8 June 2005 2 0 0 ground 45.9 

WG2NN6 Cassin’s sparrow 8 June 2005 6 0 0 little bluestem 67.3 

WG2NN7 Cassin’s sparrow 8 June 2005 5 0 0 little bluestem 50.2 

WG4NN4 Cassin’s sparrow 12 June 2005 5 0 0 little bluestem 53.0 

BG3NN3 Northern bobwhite 12 June 2005 14 14 --- little bluestem 100 

BG1NN1 Lesser prairie-chicken 12 June 2005 6 0 0 --- 56.6 

WN4NN7 Cassin’s sparrow 13 June 2005 ---† 4 0 little bluestem 85.7 

WN4NN8 Mourning dove 13 June 2005 2 0 0 ground 92.4 

WG1NN4 Cassin’s sparrow 19 June 2005 5 3+ 0 little bluestem 76.5 

WG1NN5 Mourning dove 19 June 2005 2 0 0  ground 37.6 

BG4NN6 Cassin’s sparrow 23 June 2005 ---† 4 0 little bluestem 79.0 

WG4NN5 Chihuahuan raven 20 June 2005 ---† 4 4 structure --- 

BN3NN4 unknown raptor 6 July 2005 4 0 0 western soapberry --- 
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Table C.1. Continued 
Nest 

number1 Avian species Date found Clutch size 

# eggs 

hatched 

# young 

fledged Vegetation species 

% overhead 

cover 

BG3NN4 Loggerhead shrike 11 July 2005 ---† 4 0 oak hybrid --- 

WN3NN4 Mourning dove 15 July 2005 2 0 0 ground --- 

 

1Nests are labeled according to where they were found. The first letter indicates tebuthiuron treatment:  W = tebuthiuron treated, B = 
untreated.  The second letter indicates grazing treatment: G = grazed, N = ungrazed.  The first number indicates the individual treatment plot, 
while the second number is the individual nest.  Labels beginning with an S indicate nests of radio-collared birds found by technicians from 
the G.M. Sutton Avian Research Center. 

 
 
 
 
 

 

 
* indicates a nest that had already failed when found 
 
† indicates a nest that was found with hatchlings or fledglings 
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