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EXECUTIVE SUMMARY 
This project resulted in the development of a conservation framework to further the 

conservation of grassland-shrublands in the area encompassed by the Gulf Coast Prairie 

Landscape Conservation Cooperative (GCP LCC).  The project used the Black-capped Vireo 

(Vireo atricapilla) as a focal species for developing the five deliverables of this project. 

Additionally, we included two more avian species of conservation priority (Bell’s Vireo [V. 

bellii] and Painted Bunting [Passerina ciris]), and an additional three species that are of 

particular interest to land owners and managers (Northern Bobwhite [Colinus virginianus], 

White-tailed Deer [Odocoileus virginianus], and Wild Turkey [Meleagris gallopavo]) to ensure 

that the conservation framework included compatibility of species conservation with rural land 

uses. The geographic boundary of this project was the breeding range of the Black-capped Vireo 

(i.e., central Oklahoma, central Texas, and northeastern Mexico). 

We reviewed and synthesized the scientific literature relevant to conditions of grassland-

shrubland and causes of decreases in habitat quality for the priority species. This literature 

review resulted in four annotated bibliographies, one for grassland-shrubland and one for each 

priority conservation species, and a synthesis of findings from each. The literature indicated that 

a transition from grassland to woody cover of shrubland and woodlands occurred over the past 

50 to 150 years and is likely to continue to increase. For Black-capped Vireos, we found 

evidence for patterns of occurrence based on ecosite and vegetation. Also, studies have 

quantified nest success, identified nest predators, and documented increases in nest success 

following Brown-headed Cowbird (Molothrus ater) management programs. 

We built a web-based spatial tool to assist with conservation planning that synthesizes the 

current status of, threats to, and conservation opportunities and potential for habitat for our 

species of concern. The conservation planning tool enables users of the website to spatially 

identify locations that match their conservation priorities and, separately, determine the best 

management practices (BMP) to reach those goals.  As a basis for the spatial part of this tool, we 

created layers that identify Black-capped Vireo status, threats to vireo habitat, and conservation 

opportunities in each U.S. Fish and Wildlife Service (USFWS) recovery region for the Black-

capped Vireo. We quantified 11 variables to assess status (area of protected land, number of 

known vireos, occupancy model predictions), threats (land cover change, energy development, 

grazer density, browser density, projections of impervious surfaces), and conservation 
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opportunities (price of land, price of management, area of ecosites used by vireos) in each 

recovery region. Overall, recovery region two had the best status whereas region 4 had the worst. 

Region six had the fewest threats and region one had the most. Region five had the best 

conservation opportunities whereas region one had the worst. 

The other part of the tool serves as the interface for the best management practices 

(BMP) guide. We developed the BMP guide based on a review of the literature. The BMP guide 

lists the compatibility of particular land management practices for Black-capped Vireos with 

Bell’s Vireos, Painted Buntings, the three game species, and ranching. The tool also provides 

landowners with contact information for various people and organizations relevant to 

implementing the BMP. For each county, we provide contact information for natural resource 

professionals and explain the focus of each agency including the state extension service, the state 

wildlife department, the state forest service, and the U.S. Department of Agriculture (USDA) 

National Resources Conservation Service (NRCS). 

The directory of demonstration areas shows public land and The Nature Conservancy 

land that can be used to inform landowners and managers about locations where BMP have been 

implemented. We suggest using Kerr Wildlife Management Area (WMA), McGillivray and 

Leona McKie Muse WMA, and the Wichita Mountains National Wildlife Refuge as locations for 

disseminating BMP to landowners and managers through our extension strategy below. 

We developed an extension strategy for communicating the BMP to landowners and 

managers through multiple methods that will accomplish the maximum management actions to 

benefit the Black-capped Vireo, Bell’s Vireo, Painted Bunting, and the game species. 

Recommendations for communication include face-to-face meetings and social media for 

disseminating information. We also recommend that extension programming consist of a one-

day event with informative seminars in the morning, followed by an afternoon field-day to view 

habitat management tools and practice application. Seminar topics could include biology and 

habitat needs, benefits of cooperative conservation, and landowner incentive programs. Outreach 

efforts could also benefit from use of social media sites including Facebook, Twitter, Scoop.it!, 

YouTube, and the Wild Wonderings Blog to promote BMP and refer landowners and managers 

to our web-based tools. By combining traditional extension outlets and creating new ones, we 

will capitalize on a growing number of people who rely on social media as their primary source 

of information. 
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CONSERVATION FRAMEWORK 
 This conservation framework provides guidance and direction for conserving grassland-

shrublands in the area encompassed by the Gulf Coast Prairie Landscape Conservation 

Cooperative (GCP LCC).  . The overall goal of this conservation framework is to contribute to 

the conservation of priority species while providing for compatibility with rural land uses, 

particularly management of hunted species and ranching, to increase the efficacy of conservation 

on private lands. 

The framework uses the Black-capped Vireo (Vireo atricapilla) as a focal species and 

includes compatibility with several other species of interest to conservation organizations and 

landowners. We used the breeding range of the Black-capped Vireo as the geographic boundary 

for the project. We delineated the breeding range of the Black-capped Vireo in the USA based on 

the counties included on the USFWS map of occurrence on the service’s species profile website 

(http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=B07T). For Mexico, 

municipalities
1
 included are within the breeding range defined by Wilkins et al. (2006) with 

additions based on detections since 2006 (M. L. Morrison, unpublished data; Figure 1). The 

request for proposal from the GCP LCC suggested several priority species: Black-capped Vireo, 

Bell’s Vireo (V. bellii), Northern Bobwhite (Colinus virginianus), Painted Bunting (Passerina 

ciris), and Texas Horned Lizard (Phrynosoma cornutum). However, after our proposal was 

accepted, the LCC informed us that the previous list was not required and allowed us to select 

the species. We selected Bell’s Vireos and Painted Buntings because they co-occur with breeding 

Black-capped Vireos and are listed as near threatened on the International Union for 

Conservation of Nature (IUCN) Red List of Threatened Species (BirdLife International 2012b, 

a).  They also represent species of greatest conservation need in the Texas Conservation Action 

Plan and Bird Conservation Region priority species by the Oaks and Prairies Joint Venture and 

Rio Grande Joint Venture. Additionally, we selected Northern Bobwhite, White-tailed Deer 

(Odocoileus virginianus), and Wild Turkey (Meleagris gallopavo) because they are of economic 

interest to many landowners and managers because of the hunting opportunities they provide and 

for their aesthetic and cultural value. The Northern Bobwhite is also listed as near threatened on 

the IUCN Red List and as a priority species by the Oaks and Prairies Joint Venture and Rio 

Grande Joint Venture. These three hunted species have habitat requirements and management 

                                                 
1
 The administrative units within states in Mexico, akin to a county.   
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regimes that are, at least to some degree, compatible with those of the Black-capped Vireo.  The 

Texas Horned Lizard was left out due to a lack of information on specific habitat requirements 

and reasons for their decline. 

This conservation framework is an amalgamation of the five deliverables of this project.  

1. Literature review: We reviewed and synthesized the scientific literature relevant to 

conditions of grassland-shrubland and causes of decreases in habitat quality for the 

priority species. 

2. Spatial tool: We built a web-based spatial tool that synthesizes the status of; threats to; 

potential for; and existing conservation opportunities for species of concern. This is 

designed to assist in conservation planning and habitat management at both the regional 

and local levels.  The tool also separately serves as the interface for the best management 

practices (BMP) guide. 

3. BMP guide: We developed a BMP guide for landowners and land managers that provides 

a science-based and common-sense approach to management for the species of concern, 

including compatibility of management and grazing practices with the vireo and the other 

species in this framework. 

4. Directory of demonstration areas: We compiled a spatial database of locations of public 

properties and The Nature Conservancy land that could be used as potential 

demonstration areas of the BMP. 

5. Extension and communication strategy: We developed a strategy to communicate the 

BMP to landowners and land managers through face-to-face meetings and social media. 

Note that this project is focused on development of the strategy, rather than 

implementation.    
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Figure 1. Map of the geographic boundary of this project is based on the breeding range of the 

Black-capped Vireo. Management regions are colored green and blue. Counties included in the 

USA are based on the USFWS map of occurrence on the services species profile website. For 

Mexico, municipalities in the breeding range defined by Wilkins et al. (2006) with additions 

based on detections since 2006 (M. L. Morrison, unpublished data) are included. 
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DELIVERABLES 

Literature review 

We reviewed the scientific literature relevant to conditions of shrublands and changes in 

habitat quality for Black-capped Vireos, Painted Buntings, and Bell’s Vireo. For the purpose of 

this work, habitat quality is defined as the environmental conditions relevant to survival, 

reproduction, and population persistence (Hall et al. 1997). We used this definition to focus our 

review on metrics of animal performance (i.e., survival and fecundity). Our literature review 

focused on peer-reviewed publication, but also included agency reports, conference proceedings, 

theses, and dissertations when they were relevant. 

Shrubland 

We reviewed literature regarding changes to and conditions of grassland-shrublands 

throughout the breeding range of the Black-capped Vireo, which includes central Oklahoma and 

central Texas in the USA and in Coahuila, Nuevo Leon, and Tamaulipas in northeastern Mexico. 

The annotated bibliography for our literature review of shrubland is in Appendix A. 

We summarized available information about threats that can result in loss of shrublands. 

The most substantial known and quantified threat to shrubland is the conversion of shrubland to 

intensive human uses that result in impervious surfaces (i.e., land cover largely impervious to 

water). The U.S. Environmental Protection Agency (EPA) Integrated Climate and Land Use 

Scenarios (ICLUS) project model predicts several scenarios that result in an increase in 

impervious surfaces, particularly residential housing, by 2050. We also quantified threats to 

shrublands from oil and gas development, wind energy development, and livestock density. We 

included quantification of these three threats because they can result in a loss of shrublands or a 

decrease in habitat quality for some species, but they are not captured well by changes in land 

cover or projections of impervious surfaces. We quantified these threats below in the spatial tool 

section. Shrublands may also be lost due to agricultural activities; however, to our knowledge, 

this threat has not been quantified. 

Our review of the literature indicates that over the past 50 to 150 years, there was an 

increase in woody vegetation cover and a transition from grasslands to shrublands and 

woodlands within the breeding range of the Black-capped Vireo. Archer et al. (1995) found that 

it is unlikely that increases in atmospheric CO2 since the industrial revolution have played a 
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major role in transitions from grassland to woody cover in the southwestern USA. Van Auken 

(2000) reviewed the causes of increases in woody cover in semi-arid grasslands of southwestern 

North America and suggested that increased herbivory (particularly from livestock) and 

decreased fuel (thus, decreased fire frequency and size) led to the increase in woody cover. 

Archer (1989) found that mean woody plant cover, particularly mesquite (Prosopis glandulosa), 

increased from 13 to 36% from 1941 to 1983 based on satellite imagery from the South Texas 

Rio Grande Plains. There is evidence that mesquite recruitment does not increase with increasing 

density of grazers; recruitment may depend more on seed dispersal (Brown and Archer 1989, 

1999). 

Several studies have also suggested that Ashe juniper (Juniperus ashei) cover has 

increased in central Texas since European settlers introduced domesticated livestock. Fuhlendorf 

et al. (1996) used a systems model and found that fire is needed at least once every 25 years to 

maintain grasslands, whereas woodlands are more likely to develop if fires occur less frequently. 

This study was expanded by Fuhlendorf et al. (2008), who found that heavy grazing by cattle 

reduced the effectiveness of fire in maintaining grassland dominance regardless of herbaceous 

plant productivity. They also found that in un-grazed areas, fires once every 15 years were 

sufficient for maintaining a mixed grassland-shrubland, whereas fires every 2 to 3 years were 

needed in heavily grazed areas. 

Some studies suggested that few oaks were recruited in forests in the Edwards Plateau; 

recruitment in shurblands is unknown. There is evidence that plateau live oak (Quercus 

fusiformis) and Spanish oak (Q. buckleyi) are recruiting too slowly to maintain the current 

composition of woodlands in the eastern Edwards Plateau (Russell and Fowler 1999). The 

authors suggested that over-browsing by White-tailed Deer was the cause of slow recruitment, 

but they did not study the mechanisms of recruitment. Van Auken (1993) found that Texas red 

oak (Q. texana) and lacey oak (Q. glaucoides) were not recruiting to forests in Bandera, Comal, 

and Kendal counties and speculated several possible reasons for lack of recruitment including 

changes in local climate, changes in disturbance regime, increases in herbivore abundance, and 

that establishment of oaks may be episodic depending on local conditions. 
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Black-capped Vireo 

 A summary of the literature addressing associations between habitat metrics and 

occurrence, brood parasitism, and nest success of Black-capped Vireos is included below with 

the annotated bibliography for each publication found in Appendix B. 

 Black-capped Vireo occurrence has been explored in several studies. McFarland et al. 

(2013) conducted the most extensive surveys, spanning the breeding range in Texas, and found 

that Black-capped Vireos often occurred on a common soil type
2
 (primarily Low Stony Hill in 

the east and Steep Rocky in the west) and were found on relatively steeper slopes in the western 

part of their breeding range. While monitoring territories in Oklahoma and central Texas, 

Grzybowski et al. (1994) found that Black-capped Vireos occurred in areas where the relative 

density measures of woody vegetation was greatest at heights less than 2 meters. Additionally, 

they recommended management should maintain 35 to 55% dispersed shrub cover and < 10% 

juniper cover. Bailey and Thompson (2007) found that Black-capped Vireos had a higher 

probability of selecting nest sites with 30 to 60% woody cover and increasing amounts or edge 

between remotely-sensed vegetation types on a 25-m scale. Additionally, they found that the 

probability of a nest site being selected increased with:  (1) increasing cover below 2 m; (2) taller 

substrates; (3)   increasing deciduous cover; and (4) woody cover < 80%. Wisely et al. (2012) 

used detection data to determine that vegetation type and soil data were more important than 

vegetation structure (LiDAR
3
 derived canopy height) for predicting Black-capped Vireo habitat 

on Fort Hood. In contrast, Farrell et al. (2013) found that including LiDAR-derived canopy 

height and LiDAR-corrected canopy cover improved the predictability of distribution models on 

Fort Hood. 

 Black-capped Vireo nests are commonly parasitized by Brown-headed Cowbirds 

(Molothrus ater), causing reduced reproductive success (Grzybowski 1995). Little work has been 

published on relationships between frequency of brood parasitism and habitat metrics for the 

Black-capped Vireo. Barber and Martin (1997) found that vegetation metrics at and within 10 m 

of nests were not different between parasitized and un-parasitized nests. Rather, parasitism 

frequency of Black-capped Vireo nests increased with increasing density of Northern Cardinals 

(Cardinalis cardinalis) and other songbirds that are cowbird host species. It is possible that 

                                                 
2
 Soil type is defined by Ecosite, which includes both soil and physical features, based on Omernik 1987. 

3
 Light detection and ranging 
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vegetation metrics may be associated with brood parasitism in other regions of the Black-capped 

Vireo’s breeding range or at larger spatial scales, but such evidence is currently lacking. 

Frequency of brood parasitism has been reduced by management plans that included 

removing cowbirds by trapping and shooting. Kostecke et al. (2005) found that brood parasitism 

on Fort Hood in Texas was reduced from roughly 90% to about 20% by management that 

included cowbird trapping, particularly in pastures where cowbirds forage, . Summers et al. 

(2006) found that shooting female cowbirds on a 20 ha area of Fort Hood had similar results as 

trapping on the frequency of brood parasitism. Cowbird trapping has occurred elsewhere, but 

results are unpublished. For example, a similar approach to and results from trapping occurred in 

the Wichita Mountains in Oklahoma (J. A. Grzybowski, personal communication). Smith et al. 

(in press) determined through model simulations that implementing cowbird trapping once every 

three years may be frequent enough to reduce cowbird parasitism to ≤ 30%, which may be low 

enough for Black-capped Vireos to maintain their abundance based on the model. Overall, these 

studies demonstrated that management that includes cowbird removal can reduce brood 

parasitism and increase fecundity in Black-capped Vireos. 

 Several studies have assessed nest success and identified nest predators for Black-capped 

Vireos. Noa et al. (2007) suggest that nests in shrublands had a higher daily survival rate than 

nests in vegetation with shrubs centered at a large tree on Fort Hood. However, the 95% CI for 

the parameter estimate included 0, suggesting the magnitude of the effect may not be strong 

compared to the variance. Stake and Cimprich (2003) used video cameras at nests to identify 

snakes, fire ants, and avian species as the primary nest predators at Fort Hood, accounting for 38, 

31, and 29% of predations, respectively. They did not examine associations between nest 

predators and habitat metrics. Conkling et al. (2012) found that birds, particularly Brown-headed 

Cowbirds, and snakes were the primary nest predators, accounting for 51 and 26% of predations, 

respectively. They found that the probability of snake predation decreased with increasing nest 

height, whereas predations by birds were not associated with the vegetation. Additionally, 

Conkling et al. found that the nest predator assemblage varied among the three regions studied in 

Coryell, Kerr, and Val Verde counties. Campomizzi et al. (2009) found that preventing fire ants 

(Solenopsis invicta) from preying on nests increased the percent of nest that fledged ≥ 1 young 

from 7 to 13% in Coryell County. 
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Bell’s Vireo 

 We found more literature for Bell’s Vireo compared to Black-capped Vireo addressing 

associations between habitat metrics and occurrence, brood parasitism, and nest success. We 

provide a summary of this literature below and an annotated bibliography for each publication in 

Appendix C. Most research conducted on Bell’s Vireo occurred outside of the Black-capped 

Vireo breeding range, particularly on the Least Bell’s Vireo subspecies, making results equivocal 

for this project. We included all of the literature, however, to provide a complete review for the 

species throughout its breeding range rather than including only the three studies conducted 

within the Black-capped Vireo breeding range, which would have been largely uninformative. 

 The only studies conducted in the breeding range of the Black-capped Vireo were 

Maxwell (1979), Engle-Wilson and Ohmart (1978), and Sauer et al. (2011). Maxwell (1979) 

provided natural history descriptions of Bell’s Vireo in the Concho Valley, noting that the 

species was common and nested in mesquite brushland and hackberry (Celtis sp.) thickets. Bell’s 

Vireo was also detected in scrub oak and tall riparian woodland. Engle-Wilson and Ohmart 

(1978) found that Bell’s Vireo was more abundant in cottonwood-willow (Populus sp. - Salix 

sp.) vegetation than saltcedar (Tamarix sp.) in west Texas between Fort Quitman and Presidio. 

The conclusions of this study are weak because sampling occurred in only one cottonwood-

willow location. Based on the Breeding Bird Survey, Sauer et al. (2011) found that the highest 

relative abundance for Bell’s Vireo in the USA occurred in Texas. Within Texas, they found that 

Bell’s Vireo relative abundance was increasing in west Texas and decreasing in south, central, 

and north Texas. 

Bell’s Vireo occurrence has been explored in several studies across the USA. Benson 

(2011) found that succession of vegetation is a threat to Bell’s Vireo habitat because the vireo 

was more common in areas with younger age classes of trees and rare in areas with trees > 50 

year age class. In Arizona, Brand et al. (2010) found that Bell’s Vireo density was not 

substantially different among vegetation types (cottonwood, saltcedar, mesquite, grassland, and 

desert scrub). Similarly, Brown (1987) found that relative abundance of Bell’s Vireo was not 

different between mesquite and saltcedar dominated locations in Arizona. In Oklahoma, Cooper 

(2006) found that Bell’s Vireo may occur in locations near thickets of sand plum (Prunus 

angustifolia), however the sample size was small (42 points surveyed) and the relationships were 

not strong. It is unclear if removal of cattle can increase Bell’s Vireo density based on a study in 
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Arizona because researchers did not control for changes in vireo density over time by monitoring 

areas without cattle removal (Krueper et al. 2003). Overmire (1963) suggested that density was 

lower in grazed areas than ungrazed areas; however conclusions were unclear because sample 

sizes were small (< 15 territories per area) and only one grazed and ungrazed area were used for 

the study. 

A few studies examined the impacts of management on occurrence of Bell’s Vireo. Kus 

(1998) found that Least Bell’s Vireo will use and nest in riparian areas with restored vegetation 

in southern California. In Kansas, Bell’s Vireo density increased with the number of years since 

fire because of the time needed for shrubs to regrow following fire to provide woody vegetation 

for the vireo (Powell 2006). Powell (2006) also found that grazing by bison (Bos bison) did not 

influence density of Bell’s Vireo abundance. Powell (2008) later found that cattle grazing had 

little impact on Bell’s Vireo abundance and again year since fire was important, with more vireos 

detected four years after a burn than one to three years after a burn in Kansas. 

Bell’s Vireo nests are commonly parasitized by Brown-headed Cowbirds, causing 

reduced reproductive success and nest desertion, but parasitism frequency varies widely 

throughout the breeding range (Kus et al. 2010). Little work has been published on relationships 

between frequency of brood parasitism and habitat metrics for the Bell’s Vireo. In Missouri, 

Budnick et al. (2002) found that probability of brood parasitism decreased with increasing 

woody vegetation density, but statistical models explained a low to moderate amount of variation 

in parasitism. Sharp and Kus (2006) also found that probability of brood parasitism decreased 

with increasing vegetation density within 5 m of Least Bell’s Vireo nests in southern California. 

They also found that probability of parasitism increased with increasing number of perches near 

nests, but that host activity near nests did not increase the probability of parasitism. Some studies 

found that parasitism frequency increased later in the breeding season (Morrison and Avery-

Murray 2002), whereas others found that parasitism frequency decreased later in the breeding 

season (Parker 1999, Rivers et al. 2010). Nest desertion was more frequent in parasitized than 

unparasitized nests. Parker (1999) found that 74% of parasitized nests were abandoned compared 

to 40% of unparasitized nests in Kansas. In the Least Bell’s Vireo, 23% of pairs abandoned at 

least one nest (Kus 2002). 

 Frequency of brood parasitism has been reduced by management plans that included 

removing cowbirds by trapping. There is some evidence that removal of cattle increased relative 
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abundance of Brown-headed Cowbirds in Arizona, but results are unclear because of the design 

of the study (Krueper et al. 2003). Cowbird removal has been used to decrease brood parasitism 

by about 20 to 40% in Missouri (Koscuich and Sandercock 2008). In southern California, 

cowbird removal was used to decrease parasitism frequency, but sample sizes were small (≤ 10 

nests per location per treatment except for one location; Kus and Whitfield 2005). Cowbird 

trapping, removal of cowbird young from nests, and addling of cowbird eggs was used in 

Arizona to decrease parasitism frequency and increase nest success (Morrison and Avery-Murray 

2002). These results demonstrated that management that includes cowbird removal can reduce 

brood parasitism and increase fecundity in Bell’s Vireos. 

Several studies have assessed nest success and identified nest predators for Bell’s Vireos. 

The dominant woody species in a nesting area may be important for nest success in Bell’s vireo. 

Bell’s Vireo nest success was higher in cottonwood (34%) than in saltcedar (9%) and mesquite 

(12%) in Arizona (Brand et al. 2010). Similarly, Brand and Noon (2011) found that reproductive 

success was higher in cottonwood than in saltcedar and mesquite in Arizona. They found that 

percent nest success was higher (34% in cottonwood, 9% in saltcedar, 12% in mesquite), as was 

the mean number of fledglings per nest (1.07 in cottonwood, 0.09 in saltcedar, 0.47 in mesquite) 

and fecundity (0.66 in cottonwood, 0.10 in saltcedar, 0.28 in mesquite). The configuration of 

woody vegetation may also be important for nest success. Patch length, patch width, and whether 

a nest was parasitized were identified as important predictors of nest predation in Bell’s Vireo in 

Missouri (Budnick et al. 2002). For the Least Bell’s Vireo, nests within 400 m of a golf course 

were 20% as likely to survive as nests farther from the golf course; however it is unclear if this 

relationship occurs near other golf courses or is particular to the location used for the study. 

Additionally, they found that nests within 400 m of wetlands were 2.4 times more likely to 

survive than nests farther from wetlands. Powell and Steidl (2000) found that the only nest site 

characteristic associated with predation of Bell’s Vireo nests was amount of understory netleaf 

hackberry (C. reticulata); odds of predation increased 1.2 times for every 1% increase in 

hackberry. Parody (2001) did not find any habitat metrics that were associated with nest success 

in New Mexico. Some other potential threats to nest success have been identified. Brown and 

Johnson (1985) found that 60% of Bell’s Vireo nests were inundated by a large water release 

from Glen Canyon Dam in Arizona. Strontium (Sr) was documented in the eggshells of Bell’s 

Vireo in Arizona, but did not appear to affect egg shell thickness and it is unknown if the 
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element caused reproductive problems, such as developmental deformities (Mora et al. 2007). 

Western Scrub-jays (Aphelocoma californica) were documented as the primary predator of Least 

Bell’s Vireo nests, predating 67% of nests (Peterson et al. 2004). They also identified Virginia 

Opossums (Didelphis virginiana), Gopher Snakes (Pituophis melanoleucus), and Argentine Ants 

(Linepithema humile) predating nests. 

 

Painted Bunting 

We found less literature for Painted Buntings compared to the other two species. The 

literature addressed associations between habitat metrics and occurrence of Painted Buntings. 

We provide a summary of this literature below and an annotated bibliography for each 

publication in Appendix D. Most research conducted on Painted Buntings occurred outside of the 

Black-capped Vireo breeding range making results equivocal for this project. Again, we included 

all of the literature to provide a complete review for the species throughout its breeding range 

rather than including only the one study conducted within the Black-capped Vireo breeding 

range. 

 Only one study was conducted in the breeding range of the Black-capped Vireo. 

Kostecke (2008) found that abundance of Painted Bunting increased by 2.5% on Fort Hood and 

7.4% on the Edwards Plateau from 1995 to 2004 based on point counts and Breeding Bird 

Survey data, respectively. Another study occurred just outside the edge of the Black-capped 

Vireo breeding range in Marshall county Oklahoma. This study by Parmelee (1959) qualitatively 

described Painted Buntings as occurring in remnant woodlands among agricultural fields and 

roads, and in wooded gullies. They also identified nesting areas as having enough vegetation (a 

tree or shrub) to conceal the nest, singing perches, and foraging areas of grassland-shrubland. 

Parmelee observed snakes and ants preying on nestling and brood parasitism by Brown-headed 

Cowbirds. 

 Painted Bunting occurrence has been explored in several studies across the USA. 

Coppedge et al. (2004) found that the probability of Painted Bunting occurrence increased from 

0.04 to 0.05 from 1981 to 1995 based on Breeding Bird Survey data in northwestern Oklahoma 

with a concurrent increase in juniper cover. Abundance of the bunting was highest in pine stands 

in east Texas when trees were 3 to 7 years old and then rapidly declined when trees were > 7 

years old (Dickson et al 1993). Painted Buntings were rare in remnant woodland in riparian areas 
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with wooded buffers > 20 m and were absent when the buffer was > 70 m on pine plantations in 

east Texas (Conner et al. 2004). Density of singing males was higher in maritime shrubland (42 

per km
2
) than young pine plantations (9 per km

2
) in coastal Florida to North Carolina (Meyers 

2011). Meyers (2011) also found that density was not different between developed and 

undeveloped areas within maritime shrub, maritime oak, shrub-scrub agriculture, open pine 

forest, and young pine plantations. In south Texas, Painted Buntings were the fourth most 

commonly caught species in mist nets on four ranches from October 1998 to July 1990 (Vega 

and Rappole 1994). 

 Painted Bunting nests are parasitized Brown-headed and Bronzed Cowbirds (M. aeneus), 

but parasitism frequency is likely lower than in Black-capped and Bell’s Vireo based on 

available information (Lowther et al. 1999). Painted Buntings accept and raise cowbird eggs or 

abandon parasitized nests (Lowther et al. 1999). 

 

Online Conservation Planning Tool 

 The online tool is a web-based tool allowing users to find relevant information for 

conservation planning and about BMP. The tool has two components, one for conservation 

planning by conservation organizations and one for implementation of BMP by landowners and 

land managers (described in the BMP section below). The conservation planning tool operates at 

the broad spatial scale of recovery regions and at a landscape scale, whereas the BMP are for a 

smaller spatial scale, particularly a specific property. The overall goal of the conservation 

planning tool is to provide relevant information to conservation organizations and private 

landowners about the current status of, threats to, and potential for wildlife habitat for our focal 

species within a given area.  As a part of this goal, we provide information about Black-capped 

Vireo status, threats to the vireo’s habitat, and conservation opportunities in a flexible way, 

allowing users of the website to determine their priorities and be directed to the spatial locations 

relevant to those conservation concerns. Additional layers are available to supplement data about 

status, threats, and potential for our other species in this framework. 
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Black-capped Vireo spatial layers 

We included 11 variables for which information was readily available and that were 

relevant to the three categories (status, threats, and opportunities; Table 1) for the Black-capped 

Vireo based on our literature review and needs for conservation planning. We quantified each 

variable and ranked recovery regions relative to each other based on benefits to the Black-capped 

Vireo (ranks one to eight for best to worst status, least to most threats, and best to worst 

conservation opportunities). We used an average rank for regions that had the same value for a 

variable (e.g., if two regions had the same % protected land and were the first and second most, 

then they both got a rank of 1.5). We then summed the ranks for each recovery region, divided 

by the number of variables in each category, and ordered these values one to eight to provide an 

overall rank for regions for each category (status, threats, and opportunities). The overall ranks 

of one to eight for each category indicates recovery regions with the best to worst status, least to 

most threats, and best to worst conservation opportunities compared to the other regions based 

on our assessment. We assigned regions without data for a particular variable a rank of 4.5, 

which is the average rank, so that a lack of data did not make our assessment of regions better or 

worse for the Black-capped Vireo. Data were lacking for Mexico for most variables. 

 

Table 1. Eleven variables grouped into three categories for building the web-based, conservation 

planning tool relevant to the black-capped vireo. 

Vireo status Threats to habitat Conservation Opportunities 

Area of protected land Land cover change Price of land 

Number of known vireos Energy development Price of management 

Occupancy model predictions Grazer density Area of ecosites used by vireos 

 Browser density  

  Projections of 

impervious surfaces 

  

 

Because the variables in the categories of status, threats, and opportunities are available 

at different spatial scales, we summarized the information at the recovery region scale (six in 

Texas plus Oklahoma and Mexico; Figure 1). We included the three counties north of region five 
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in region five because eco-region boundaries and aridity for these three counties are more similar 

to region five than to the other adjacent recovery regions. 

Status 

 We assessed status, threats, and opportunities to building the conservation planning tool. 

For status, we calculated the percent of land with protected status in each recovery region (Table 

2). We used the Protected Areas Data for the USA (PADUS) available from the U.S. Geological 

Survey (USGS 2012). PADUS is an aggregation of land with protected status that includes 

federal (e.g., National Wildlife Refuges, National Parks), state (e.g., state parks, state natural 

areas), and private property (e.g., The Nature Conservancy land, land with conservation 

easements). Although the level of protection and management goals varies among different 

designations of protected land, we used the percent of land with protected status to broadly 

indicated ongoing conservation in each region. Mexico had the most protected land (16%) 

whereas region 4 had the least (1%; Table 2). 

We compiled information about the known number of Black-capped Vireo detections in 

each recovery region (Table 2). Although the number of know Black-capped Vireos may not 

indicate the actual number in each region because of variation in survey effort and methods, it is 

nevertheless the best information available. If Black-capped Vireo abundance is associated with 

probability of occupancy (Gaston et al. 2000, He and Gaston 2003), it is possible that abundance 

increases from the northeastern to the southwestern part of the breeding range following the 

pattern of occupancy probability identified by McFarland et al (2012). The exception to this 

pattern is that thousands of Black-capped Vireos occur on properties with long-term 

management, most notably Fort Hood and Wichita Mountains. We include observations of 

Black-capped Vireo during field-based surveys as detections. The number of detections in table 1 

was based on numbers reported in the Population Status and Treat Analysis for the Black-capped 

Vireo by Wilkins et al. (2006) and more recent detections at Fort Sill and Wichita Mountains 

NWR in Oklahoma and by Texas A&M University in Texas (McFarland et al. 2013) and Mexico 

(M. L. Morrison unpublished data). Recovery region two had the most detections (2,484), largely 

because of numbers reported from Fort Hood, whereas region six had the fewest detections (22). 

We used the occupancy model developed by Texas A&M University, Institute of 

Renewable Natural Resources to assess the status of Black-capped Vireos in four recovery 

regions in Texas (other regions in Texas had few surveys; McFarland et al. 2012). Surveys were 
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conducted at > 10,700 points in 57 counties. Logistic regression was used to model the 

relationship between detections and non-detections of Black-capped Vireos at survey points and 

environmental variables quantified with GIS. The best fit model was used to predict probability 

of occupancy to each 200-m pixel across Texas based on the environmental conditions in each 

pixel (aridity, proportion of Low Stony Hill ecosite, profile curvature, slope, percent canopy 

cover, and the proportion of Steep Rocky ecosite). Predictions were made to 200-m pixels 

because that is the scale at which bird surveys were conducted, 100-m radius point count. We 

calculated the median probability of occupancy for each recovery region (Table 2). The 

probability of occupancy increased from north to south with region one having the lowest 

probability of occupancy (0.07) and region four having the highest (0.128; Table 2). 

Overall, region two had the best status for Black-capped Vireos whereas region four had 

the worst (Table 2). 

Threats 

We used several data sources to assess threats to Black-capped Vireo habitat; data for 

Mexico was unavailable for all data sources. We used the National Land Cover Database 

(NLCD) 2006 Land Cover Change data, which shows land cover change from 2001 to 2006, to 

quantify the area of land that changed from land cover classes that could potentially have Black-

capped Vireo habitat to classes that could not. Land cover classes that could have habitat were 

barren land, deciduous forest, evergreen forest, grassland/herbaceous, mixed forest, pasture/hay, 

and schub/scrub, whereas classes that could not have habitat were cultivated crops, developed, 

emergent herbaceous wetlands, open water, and woody wetlands. Recovery region two had the 

most change (0.7%) whereas Oklahoma had the least (0.1% Table 3). Similarly, we calculated 

the projected change in land cover to impervious surfaces from the ICLUS model described 

above. Region two had the highest predicted change to impervious surfaces (14%) whereas 

region six had the lowest (0.1%; Table 3). 

There are also particular threats that depend on use of natural resources in each recovery 

region. We quantified the potential for oil and gas development based on the percent of each 

recovery region that had areas, called shale plays, (Barnett and Barnett-Woodford) currently 

developed with active wells according to the Railroad Commission of Texas. Region one had the 

highest percent (83%), whereas region four had the lowest (4%; Table 3). 
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Table 2. Quantification and ranks of status of the Black-capped Vireo in each recovery region. 

NA indicates data were unavailable. 

 Status 

 Protected land
1
 BCVI

2
 Occupancy

3
 Overall 

Recovery region % Rank Detected Rank Probability Rank Rank 

1 2 6 22 7 0.070 4 8 

2 4 4 2,484 1 0.076 3 1 

3 2 6 1,936 2 0.123 2 2 

4 1 8 173 6 0.128 1 7 

5 2 6 708 4 NA 4.5 5.5 

6 12 2 17 8 NA 4.5 5.5 

Oklahoma 7 3 1,014 3 NA 4.5 3.5 

Mexico 16 1 371 5 NA 4.5 3.5 

1
 The area of land with protected status for conservation including federal, state, and private land 

based on the Protected Areas Data for the USA (PADUS) from the U.S. Geological Survey 

(USGS 2012). 

2
 Number of Black-capped Vireos detected during in-field surveys, 2000 to 2010, in each 

recovery region. Includes updates to Wilkins et al. 2006 based on Texas A&M statewide surveys 

(McFarland et al. 2013) and surveys at the south unit of Devils River SNA (M. Lockwood 

personal communication). 

3
 Median probability of occupancy predicted from the best-fit occupancy model based on 

remotely-sensed data fit to in-field surveys of detection and non-detection (McFarland et al. 

2012). 

 

We quantified the potential for wind energy development by calculating the percent of 

land in each region with a high potential for development. We adapted potential for wind energy 

development from a map of wind resource estimates developed by AWS Truewind (an energy 

consulting company) and the National Renewable Energy Laboratory 

(http://www.windpoweringamerica.gov/wind_resource_maps.asp?stateab=tx). The map 
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indicated average wind speed (from < 6 to > 9 m/s by increments of 0.5) in each 335 m pixel. 

We used the following procedure to identify areas with high potential for wind energy 

development. We grouped wind speed into low (< 6 to 7 m/s), medium (7.5 to 8), and high (8.5 

to >9 m/s). We assigned each pixel a value of 0 for low, 1 for medium, and 2 for high wind 

speed. We then added one to pixels for pixel centroids that occurred in a Competitive Renewable 

Energy Zone (CREZ) developed by the Public Utility Commission of Texas because of the 

economic incentives for wind energy development in those areas. Lastly, we calculated the 

percent of land in each recovery region that had a value of 3 (i.e., the highest potential for wind 

energy development). Region four had the most area of land with high potential for wind energy 

development (15%) whereas region two had the least (0%; Table 3). 

We calculated the density of domesticated grazers and browsers separately because 

grazers can attract cowbirds whereas at high density browsers can defoliate vegetation from 

shrubs and trees that are needed for Black-capped Vireo nest sites. We used data for livestock 

density in 2007 for each county based on the USDA National Agricultural Statistics Service 

(NASS), Census of Agriculture (2007). Density of cattle and horses (predominantly grazers) and 

goats and sheep (predominantly browsers) are available for each county. We calculated the 

average density of grazers and browsers for each recovery region. The highest density of 

browsers occurred in region four (0.050 per acre) whereas the lowest occurred in region six 

(0.001). The highest density of grazers occurred in Oklahoma (0.143 per acre) whereas the 

lowest density was in regions five and six (0.001/acre; Table 3). 

Overall, region six had the least threats whereas region one had the most (Table 3). 
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Table 3. Quantification and ranks of threats to Black-capped Vireo habitat in each recovery region. NA indicates data were 

unavailable. 

 Threats 

 Land change
1
 Oil, gas

2
 Wind

3
 Browser density

4
 Grazer density

5
 Impervious surface

6
 Overall 

Recovery region % Rank % Rank % Rank Per acre Rank Per acre Rank % Rank Rank 

1 0.4 5.5 83 7 3 3 0.011 3 0.120 6 9.6 6 8 

2 0.7 7 63 6 0 1 0.032 4 0.086 5 13.8 7 7 

3 0.4 5.5 6 2 1 2 0.048 6 0.041 3 5.3 5 4.5 

4 0.2 2.5 4 1 15 6 0.050 7 0.047 4 2.0 3 4.5 

5 0.3 4 14 3 10 5 0.042 5 0.001 1.5 1.4 2 2 

6 0.2 2.5 22 5 9 4 0.001 1 0.001 1.5 0.1 1 1 

Oklahoma 0.1 1 21 4 NA 4.5 0.004 2 0.143 7 4.1 4 3 

Mexico NA 4.5 NA 4.5 NA 4.5 NA 4.5 NA 4.5 NA 4.5 6 
1
 The area of NLCD land cover classes that changed from barren land, deciduous forest evergreen forest grassland/herbaceous, mixed 

forest, pasture/hay, and shrub/scrub to  cultivated crops, developed, emergent herbaceous wetlands, open water, or woody wetlands 

during 2001 to 2006. 

2
 The area of land that occurred in oil and gas regions (Barnett and Barnett-Woodford shale plays) currently developed with active 

wells (Railroad Commission of Texas) 

3
 The area of land with potential for wind energy development. Derived from potential for wind energy development from a map of 

wind resource estimates developed by AWS Truewind and the Competitive Renewable Energy Zone (CREZ) developed by the Public 

Utility Commission of Texas. 

4
 The density of sheep and goats based on the National Agricultural Statistics Service, Census of Agriculture in 2007. 

5
 The density of cattle and horses based on the National Agricultural Statistics Service, Census of Agriculture in 2007. 

6
 The area of impervious surfaces projected by 2050 by the USDA ICLUS model.
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Opportunities 

We used information about price of land, ecosites used by Black-capped Vireos, and the 

cost of managing habitat for the vireo to identify relative conservation opportunities among 

regions. We quantified price of land based on 2007 NASS, Census of Agriculture. We calculated 

the mean price of land for each recovery region based on the price of land in each county. 

Region one had the highest price of land ($2,219/acre), whereas region six had the lowest 

($298/acre). 

We quantified the area of potential Black-capped Vireo habitat based on the presence of 

NRCS ecosites used by Black-capped Vireos in each region. Quantifying ecosites does not 

indicate where habitat is currently located or areas currently occupied by Black-capped Vireos, 

rather it indicates the amount of area that could potentially have Black-capped Vireo habitat 

under a particular management regime. McFarland et al. (2012) identified ecosites commonly 

used by Black-capped Vireos in Texas. We calculated the area of particular ecosites in recovery 

regions one to four, where McFarland et al (2012) did most of their surveys. Patterns of Black-

capped Vireo occurrence in ecosites followed geographic patterns by level III eco-region or by 

the northeast and southwest split we identified below (Figure 1). We calculated the area of Low 

Stony Hill and Adobe ecosites in the northeastern part of the breeding range, Steep Rocky in the 

Edwards Plateau level III eco-region, Steep Rocky in the southwestern part of the range, and 

Draw in the Chihuahuan Desert eco-region. Region two had the most land of ecosites used by the 

Black-capped Vireo (19%) whereas regions one and six had the least (4%). 

Lastly, we divided the breeding range of the Black-capped Vireo into two sections 

(regions) requiring different management, North and South (Figure 1). Vegetation in Black-

capped Vireo habitat in the southwest section generally does not outgrow what the bird uses; the 

vegetation remains shrubland and canopy cover remains < 60%. In contrast, vegetation in the 

northeast section will typically grow into woodland because of more rainfall than the southwest 

section and thus, is not typically used by Black-capped Vireos. Additionally, there is some 

evidence that removal of Brown-headed Cowbirds is essential for Black-capped Vireo 

management in the northeast section whereas cowbird removal may not be essential in the 

southwest section; McFarland et al. (2013) and Smith et al. (2012) found many Black-capped 

Vireos in the southwest section in areas without cowbird removal. We assigned the northeast 

section a high cost of management and the southwest section a low cost because of the costs 
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associated with management for Black-capped vireos (Table 4). Recovery regions three and four 

occur in both regions; thus, we gave them a medium cost of management (Table 4). 

Overall, region five had the best conservation opportunities whereas region one had the 

worst. 

 

Table 4. Quantification and ranks of conservation opportunities for Black-capped Vireos in each 

recovery region. NA indicates data were unavailable. 

 Conservation opportunities 

 Land price
1
 Ecosite

2
 Management

3
 Overall 

Recovery region $ / acre Rank % Rank $ Rank Rank 

1 2,219 7 4 5.5 High 7 8 

2 2,070 6 19 1 High 7 6 

3 1,775 5 11 2.5 Medium 4.5 5 

4 908 3 8 4 Medium 4.5 4 

5 496 2 11 2.5 Low 2 1 

6 298 1 4 5.5 Low 2 2 

Oklahoma 1,213 4 NA 4.5 High 7 7 

Mexico NA 4.5 NA 4.5 Low 2 3 

1
 The mean price of land in 2007 based on the National Agricultural Statistics Service, Census of 

Agriculture. 

2
 The area of land in specific USDA NRCS ecosites where Black-capped vireos occur according 

to McFarland et al. (2012). 

3
 Our projected cost of management of vegetation and Brown-headed Cowbirds to improve or 

maintain habitat for Black-capped Vireos.
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Figure 2. Map of predicted probability of Black-capped Vireo occupancy in each 200-m pixel 

based on field-based surveys and remotely sensed data (McFarland et al. 2012). 
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Best management practices 

Billions of dollars are spent each year in Texas and Oklahoma by hunters in the pursuit of 

game species (Phillips 2012). Additionally, landowners spend money related to habitat and 

wildlife management that helps support agricultural and other industries. Many agricultural 

producers incorporate wildlife management into their operations, but habitat management for 

hunted species has varying degrees of benefit for Black-capped Vireos and other conservation 

priority species (Bell’s Vireo, Painted Bunting), consequently there is a need to develop and give 

landowners and land managers practical guidance on useful management techniques and how 

and when to apply them. 

We synthesized information from the scientific literature and extension publications for 

use in our web-based tool that allows users to compare conservation practices and habitat goals 

for Black-capped Vireo with practices used to benefit hunted species (White-tailed Deer, Wild 

Turkey, and Northern Bobwhite) and species of conservation priority (Bell’s Vireo, Painted 

Bunting). The website briefly describes the biology and general habitat needs of each species and 

has an option to compare among any of the hunted or priority species. Once species are selected, 

conservation management options can be compared (Appendix E) so that the user can become 

better informed and carry out conservation practices that benefit the species they chose. 

Management options include (1) livestock management (choice of livestock class, stocking rate, 

grazing system, grazing exclosures); (2) brush management (herbicide individual plant treatment, 

mechanical removal using hydraulic shears, and prescribed fire); (3) cowbird removal by 

trapping and shooting; (4) harvest of native and exotic ungulates; and (5) population monitoring. 

We provided landowners with contact information through the website for various people and 

organizations relevant to implementing the BMP. For each county, we provide contact 

information for natural resources professionals and explain the focus of each agency (Appendix 

F). The types of natural resource professionals included are: extension agents, extension wildlife 

specialists, extension range specialists, state wildlife biologist, state technical guidance biologist, 

state wildlife diversity biologist, NRCS rangeland management specialist, NRCS wildlife 

biologist, state forest service staff forester, and state forest service resource specialist. 

Additionally, landowners can locate wildlife management associations and benefit from the like-

minded conservation efforts of neighbors. We were unable to locate natural resource 

professionals in Mexico despite our searches and conservations with people doing conservation 
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work there. Our contacts in Mexico indicated that conservation organizations approach private 

landowners or communities rather than landowners seeking resource professionals as occurs in 

the USA. Thus, we listed relevant non-governmental conservation organizations operating in 

Mexico (Appendix G). In both countries, natural resources professionals will be the key to aiding 

site specific land management prescriptions benefiting priority and hunted species. 

Using the web-based tool 

Users of the conservation planning tool are able to access information about status, 

threats, and conservation opportunities based on their priorities, indicating where management is 

best located to benefit their species of interest, and additionally, they are able to compare the best 

management practices for their species of interest, indicating how they should implement 

management to benefit those species.   

For the spatial part of the tool, users are provided with spatial layers within an online 

mapping program that allow them to visualize different metrics associated with the status, 

threats, and opportunities for the species in our framework across the Black-capped Vireo 

breeding range.  They are able to turn layers on and off, showing only the layers that are relevant 

to their priorities.  

The following is an example of the types of layers available to a user in the conservation 

planning tool, and how a user could use information from the tool to aid in decisions regarding 

management: 

For Conservation Planning, Regional Scale 

A user is interested in determining the best location for a new program to encourage 

management for the Black-capped Vireo on private lands. 

1. From the website, the user launches the spatial mapping tool. 

2. A map of the Black-capped Vireo breeding range is displayed and shows the 8 recovery 

regions. 

a. In the layer list, the user can expand the layers under a heading for Conservation 

Planning: Regional Scale.  Under Black-capped vireo, the user can then turn on a 

layer that shows the current status (ranked from best to worst) of each region.  

The user can then easily determine in which region the vireo are already doing 

well, and which regions could use help. 
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b. The user can then turn on similar layers for both threats to the vireo and 

conservation opportunities by recovery region.  This will give the user an instant 

indication of which general areas have the best opportunities for conservation, but 

also a quick indication of which regions have the most threats to conservation that 

may pose barriers to conservation.  

3. Now that the user has a general idea of the recovery regions that would be best for his 

new program, the user can turn on other layers that may narrow down the best areas to 

specific counties or smaller areas. 

a. The user can see more specifically where threats are located. 

i. A layer can be turned on that shows the population by county. 

ii. Layers can be turned on that show the projected impervious surfaces, 

indicating where development is likely to occur, and negative land use 

change. 

iii. Layers can be turned on that show locations of shale plays and wind 

energy potential. 

b. The user can also turn on layers that indicate areas where land use is already 

conducive to management. 

i. A layer can be turned on that shows regions of different land uses, such as 

agricultural fields and grasslands. 

ii. Layers can be turned on that show where existing protected lands are 

located. 

iii. A layer can also be turned on that shows where Wildlife Management 

Associations already exist, showing where landowners are already 

involved in management. 

c. Additional layers can be viewed by the user that show other features of the vireo 

breeding range that are important to management, such as waterbodies, rivers, 

streams, aridity, and precipitation. 

4. The user should now have adequate information to help determine the best option for 

location of his new program.  To determine the best management practices, he can then 

navigate to the Habitat Management section of the website (see Best Management 

Practices above). 
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For Conservation Planning, Local Scale 

A user is interested in determining the best locations on his property to manage for black-

capped vireo, and wonders what the likelihood is of attracting turkeys and quail to his property 

through management, as well. 

1. From the website, the user launches the spatial mapping tool. 

2. A map of the Black-capped Vireo breeding range is displayed and shows the 8 recovery 

regions. 

a. In the layer list, the user can expand the layers under a heading for Habitat 

Conservation: Local Scale.   

b. The user can then either enter the address or use the zoom tools to zoom the map 

to the location of his property.  The basemap can be changed from streets to 

topographic or to satellite imagery. 

i. A layer can be turned on displaying ecosites (Omernik ) that have been 

associated with black-capped vireo presence.  This would allow the user to 

see if these ecosites exist anywhere on their property, and management 

could be directed to the part of the property where these ecosites are 

present. 

ii. Layers can also be turned on that indicate where species of interest have 

been located in the last 15 years. A user can thus turn on the layer for quail 

and see how many quail have been reported in their location.  If quail are 

reported in the area, chances are higher that creating habitat for them on 

the user’s property would result in a presence of quail.   Layers also exist 

for wild turkey and for black-capped vireos. 

iii. A layer also exists showing the locations of Wildlife Management 

Associations.  Thus, the user could see if there is already an established 

Wildlife Management Association in their vicinity. 

3. The user should now have a better idea of where management would best be targeted on 

his property.  To determine how to manage his property, the user can visit the Habitat 

Management part of the website (see Best Management Practices, above).  For additional 

information, including literature and contact information for natural resource 
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professionals in their county, the user can visit the Additional Resources page on the 

website. 

Directory of demonstration areas 

We compiled a directory of demonstration areas of state (state parks, state natural areas, 

and wildlife management areas), federal (military bases, national parks, national wildlife 

refuges), and The Nature Conservancy lands (Figure 3). These areas could be used for field 

demonstrations of conservation practices that benefit both the priority and hunted species 

included in this framework. 

 

Figure 3. Locations of potential demonstration areas where field demonstrations of conservation 

practices that benefit priority and hunted species could take place. 
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Communication and extension strategy 

 We developed a communication and extension strategy as part of this project; however, 

implementation will need to be undertaken through additional project(s). Many landowners in 

Texas react with apprehension where rare species management is concerned. This reaction may 

be related to lack of knowledge about the biology of animals, the fear that regulation may impact 

them personally, or both. Texas A&M AgriLife Extension Service has a network of employees 

who disseminate research-based information to local clientele linked to 254 counties and their 

local communities. An analogous system exists in Oklahoma through the Oklahoma Cooperative 

Extension Service. Given that rare species management can become contentious, having a local 

and trusted source of information can be helpful to fill knowledge gaps and eventually 

implement conservation strategies that benefit various wildlife species. 

It is important to understand the hierarchy of Texas A&M AgriLife Extension Service 

and Oklahoma Cooperative Extension Service and how staff will interact to develop new 

educational programs that educates landowners about rare species management. In order to have 

effective communication, key people or groups of people within this agency need to be engaged 

early in the process of program planning. Leaders of the GCP LCC will need to initiate early 

discussions with extension services in Oklahoma and Texas including  upper (Director and 

Associate Directors) and middle managers (Regional Program Directors, District Extension 

Administrators, and Associate Department Heads) to indicate the importance of rare species 

management and its implications to agriculture. This leadership framework could call upon 

subject matter Extension Specialists in academic departments to gather and disseminate 

information on topics such as wildlife, economics, range management, and animal science. 

Extension Specialists and County Extension Agents deliver information to local landowners and 

other constituents through face-to-face meetings, news releases, extension publications and web-

based tools such as social media. 

Not all topics for programming result from this top-down strategy. Extension programs 

also stem from county-level advisory committees, consisting of residents and landowners, who 

request desired topics from the County Extension Agent. This local committee could become an 

action team fostering discussion, understanding, and ultimately land management activities that 

benefit priority and hunted species. 
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We recommend that extension programming for priority and hunted species follow a 

format of a one-day event with informative seminars taking place in the morning, followed by an 

afternoon field-day to view habitat management tools and practice application. Seminar topics 

could include biology and habitat needs, benefits of cooperative conservation, and landowner 

incentive programs. Conservation practices will vary by site, but will likely revolve around 

livestock grazing, prescribed fire, brush treatments and cowbird trapping. For many of these 

topics, continuing education units could be offered to encourage participation by landowners 

holding pesticide applicators licenses (see Appendix F for a draft program agenda). 

Programming should be closely coordinated with state and federal agencies (Appendix G) and 

non-governmental organizations (Appendix H) sharing similar interests. An evaluation 

instrument should be developed (similar to Appendix I) and given to program participants to 

assess information regarding their knowledge before and after programs and their plans for 

adopting the advocated practices. 

In Texas, two locations identified as demonstration areas would offer ideal gathering 

points for face-to-face meetings of natural resource professionals and private landowners, while 

also having field demonstrations of conservation practices that benefit priority and hunted 

species. The McGillivray and Leona McKie Muse Wildlife Management Area (WMA), near 

Brownwood and the Kerr WMA, near Ingram, are both operated by Texas Parks and Wildlife 

Department. The Muse WMA is a 1,975 ac property in the Cross Timbers level III eco-region. 

Its soils and topography generate a variety of plants common to oak-juniper woodlands, post-

oak-mesquite flats and hardwoods found near creek bottomlands. The Kerr WMA property 

(6,493 ac) serves as a research and demonstration area for the Edwards Plateau eco-region. 

Black-capped Vireo habitat management is ongoing and the property has a meeting facility that 

accommodates 100 people. Texas Parks and Wildlife Department personnel have already been 

contacted about use of each property as public meeting areas and demonstration sites. In 

Oklahoma, the city of Lawton could serve as the location for face-to-face meetings and field 

locations could be viewed at nearby Fort Sill and Wichita Mountains National Wildlife Refuge 

where management for Black-capped Vireos has been ongoing for decades. 

The Wildlife and Fisheries unit of Texas A&M AgriLife Extension Service has been 

using several communication outlets to deliver extension education to landowners and the public. 

These include face-to-face meetings, websites, newsletters, press releases and radio broadcasts.  
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Many of these resources are redistributed by organizations such as the Texas and Southwestern 

Cattle Raisers Association, Texas Farm Bureau, and Texas Wildlife Association to multiply 

reach. More recently, this Extension Unit has been working to enhance outreach efforts for a 

landowner organization called Trinity Waters, by employing these communication outlets and 

introducing several new social media sites. Facebook, Twitter, Scoop.it!, YouTube, and Wild 

Wonderings Blog (Appendix J) are used to promote conservation in the Trinity River basin. By 

using these outlets effectively to feature land and water conservation, this group has been able to 

direct people to Trinity Waters’ main website, which serves as an information hub for 

landowners. 

A similar strategy can be employed to disseminate information to landowners to promote 

conservation efforts for Black-capped Vireos and to direct attention to the website for this 

project. Use of each web-resource can be evaluated with applicable metrics, such as page-views, 

unique visitors, followers, reads, views, and reach. By combining traditional extension outlets 

and creating new ones, we will capitalize on a growing number of people who rely on social 

media as their primary source of information. Communication of the extension strategy would be 

greatly enhanced by using existing social media outlets such as: (1) AgriLife Extension Wildlife 

and Fisheries Sciences Facebook and Twitter, (2) WFSC AgriLife YouTube, and (3) Wild 

Wonderings Blog. Creating new outlets such as a ScoopIt! and YouTube videos should be 

considered to relay visual and practical information benefiting hunted and priority species. 

 

  

https://www.facebook.com/wfscextension
https://www.facebook.com/wfscextension
http://www.youtube.com/user/WFSCAgriLife
http://wild-wonderings.blogspot.com/
http://wild-wonderings.blogspot.com/
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APPENDICES 

Appendix A: Shrubland Annotated bibliography 

Landscape 

Wilkins, R. N., A. Hays, D. Kubenka, D. Steinback, W. Grant, E. Gonzalez, M. Kielland, and J. 

Shackelford. 2003. Texas Rural Lands: Land Conservation Implications for the 21st Century. 

Texas A&M University.  

 This report is the product of a collaboration between Texas Cooperative Extension of 

Texas A&M University and American Farmland Trust to describe key findings from an analysis 

of the status and recent changes in ownership size, land use, and property values of private rural 

lands in Texas. The authors found that ownership size of private lands has been decreasing 

annually since 1970 mainly due to fragmentation of mid and large-size lands into smaller 

ownerships. The conversion of native rangelands and croplands into nonnative “improved 

pastures” was the most prevalent change in land use between 1992 and 2001. Lands that have 

been fragmented into smaller farms and ranches are more likely to undergo this conversion. If 

these trends in ownership size and land uses changes persist, native wildlife habitat will continue 

to be lost, especially within the native grasslands of central and eastern Texas. In 2001, the 

Governor’s Task Force of Conservation stated that fragmentation of family-owned farms and 

ranches is the greatest threat to wildlife habitat in Texas.  

The report provides figures for land area of each eco-region in 2001, the acreage of farm 

and ranch land within each eco-region in 2001, and the change in area since 1992. The area in 

2001 and change in area since 1992 for each of nine land use classifications are also provided for 

each eco-region. The authors found that as the number of small ownerships increase, the amount 

of native rangeland and cropland decreases and the amount of improved pasture and forestland 

increases. The strength of this trend is dependent on the eco-region due to differences in the 

efficiency of land use practices relative to the size of the managed area. The authors tested 

whether large-size land fragmentation affects rural landscape structure and wildlife habitat by 

evaluating the relationship between density of rural lands ownership and habitat fragmentation in 

Bastrop Country. They compared ownership boundaries from 1984 and 1999 to satellite imagery 

from 1984 and 1999 and measured fragmentation by the number and size of habitat patches. 

When landscapes were examined at four different scales, they found that in areas with higher 
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number of ownerships, the landscapes were more fragmented, and that this trend compounded 

over time. In areas of low-density rural development, landscape fragmentation was correlated 

with the conversion of native rangelands into improved pastures. This study suggests that 

ownership fragmentation influences landscape characteristics and is consistent with results at 

statewide and regional scales. The study further suggests that remaining rangeland habitat is 

fragmented into even smaller patches, destroying native wildlife habitats that depend on large 

ranges of habitat. These results cannot be directly applied across the whole state but can be used 

to predict the relationship between ownership size and landscape character. 

 

Fire 

Brown, J. K. and J. K. Smith, Eds. 2000. Wildland fire in ecosystems: Effects of fire on flora. 

General Technical Report RMRS-GTR-42-vol. 2. Ogden, UT: U.S. Department of Agriculture, 

Forest Service, Rocky Mountain Research Station.  

This report by the USDA is a state-of-knowledge review about the effects of fire on flora 

and fuels to assist land managers with ecosystem and fire management planning and to inform 

others on the ecological role of fire. Chapter 6 addresses western shrubland, woodland, and 

grassland ecosystems in the United States. Shrublands include sagebrush, desert shrub, 

southwestern shrub steppe, Texas savanna, and chaparral-mountain shrub ecosystem types. 

Brown and Smith describes “Texas savanna” as an ecosystem that occupies major portions of the 

Rio Grande Plains of south Texas, the Edwards Plateau of south central Texas and portions of 

the Rolling Plains, Grand Prairie, North Central Prairies, Blackland Prairies, and Cross Timbers. 

Honey mesquite is the most widespread woody plant in the Texas savanna today and was a 

natural part of the northern Texas vegetation complex prior to Euro-American settlement. Since 

then, the density of honey mesquite has increased mainly due to seed dissemination by domestic 

livestock. However, in the last few decades, chemical, mechanical, and fire treatments have been 

used to remove mesquite and other woody overstory, but its elimination has been questioned 

recently for the potential benefits mesquite may have for wildlife and livestock. The Texas 

savanna was historically rich in wildlife but changes in land use have reduced habitats of many 

species, as well as accelerated the vegetative dynamics of ecosystem. The report suggests that 
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intensive animal grazing coupled with extremes of climate are instrumental in causing the active 

fluctuation of vegetation composition and physiognomy seen in the Texas savanna today. 

Grasslands include plains, mountain, desert, and annual grassland ecosystems. The plains 

grasslands ranged from Canada to Northern Texas. Prior to the 1900s, presence of fire is 

believed to have impacted the character of the plains grasslands, their species composition, and 

the distribution of plant dominance. Modifications of climate and soil development led to 

invasion of some grassland areas by woody species. Since the1900s the plains grasslands have 

been converted to agricultural and grazing lands with and without success. The semiarid climate 

of the plains grassland area, the constant potential for drought, yearly temperature extremes, and 

the potential for high winds continue to drive the processes of succession. This report provides 

historical information of the shrubland and grassland ecosystem types where black-capped vireos 

breed and addresses the management implications of fire on vegetation characteristics and 

dynamics. 

 

Smeins, F. E. 1980. Natural role of fire on the Edwards Plateau. Pages 4–16 in L. D. White, 

editor. Prescribed burning of the Edwards Plateau of Texas. Texas Agricultural Extension 

Service, College Station, USA. 

 Smeins used accounts from the literature to argue that the Edwards Plateau of Texas has 

experienced woody encroachment since 1850, with fewer open grasslands that are not dominated 

at least partially by woody plants, and that around the same time as this woody invasion began, 

settlers were moving into the area, fencing off areas for cattle, which they sometimes overgrazed, 

and replacing the Native Americans on the landscape, who would burn the region often.  As the 

area became more and more settled, fires were no longer to burn large expanses, and the author 

provided accounts of how a lack of fire changed the vegetative communities within the 

landscape, leading to the expansion of woody plants into previously grass-dominated areas. 

 

Taylor, C. A. Jr., D. Twidwell, N. E. Garza, C. Rosser, J. K. Hoffman, and T. D. Brooks. 2012. 

Long-term effecs of fire, livestock herbivory removal, and weather variability in Texas semiarid 

savanna. Rangeland Ecology and Management 65: 21—30. 

 The authors examined how fire and removal of livestock herbivores altered the grasses 

and woody plants of live oak savannas at the Texas Agrilife Research Station on the Edwards 
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Plateau, near Sonora, Texas.  They found that fire can be used to reduce or eliminate woody 

vegetation that encroaches on live oak savannas but does not harm desirable grasses for grazing.  

High intensity summer fires allowed the live oak (Quercus virginiana Mill.) to remain while 

controlling or eliminating undesirable and problematic plants from the understory and overstory.  

Repeat winter burns, which were a less instense treatment, did not reduce or eliminate 

undesirable woody plants and allowed most woody plants in the understory to increase.  

However, areas where no fires were burned quickly transitioned out of the oak savanna 

environment to a woodland.  The only grass that responded to fires was little bluestem 

(Schizachyrium scoparium [Michx.] Nash), increasing with the application of winter fires, 

decreasing if no fires were applied, and remaining the same with the intense summer fires.  Thus, 

fire can be used both to maintain live oak savannas on the Edwards Plateau and to increase 

desirable grasses for grazing. 

Woody Vegetation Expansion 

Archer, S. 1989. Have Southern Texas savannas been converted to woodlands in recent history? 

American Naturalist 134:545–561.  

Archer quantified the rates and dynamics of the expansion of woody vegetation to 

determine ages of woody-plant assemblages and estimate the onset of woody vegetation 

encroachment in the Rio Grande Plains. Growth of individual clusters ranging from 1 m to 40 m 

in diameter surrounding a single mesquite (Prosopis glandulosa var. glandulosa Torr.) were 

quantified using aerial photographs from 1941, 1960, and 1983. Years 1941-1960 and 1960-1983 

represented “wet” and “dry” period, respectively. Cluster and Prosopis size-age relationships 

were applied to field surveys of cluster-size distributions from Archer et al. (1988) to estimate 

the age structure of woody assemblages on the present landscape. Regardless of the precipitation 

regime (P(wet) = 0.3 or 0.6), about 90% of the clusters were less than 100 years old. The aerial 

photographs indicate an increase in mean woody-plant cover from 13% in 1941 to 36% in 1983, 

a significant shift in the size-class distribution to a higher proportion of larger clusters, and an 

increase in mean cluster size from 494 m
2
 to 717 m

2
. Thus, the development of woody 

communities and clusters has been rapid and substantial over the past 50 years. This model 

provides a time scale for the process of woody plant expansion which is consistent with 

historical observations suggesting the recent conversion of savannas to woodlands in the Rio 
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Grande Plains that has coincided with heavy grazing by livestock and changes in precipitation 

since the late 1800s. 

 

Brown, J. R., and S. Archer, S. 1999. Shrub invasion of grassland: recruitment is continuous and 

not regulated by herbaceous biomass or density. Ecology 80:2385–2396.  

Brown and Archer simulated interactions between grazing, soil moisture, and grass 

competition on mesquite (P. glandulosa) seedling emergence and short-term survival to test the 

hypothesis that honey mesquite invasion requires reductions in herbaceous biomass caused by 

grazing and density, and episodes of high soil moisture availability. In July 1984, 30 seeds of P. 

glandulosa were planted into plots maintained at two graminoid densities (non-manipulated and 

reduced 50%), receiving one of three levels of defoliation (none, moderate; 20 cm stubble, and 

heavy; 5 cm stubble) and one of two watering regimes (natural and supplemented). Herbaceous 

density and defoliation treatments were randomly assigned to plots within watering treatments. 

Each of the 12 treatments was replicated six times (total = 72 plots), and net photosynthesis and 

xylem water potential of seedlings were quantified. ANOVA of arcsine transformed was used to 

test for differences in seedling emergence and survival among the 12 treatments. No combination 

of grass density or defoliation significantly affected P. glandulosa seedling emergence or 

survival within a watering regime, even though differences in aboveground biomass among those 

treatments were significant. Seedling survival after 2 years was high (62–77%) and statistically 

comparable across the density, defoliation, and watering treatments. These results indicate that 

reductions in grass biomass had minimal influence on P. glandulosa emergence, aboveground 

growth, or survival, which suggests that Prosopis invasion is minimally influenced by grass 

competition. Seedling emergence on plots receiving natural rainfall was high (42%) despite 

precipitation was substantially below normal. Results also indicate that emergence and 

establishment of P. glandulosa can potentially occur in most years on this site, regardless of 

resource availability and livestock grazing pressure on grasses. Historic grazing at this site may 

have altered herbaceous composition and reduced above- and belowground biomass production 

below the threshold level required for competitive exclusion of woody vegetation. Such data 

suggest that rates and patterns of seed dispersal may be the primary determinants of P. 

glandulosa encroachment on present-day landscapes in semiarid regions. This study suggests the 

minimization of livestock seed dispersal and maintenance of an effective fire regime to 
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effectively sustaining herbaceous composition and production in grazed systems prone to 

invasion. 

 

Brown, J. R. and S. Archer. 1989. Woody plant invasion of grasslands: establishment of honey 

mesquite (Prosopis glandulosa var. glandulosa) on sites differing in herbaceous biomass and 

grazing history. Oecologia 80:19–26. 

Brown and Archer aimed to determine the role of herbaceous defoliation and grazing 

history on honey mesquite (Prosopis glandulosa var. glandulosa) establishment in grasslands. 

They quantified the emergence and survival of honey mesquite seedlings on two post oak 

savanna sites in east-central Texas; a long-term grazed (LTG) site and a long-term protected 

(LTP) site. In April 1984, eighty plots were randomly selected on each site; 40 plots received 

moderate defoliation (MD; herbaceous vegetation clipped at 25 cm high) and 40 plots received 

heavy defoliation (HD; clipping at 10 cm high), imposed monthly during the 1984 and 1985 

growing season. Forty non-defoliated plots (ND) on the LTP site were randomly selected to 

serve as controls. P. glandulosa seeds were placed in each of the 40 plots within each grazing 

history/defoliation combination, and seed placement varied between open spaces, tussocks, 

desiccation cracks and dung pats. Prosopis seedling emergence was quantified two weeks after 

dissemination and seedling survival was noted at monthly intervals. Chi-square analysis was 

used to test for differences in seedling emergence and survival among grazing history, 

defoliation and seed placement treatments. Differences in cover, above- and belowground 

standing crop and seedling morphometric parameters were determined by ANOVA.  

No significant interactions between grazing history and level of defoliation were obtained for 

either seedling emergence or survival. Relative to LTP-ND plots, Prosopis seedling emergence 

was 7- to 8-fold greater with defoliation in both years, regardless of grazing history; however, 

differences in emergence between MD and HD plots and sites were not significant. Survival, 

development, and activity of seedlings on ND, MD and HD plots were comparable, despite 

substantial differences in herbaceous species composition and above- and belowground biomass. 

This suggests that competition for soil resources between grasses and Prosopis may be minimal 

early in the life cycle of Prosopis. On defoliated plots, seedling emergence was lowest in dung 

(17 to 30%) and higher (40 to 60%) among other locations. The fact that emergence of scarified 

seed from dung increased markedly when dung occurred in plots where grasses were defoliated 
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suggests that effective agents of Prosopis dispersal transport large numbers of germinable seeds 

and deposit them in areas where grasses have been grazed. The data on seedling establishment 

support the hypothesis that prior to domestic livestock grazing, limited seed dispersal may have 

been a primary constraint to Prosopis invasion of grasslands. Lastly, high rates of Prosopis 

emergence and establishment on LTP-MD plots are counter to the widespread assumption that 

long-term and/or heavy grazing is requisite for Prosopis encroachment into grasslands. This 

study is useful for understanding the dynamics honey mesquite growth and survival with regard 

to factors contributing to its recent expansion onto grasslands in Southwestern North America. 

 

Bush, J. K., and O. W. Van Auken. 1989. Soil resource levels and competition between a woody 

and herbaceous species. Bulletin of the Torrey Botanical Club 116:22–30. 

Bush and Van Auken examined effects of interspecific competition on the growth of B. 

curtipendula (Michx.) Torr. (sideoats grama) and P. glandulosa (honey mesquite) seedlings in an 

additive and a replacement experiment, at two resource levels. The additive experiment in March 

1986 included treatments of one P. glandulosa seedling grown with B. curtipendula at four 

different densities. Analysis for B. curtipendula included a two-way ANOVA with density and 

competitive situation (presence or absence of P. glandulosa) as factors. The interspecific 

competition experiment in March 1987 compared the individual growth of B. curtipendula and 

P. glandulosa in mixtures of the species with the growth of individuals in pure stands at the same 

overall density. Five proportions of B. curtipendula, P. glandulosa and two resource levels 

(native Patrick soil and nutrient supplemented Patrick soil) per proportion were used. The 

presence of B. curtipendula in the additive experiment had a significant inhibitory effect on P. 

glandulosa aboveground, belowground and total biomass when grown together. Mean P. 

glandulosa aboveground biomass decreased 84% compared with the control (no grass) when one 

grass plant was present per pot. Further reductions in P. glandulosa occurred with higher grass 

densities and were all significantly lower than the control. Mean belowground and total biomass 

of P. glandulosa was reduced 69% and 88%, respectively, when one grass plant per pot was 

present. Resource levels had significant effects on the relative yields of the two species; 

however, competition was unchanged. B. curtipendula relative yields were significantly greater 

than 1.0 at both resource levels and P. glandulosa relative yields were significantly less than 1.0. 

With every proportion of plants and at both resource levels tested, B. curtipendula had the 
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highest percent yield, ranging from 80 to 92% without the addition of nutrients, and from 95 to 

98% with nutrients. The percent yield per pot for P. glandulosa ranged from 8 to 20% and 2 to 

5% without and with nutrients, respectively. 

 These results suggest that intraspecific, rather than interspecific competition, has a 

greater effect on B. curtipendula growth, whereas interspecific competition has a greater effect 

on P. glandulosa growth. P. glandulosa seedling establishment and growth in productive B. 

curtipendula grasslands would probably be severely limited, especially at high levels of soil 

resources. The soil nitrogen concentration was not low enough to severely limit the grass and 

favor the legume in this study, but at lower soil nitrogen levels (if other soil nutrient levels are 

maintained), P. glandulosa would grow better than B. curtipendula and possibly exclude it. This 

study shows that P. glandulosa seedlings do not grow well with grasses in pots, nor establish in 

productive grasslands. Disturbances, including reductions in herbaceous plant density or 

biomass, coupled with reduced soil resource levels, especially nitrogen, appear to play a major 

role limiting P. glandulosa seedling growth and establishment. 

 

Harris, D. R. 1966. Recent plant invasions in the arid and semi-arid southwest of the United 

States. Annals of the Association of American Geographers 56:408–422. 

 Harris reviewed the factors chiefly responsible for the spread of three principle invaders 

of arid and semi-arid grasslands; mesquite, one-seed juniper, and tamarisk. The mesquite of the 

Southwest compromises a group of deciduous trees and shrubs. Honey mesquite (Prosopis 

juliflora var. glandulosa) is most abundant in Texas, having spread over a large portion of the 

Great Plains in western Texas. Invasion was most extensive in the desert grasslands, and the 

plains grasslands of northwest Texas, which were both formerly dominated by perennial and 

annual grasses like grama (Bouteloua spp.), mesquite grass (Hilaria spp.), and three awn 

(Aristida spp.). A comprehensive survey by the Social Conservation Service reported 45 million 

acres in Texas had conspicuous mesquite cover in 1943, 55 million in 1949, and over 70 million 

acres in 1952, including New Mexico and Arizona. Most investigators regard the main factor 

responsible for mesquite expansion to be domestic livestock grazing and browsing, but also 

regard wild animals as seed dispersers, short-term climatic fluctuations, and cease of recurrent 

grassland fires as factors. Of the five species of juniper that occur in the Southwest, the one-seed 

juniper is the chief invader. This species has increased its density of open stands and it is 
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established on grassland areas within and adjacent to piñon-juniper woodland on the Great Plains 

of western Texas between 1,000 and 3,000 feet. Domestic animals have assisted the 

establishment of juniper seedlings by reducing competition from grasses by overgrazing and 

trampling, but the primary reason for juniper invasion is fire suppression. Overgrazing coupled 

with periods of greater aridity has accelerated the process of juniper and mesquite invasion. This 

review provides an early analysis of juniper and mesquite invasion useful for the comparison to 

current analyses. 

 

Jurena, P. N., and S. Archer. 2003. Woody plant establishment and spatial heterogeneity in 

grasslands. Ecology 84:907–919. 

 Jurena and Archer quantified spatial heterogeneity and relationships between grass basal 

area and belowground biomass in a late seral Schizachyrium, Schizachyrium-Paspalum 

grassland, and evaluated the space requirements for establishment of Prosopis glandulosa. Field 

experiments were conducted at the Texas A&M Native Plant and Animal Conservancy in east-

central Texas in December 1994. A 4X6 m grid of 1X1 m cells was established in tree-free areas 

in each of four stands codominated by S. scoparium and P. plicatulum. Six depth and diameter 

combinations of below-ground root-free volumes were created by inserting PVC tubes of various 

lengths (3, 10, and 40 cm) and diameters (10 or 20 cm) into the ground. Belowground biomass 

was pooled across all sites, subdivided into three size classes and further subdivided according to 

soil depth. An ANOVA and least-squares means multiple comparison tests were performed using 

size class, soil depth, and their interaction as principal factors. Seedlings were monitored for 

survival, height, and number of true leaves for two years. Survival, number of leaves, and 

seedling height at the end of each year were analyzed using multivariate repeated-measures 

ANOVA with principal factors of tube diameter, tube depth, and their interaction. Survival and 

growth of P. glandulosa seedlings was significantly affected by root-excluder depth, but not by 

excluder diameter. Belowground available volume accounted for 67% and 79% of the variance 

in first- and second-year Prosopis seedling growth and survival, respectively. Herbaceous root 

biomass was statistically comparable among stands, but point-specific biomass varied three 

orders of magnitude (<50 g/m2 to >3000 g/m2). In addition, root biomass was temporally 

variable, ranging from a mean of 768 (86) in a year of below-average annual rainfall to 1108 

(104) in a year of roughly average annual rainfall.  
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 Seedlings in their second growing season was primarily a function of soil moisture 

content between 0.3 and 1.0 m depth, thus, there appears to be a critical one to two year period 

during which Prosopis seedlings might be in acute competition with grasses for soil resources. 

Reduction of grass root competition to a depth of 40 cm significantly promoted the growth and 

survival of Prosopis seedlings during their first two years of establishment to suggest that woody 

plant encroachment into grasslands might be a function of the spatial and temporal availability of 

gaps with low biomass of grass roots. The substantial annual variation in belowground biomass 

observed in this study suggests that ungrazed grasslands may be more susceptible to woody plant 

encroachment in some years and more resistant in others. Furthermore, given the substantial 

spatial variation in aboveground gap area and belowground biomass, there may be numerous 

low-competition microsites for woody plant seedlings within ungrazed grasslands. A high degree 

of temporal and spatial variability in gap area and belowground biomass may therefore help 

explain successful establishment of woody seedlings in ungrazed or lightly grazed, late seral 

grasslands in the absence of fire.  

 

Russell, F. L., and N. L. Fowler. 1999. Rarity of oak saplings in savannas and woodlands of the 

eastern Edwards Plateau, Texas. Southwestern Naturalist 44:31–41. 

 This study evaluated the hypothesis that Quercus fusiformis (Plateau live oak) and 

Quercus buckleyi (Spanish oak), two dominant trees of central Texas savannas and woodlands, 

are not recruiting to adult size classes on the eastern Edwards Plateau. Russell and Fowler 

described the size and age distributions of Q. fusiformis and Q. buckleyi to determine whether 

populations of these species are in decline.  They non-randomly sampled Q. fusiformis stems and 

Q. buckleyi genets and individual stems using belt transects in each community type in each site 

between August and October 1994. Q. fusiformis saplings and small adults were much less 

numerous than mid-sized adults and large adults in savannas and live oak/juniper stands, and Q. 

buckleyi saplings were much less numerous than small adults and mid-sized adults in mixed 

woodlands. These data suggest that nether species is recruiting to adult size classes. Poor adult 

recruitment of oaks is most likely due to intense browsing pressure by White-tailed Deer. If 

sapling recruitment remains too infrequent to maintain the population of larger adult size classes 

and stem replacement in existing genets remains low, both species will become extremely rare as 

soon as the existing adult populations die. The authors suggest a reduction in seedling mortality 
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rates over many years would be necessary to allow the slow-growing seedlings to escape their 

vulnerability to browsing herbivores, and that descriptions of age distributions of Q. fusiformis 

and Q. buckleyi stands are necessary to date the onset of adult recruitment failure. 

 

Van Auken, O. W. 1993. Size distribution patterns and potential population change of some 

dominant woody species of the Edwards Plateau region of Texas. Texas Journal of Science 

45:199–210. 

 Van Auken described the population structure of Juniperus ashei (Ashe juniper), Quercus 

texana (Texas red oak), Q. glaucoides (Lacy oak) and T. distichum, which are dominant species 

in the evergreen woodlands, deciduous woodlands and riparian forest communities of the 

Edwards Plateau Region. Study sites were selected in hilltop evergreen woodland stands and 

north-slope deciduous woodland communities on Edwards Limestone in Bandera County, as 

well as in deciduous forest riparian communities of the Guadalupe River flood plain in Comal 

and Kendal counties, Texas. Upland stands were sampled with the point-centered-quarter 

method. The frequency distribution of J. ashei was non-normal in all stands and the trend in total 

woody plant density suggested community self-thinning. The data suggest no juvenile 

recruitment of Q. glaucoides and Q. texana into the adult population. Possible reasons include 

changes in local climate, changes in disturbance regime, increases in herbivore populations 

(particularly White-tailed Deer), or establishment may be episodic and reflect local 

environmental conditions. 

 

Van Auken, O. W. 2000. Shrub invasion of North American semiarid grasslands. Annual Review 

of Ecology and Systematics 31:197–215. 

 This manuscript provides a review of the causes of increase in density or cover of local 

shrubs and woody species that have been present in the semiarid grasslands of southwestern 

North America. The most cited reasons for woody encroachment onto grasslands are climate 

change, change in fire frequency, changes in grass competitive ability, spread of seed by 

livestock, small mammal populations, elevated levels of CO2, and combinations of these factors. 

There does not seem to be conclusive evidence that changes in precipitation patterns or 

temperature in this region since the 1870s are linked to recent shrub or woody plant 

encroachment in the semiarid grasslands. The unevenness of this encroachment, especially for 
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Prosopis, and dramatic differences in density in adjacent fenced, edaphically similar areas would 

seem to rule out large scale climatic changes and rising levels of atmospheric CO2 as the major 

causes of woody plant increases. Changes in competition between grasses and woody plants are 

implicated in the encroachment of woody plants into semiarid grasslands, where competition is 

primarily belowground. Competition in these semiarid grasslands seems to change depending on 

the species and environmental conditions. Woody plants inhibit grasses most during the 

germination, establishment, and early growth of the grasses when the woody plant roots are 

below the root zone of the grasses and the woody plant shoot is above the shoot zone of the 

grasses. Although a high density or biomass of grass reduces germination, survival, and growth 

of woody seedlings, some seedlings survive and escape the grass zone of suppression and 

ultimately convert the grassland into shrubland or woodland. If, for example, 1 woody plant/ha  

produced 10 survivors/ha/y, in 100 years the density of that species of woody plant would be 

1000 plants/ha and the grassland would become a shrubland or woodland. 

 Periodic burning is required to control or reduce the establishment and growth of woody 

plants in most if not all grasslands. Fire interacts with other factors such as topography, soil, 

herbivores, and amount of herbaceous fuel to determine the nature, density, and location of 

woody plants in a landscape. Fire frequency in the semiarid grasslands has decreased in the past 

150 years, as has fire size, while the size and density of the woody plants has increased and 

biomass of grass has decreased. However, with a reduction of the fine fuel load by heavy and 

constant herbivory, fire frequencies would decrease. Further, increases in woody plant cover 

would follow. The introduction of cattle seems to be the primary factor in the conversion of 

semiarid grasslands into shrublands or woodlands, but the mechanisms involved are still not well 

understood, and the rates, dynamics, patterns, and successional processes are not well defined. 

By damaging plant parts, herbivores may alter a plant’s ability to obtain resources or selectively 

eliminate a plant as a competitor and thereby influence the outcome of species interactions. 

Furthermore, herbivory can increase the number of gaps present in the cover of these semiarid 

grassland communities, reduce the aboveground and belowground grass biomass, modify the 

pattern of resource availability, and alter biomass allocation. Therefore, at the population level, 

damage to individual plants by removal of biomass may lead to changes in plant abundance and 

distribution through alteration in fecundity or ability to regrow.  
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The maintenance of grasslands free of shrubs or woody plants during most of the 

Holocene was that dispersal of seeds of woody plants into grasslands was low due to a limited 

number seed dispersers. The introduction of domestic herbivores may have increased the 

dispersal of woody plant seeds, but many native herbivores could and probably still do the same 

thing. In conclusion, herbivory at low density and frequency may cause little change in a 

grassland community, but at high density and frequency, it can alter grassland composition, 

changing it to a shrubland or woodland. High levels of herbivory by domestic animals reduce the 

aboveground grass biomass and fuel needed for grassland fires, thus reducing fire frequency. 

This causes a decrease in competitive ability (growth) of grasses with shrubs and other woody 

plants, leading to a decrease in grass cover, which increases runoff and erosion and increases 

temporal and spatial heterogeneity for soil resources, especially water, nitrogen, and probably 

phosphates. Low soil-nitrogen levels would favor establishment of species that have low soil 

nitrogen requirement, where soil resources are recycled in these resource islands, making them 

favored sites for germination and growth of woody plants that may establish readily. As a result, 

grass reestablishment becomes more difficult, and the cycle continues.  

 

Modeling 

Fuhlendorf, S.A., F. E. Smeins, and W. E. Grant. 1996. Simulation of a fire-sensitive ecological 

threshold: a case study of Ashe juniper on the Edwards Plateau of Texas, USA. Ecological 

Modelling 90:245–255. 

 Authors described a model that simulates potential increases in a fire-sensitive woody 

species, represented by Ashe juniper (Juniperus ashei) of the Edwards Plateau, and associated 

vegetative community changes, when fire is removed or fire regimes are altered.  The model was 

formulated with a set of equations and simulations using STELLA to represent seedling 

establishment, subsequent survival, and growth through five size classes. The densities (trees/ha) 

of each of five size classes, representing canopy diameters (m) of < 0.75, 0.76-1.50, 1.51-3.00, 

3.01-6.0, and > 6.0, were initialized as zero to simulate an open grassland. To examine the 

model’s influence on juniper density, 150-year simulations were run for seven different fire 

regimes, which varied in fire intensity (cool- and warm-season) and frequency (30, 25, 20, 

and10-year intervals). Results were summarized in terms of mean density of mature trees, 
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temporal shifts in size-class distribution and total density of trees, and the proportional reduction 

in herbaceous biomass. In the simulation run without fire, a stable canopy woodland developed 

after 75 years, where density of size class 5 increased to 73.2 trees/ha and herbaceous biomass 

decreased >60%. Warm-season fires at up to 30-year intervals sustained a fairly open grassland 

by retaining 70.2% of herbaceous biomass. Cool-season fires maintained an open grassland with 

fire intervals less than 25 years, which kept juniper densities low (<15 trees/ha) and retained high 

levels of herbaceous biomass (>80%). Intervals of 25 years or greater produced either an open 

grassland or stable-canopy woodland, depending upon random initial seed dispersal during the 

first 10 years. This sensitivity to variation in the year of first seedling establishment supports the 

concept of multiple steady states and ecological thresholds— if woody plant abundance 

continues to increase without fire, herbaceous production becomes suppressed, which causes a 

positive feedback where fires are no longer effective. Above the threshold of a 25-year fire 

interval, juniper growth increases because of the increased seed source, and eventually results in 

a dense woodland. The simulations produced from this model suggest that elimination of fire 

could be the primary cause of long-term changes in plant communities on the Edwards Plateau of 

Texas. However, domestic herbivory and climatic variability, which were implicitly represented 

via the herbaceous biomass and fire intensity auxiliary variables, respectively, also could be 

important factors when considering shorter-term fluctuations in local communities. 

 

Fuhlendorf, S. D., and F. E. Smeins. 1997. Long-Term vegetation dynamics mediated by 

herbivores, weather and fire in a Juniperus-Quercus savanna. Journal of Vegetation Science 

8:819–28. 

 The authors analyzed a long-term (45-year) basal area dynamics of dominant graminoid 

species across three grazing intensity treatments (heavily grazed, moderately grazed and 

ungrazed) to develop a conceptual model of vegetation dynamics for this landscape. At the Texas 

A&M University Agricultural Research Station on the Edwards Plateau, Texas from 1949 to 

1965, the diameter at the soil surface of each rooted perennial grass plant was measured within 

each quadrat of each grazed treatment unit, and converted to a circular area for each plant. Data 

collection since 1965 has been sporadic and not all treatment units were sampled each year. To 

test if variation in weather and large herbivore grazing intensity explains successional processes 

in this environment, the authors used a multivariate technique of Detrended Correspondence 
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Analysis (DCA) to describe rates and patterns of vegetation dynamics for the perennial grass 

component of this semi-arid savanna and relate grass vegetation dynamics to livestock grazing 

intensity and precipitation patterns. DCA is an indirect gradient analysis that extracts the 

dominant compositional gradients from a site by species matrix. The ordination for each point as 

a treatment replication across all treatment-year combinations allows the creation of temporal 

trajectories of each treatment across an ecologically relevant domain. After the ordination 

analysis, correlation analyses were used to explore relationships with environmental variables 

and to create response curves for the dominant species. The first two axes of the DCA ordination 

accounted for 45.1 % and 87.7 % of the variance associated with species data and species-

environment relationship, respectively and when species-environment correlation was compared 

to the correlation of grazing intensity with the DCA axis 1, the small difference indicated that 

variation was almost entirely explained by grazing intensity. Correlations between weather 

variables and DCA axes scores were not significant but, during the drought, the heavily grazed 

treatment diverged from the other treatments, which followed similar trajectories. This suggests 

that periodic weather events have little direct influence on composition dynamics, but droughts 

exacerbate directional changes caused by grazing intensity in heavily grazed areas. 

Second order polynomials were used to calculate response curves for 18 species to 

capture the curvilinear species response to environmental gradients and significance tests were 

conducted on the 10 most abundant species. Simpson and Shannon diversity indices were 

calculated from the basal area of graminoid species within each treatment/year unit and related to 

the ordination axis. At the spatial-temporal scale, grazing intensity primarily drove 

compositional shifts of perennial grasses and diversity patterns over the 45-year period. Three 

general species groups were identified by their response to the long-term grazing treatments: (1) 

tall, productive mid-grass species (E. sericea, B. curtipendula, B. hirsute) most abundant 

following removal or reduction in grazing intensity, (2) less productive, grazing resistant short-

grasses (H. belangeri, B. trifida and E. pilosum) most abundant under long-term heavy grazing, 

and (3) intermediate species were most abundant under moderate grazing and opportunistic to 

weather patterns. Graminoid species diversity generally increased as grazing intensity was 

reduced. Precipitation was responsible for variation in production and basal area fluctuations, but 

had minimal effects on species composition. Its primary influence was an accentuation of 

grazing intensity in the heavy grazed treatment. An approach focused on non-linear dynamics 
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with multiple steady states identified a fourth distinct community of a mature woodland 

dominated by Juniperus ashei and Quercus species. Absence of fires, with or without grazing, 

leads ultimately to a Juniperus/Quercus woodland with grazing intensity primarily influencing 

the fuel load and hence fire intensity. Thus, when successional changes involve multiple factors, 

non-linear or multi-scaled linear models may be more appropriate because of interactions 

between the various factors and feedbacks that create several possible pathways for vegetation 

change to follow. 

 

Fuhlendorf, S. D., F. E. Smeins, and C. A. Taylor. 1997. Browsing and tree size influences on 

Ashe juniper understory. Journal of Range Management 50:507–512. 

 The authors documented the influence of Ashe juniper tree size on understory vegetation 

and evaluated how the interaction between tree size and browsing by domestic goats and White-

tailed Deer impacts overstory/understory relationships. At the Texas A&M University 

Agricultural Research Station on the Edwards Plateau, trees were randomly selected from 2 long-

term treatments (browse and unbrowsed), and then categorized into one of five age classes based 

on canopy diameter. Measurements of litter presence and depth, rock presence, foliar presence of 

understory species, and height from the ground to the nearest live juniper branch were taken at 3 

zones of the tree canopy: the inner zone containing points nearest the stem and completely under 

the canopy, the mid zone containing points at the canopy edge with about 50% under the canopy 

of the target juniper and 50% outside the canopy, and the outer zone which started approximately 

1.5 times the canopy radius away from the target juniper. These zones varied for each tree, but 

averages were calculated to establish standardized zone limits for each size class. A factorial 

design, using an analysis of covariance was used to determine the influence of browsing history, 

location from the stem, and tree size on understory relationship. For the largest trees (> 6m 

diameter) herbaceous cover at inner locations with and without browsing was 38.7 and 9.7%, 

respectively. With browsing, herbaceous cover at the inner location generally increased with size 

class. Without browsing, herbaceous cover at the inner location was about the same for the 3 

smallest size classes (35%) while cover associated with the largest size class was about 3- fold 

less (9.7%) at the inner location. Trees with a canopy diameter < 6.0 m expressed minimal 

influence on understory vegetation compared to larger trees. Across browsing histories, most 

variation in herbaceous vegetation occurs at the inner location of large trees. Beneath the canopy 
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of large browsed trees, cover of most herbaceous species was 4 times greater than under large 

unbrowsed trees. These differences are attributed to the browse line created by intense goat 

browsing of juniper from 1948 to 1969 and associated reductions in litter accumulation. All 

dominant woody species were less abundant when browsing occurred( p < 0.05). Thus 

significant differences in woody plants associated with Ashe juniper are explained by the 

interaction of browsing history, tree size and distance from the stem. 

 When browsers are present at sufficient stocking rates to create a browse line on large 

trees, encroachment of Ashe juniper is slowed, rate of increase of all woody species is reduced, 

and large trees cause a shift in species composition directly under the canopy, however cover of 

all herbaceous species is not reduced. Immediately under the canopy of small browsed trees, 

herbaceous cover is lower than for unbrowsed trees. Environmental variables responsible for 

these patterns were litter depth and light penetrating the canopy during the winter. The increased 

cover of several herbaceous species under the canopy of large browsed trees, and at the canopy 

edge of browsed and unbrowsed trees indicates the importance of the interaction between canopy 

cover and the presence of a browse line. Browse lines on large trees enhance growth and 

production of cool season species, such as Texas wintergrass and reduce negative influences 

(low light, thick leaf litter, etc.) on other herbaceous species. At this level of browsing many 

other palatable species could be reduced or lost from the plant community 

 

Fuhlendorf, S. D., S. Archer, F. E. Smeins, D. M. Engle, and C. A. Taylor, Jr. 2008. The 

combined influence of grazing, fire, and herbaceous productivity on tree–grass interactions. 

Pages 219-238 in Western North American Juniperus Communities: A Dynamic Vegetation 

Type (O. W. Van Auken, Ed.). Springer, New York. 

 The authors elaborated on a previously developed model (Fuhlendorf et al. 1996) to 

include grazing and climate influences on herbaceous composition and production in order to 

address the how the interaction of these variables along with fire influence the dynamics of the 

transformation of grasslands and savannas to Juniperus woodlands. The model was 

parameterized for sites with contrasting productivity: a low-productivity site (mean annual 

precipitation [MAP]=600 mm) was represented using data from Texas Agricultural Experiment 

Station on the Edwards Plateau and a high-productivity site (MAP=850 mm) using data from 

Oklahoma State University Research Range near Stillwater. To include livestock (cattle) grazing 
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influences on the fire regime, state variables were added to include total herbaceous biomass and 

the relative composition of three herbaceous species functional groups. Fire–grazing interactions 

were evaluated with 150-year simulations on three grazing intensities (heavy, moderate, or 

ungrazed) for six cool-season fire intervals (no fire, 2, 5, 7, 10 and 15-year intervals). J. 

virginiana and J. ashei were the woody species of interest at the high- and low-productivity sites, 

respectively. At low-productivity sites density of the three largest J. ashei size-classes increased 

rapidly, peaking at a density of ~200 plants/ha within about 60 years of no fires. Without 

livestock grazing, a fire frequency of less than 15 years was, on average, sufficient to keep 

Juniper abundance low (< 22 total trees/ha) and maintain herbaceous production at levels above 

70% of maximum. Moderate grazing reduced the required fire return interval to ~5 years. With a 

fire frequency of 15 years and heavy grazing reductions in herbaceous biomass were such that 

fire could not be used to maintain an open grassland or savanna. On the high productivity site, a 

fire return interval of ~10 years was required to maintain an open grassland under conditions of 

no or moderate grazing. With heavy grazing, a 2- to 3-year fire return interval was required to 

maintain an open grassland or savanna. The striking differences between high-and low-

productivity sites were the result of differences in the outcome of interactions between the 

availability of fine fuel for fires and woody plant growth rates. These results suggest that 

introduction of moderate livestock grazing had minimal influence on the grass–woody balance at 

the high productivity sites but was critical in the conversion of grasslands to woodlands through 

its interaction with fire on low-productivity sites. Heavy grazing reduced the effectiveness of fire 

in maintaining grassland dominance regardless of site productivity.  

 The model represented climate as a random variable that primarily influenced production 

and composition of the herbaceous component. Fire, grazing, and site productivity interact to 

regulate the relative abundance of woody and herbaceous vegetation. Weather influenced the 

nature of these interactions and may strengthen or dampen feedbacks. These weather effects may 

be particularly important when systems are near transition thresholds and may make systems 

either more or less vulnerable to state-change. Managers should be cognizant of fire–grazing–

climate interactions and the nonlinear, threshold responses of vegetation to variations in their 

relative importance. This awareness, coupled with use of relatively simple models such as the 

one used in this study, would enable land use practices to be adjusted before undesirable 

transitions from grass to woody plant dominance occur. 
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Fuhlendorf, S. D. and F. E. Smeins. 1997. Long-term importance of grazing, fire and weather 

patterns on Edwards Plateau vegetation change. Juniper Ecology and Management Symposium. 

[Online.] Available at http://texnat. tamu.edu/library/symposia/juniper-ecology-and-

management/long-term-importance-of-grazing-fire-and-weather-patterns-on-edwards-plateau-

vegetation-change/. 

 The authors used long-term data from the Sonora Research Station in Texas to create a 

simulation model that evaluates long-term vegetation change on the Edwards Plateau and the 

options available to enhance long-term land management. Simulations were conducted on three 

grazing intensities (heavy, moderate and ungrazed) and three cool-season fire intervals (no fire, 

10 years and 20 years). For moderate and heavy grazing, simulations also included different 

scenarios where rest prior to fires was varied (no rest, 1-year and 2-year rest prior to burning). 

When the model was run with no fires, the results were similar for all grazing conditions. A 

dense canopy of Ashe juniper woodland formed after about 70 years with a high density of large 

trees (>6 m diameter) at 70 trees/ha, where forage production and livestock carrying capacities 

reduced by almost 70% in ungrazed areas. With heavy continuous grazing, cool-season fires at 

less than 10-year intervals resulted in a drastic increase in Ashe juniper over about 60-100 years. 

When rest periods of 1- and 2-years were included in the model, a juniper woodland was formed 

after 150 years and potential herbaceous production reduced by 60-70%. When rangelands are 

heavily grazed and fires occur at a 10-year interval, livestock carrying capacity is reduced to 

about 40% of the original production, similar to conditions where fires were not present. 

Management of juniper through fire under heavy grazing is difficult and likely unsuccessful, 

although it can slow the rate of increase. When a 1-year rest from moderate grazing occurs, the 

grassland will either perpetuate (80% likely) or become a closed-canopy woodland after 100-200 

years (20% likely) as a result of weather variation. This treatment suggests that under moderate 

grazing, long-term maintenance of grassland production may approach a threshold with a fire 

frequency near 10-years that is dependent upon the influence of weather variation on herbaceous 

production. A 1-year rest is necessary to produce enough fuel to consistently carry a fire, 

otherwise, more frequent fires are required. 

 To demonstrate the importance of applying management treatments prior to perceiving 

the problem, 10-year fire treatment was run under moderate grazing with a 1-year rest prior to 
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the fire but delayed the first fire to occur on year 20, 30 and 40. When the first fire is applied at 

year 10 under, densities of large trees are maintained below 10 trees/ha after 150 years, 

depending upon weather variation. By delaying the initial fire for more than 20 years, trees to 

reach a critical size (1.5-3.0 m diameter) before the first fire which reduces herbaceous 

production and effectiveness of fires, and allows trees to reach the age of seed production. Many 

junipers of the Edwards Plateau are at a size and density greater than those under conditions at 

year 30-40 (40-60 trees/ha), suggesting that other techniques (ie. mechanical, chemical, summer 

fires) followed by periodic cool-season fires would be required to produce and maintain a 

grassland dominated community and livestock carrying capacities. Grazing is the primary factor 

that influences species composition of herbaceous vegetation and herbaceous production because 

some species are more productive than others. Grazing, also removes a major portion of existing 

forage, regardless of the herbaceous composition. Herbaceous production is the link between 

grazing and the maintenance of grasslands through fire. 

 

Grasses 

Simmons, M. T., S. Windhager, P. Power, J. Lott, R.K. Lyons, and C. Schwope. 2007. Selective 

and non‐selective control of invasive plants: the short‐term effects of growing‐season prescribed 

fire, herbicide, and mowing in two Texas prairies. Restoration Ecology 15:662–669. 

 Simmons et al. tested the effects of prescribed fire, herbicide application, and mowing 

treatments on the growth of Bothriochloa ischaemum, an introduced C4 grass, and determined if 

the other co-dominant components of the plant community respond to all treatments the same 

way. The study was conducted at the San Marcos National Fish Hatchery and Technology Center 

in San Marcos, Texas and the Lyndon B. Johnson National Historical Park, Johnson City, Texas 

to represent the Blackland prairie and Edwards plateau ecoregion, respectively. Five replicates of 

seven treatments (control, early- and late growing-season fire, single and double herbicide 

application, and single and double mowing events) were installed during 2004 at both sites 

following a randomized plot design. All four burn treatments reduced cover of B. ischaemum. 

Glyphosate significantly suppressed growth of B. ischaemum at the Edwards Plateau site, and to 

a lesser extent by the repeated treatment at the Blackland Prairie site. B. ischaemum appears to 

have not been affected by mowing in this study. This study suggests plant responses to fire, 
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herbicide, and mowing can be species specific, plant response to fire may be season specific. Fire 

implemented in the growing season may have useful applications for restoring and maintaining 

degraded grasslands and the examination of the ecological regimens of an invasive species’ 

native range may assist the creation of suitable control strategy. This study suggests that careful 

synchronization of fire and plant physiological status as a control technique for this species 

warrants further investigation.  

Climate Change 

Archer, S., D. Schimel, and E. Holland. 1995. Mechanisms of shrubland expansion: land use, 

climate or CO2? Climatic Change 29:91–99. 

 The authors evaluate the hypothesis that the increases in atmospheric CO2 levels from 

the industrial revolution have caused woody plant expansion in arid and semi-arid ecosystems. 

This hypothesis is based on these observations: woody plants typically possess the C3 

photosynthetic pathway, whereas the grasses they have replaced in the southwestern U.S.A. are 

primarily C4; historic increases in atmospheric CO2 have conferred a significant advantage to 

C3 species relative to C4 species with respect to physiological activity, growth and competitive 

ability; and invasion of woody plants into C4 grasslands has been accompanied by a 30% 

increase in atmospheric CO2 over the past 200 years (from ca. 270 ppm to 350 ppm). However, 

there is considerable evidence to suggest factors other than CO2 enrichment have been the causal 

mechanism for woody plant invasion or encroachment into arid land grasslands and savannas. 

Under the present atmospheric CO2 levels of 350 ppm, C4 species still have quantum yields, 

photosynthetic rates and water-use efficiencies comparable to or greater than those of coexisting 

C3 plants. The CO2enrichment hypothesis does not help explain the replacement of C3 grasses 

by C3 woody plants which has occurred in temperate zones and cold deserts or why some sites 

have experienced woody plant encroachment, while nearby and edaphically similar sites 

dominated by C4 grasses have persisted. Widespread shifts from C4 grasses to C3 grasses should 

also have occurred within grasslands during this time frame but such does not appear to be the 

case. The temporal correspondence between CO2 enrichment and woody plant encroachment is 

problematic because although present-day atmospheric CO2 levels are 30% higher than those 

200 YBP, CO2 concentrations were 300 ppm in 1903-1925, an 11% increase from 1700s. This 

modest increase in CO2 may not have been sufficient to cause the substantial increases in woody 
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plant abundance in grasslands, which had been initiated or had already occurred by this time in 

many areas. Encroachment of woody vegetation into grasslands and savannas reported for many 

arid and semi-arid systems in recent history have likely involved interactions between climate, 

atmospheric CO2 enrichment, fire and grazing. Since the nature and intensity of these 

interactions has probably varied over time it is difficult to assign primacy to any one factor. post-

industrial atmospheric CO2 enrichment and possible climate change may have facilitated shifts 

from grass to woody plant domination but case studies documenting differences in the rate, 

pattern and extent of woody plant encroachment suggest that regional factors such as historic 

changes in climate or atmospheric CO2 enrichment were not the proximate factors driving local 

changes in vegetation. 

 

Hydrology 

Thurow, T. L., W. H. Blackburn, and C. A. Taylor, Jr. 1986. Hydrologic characteristics of 

vegetation types as affected by livestock grazing systems, Edwards Plateau, Texas. Journal of 

Range Management 39:505–509. 

 The objective of this research was to study oak, bunchgrass, and sodgrass plant 

communities to determine how their infiltration rate and sediment production differ from each 

other and how the effects of livestock grazing systems differ for each plant community under 

moderate continuous (MCG), heavy continuous (HCG), and intensive rotation (SDG) grazing 

systems and livestock exclosure (LEX). The study was conducted during May, 1984, at the 

Texas Agricultural Experiment Station. Oak mottes were composed primarily of live oak, for 

bunchgrasses primarily sideoats grama, Texas wintergrass, and threeawn, and for sodgrasses, 

primarily curly mesquite. Eight 0.5 m2 randomly located runoff plots in each vegetation type and 

each pasture were sampled. Infiltration rates and sediment production were determined using a 

drip-type rainfall simulator. Runoff was continuously collected from each plot and was recorded 

by weight at 5-minute intervals. The percentage and type of foliar cover in each plot was deter-

mined by ocular estimate. Soil cores, Soil bulk, moisture content, organic matter content, 

aggregate stability, and soil texture were measured. Differences between treatments were 

determined by ANOVA. 
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 Total organic cover was the variable most strongly correlated with infiltration rate. The 

amount of cover was more important than type, indicating that protection of soil structure from 

direct raindrop impact was the primary function of cover on infiltration. The SDG and HCG 

pastures had lower total organic cover with correspondingly lower infiltration rates compared to 

the MCG and LEX pastures. The total organic cover under oak mottes was consistently higher 

than in the grass interspace, and bunchgrass sites were significantly greater than the sodgrass 

sites. The second most important variable of the infiltration rate multiple regression model was 

the bulk density of the soil surface. Bulk density did not differ among grazing treatments. The 

surface bulk densities of the bunchgrass vegetation type (0.93 mg/m3) and sodgrass vegetation 

type (0.92 mg m3) were not significantly different, but both were significantly greater than the 

oak motte surface bulk density (0.69 mg/m3). Sediment production was related to the total 

aboveground biomass and the bunchgrass cover of the site (R2 = .79). Obstruction to overland 

sediment transport, and protection from the disaggregating effect of direct raindrop impact were 

the primary functions of the total aboveground biomass and bunch-grass cover. Midgrass cover 

and total aboveground biomass in the MCG and LEX pastures was significantly greater than in 

the SDG and HCG pastures. This study shows that organic cover and bulk density of the soil are 

important factors for infiltration rate and these factors are affected by the type of vegetation and 

grazing treatment which can influence the resource competition between oaks and grasses. 

 

Thurow, T. L. and J. W. Hester. 1997. How an increase or reduction in juniper cover alters 

rangeland hydrology. Juniper Ecology and Management Symposium. [Online.] Available at 

http://texnat.tamu.edu/library/symposia/ juniper-ecology-and-management/how-an-increase-or-

reduction-in-juniper-cover-alters-rangeland-hydrology/. 

 This paper provides an overview of the various routes of water movement through 

rangeland and then explains how an increase or decrease in juniper cover alters the amount of 

water flowing through each of these routes. An increase of juniper cover on rangeland can reduce 

the amount of precipitation that reaches the soil surface. As a result of interception loss via the 

canopy and litter, 20.3%, 34.0% and 53.9% of annual rainfall reaches mineral soil under the 

canopy of Ashe juniper, redberry juniper and live oak, respectively. Compared to the 81.9% and 

89.2% of annual precipitation that reaches the soil under bunchgrass and shortgrass cover, 

respectively. This has important ramifications for stream and aquifer recharge because as 
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vegetation cover changes from grasses to trees a greater proportion of precipitation will leave 

rangeland via evaporation and therefore less precipitation is available for producing herbaceous 

forage. In redberry or Ashe juniper stemflow begins when precipitation exceeds 3 mm, and it 

may be extremely ecologically significant. At the base of the trunk, stemflow is responsible for 

the redberry and Ashe juniper trees receiving 47% and 46%, respectively of annual precipitation. 

This harvested water supply may carry with it high nutrient concentrations leached from the 

canopy. Hence, given the water constraints in the semi-arid Edwards Plateau region, additional 

nutrient-rich water may competitively favor the growth and further establishment of juniper 

species. Hester et al. (1997) found infiltration rates were higher underneath the canopies of Ashe 

juniper than either bunchgrass or shortgrass sites. In a grazed pasture with shallow soils, juniper 

can outcompete grasses, and when coupled with an increase in grazing pressure, the amount of 

bare soil exposed to raindrop impact increases, which increases likelihood of degradation of soil 

structure and detachment of soil particles, and erosion. 

Numerous studies have documented significant reductions in grass production due to 

increased woody dominance underneath the canopies. When juniper roots grow into the spaces 

between trees to compete for water and nutrients, this competition, especially when combined 

with grazing pressure, puts extreme stress on the grass. This can explain why grass in the juniper 

interspaces may often be sparse, lack vigor and are difficult to reestablish as long as the juniper 

is present. Juniper affects the deep drainage on rangelands because of its effect on all the other 

water balance components by preventing a large portion of precipitation from reaching the soil 

due to interception loss, and by extracting most of the water that does enter the soil to meet its 

transpiration requirements. Therefore, understanding how juniper effects water movement 

through rangelands is necessary to understanding the ecology of the site. The impact of juniper 

encroachment on recharge of streams and aquifers is also a very important consideration since 

rangeland watersheds are the primary source of water for much Texas. 
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Appendix B: Black-capped Vireo Annotated bibliography 

Bailey, J. W., and F. R. Thompson III. 2007. Multiscale nest-site selection by black-capped 

vireos. Journal of Wildlife Management 71:828–836. 

 Bailey and Thompson assessed nest-site selection of Black-capped Vireos at 13 study 

sites (sizes not described) on Fort Hood, Texas based on the use and availability of habitat 

conditions of the vegetation at 2 spatial scales. They monitored 358 nests from 2003 to 2004. 

within a 25-m radius centered at nests and non-nest points, they quantified vegetation 

characteristics based on a supervised classification of aerial imagery. At a smaller scale, the 

authors used a combination of variables measured from aerial imagery and ground-based 

measures. At the larger scale, they found support for a model with edge density and a cubic 

effect of percent woody cover with the highest probability locations with a nest having 30 to 

60% woody cover and increasing amounts of edge. At the smaller scale, the predicted probability 

a site was selected for a nest increased with foliage cover below 2m, taller substrates, deciduous 

cover, and decreased at high levels of percent woody cover ( particularly >80%). The study is 

useful for identifying characteristics of locations at small spatial scales that are likely to be used 

by vireos for nest sites at Fort Hood. It is unknown if the information is applicable elsewhere in 

the vireo breeding range. The aerial imagery used is unavailable elsewhere. 

 

Barber, D. R., and T. E. Martin. 1997. Influence of alternate host densities on brown-headed 

cowbird parasitism rates in black-capped vireos. Condor 99:595–604. 

 Barber and Martin investigated how the density of alternative hosts is associated with 

parasitism frequency at Fort Hood, Texas 1991 to 1992. They monitored 392 nests and estimate 

host densities using point counts (uncorrected for detection) on 6 study sites from 20 to 160 ha. 

They found that parasitism frequency was associated with density of Northern Cardinals 

(Cardinalis cardinalis) and density of hosts in general. Vegetation measurements at and within 

10 m of nests were not different between parasitized and unparasitized nests. The authors suggest 

host density is more important than vegetation characteristics for predicting parasitism. It is 

unknown if results are applicable in the rest of the vireo breeding range. Vegetation 

characteristics were not measured at larger spatial scales typically important for predicting 

cowbird distribution. It is unknown if and how management could be applied based on these 

results. 
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Campomizzi, A. J., M. L. Morrison, S. L. Farrell, R. N. Wilkins, B. M. Drees, and J. M. Packard. 

2009. Red imported fire ants can decrease songbird nest survival. Condor 111:534–537. 

Campomizzi et al. sought to quantify the impacts of the Red Imported Fire Ant 

(Solenopsis invicta) on nest survival of Black-Capped Vireos (Vireo atricapilla). The study was 

conducted on private land in Coryell County in 2006 and 2007. The authors used a replicated 

manipulative experiment to prevent ants from preying on treatment nests; the experiment 

included 27 vireo nests. Thirteen percent of treatment nests fledged ≥ 1 offspring whereas 7% of 

control nests fledged. Preventing ants from preying on nests may increase nest survival in Black-

capped Vireos. Removing Red Imported Fire Ants from vireo breeding areas would need to be 

tested to determine if results are similar to stopping nest predation or if unintended consequences 

occur, such as increasing predation by small mammals whose abundance could increase with 

removal of the ants. The study is useful for its study area and quantified an increase in nest 

survival when ants were prevented from preying on nests, but the impact of ants elsewhere in the 

breeding range of the Black-capped Vireo is unknown. Nests protected from ant predation still 

had low nest survival suggesting ants were one of many reasons for nest failure in this study. 

 

Conkling, T. J., T. L. Pope, K. N. Smith, H. A. Mathewson, M. L. Morrison, R. N. Willkins, and 

J. W. Cain, III. 2012. Black-capped vireo nest predator assemblage and predictors for nest 

predation. Journal of Wildlife Management 76:1401–1411. 

 Conkling et al. identified nest predators and nest vegetation associated with predators at 

study sites in Coryell, Kerr, and Val Verde Counties. They monitored 115 nests in 2008 to 2009. 

The primary predators were birds and snakes predating 51 and 26% of nests, respectively. The 

Brown-headed Cowbird was the most common avian predator whereas Rat Snakes (Elaphe spp.) 

were the most common snake predator. Probability of nest predation by snakes decreased with 

increasing nest height. Probability of nest predation by avian predators was greater in the 

nestling stage than the incubation stage. Although nest survival was consistent among the 3 study 

areas, the primary nest predator species may have been different among the areas. The study 

expanded the geographic range where nest predators were identified and quantified. The study 

fails to give specific directions for management. 
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Graber, J. W. 1961. Distribution, habitat requirements, and life history of the black-capped vireo 

(Vireo atricapilla). Ecological Monographs 31: 313—336. 

 The manuscript describes the range, habitat, associated species, life history, and survival 

of the black-capped vireo.  The author points out that the breeding range has shrunk since 1900 

and that size and arrangement of the vegetation is important and vegetation and climatic factors 

restrict its distribution, and he mentions that fire seems to create desirable habitat for the birds. 

The author did not find a reason in the vireo’s life cycle that would limit its numbers, and 

therefore attributes habitat limitation to their decline. 

 

Grzybowski, J. A., R. B. Clapp, and J. T. Marshall Jr. 1986. History and current population 

status of the black-capped vireo in Oklahoma. American Birds 40:1151–1161. 

 Grzybowski et al. visited areas in Oklahoma with historical records of vireos to begin an 

assessment of their current status in the state. Vireos were detected at 1 of 281 locations in 1984 

and 14 of 192 locations in 1985 on point count type surveys visited in 10 counties in 1985. No 

offspring were found in 1985; and 14 to 17 were found in the Wichita Mountains in 1986. The 

authors suggested that few vireos could successfully fledge offspring without cowbird 

management. The study demonstrated that vireos were rare in Oklahoma and likely required 

focused management efforts to increase fecundity and abundance. The surveys used to locate 

vireos was not particularly standardized or a random sample. Surveys did cover a large 

geographic area to locate current locations occupied by vireos. 

 

Grzybowski, J. A., J. D. Tazik, and G. D. Schnell. 1994. Regional analysis of black-capped vireo 

breeding habitats. Condor 96:512–544. 

 Grzybowski et al. assessed characteristics of the vegetation in vireo territories and 

compared them with non-territories on 13 study sites in 3 regions (Wichita Mountains, 

Oklahoma, Fort Hood and Travis Country Texas, and Kerr County Texas). They located 38 

territories in the Lampasas Cut Plains, 16 in Oklahoma, and 20 in Kerr County. They found vireo 

territories occurred where variation in relative density measures of woody vegetation was 

greatest. The authors also found vegetation used by vireos varied among regions and between 

after-second-year males and second-year males. They recommended managers should maintain 

35 to 55 % dispersed shrub cover of primarily deciduous vegetation that is spatially 



LCC Conservation Framework │ Final Report 

68 │ Texas A&M Institute of Renewable Natural Resources 

 

heterogeneous. They also recommended maintaining juniper cover below 10%, but that juniper 

may be an important component of woody cover is areas with little deciduous cover on the 

Edwards Plateau and the southwestern part of the breeding range. Sample sizes were fairly small. 

The study provided valuable information quantifying differences in vegetation in vireo territories 

in the central and northern part of the breeding range. 

 

Kostecke, R. M., S. G. Summers, G. H. Eckrich, and D. A. Cimprich. 2005. Effects of brown-

headed cowbird (Molothrus ater) removal on black-capped vireo (Vireo atricapilla) nest success 

and population growth at Fort Hood, Texas. Ornithological Monographs 57:28–37. 

 Kostecke et al. assessed the impacts of Brown-headed Cowbird (Molothrus ater) 

management techniques on Black-capped Vireo nest success and population growth. The study 

was conducted at Fort Hood, Texas from 1988 to 2003. Trapping, shooting, and cattle rotation 

were the management techniques applied. Increases in vireo nest success and abundance 

occurred concurrently with an initial increase and then plateau in the number of female cowbirds 

trapped and killed. The authors attribute the increase in vireo abundance and nest success 

primarily to removal of cowbirds. Habitat restoration (including a large fire in 1996) occurred 

concurrently with cowbird management, confounding results to some, unknown degree. It seems 

likely that locations with a low density of vireos and high parasitism frequency will have low 

nest success and remain low density. The study documented 85% parasitism frequency before 

cowbird management began; parasitism frequency elsewhere in the vireo breeding range was 

undocumented. 

 

McFarland, T. M., H. A. Mathewson, J. E. Groce, M. L. Morrison, and R. N. Wilkins. 2013. A 

range-wide survey of the endangered black-capped vireo in Texas. Southeastern Naturalist 12: 

31—60. 

 McFarland et al. assessed vireo distribution and association with broad-scale habitat 

characteristics in Texas. They detected vireos at 2,458 of 10,700 survey points distributed in 57 

counties and in 6 level III eco-regions. Vireo detections occurred often on a common soil type, 

but were found on steeper slopes in the western part of the range.  They found evidence of 

detections being clustered in six of eight study areas, but no evidence of habitat metrics driving 

that clustering. This study improved knowledge of vireo distribution in Texas and general 
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associations with soil type and geologic features. The results are unlikely to be particularly 

helpful for identifying if vireos are present at a particular location because of the unknown 

condition of the vegetation and land use. 

 

Noa, L. A., D. H. Hirth, T. M. Donovan, and D. A. Cimprich. 2007. Demographic differences of 

black-capped vireos in 2 habitat types in central Texas. Journal of Wildlife Management 

71:1042–1049. 

 Noa et al. compared vireo abundance, age structure, and nest success between continuous 

shrubland and small patches of shrubby vegetation centered at locations with a few large trees. 

They monitored vireos in 8 study sites in continuous shrubland and 15 sites in the other type in 

2003 to 2004 at Fort Hood, Texas. Relative abundance was twice as high in continuous 

shrubland than the other type. Continuous shrubland had a lower percentage of second-year 

males 32% compared to the other type, 49%. Shrubland had lower parasitism frequency (2% 

compared to 12% in the other) and higher daily survival rate of nests. The difference in daily 

survival rate of nests between the 2 classes of habitat is unclear because the 95% CI of the 

parameter estimate in the model includes 0. The implications for nest survival (probability a nest 

will fledge ≥1 offspring) were not explicitly explored. The results are likely useful for 

management of vegetation on Fort Hood. Implications for management of vegetation elsewhere 

are unknown and likely limited because of land uses specific to Fort Hood. 

 

Pope, T. L., M. L. Morrison, and R. N. Wilkins. 2013. Woodlands as quality breeding habitat for 

black-capped vireos. The Journal of Wildlife Management 77: 994-1001. 

 For black-capped vireos, shrublands are considered optimal (high-quality) habitat 

whereas oak-juniper woodlands are considered to be lower quality.  Pope et al. measured nest 

success and fledlgilng survival for nests located in both vegetation types at Kerr Wildlife 

Management Area from 2008 to 2010 and found that there was no statistical difference in nest 

success or fecundity between the two vegetation types.  Although vegetation at nest sites differed 

between the two sites, none of the variables were found to affect survival.  The frequency of 

cowbird parasitism, which caused the nests to be less likely to survive, was half as frequent in 

the woodlands as in the shrublands.  This manuscript shows that woodlands can result in quality 
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habitat for black-capped vireos and should be taken into account when planning for management 

and conservation. 

 

Reemts, C. M., and D. A. Cimprich. 2014. Restoring early-successional shrubland habitat for 

black-capped vireos using mechanical mastication. Natural Areas Journal 34: 400—408. 

 Reemts and Cimprich investigated the use of mechanical mastication (or thinning) of 

oak-dominated shrublands in Texas to restore early-successional structure that would be nesting 

habitat for the black-capped vireo, and found that mastication is a good substitute for fire.  They 

found that after mastication, the height of the vegetation remained low for four seasons.  In the 

first two years after treatment, vireo foraged in the masticated areas.  The third year after 

treatment, they began nesting there, and by the fourth year, density of breeding pairs more than 

doubled compared to pre-treatment.  No differences in nest survival were found between treated 

and untreated areas. 

 

Smith, K. N., J. W. Cain III, M. L. Morrison, and R. N. Wilkins. 2012. Nesting ecology of the 

black-capped vireo in southwest Texas. Wilson Journal of Ornithology 124:277–285. 

 Smith et al. documented the nesting ecology of the vireo in southwestern Texas in Val 

Verde County. They monitored territories and 119 nests from 2009 to 2010. The study 

documented a different nest predator assemblage than has been found elsewhere. Frequency of 

brood parasitism was 37 and 26% in 2009 and 2010, respectively. The results suggest parasitism 

frequency may be lower in the absence of cowbird management than areas farther north in the 

breeding range. Parasitism frequency remains unknown vireos breeding farther south and west of 

this study. 

 

Smith, K. N., A. J. Campomizzi, M. L. Morrison, and R. N. Wilkins. 2013. Managing brown-

headed cowbirds to sustain abundance of black-capped vireos. Wildlife Society Bulletin 37: 281-

286.  

Smith and Campomizzi used population models to assess the changes in black-capped 

vireo abundance associated with parasitism frequency and changes in parasitism frequency 

associated with cowbird trapping effort. They used RAMAS Metapop to model a vireo 

population under management. Smith and Campomizzi used data from studies at Kerr Wildlife 
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Management Area, Devil’s River State Natural Area, Balcones National Wildlife Refuge, and a 

ranch in southern Edwards County to estimate fecundity under varying parasitism frequencies for 

values in the models. They used data from Fort Hood, Texas to estimate the response of 

parasitism frequency to cowbird trapping and cessation of trapping. Population growth rate of 

vireos was at or above replacement levels when parasitism frequency was below 30%, and when 

cowbird trapping occurred at least once every three years. This study suggested that cowbird 

trapping may be unnecessary annually to sustain abundance of black-capped vireos in managed 

areas. Field-based monitoring of various cowbird trapping schemes would be helpful for 

determining if modeling results are accurate. 

 

Stake, M. M., and D. A. Cimprich. 2003. Using video to monitor predation at black-capped vireo 

nests. Condor 105:348–357. 

 Stake and Cimprich identified nest predators of Black-capped Vireo nests (n = 142) are 

Fort Hood, Texas from 1998 to 2001. Snakes, fire ants, and avian species were the primary nest 

predators, predating 38, 31,and 29% of nests, respectively. The primary snake predator was the 

Texas rat snake (Elaphe obsolete lindheimeri). The primary avian predator was the Western 

Scrub-jay (Aphelocoma californica). The study was useful for identifying which nest predators 

more frequently predate nests on Fort Hood. The study did not determine which predators are 

most common elsewhere in the vireo breeding range and what environmental conditions are 

associated with the predators identified in the paper. 

 

Wisley, C. B., J. J. Lawler, and D. A. Cimprich. 2012. Performance of habitat suitability models 

for the endangered black-capped vireo built with remotely-sensed data. Remote Sensing of 

Environment 119:35–42. 

 Wilsley et al. modeled vireo habitat using remotely-sensed data and detections of vireos 

on Fort Hood, Texas. They used soil depth and LiDAR derived canopy height and woody cover 

to compare fit of various models to presence data for vireos. They found that vegetation type and 

soil data were more important than vegetation structure (i.e., LiDAR derived canopy height) for 

predicting vireo habitat. The results are likely to be useful for predicting vireo habitat on Fort 

Hood. However, detection only data were used, which were biasedly sampled, suggesting the 

range of conditions used by vireos was not sampled. Applicability of results elsewhere in the 
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vireo breeding range is unknown because of particular land uses on Fort Hood and lack of 

availability of LiDAR and other remotely-sensed data. 
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Appendix C: Bell’s Vireo Annotated bibliography 

Benson, A. 2011. Effects of forest type and age class on songbird populations across a 

cottonwood successional gradient along the Missouri River. M.S. thesis, North Dakota State 

University, Fargo. 

         Benson estimated abundance of Bell’s Vireo relative to vegetation type (cottonwood 

present or absent) and vegetation age in Southeastern South Dakota and Northeastern Nebraska 

over the breeding seasons of 2009 and 2010.  Benson conducted point counts twice per season 

and averaged counts at each point.  Vegetation type did not significantly affect abundance, but 

Bell’s Vireo was significantly more abundant in younger age classes than older.  In the presence 

of cottonwood, the number of Bell’s Vireo detected per point was 1.54, 0.35, 0, and 0.05 in <25, 

25-50, 50-114, >114 year age classes, respectively.  In the absence of cottonwood, the number of 

Bell’s Vireo detected per point was 1.36 and 0.02 in <50 and >50 year age classes, respectively.  

This study is evidence that succession threatens Bell’s Vireo habitat.  The rate of succession 

varies by region so all else equal the abundance per vegetation age class would also vary by 

region.  Abundance is related to more than vegetation age and type, but this research is evidence 

that succession is an important factor. 

  

Blundell, M. A., and B. E. Kus. 2011. First record of interspecific breeding of Least Bell’s Vireo 

and White-eyed Vireo. Wilson Journal of Ornithology 123:628–631. 

         While monitoring Least Bell’s Vireo in San Diego County, California, Blundell and Kus 

observed a female White-eyed Vireo and a male Least Bell’s Vireo successfully breed and 

subsequently fledge young.  According to the authors, this is the first record of a Bell’s Vireo 

hybridizing with another species.  Hybridization has been identified as a threat to other birds, for 

example Barred Owls breeding with Spotted Owls, as well as Blue-winged Warblers breeding 

with Golden-winged Warblers.  Whether hybridization is a threat to Bell’s Vireo is a matter of 

speculation because the frequency of its occurrence is unknown.  The fact that White-eyed Vireo 

do not normally occur in California may have had some role in causing interspecific breeding 

because conspecific mates may have been unavailable.  In areas where both species normally 

breed (e.g. Texas), hybridization may be less likely because conspecific mates are available.  

This paper is useful in that it shows hybridization between Bell’s Vireo and other species is 

possible and that areas with White-eyed Vireo may be lower quality habitat because of potential 
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hybridization.  Any interspecific pairs would not be able to produce any Bell’s Vireo young, they 

would produce something else.  Since hybridization between the two species has only been 

documented once, hybridization is probably not an important factor determining Bell’s Vireo 

habitat quality. 

  

Brand, L. A., J. C. Stromberg, and B. R. Noon. 2010. Avian density and nest survival on the San 

Pedro River: importance of vegetation type and hydrologic regime. Journal of Wildlife 

Management 74:739–754. 

         Brand et al. evaluated the effects of vegetation type and hydrologic regime on avian 

density and nest survival for several different birds including, Bell’s Vireo.  The authors 

collected data at 23 sites in and around the San Pedro National Conservation Area, AZ from 

1998 to 2001.  The authors classified vegetation into five groups, those dominated by: saltcedar 

(an exotic species), cottonwood, mesquite, grassland, and desert scrub.  The authors classified 

hydrologic regime into three groups: ephemeral, intermittent, and perennial (not all hydrologic 

regimes existed for each vegetation type).  They surveyed 289 point-transects 6-14 times using 

mean detections adjusted by detection probability for density estimates.  Brand et al. used the 

Breeding Biology Research and Monitoring Database protocol to find and monitor nests.  

Regardless of hydrologic regime, average Bell’s Vireo density per square km was 37.2, 35.7, 

29.3, 29.0, and 0.0 in cottonwood, saltcedar, mesquite, grassland, and desert scrub, respectively.  

Confidence intervals of all abundance estimates overlapped.  Regardless of hydrologic regime, 

average Brown-headed Cowbird density per square km was 27.8, 58.8, 33.0, 23.1, and 17.9 in 

cottonwood, saltcedar, mesquite, grassland and desert scrub, respectively.  Confidence intervals 

overlapped for all abundance estimates, except saltcedar.  Dividing vegetation type by 

hydrologic regime, hydrologic regime did not significantly affect density of Bell’s Vireo in any 

vegetation type accept in saltcedar, where density was approximately 52 birds/km in ephemeral 

saltcedar and 26 birds/km in intermittent saltcedar.  Dividing vegetation type by hydrologic 

regime, hydrologic regime did not significantly affect density of Brown-headed Cowbird in any 

vegetation type accept in saltcedar, where density was approximately 50 birds/km in ephemeral 

saltcedar and 80 birds/km in intermittent saltcedar.  Sample size was not large enough to 

compare nest survival of Bell’s Vireo across hydrologic regime, so it was compared using 

vegetation type only.  In saltcedar, 9% of Bell’s Vireo nests were successful, with 73% 
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parasitized by Brown-headed cowbirds and 55% predated (n = 11).  In cottonwood, 34% of nests 

were successful, with 33% parasitized, and 33% predated (n = 15).  In mesquite, 12% of nests 

were successful, with 60% parasitized, and 51% predated (n = 60).  With the exception of desert 

scrub, this study suggests that vegetation type and hydrologic regime do not cause Bell’s Vireo 

density to significantly vary, but vegetation type affects reproduction.  The saltcedar vegetation 

type had the highest parasitism, cowbird density, predation, and lowest nest success indicating 

the spread of this exotic shrub may degrade Bell’s Vireo habitat.  It also appears mesquite does 

not provide as high quality breeding habitat as cottonwood.  It should be noted that the sample of 

nests in saltcedar and cottonwood was low.  Saltcedar is found within the breeding range of the 

Black-capped Vireo, so saltcedar may be affecting Bell’s Vireo there. 

  

Brand, L. A., and B. R. Noon. 2011. Seasonal fecundity and source-sink status of shrub-nesting 

birds in a southwestern riparian corridor. Wilson Journal of Ornithology 123:48–58. 

Brand and Noon assessed reproductive parameters and the finite rate of increase for three 

songbirds, including Bell’s Vireo, in different vegetation types: mesquite dominated, saltcedar 

dominated (an exotic species), and cottonwood dominated.  The authors collected data at 23 sites 

in and around the San Pedro National Conservation Area, AZ and also used data from the 

literature.  They found 86 Bell’s Vireo nests over the 1999-2001 breeding seasons, 11 in 

saltcedar, 15 in cottonwood, and 60 in mesquite.  Percent nest survival was 9, 34, and 12 in 

saltcedar, cottonwood, and mesquite, respectively.  Clutch size was similar across vegetation 

types.  There were 0.09, 1.07, and 0.47 fledglings per nest in saltcedar, cottonwood and 

mesquite, respectively.  Seasonal fecundity (mean number of females fledged per female) was 

0.10, 0.66, and 0.28 in saltcedar, cottonwood, and mesquite respectively.  Further, the finite rate 

of increase was approximately 0.60, 0.65, and 0.75 in saltcedar, mesquite, and cottonwood, 

respectively. The results of this study suggest that this population of Bell’s Vireo is not self-

sustaining.  This study also suggests that Bell’s Vireo have substantially less reproduction in 

vegetation dominated by the exotic shrub, saltcedar than vegetation dominated by cottonwood.  

Though this study was conducted in Arizona, saltcedar occurs within the breeding range of the 

Black-capped Vireo and could be inhibiting reproduction of Bell’s Vireo there.  However, it is 

important to take in to account the low sample size used in this study (11 nests found in saltcedar 

and 15 in cottonwood). 
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Brown, B. T., and R. R. Johnson. 1985. Glen Canyon Dam, fluctuating water levels, and riparian 

breeding birds: the need for management compromise on the Colorado River in Grand Canyon. 

U.S. Forest Service Report. 

         Brown and Johnson documented the effect of water release from the Glen Canyon Dam 

on riparian birds including Bell’s Vireo, in Grand Canyon National Park, AZ over the breeding 

season of 1983.  Of 75 Bell’s Vireo nests, 45 (60%) were inundated by a large water release.  

Forty-six percent of 75 nests were active at the time of the water release resulting in 21 failed 

nests (28%).  This study is useful in that it identifies a potential direct human threat to Bell’s 

Vireo.  The extent to which Bell’s Vireo occurs in riparian areas, downstream of major dams in 

some parts of its range is unknown.  The timing and amount of water released are additional 

unknown factors.  Thus it is unknown if water releases from dams represent an important threat 

to Bell’s Vireo. 

 

Brown, B. T. 1987. Ecology of riparian breeding birds along the Colorado River in Grand 

Canon, Arizona. Ph.D. dissertation, University of Arizona, Tucson. 

Brown evaluated relative abundance and nest placement of Bell’s Vireo in tamarisk 

(saltcedar) dominated vegetation and mesquite dominated vegetation.  Brown collected data in 

10 sets of paired study sites in 1984 and 1985 in northern Arizona.  Abundance estimates were 

similar in mesquite and tamarisk vegetation, 37.64 pairs/40 ha in mesquite, 43.77 pairs/40 ha in 

tamarisk.  The assumptions that each survey was a census and that all birds were paired is 

probably faulty; numbers reported here are an index of abundance.  Nine nests were found in 

mesquite and 38 were found in tamarisk.  The author did not monitor nests to determine nest 

fate.  The important point here is that Bell’s Vireo use tamarisk dominated habitat, despite the 

fact that it is an exotic species, but this study did not measure several other important parameters 

including pairing and nesting success. 

  

Budnick, J. M., M. R. Ryan, and F. R. Thompson III. 2000. Demography of Bell’s Vireo in 

Missouri grassland-shrub habitats. Auk 117:925–935. 

Budnick et al. estimated breeding density, nesting success, seasonal fecundity, causes of 

nest failure, cowbird parasitism levels, annual survival of adults, and the finite rate of increase 
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for Bell’s Vireo at Rocky Fork Lakes Conservation Area, MO and Whetstone Creek 

Conservation Area, MO over the breeding seasons of 1996-1998.  Territory density averaged 

1.11 per 10 ha and ranged from 0.80 to 1.33.  Across sites and years, nesting success was 31% (n 

= 209).  Pair fledging success was 57% (n = 124) with an average of 1.6 young fledged per pair.  

Across sites and years, predation was responsible for 61% of nest failures and cowbird 

parasitism was responsible for 28%.  No Bell’s Vireo fledged from parasitized nests.  Thirty-six 

of 62 (58%) of parasitized nests were abandoned.  Annual adult survival was 0.61 (71 banded 

males and 31 banded females).  The finite rate of increase was estimated to be 0.79 (95% CI  

0.62 to 0.97) at Rocky Fork Lakes and 0.88 (95% CI 0.72 to 1.06) at Whetstone Creek.  The 

authors contend both of their study populations may be population sinks and low reproduction is 

responsible, though juvenile survival was not measured, but assumed to be half of adult survival.  

If true, this study demonstrates that nest predation and parasitism can be threats to reproduction 

and populations.  However, it is unknown if nest predation and cowbird parasitism are threats to 

Bell’s Vireo in other parts of its range.  This study could be used to compare demography of 

other populations of Bell’s Vireo. 

 

Budnick, J. M., D. E. Burhans, M. R. Ryan, and F. R. Thompson III. 2001. Nest desertion and 

apparent nest protection behavior by Bell’s Vireo in response to cowbird parasitism. Condor 

103:639–643. 

Budnick et al. compared reproductive success of three Bell’s Vireo pair groups (grouped 

by response to parasitism): deserters, acceptors, and unparasitized.  They also documented Bell’s 

Vireo and Brown-headed Cowbird interactions.  This study was conducted at the Rocky Fork 

Lakes Conservation Area and Whetstone Creek Conservation Area in Central Missouri from 

1996-1998.  Parasitism was 30% (n = 207) at both sites and desertion rate was 51% of 

parasitized nests and 4% of unparasitized nests.  No Bell’s Vireo young fledged from parasitized 

nests.  Deserters, acceptors, and unparasitized pairs fledged an average of 0.8, 0.9, and 2.0 young 

per year, respectfully.  The authors also observed five vireo-cowbird interactions where cowbirds 

attempted to parasitize nests.  Four of five of these interactions resulted in an unsuccessful 

parasitism attempt, but two of the four unsuccessfully parasitized nests were still deserted.  This 

study shows that parasitized pairs produce significantly less young than unparasitized pairs, 

indicating parasitism is a threat to Bell’s Vireo.  This study also shows that in populations where 
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predation is high, whether Bell’s Vireos desert or accept parasitized nests may not matter.  

Whether parasitism increases or decreases as the season goes on is an important regional factor 

when determining how detrimental parasitism is to reproduction.  In regions where parasitism 

decreases over the course of the season, desertion would be much more beneficial. 

 

Budnick, J. M., F. R. Thompson III, and M. R. Ryan. 2002. Effect of habitat characteristics on 

the probability of parasitism and predation of Bell’s Vireo. Journal of Wildlife Management 

66:232–239. 

Budnik et al. investigated nest-site and landscape factors that predicted parasitism and 

predation in Bell’s Vireo.  They conducted their research at the Rocky Fork Lakes Conservation 

Area and Whetstone Creek Conservation Area, Missouri, in 1997 and 1998.  The authors 

developed multivariate logistic regression models to identify the best combination of variables 

that predicted parasitism or predation in Bell’s Vireo.  Budnik et al. used Akaike’s Information 

Criterion to select the best models.  They used 142 nests in the parasitism models, of which, 27% 

were parasitized, and 130 nests in the predation models, of which, 51% were predated.  Five 

candidate models were identified predicting parasitism and nine variables appeared in all five 

models: nest-patch width, territory shrub cover, distance to crop field, site, year, site x territory 

shrub cover, nest height x side concealment, patch width x length, and habitat type x patch 

length.  R² ranged from 0.358-0.386.  Budnik et al. identified five candidate models predicting 

predation and all models included the factors: parasitism status, patch width, and patch length or 

patch length x site.  R² ranged from 0.165-0.199.  These models explained a moderate to low 

amount of variation in parasitism and predation.  Variables associated with vegetation density 

seemed to be important; increased vegetation decreased the odds of parasitism.  Increasing 

vegetation density could possibly reduce parasitism in Bell’s Vireo.  Overall, the large amount of 

predictor variables or low predictive power of models makes it difficult to pinpoint factors that 

predict parasitism or predation.  However, this paper is useful in that it helps identify possible 

factors that could be important to nesting success in other regions. 

 

Chace, J. C. 2005. Host use by sympatric cowbirds in Southeastern Arizona. Wilson Bulletin 

117:375–381 
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         Chace assessed host use by Brown-headed Cowbirds and Bronzed Cowbirds.  He 

collected data from 1997-1999 at 4 study sites in Southeastern Arizona.  Of 12 Bell’s Vireo 

nests, 8 (66%) were parasitized by Brown-headed Cowbirds.  No Bell’s Vireo nests were 

parasitized by Bronzed Cowbirds.  This research indicates that the presence of Bronzed 

Cowbirds may not lower habitat quality because Bell’s Vireo may not be a suitable host.  The 

author argues that the two cowbird species partition hosts by body size with Bronzed Cowbirds 

parasitizing larger hosts and Brown-headed Cowbirds parasitizing smaller hosts.  He documents 

Bronzed Cowbird parasitism of Hutton’s Vireo nests to be 50% (n = 6) which is a host similar in 

size to Bell’s Vireo; Hutton’s Vireo weighs ~11.6 g and Bell’s Vireo weighs ~8.5 g.  The 

similarity in size and nest construction of Hutton’s and Bell’s Vireo suggest it is still possible 

that Bronzed Cowbirds parasitize Bell’s Vireo, lowering their reproduction and habitat quality.  

Twelve nests in one region is not enough evidence to rule out Bronzed Cowbird parasitism as a 

threat to habitat quality of Bell’s Vireo.  However, there is a lack of research on Bell’s Vireo 

within the range of Bronzed Cowbirds. 

  

Cooper, B. S. 2006. Sand plum relationships with avian abundance in Oklahoma. M.S. thesis, 

Oklahoma State University, Stillwater. 

         Cooper evaluated avian abundance in relation to density of the shrub, sand plum, at three 

sites in Northwestern Oklahoma, collecting data from 2007-2008.  The author placed point count 

locations using stratified random sampling.  He surveyed a total of 42 points at least 4 times per 

year and averaged counts.  Though not statistically significant, Bell’s Vireo responded positively 

to increasing sand plum cover up to 20% cover.  Mean detections were 0.02, 0.2, 1.2, and 0.4 

Bell’s Vireo per point for 0%, 0-10%, 10-20%, and >40% sand plum cover categories.  Seventy-

three percent of detections were within 30 m of a sand plum thicket while only 23% of the 

landscape was within this buffer.  These data indicate that Bell’s Vireo prefer less than 40% sand 

plum cover, but only 4 points were within this category making that assertion weak.  Cooper was 

also lacking any points in 20%-40% sand plum cover which would have helped discern what 

amount of sand plum cover Bell’s Vireo prefer.  This research provides evidence that shrub 

cover is needed for Bell’s Vireo to be present, but the data are not robust in defining what 

percent cover Bell’s Vireo prefer.  Thus elimination of shrubs from an area probably makes the 

area unsuitable for Bell’s Vireo.   
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Engel-Wilson, R. W., and R. D. Ohmart. 1978. Floral and attendant faunal changes on the Lower 

Rio Grande between Fort Quitman and Presidio, Texas. National symposium on Strategies for 

Protection and Management of Floodplain Wetlands and other Riparian Ecosystems, Pine 

Mountain, Georgia, December 11–13, 1978. 

         Engel-Wilson and Ohmart surveyed avifuana in two vegetation types in the Rio Grande 

floodplain between Fort Quitman, and Presidio, TX.  They surveyed one 10 ha transect in 

cottonwood-willow vegetation and nine transects totaling 150 ha in saltcedar (tamarisk) 

vegetation using the Emlen technique in 1977.  Counts were converted into mean number of 

birds/40 ha.  Detectability was not taken into consideration, so values are an index of abundance.  

In the cottonwood-willow vegetation, they detected 3, 13, and 26 Bell’s Vireo per 40 ha on 3 

separate surveys.  In saltcedar vegetation, they detected 2, 5, and 2 Bell’s Vireo per 40 ha on 3 

separate surveys.  These data suggest that the exotic shrub, saltcedar, does not provide as 

desirable vegetation as the native cottonwood-willow vegetation for Bell’s Vireo.  However, 

these data are somewhat weak because there was only one transect in the cottonwood-willow 

vegetation, meaning chance could have skewed abundance measures from typical.  Other 

researchers have found Bell’s Vireo use saltcedar as much as other vegetation types. 

The authors also conducted a literature review of accounts of early explorers and inhabitants 

compiling qualitative data.  It appears that at one time much of the Rio Grande floodplain was 

cottonwood-willow vegetation, but much of it is now crops, pasture, or dominated by saltcedar.  

The author cites overgrazing, elimination of flooding (dam construction), and invasion of 

saltcedar as factors that have reduced cottonwood-willow in this region and these may be threats 

to Bell’s Vireo habitat.  This is probably true, but the extent to which each factor has affected 

Bell’s Vireo habitat is unknown because quantitative data is lacking. 

  

Franzreb, K. E. 1989. Ecology and conservation of the endangered Least Bell’s Vireo. Biological 

report 89–1. U.S. Fish and Wildlife Service, Washington, D.C. 

         Franzreb wrote a general document on the subspecies Least Bell’s Vireo which ranges in 

California, U.S. and Baja, Mexico.  The author identifies clearing habitat for agriculture and 

firewood as a threat.  The author also says construction of dikes and dams have destroyed habitat 

for several reasons.  First, they reduce flooding which is often necessary to maintain vegetation 
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at an appropriate successional stage.  Second, dams have inundated and removed Bell’s Vireo 

habitat.  Third, diverting water reduces the water table downstream of dams so Bell’s Vireo 

habitat cannot grow or is reduced.  Further, she says grazing removes vegetation at the height 

Bell’s Vireo needs.  Franzreb identifies nest predation and Brown-headed Cowbird parasitism as 

threats as well.  This information is probably accurate, but the author does not offer quantitative 

data.  The extent to which these threats apply to Bell’s Vireo in other parts of its range is 

unknown. 

  

Koscuich, K., and B. K. Sandercock. 2008. Cowbird removals unexpectedly increase 

productivity of a brood parasite and the songbird host. Ecological Applications 18:537–548. 

Koscuich and Sandercock conducted a cowbird removal experiment to investigate the 

effects of parasitism and cowbird control on productivity of Bell’s Vireo.  The study was 

conducted during the breeding seasons of 2003-2005 at Konza Prairie, KS.  Cowbird removals 

were conducted in a replicated, switchback design.  In 2003, prior to any cowbird removal, 

parasitism was 74% (n = 130 nests).  In 2004, parasitism was 77% (n = 139) in unmanipulated 

plots and 58% (n = 61) in cowbird removal plots.  In 2005, parasitism was 85% (n = 139) in 

unmanipulated plots and 47% (n= 69) in cowbird removal plots.  Nest abandonment was 35% in 

cowbird removal plots and 69% in unmanipulated plots.  Using logistic regression, the odds of 

parasitism and odds of nest abandonment both were best explained by treatment and nest 

initiation date.  Odds of parasitism were greater in unmanipulated plots and early in the season.  

Odds of nest abandonment were greater in unmanipulated plots and early in the season.  Cowbird 

productivity was 0.1 cowbirds/nest in removal plots and 0.06 cowbirds/nest in the unmanipulated 

plots.  Vireo pairs fledged 2.6 vireo young/pair in cowbird removal plots and 1.2 vireo 

young/pair in unmanipulated plots.  Vireo pairs fledged 0.3 cowbird young/pair in removal plots 

and 0.1 cowbird young/pair in unmanipulated plots.  This study demonstrates that cowbird 

parasitism can reduce productivity of Bell’s Vireo and that cowbird trapping can effectively 

increase Bell’s Vireo productivity.  Though trapping can increase cowbird productivity, the 

benefit of increasing vireo productivity probably outweighs increased cowbird productivity.  

This study demonstrates cowbird parasitism can be a threat to Bell’s Vireo and demonstrates a 

successful management strategy.  The impact of cowbird parasitism is unknown in some parts of 

Bell’s Vireo range. 
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Krueper, D., J. Bart, and T. D. Rich. 2003. Response of vegetation and breeding birds to the 

removal of cattle on the San Pedro River, Arizona (U.S.A.). Conservation Biology 17:607–615. 

         Krueper et al. sought to determine effects of cattle removal on vegetation and the avian 

community.  The study was conducted in the San Pedro Riparian National Conservation Area in 

Cochise County, Arizona.  Bird abundance was estimated from 1986 to 1990 with cattle being 

removed after the breeding season of 1987.  The authors established 15 transects in three 

different vegetation communities: riparian, mesquite-grassland, and Chihuahuan desert-scrub.  

Each transect was surveyed three times per month, every month.  Measures of vegetation density 

were taken along each transect and converted to an index.  The authors converted survey data 

into mean number of detections/km per year.  Detectability was not taken into account so this 

measure is an index for abundance.  Density of herbs increased 4 to 6 fold in the riparian and 

mesquite-grassland communities, but did not significantly increase in the desert-scrub.  Shrubs, 

low-trees and tall-trees did not significantly change in any of the 3 communities.  During the 

cattle grazing phase, mean Bell’s vireo detected was 0.91/km in 1986 and 1.50/km in 1987.  

After cattle removal, the mean number of detections/km increased overall to 1.22, 1.89, and 2.69 

in 1988, 1989, and 1990 respectively.  Though bell’s vireo did increase after cattle removal, this 

increase was not statistically significant.  An increase in bell’s vireo correlates with removal of 

cattle, but whether cattle removal caused this increase is not known.  Removing cattle in other 

parts of the Bell’s Vireo geographic range could help increase abundance, but further research is 

needed to determine efficacy of this management strategy. 

Brown-headed cowbirds increased significantly following cattle removal.  The mean 

number of detections/km were 3.47 in 1986 and 5.03 in 1987 (cattle present) and 5.58, 6.21, 8.11 

in 1988, 1989, and 1990 respectively (cattle absent).  Whether this has anything to do with cattle 

is unknown, but is notable because cowbird parasitism is a threat to Bell’s Vireo in many 

regions.  This result demonstrates that if one were to cease grazing for the purpose of reducing 

parasitism, it may not be effective if cowbird abundance is related to parasitism rate in Bell’s 

Vireo. 

 

Kus, B. E. 1998.  Use of restored riparian habitat by the endangered Least Bell’s Vireo (Vireo 

bellii pusillus). Restoration Ecology 6:75–82. 
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Kus evaluated the effectiveness of habitat restoration for the Bell’s Vireo in San Diego 

County, CA.  Four restoration sites were monitored from 1989-1993.  Parts of each site were 

judged suitable for Bell’s Vireo according to a model created from Bell’s Vireo territories in 

natural vegetation.  In the final year of monitoring, 13 pairs established territories in restored 

vegetation and 17 nests were found.  The author found no difference in productivity parameters 

between territories in restored vegetation vs. territories in natural vegetation monitored over the 

same time period.  This study shows that in areas where habitat degradation is a threat, it is 

possible to create new Bell’s Vireo habitat.  However, the degree to which habitat destruction is 

a threat in other regions is unknown.  It is also unknown how successful restoration efforts would 

be in other regions. 

 

Kus, B. E. 2002. Fitness consequences of nest desertion in an endangered host, the Least Bell’s 

Vireo. Condor 104:795–802. 

         Kus evaluated how nest desertion affects the impact of cowbird parasitism on Bell’s 

Vireo.  Data were collected from 1988-1996 and 1999-2000 in San Diego County, CA.  Kus 

compared the number of nesting attempts and number of fledglings produced in three groups: 1) 

deserters (pairs that deserted one or more parasitized nests), 2) rescued (pairs with one or more 

parasitized nests from which cowbird eggs were removed), and 3) unparasitized pairs (pairs 

without any parasitized nests).  Twenty-three percent of pairs (n = 568) deserted at least one nest, 

but many nests had cowbird eggs removed by observers which may have affected the desertion 

rate.  All three groups, deserters (mean = 2.4), rescued (mean = 1.8), and unparasitized pairs 

(mean = 1.5), attempted a significantly different number of nests.  Parasitized pairs were 

parasitized 57% (n = 203) of the time following abandonment or failure of the first nesting 

attempt.  Deserters, rescued pairs, and unparasitized pairs probability of success was 36%, 73%, 

and 64%, respectfully.  Deserters, rescued pairs, and unparasitized pairs fledged an average of 

1.01, 1.75, and 1.98 young per pair per year, respectfully.  This study shows that nest desertion is 

probably not an adequate defense against the threat of cowbird parasitism for this population, 

and that cowbird control measures (trapping, and cowbird egg removal) may be necessary to 

sustain desired reproduction.  It is unknown if these results apply to other geographic areas 

because parasitism, desertion rates, and other factors probably vary. 
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Kus, B. E., and M. J. Whitfield. 2005. Parasitism, productivity, and population growth: response 

of Least Bell’s Vireos (Vireo bellii pusillus) and Southwestern Willow Flycatchers (Empidonax 

trailli extimus) to cowbird (Molothrus spp.) control. Ornithological Monographs 57:16–27. 

         Kus and Whitfield evaluated the efficacy of cowbird control on the reproduction and 

populations of two endangered songbirds, one of them being Least Bell’s Vireo.  They used data 

from three sites for Bell’s Vireo: The San Luis Rey River, CA, The San Diego River, CA, and 

Camp Pendleton, CA.  Years of data collection ranged from 1981 to 2003.  Parasitism frequency 

dropped significantly from the pre-trapping period to trapping period at all sites.  At Camp 

Pendleton, parasitism dropped from 47% (n = 2) to 4% (n = 15).  At the San Diego River 

parasitism dropped from 57% (n = 2) to 11% (n = 10).  At the San Luis Rey River, parasitism 

dropped from 63% (n = 2) to 32% (n = 9).  Production of young increased at all 3 sites from pre-

trapping to trapping.  Production of Bell’s Vireo young per pair per year increased from 1.4 to 

2.7, 0.9 to 2.9, and 0.6 to 1.9, at Camp Pendleton, the San Diego River, and the San Luis Rey 

River, respectively.  The population of Bell’s Vireo increased at all 3 sites from the pre-trapping 

period to trapping period.  At the San Luis Rey River, the number of territories increased from 

24 in 1984 (pre-trapping) to 132 in 1999 (9 years after initiation of trapping).  At Camp 

Pendleton, the number of territories increased from 27 in 1981 (pre-trapping) to ~800 in 2000 

(17 years after initiation of trapping).  At the San Diego River, the number of pairs increased 

from 18 in 1984 (pre-trapping) to 30 in 1996 (10 years after initiation of trapping).  This study 

suggests that cowbird trapping is effective in increasing reproduction and populations of Bell’s 

Vireo.  The study is of highly endangered populations of Bell’s Vireo and it is unknown whether 

cowbird control would be needed to combat the threat of cowbird parasitism for other 

populations throughout Bell’s Vireo range; some populations of Bell’s Vireo persist in the 

absence of cowbird control.  In sum, if cowbird parasitism is limiting reproduction or a 

population, this study shows that cowbird trapping would likely increase reproduction and the 

population. 

  

Kus, B. E., B. L. Peterson, and D. H. Deutschman. 2008. A multiscale analysis of nest predation 

on least bell's vireos (Vireo bellii pusillus). Auk 125:277–284. 

         Kus et al. conducted this study to identify factors at multiple scales that influence nest 

predation in Least Bell’s Vireo.  The study was conducted in 1999 and 2000 in San Diego 
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County, California along a 16 km stretch of the San Luis Rey River and a 2 km stretch of one of 

its tributaries.  Kus et al. measured fine scale factors by taking measurements at each nest.  These 

factors included nest height, the species of plant supporting the nest, and measures of nest 

concealment.  Using ARCVIEW software, intermediate scale factors were measured as distance 

from the nest to two different types of edge: habitat edge and acting edge.  Broad-scale factors 

were also measured using ARCVIEW and included the percentages of 13 different land uses 

within 400 m of each nest.  Kus et al. used program MARK to model the effects of all of these 

factors on daily survival rate of nests.  The authors included 195 nests in the analysis and 

constructed several logistic regression models.  Nest predation was unrelated to fine and 

intermediate spatial scale factors.  Models that included proximity to golf course-park, and 

wetland land-use type were highly supported.  Nests within 400 m of golf course-park habitat 

were 20% as likely to survive as nests more distant from this habitat.  Nests within 400 m of 

wetland habitat were 2.39 more likely to survive than nests more distant from this habitat type.  

The authors advise caution in interpreting the results because this relationship was driven 

primarily by one golf course adjacent to a dense cluster of territories; the study hasn’t been 

replicated in another setting.  This study shows habitat near golf courses may be lower quality 

than those far from golf courses.  These results may not apply to Bell’s Vireo in different parts of 

its range because the habitat and predator assemblage may be significantly different. 

  

Kus, B., S. L. Hopp, R. R. Johnson, and B. T. Brown. 2010. Bell’s Vireo (Vireo bellii). In The 

Birds of North America, no. 35 (A. Poole, Ed.). Academy of Natural Sciences, Philadelphia, and 

American Ornithologists’ Union, Washington, D.C. 

Kus et al. synthesized information on Bell’s Vireo into a general document.  Much 

information cited in their document is also presented here.  However, they identify additional 

factors influencing Bell’s Vireo habitat.  They say habitat modifications including agriculture, 

urbanization, firewood cutting, grazing, flood control projects, and reservoir construction have 

reduced Bell’s Vireo habitat.  On Bell’s Vireo wintering grounds, agriculture, livestock grazing, 

firewood cutting, resort and urban development have all reduced habitat.  This document is 

useful for identifying additional possible factors that affect Bell’s Vireo habitat, however, no 

data or citations are provided for these specific factors making it difficult to judge how important 

these factors are. 
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Maxwell, T. C. 1979. Vireos (Aves: Vireonidae) in West-central Texas. Southwestern Naturalist 

24:223–229. 

Maxwell described the abundance and habitat of all species of vireo known to occur in 

the Concho Valley (Concho, Tom Green, Irion, Reagan, and Sterling Counties), Texas.  Maxwell 

says Bell’s Vireo was “common” and nested in mesquite brushland and hackberry thickets, and 

also was observed in all vegetation types accept “scrub oak” and “tall riparian woodland”.  Three 

specimens were collected in the Concho Valley.  This research is somewhat useful in that it 

contains information on Bell’s Vireo specific to Texas, where information is lacking.  However, 

the usefulness is very limited because there is no quantitative data.  Knowing prior abundance 

estimates would help discern if Bell’s Vireo is threatened in Texas. 

 

Mora, M. A., R. J. Taylor, and B. L. Brattin. 2007. Potential ecotoxicological significance of 

elevated concentrations of strontium in eggshells of passerine birds. Condor 109:199–205. 

Mora et al. investigated the concentration of strontium (Sr) and barium (Ba) in the 

eggshells of 9 different songbirds and whether eggshell thickness was associated with levels of 

Sr.  The authors opportunistically collected eggs from four different locations in Arizona, USA 

during the breeding season of 2000.  Sr and Ba were present in the eggshells of Bell’s Vireo (n = 

12).  Eggshell thickness was not significantly correlated with Sr concentrations in Bell’s Vireo.  

Though, Sr concentration did not seem to affect egg shell thickness, there is potential of elevated 

Sr levels reducing reproduction and causing deformities as this has been documented in other 

birds.  This study is useful in that it shows Sr is present in Bell’s Vireo eggs in Arizona which 

means it could be a factor in Texas; the author mentions that of two Sr mines to ever exist in the 

U.S., one of them is in Texas.  This study successfully identifies a potential threat to Bell’s 

Vireo, but does not actually document any detrimental effect of Sr on Bell’s Vireo. 

  

Morrison, M. L., and A. Avery-Murray. 2002. Evaluating the efficacy of manipulating cowbird 

parasitism on host nesting success. Southwestern Naturalist 47:236–243. 

         Morrison and Avery-Murray examined Brown-headed Cowbird parasitism rates and nest 

success of Bell’s Vireo in 3 treatments: A) where adult cowbirds were trapped and removed B) 

where adult cowbirds were trapped and removed, cowbird nestlings were removed, cowbird eggs 
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addled and C) Reference – no cowbird control measures.  The authors had 3 plots per treatment.  

The study was conducted over the breeding seasons of 1997 and 1998 in La Paz and Mohave 

counties, Arizona.  Parasitism in Bell’s Vireo in the reference plots was 36% (n = 11) and 28% 

(n = 57) in 1997 and 1998, respectively.  Parasitism in treatment A plots was 27% (n = 15) and 

11% (n = 35) in 1997 and 1998, respectively.  Parasitism in Treatment B plots was 50% (n = 14) 

and 9% (n = 34) in 1997 and 1998, respectively.  Bell’s Vireo was significantly more parasitized 

in the reference plots than the treatment plots.  Nests initiated later in the season were parasitized 

more frequently with 6% (n = 18) and 11% (n = 62) of first broods parasitized in 1997 and 1998, 

respectively and 70% (n = 20) and 26% (n = 38) of second broods parasitized in 1997 and 1998, 

respectively.  In 1997 nest success was not significantly different between the 3 treatments.  In 

1998 nest success was significantly greater in both treatment A and treatment B relative to the 

reference; for nests in nestling stage, nest success was 32% (n = 18) in the reference, 63% (n = 

22) in treatment A, and 74% (n = 25) in treatment B.  Predation was the leading cause of nest 

failure over both years (18-25%), while cowbird parasitism was likely the second leading cause, 

5-12% of nests fledged only cowbirds and 3-8% of nests were abandoned likely because of 

cowbird parasitism.  This research is evidence that cowbird trapping reduces cowbird parasitism 

in Bell’s Vireo and increases nest success. 

  

Overmire, T. G. 1963. The effects of grazing upon habitat utilization of the Dickcissel (Spiza 

americana) and Bell’s Vireo (Vireo bellii) in North Central Oklahoma. Ph.D. dissertation, 

Oklahoma State University, Stillwater. 

Overmire compared habitat utilization of Bell’s Vireo in an ungrazed site and grazed site 

and also recorded much ancillary data in Payne county, OK from 1960-1961.  Nesting success 

did not significantly differ between the sites; 31% (n = 48) of nests were successful, 23% were 

parasitized by cowbirds, 21% were abandoned, 8% failed due to weather, and 17% were 

predated.  Both sites were ~30 acres and the ungrazed site averaged 12 territories over both years 

and the grazed site averaged 7, suggesting grazing may reduce density of Bell’s Vireo.  The 

author argues density was much lower because cattle browsed shrubs on which Bell’s Vireo 

depends.  The suggestion that grazing (technically browsing) reduces density of Bell’s Vireo 

because shrubs are removed makes sense, but strong evidence is missing here.  First, there were 

no replicates per treatment and second, sample size for number of territories is low.  Nonetheless, 
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the literature unanimously says shrubs are a vital component to Bell’s Vireo habitat, so removal 

of shrubs whether due to grazing (browsing) or other cause will probably reduce Bell’s Vireo 

density when shrub removal is severe. 

 

Parker, T. H. 1999. Responses of Bell’s Vireo to brood parasitism by the Brown-headed Cowbird 

in Kansas. Wilson Bulletin 111:499–504. 

         Parker sought to measure how often Bell’s Vireo nests were parasitized by Brown-headed 

Cowbirds, how often Bell’s Vireo abandoned parasitized nests, how often they buried cowbird 

eggs with nesting material, and whether nest initiation date or nest vegetation had any 

association with probability of parasitism.  The study was conducted in Konza Prairie, Kansas, 

during the breeding season of 1996.  Parker used one study area and located nests by behavioral 

observations locating most nests before the onset of incubation.  Parker found 63 active nests, of 

which 44 (70%) were parastized.  In 4 of the 44 (9%) parasitized nests, the parents buried 

cowbird eggs with nesting material.  The author did not know if this was a response to parasitism 

or if the adult vireos were simply not done constructing their nests.  Of 43 parastized nests (1 

nest not used for this analysis), 32 (74%) were abandoned.  This was a statistically significantly 

higher rate of abandonment than unparasitized nests, 8 of 20 (40%).  Nests initiated later in the 

season were less likely to be parastized (effect size not given).  Nest vegetation was not 

significantly associated with parasitism.  This study is useful in that it shows Bell’s Vireo has 

some defense against cowbird parasitism (nest abandonment and possibly egg burial) and can 

possibly cope with high parasitism rates.  The author mentions that there was no decline in Bell’s 

Vireo abundance from 1981 to 1997 at Konza Prairie; if parasitism was similar throughout that 

time period to that observed during this study (1996), then it would indicate Bell’s Vireo may be 

able to withstand high rates of parasitism.  However, it is difficult to say what effect parasitism 

was having on Bell’s Vireo in this study and geographic region because the population may be 

maintained by immigration and the region-wide population may be declining.  Likewise, it is 

difficult to say what effect parasitism has on Bell’s Vireo in other parts of its range. 

  

Parody, J.M. 2001. Bird-habitat relationships and the utility of multiscale methods. Ph.D. 

dissertation, New Mexico State University, Las Cruces. 
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Parody examined the relationship between habitat (mostly vegetation) and nest success in 

Bell’s Vireo.  Parody collected data from one study site in Southwestern New Mexico in 1998.  

She found 69 nests: 32 (46%) were successful, 18 (26%) “failed due to cowbird parasitism”, 13 

(19%) were predated, 4 (6%) were abandoned, and 2 (3%) failed due to unknown causes.  

Parody did not find any habitat variables associated with nest success.  Because the author did 

not find any relationships between habitat and nesting success, this research does not provide 

much information on threats to Bell’s Vireo habitat.   

  

Peterson, B. L., B. E. Kus, and D. H. Deutschman. 2004. Determining nest predators of the Least 

Bell’s Vireo through point counts, tracking stations, and video photography. Journal of Field 

Ornithology 75:89–95. 

         Peterson et al. examined potential and actual predators of Bell’s Vireo in San Diego 

County, CA over the 2000 breeding season.  Potential predators were evaluated using tracking 

stations and point counts.  Actual predation was evaluated using video cameras.  Five potential 

predators were detected at tracking stations: coyote, skunk, opossum, weasel, and roadrunner.  

Five potential predators were detected during point counts: Yellow-breasted Chat, Western 

Scrub-Jay, American Crow, Common Raven, and Cooper’s Hawk.  They set up 25 nest cameras 

and recorded 12 total predation events by: scrub-jays (67%), opossums (17%), gopher snake 

(8%), and argentine ants (8%).  Adult activity at the nest was not associated with nest fate.  Since 

only two actual nest predators were detected using track stations and point counts, these methods 

are probably not useful in determining actual nest predators.  Since predation can be a threat to 

reproduction, this study is useful because it identifies actual nest predators.  Knowing what 

predators are consuming nests aids in managing to reduce predation.  The study probably did not 

detect all nest predators because only 12 predation events were recorded.  Predator assemblages, 

abundance, and behavior vary by region, so it unknown if the results of this study are 

representative of Bell’s Vireo in other parts of its range. 

  

Powell, A. 2006. Effects of prescribed burns and bison (Bos bison) grazing on breeding bird 

abundances in tallgrass prairie. Auk 123:183–197. 

Powell evaluated abundances of 7 bird species relative to burning and bison grazing 

regimes using data from 1981-2003 in Konza Prairie, KS.  Powell classified 13 transects by fire 



LCC Conservation Framework │ Final Report 

90 │ Texas A&M Institute of Renewable Natural Resources 

 

regime: annual, 4-year, 20-year, and by bison grazing: present, absent.  Using individuals/km 

detected (abundance index) as the response variable, Powell evaluated the following factors to 

determine effect on abundance index: seasons since last burn, burn frequency, bison grazing, 

year, and transect.  Seasons since last burn, burn frequency, year, and transect all had statistically 

significant effects on Bell’s Vireo abundance.  Because grazing did not significantly affect 

detections, grazed and ungrazed transects were combined.  No Bell’s Vireo were detected on 

annually burned transects.  In the 4-year burn frequency category, approximately 1 Bell’s Vireo 

was detected per km in the year of a burn, approximately 2 were detected 1 and 2 years post-

burn, and approximately 3 Bell’s Vireo were detected 3 years post-burn.  In the 20-year burn 

frequency category, all fires occurred 4 or more years prior to survey and approximately 3 Bell’s 

Vireo were detected per km of transect.  This study shows that light bison grazing does not seem 

to affect abundance of Bell’s Vireo.  Burn regime seems to have a large impact on abundance, 

because there were no detections on annually burned transects and in the 4-year burn frequency 

category, detections increased as years since last burn increased.  In sum, this study demonstrates 

frequent burning can be a threat to Bell’s Vireo.  The author states this is likely because shrubs, 

on which Bell’s Vireo depends, do not persist when intensively burned. 

  

Powell, A. 2008. Responses of breeding birds in tallgrass prairie to fire and cattle grazing. 

Journal of Field Ornithology 79:41–52. 

Powell investigated the effects of burning regime and cattle grazing on seven species of 

grassland birds, including Bell’s Vireo.  The study was conducted at Konza prairie, in the Flint 

Hills of Kansas in 2002 and 2003.  Powell surveyed 20 different transects each subject to a 

combination of grazing and fire-frequency treatments.  The grazing treatments were either cattle 

grazing or no grazing, and fire frequency treatments were annual, every 2-years, or every 4-

years.  He surveyed each 300 m transect 8 times in 2002 and 5 times in 2003 and averaged 

counts to represent abundance.  Bell’s Vireo were significantly more abundant on transects 

subject to 4-year burn frequency than an annual or 2-year burn frequency in 2002, but not 2003.  

For 2003, Powell found that Bell’s Vireo was significantly more abundant 1-3 years after a burn 

than in the year of a burn.  The author did not report abundance estimates, he only provided a 

graph.  Looking at the graph, it appears Powell detected approximately 2.5 Bell’s Vireo in 4-year 

burn frequency treatments and less than 1 Bell’s Vireo for annual and 2-year burn frequency 
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treatments.  Grazing had no significant effect on abundance of Bell’s Vireo. This study is useful 

in that it highlights the importance of fire affecting Bell’s Vireo habitat, but since vegetation is 

affected by numerous factors which vary across different geographical areas, it may not apply to 

Bell’s Vireo in different parts of its range (i.e. in order to maintain a specific vegetation type, fire 

frequency may differ by region).  Further, there were 7 different combinations of treatments and 

few replications per treatment. 

 

Powell, B. F., and R. J. Steidl. 2000. Nesting habitat and reproductive success of southwestern 

riparian birds. Condor 102:823–831. 

         Powell and Steidl sought to identify nest-site characteristics, reproductive success, and 

nest-site characteristics that were associated with cowbird parasitism and predation of seven 

songbirds, including Bell’s Vireo.  They conducted their research in one canyon in the Buenos 

Aires National Wildlife Refuge, AZ over the breeding seasons of 1997-1998.  Nest success was 

20% (n = 41) for Bell’s Vireo.  Predation rate was 46% and parasitism rate was 29%.  Of 12 

parasitized nests, 1 fledged both a cowbird and vireo.  The only nest-site characteristic associated 

with predation of Bell’s Vireo nests was amount of understory netleaf hackberry; for every 1% 

increase in netleaf hackberry understory vegetation, odds of predation increased 1.2 times.  The 

authors did not find any nest-site characteristics that were associated with odds of parasitism.  

Since parasitism and predation may be threats to reproduction of Bell’s Vireo, this study is useful 

as a comparison when deciding how threatening these factors are in other populations, though 

other parameters (i.e. number of nesting attempts, adult and juvenile survival) are needed to 

decide if predation and/or parasitism are a threat to a particular population. 

 

Rivers, J. W., W. E. Jensen, K. L. Kosciuch, and S. I. Rothstein. 2010. Community-level patterns 

of host use by the Brown-headed Cowbird (Molothrus ater), a generalist brood parasite. Auk 

127:263-273. 

         Rivers et al. sought to quantify parasitism rate and parasitism intensity of several 

songbirds including Bell’s Vireo, at Konza Prairie, KS over the breeding seasons of 2002-2007.  

They also sought to determine cowbird host preference and if preference changed over the course 

of the breeding season.  The parasitism rate was 70.5% (n = 689) and mean parasitism intensity 

(number of cowbird eggs per nest) was 1.59 (n = 486) in Bell’s Vireo.  Cowbirds parasitized 
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Bell’s Vireo nests in proportion to their availability suggesting cowbirds do not prefer or avoid 

Bell’s Vireo as hosts.  For Bell’s Vireo, parasitism decreased non-significantly in 2006 and 

significantly in 2007 over the course of the breeding season.  Since cowbird parasitism may be a 

threat to Bell’s Vireo, this study is useful in that it documents parasitism rate and intensity over a 

relatively long time period.  These data allow for comparisons which are useful in determining 

the degree to which cowbird parasitism poses a threat in other geographic areas. 

  

Sauer, J. R., J. E. Hines, J. E. Fallon, K. L. Pardieck, D. J. Ziolkowski, and W.A. Link. 2011. 

The North American breeding bird survey, results and analysis 1966–2010. Version 12.07.2011 

USGS Patuxent Wildlife Research Center, Laurel, MD. 

Sauer et al. estimated relative abundance and population trends for numerous North 

American Species across the United States and Southern Canada from 1966-2010 using the 

breeding bird survey roadside survey method.  These data indicate that the largest area of the 

highest relative abundance of Bell’s Vireo occurs in Texas, possibly indicating relatively high 

habitat quality in that area.  These data also indicate the relative abundance of Bell’s Vireo is 

growing in West Texas, and declining in South, Central and North Texas.  This could mean that 

habitat in South, Central, and North Texas is degrading but habitat variables were not measured.  

This data is valuable because there are little data on Bell’s Vireo within our area of interest and 

this is at least some evidence that habitat extent or quality may be decreasing in some regions. 

  

Sharp, B. L. and B. E. Kus. 2004. Sunrise nest attendance and aggression by Least Bell’s Vireos 

fail to deter cowbird parasitism. Wilson Bulletin. 116:17–22. 

         Sharp and Kus recorded three cowbird parasitism events of Least Bell’s Vireo using 

video cameras in San Diego County, CA during the 2000 breeding season.  Though an adult 

vireo was on the nest upon appearance of a cowbird and the pair aggressively attacked the 

cowbird, all 3 nests were still parasitized.  This is evidence that Bell’s Vireo may not prevent 

nests from being parasitized and is another reason why cowbirds decrease habitat quality of 

Bell’s Vireo. 

  

Sharp, B. L. and B. E. Kus. 2006. Factors influencing the incidence of cowbird parasitism of 

least bell's vireos. Journal of Wildlife Management 70:682–690. 
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         Sharp and Kus examined factors that predicted Brown-headed Cowbird parasitism of 

Least Bell’s Vireo.  Specifically, they examined 3 hypotheses that exist in the literature to 

explain parasitism: 1) nest-concealment 2) perch proximity and 3) host-activity.  The study was 

conducted in San Diego County, California along a 16 km stretch of the San Luis Rey River in 

the breeding seasons of 1999, 2000, and 2003.  The authors took 27 measurements of nesting 

vegetation/habitat at 3 different scales: macrohabitat, mesohabitat, and microhabitat.  Sharp and 

Kus quantified activity at the nest by using video cameras to capture the number of visits to the 

nest and using sound recorders to capture number and loudness of vocalizations near the nest.  

The authors constructed logistic regression models to explore influence of different factors on 

nest parasitism.  They concluded that nesting habitat within 5 m of a nest (microhabitat and 

mesohabitat) best explained parasitism with denser vegetation decreasing the odds a nest would 

be parasitized.  Their index of perch proximity was also influential; nests near fewer perches 

were less likely to be parasitized.  Host activity near the nest did not influence the odds of 

parasitism.  These results may not apply to other parts of the Bell’s Vireo range because of 

region specific Bell’s Vireo habitat, Bell’s Vireo behavior, and Brown-headed Cowbird 

behavior.  However, this study is useful in that it identifies possible factors that could predict 

parasitism in the region of concern.  If the system in this study functions similarly in other 

regions, parasitism could possibly be reduced by increasing the density of nesting vegetation or 

by reducing perches for Brown-headed Cowbirds. 

  

White, M. 2006. Bell’s Vireo. In The Texas Breeding Bird Atlas. Texas A&M University 

System, College Station and Corpus Christi, Texas.  Available at txtbba.tamu.edu/species-

accounts/bells-vireo. 

White synthesized information on Bell’s Vireo in Texas into a general document.  He 

includes information on habitat where he says changing land practices can be both detrimental 

and beneficial to Bell’s Vireo.  He says Bell’s Vireo benefit when land is allowed to go idle 

because they require the resulting shrubland, but once this idle land matures to woodland it is no 

longer Bell’s Vireo habitat.  Brush clearance, a common land practice, also removes Bell’s Vireo 

habitat.  Additionally, White says cowbird parasitism is a threat to Bell’s Vireo.  This document 

identifies mechanisms by which Bell’s Vireo habitat is created, removed, and degraded, relative 
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to land practices common in Texas.  However, there is no quantitative data presented making it 

difficult to judge factors that affect Bell’s Vireo habitat. 
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Appendix D: Painted Bunting Annotated bibliography 

Brittain, R., and C. Craft. 2012. Effects of sea-level rise and anthropogenic development on 

priority bird species habitats in coastal Georgia, USA. Environmental Management 49:473–482. 

Brittain and Craft modeled habitat loss of 5 habitat types in coastal Georgia according to 

2 annual rates of urban development (1%, 2.5%) and predicted sea level rise by 2100. 

Researchers estimated density of breeding males by conducting 10-minute point counts at 10 

locations within each habitat type in 2006 and at 30 locations in 2007 between May and June and 

examined the effects of habitat loss on avian species of concern. Shrubland habitat, which is 

heavily used by Buntings, was predicted to decline the most due to sea level rise (35-43%) and 

the least due to development at 1% annual growth and 2.5% annual growth (6-7, 21-24%.) 

Combined, the small area of shrub habitat (10 km
2
) declined by 42–49% in response to the 1% 

annual urban growth scenarios and 59–64% under the 2.5% growth scenarios. Populations of 

Painted Bunting were unaffected by 1% annual growth, but were significantly reduced by 2.5% 

growth. Difficulty categorizing shrub habitat using GIS imagery may have resulted in under-

representation of shrub habitat in the model however urban growth is still a greater threat to the 

species than sea level rise. 

  

Conner, R. N., J. G. Dickson, J. H. Williamson, and B. N. Ortego. 2004. Width of forest 

streamside zones and breeding bird abundance in eastern Texas. Southeastern Naturalist 3:669–

682. 

Conner evaluated breeding bird communities in forested streamside zones in eastern 

Texas to determine threshold widths of riparian forest within pine plantations. Two 200m 

transects were sampled along nine streams (3 each of 3 different streamside widths) a total of 8 

times during May and June of 1984 and 1985. Mean abundance of Painted Buntings decreased to 

roughly zero at widths greater than 20 m and were absent after streamside zone widths >70m. 

This study was done on a pine plantation where riparian strips had been left after harvesting the 

surrounding timber (i.e. where shrub-dependent species like the Painted Bunting might not 

typically occur). Their use of tall trees and snags as song perches on the edges of streamside 

zones was likely the primary reason that many of these species were present. 
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Coppedge, B. R., D. M. Engle, R. E. Masters, and M. S. Gregory. 2004. Predicting juniper 

encroachment and CRP effects on avian community dynamics in southern mixed-grass prairie, 

USA. Biological Conservation 115:431–441. 

Coppedge et al. sought to predict the probability of occurrence of 30 bird species in a 

changing landscape as a function of landscape cover type in NW Oklahoma. The area is highly 

fragmented by agriculture and the remnant grasslands are experiencing juniper encroachment. 

Researchers classified the landscape using aerial photography from 1965, 1981 and 1995 and 

predicted levels of juniper encroachment in 2015. Data from the Breeding Bird Survey (BBS) 

were used to assess bird abundance in the study area. Painted Buntings were classified as a 

species that is tolerant of or partially reliant on woody vegetation. The probability of occurrence 

of Buntings increased significantly from 0.04 to 0.05 from 1981 to 1995 and the trend is 

predicted to sustain with continued juniper expansion. This study suggests that Painted Bunting 

are not negatively impacted by juniper encroachment. This study is useful because juniper 

encroachment is a concern in the coastal prairie area of Texas. However, this study did not 

examine more than presence and absence of the Painted Bunting, but the authors were not 

concerned with the persistence of the Painted Bunting. 

  

Dickson, J. G., R. N. Conner, and J. H. Williamson. 1993. Neotropical migratory bird 

communities in a developing pine plantation. Pages 439–446 in Proceedings of the annual 

conference of the Southeastern Association of Fish and Wildlife Agencies, vol. 47. 

Dickson et al. monitored diversity and abundance of neotropical migrants in a pine stand 

in Nacadoches County, TX, over a 15-year period to track changes in the bird community. Four 

transects were established in representative pine habitat. Transects were censused 9 times during 

May by three different observers and vegetation measurements were taken. The Painted Bunting 

was most common when the stand was 3-7 years and then rapidly declined, once the stand lost 

early-succesional characteristics. Findings may not be representative of the rest of the Painted 

Buntings range since this study was conducted on a very large homogeneous pine plantation with 

little scrubland habitat.  No information was provided on productivity, only abundance. 

 

Kostecke, R. M. 2008. Population trends of breeding birds on the Edwards Plateau, Texas: local 

versus regional patterns. The Southwestern Naturalist 53:466–471. 
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Kostecke used 10 years (1995-2004) of point count data from Fort Hood to assess 

population trends of 32 species. He then compared those trends with trend data from Breeding 

Bird Surveys conducted at the same time for the Edwards Plateau. The Painted Bunting exhibited 

increasing trends at both scales (2.53% on FH, 7.44% BBS), which is likely due to an increase in 

available woody cover across the region. This study was specific to the region of the LCC and 

the western population of Painted Buntings. 

 

Lanyon, S. M., and C. F. Thompson. 1986. Site fidelity and habitat quality as determinants of 

settlement pattern in male Painted Buntings. Condor 88:206–210. 

Lanyon et al. investigated the effect of territory quality and site fidelity on the settlement 

pattern of male Painted Buntings on St. Catherine’s Island, GA. All but one male were color 

banded and territories of those males were mapped over the season. Older males arrived on the 

breeding grounds and occupied territories within higher quality habitat than the later-arriving 

young males. Estimates of habitat quality were based on the spatial distribution of both food and 

polygynous matings in the two breeding seasons preceding this study.  Of the returning males in 

1978, 19 of 20 bred in the same territory as the previous year and in 1979, 12 of 13 returning 

males bred in the same territory as the previous year. Settlement pattern for Painted Buntings is 

determined by an interaction between site fidelity and age. Painted Buntings have high site 

fidelity and may be severely impacted by habitat loss. 

  

Lowther, P. E., S. M. Lanyon, and C. W. Thompson. 1999. Painted Bunting (Passerina ciris). In 

The Birds of North America, no. 398 (A. Poole, Ed.). Academy of Natural Sciences, 

Philadelphia, and American Ornithologists’ Union, Washington, D.C. 

This is an excellent and thorough summary of information on the Painted Bunting. It 

provides descriptions of most aspects of the Painted Bunting’s natural history. Lowther also 

acknowledges that the only intense studies of the Bunting dealt with songs, molts and plumages. 

  

Meyers, J. M. 2011. Population densities of Painted Buntings in the southeastern United States. 

Southeastern Naturalist 10:345–356. 

The goal of this research was to estimate and compare the densities of male Painted 

Buntings for 5 major breeding habitats (including developed/undeveloped categories) along the 
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southeastern coast. Meyers conducted 582 5-minute point counts from 13 May to 26 June 2003 

along roads in coastal and river areas from Florida to North Carolina and compared densities of 

Painted Buntings for each major habitat. Painted Buntings were detected at 33.5% of points and 

densities ranged from 9 singing males per km
2
 in young pine plantations to 42 per km

2
 in 

maritime shrub habitat. Meyers found no strong indications of difference in density between 

developed and undeveloped areas within habitat types. Meyers highlighted that this was a 

preliminary study and accurate monitoring of Bunting densities would require a higher sample 

size to account for lower detection probabilities in some habitats. Maritime shrub and maritime 

oak habitats support high densities of Buntings and should be considered priority habitats for the 

species. 

  

Norris, D. J. And W. H. Elder. 1982. Distribution and habitat characteristics of the Painted 

Bunting in Missouri. Transactions of the Missouri Academy of Science 16:77–83. 

This study was conducted over two breeding seasons in 1979 and 1980 to delineate the 

range of the Painted Bunting in Missouri and determine habitat requirements for the species 

within the state. Norris delineated territories of 19 buntings detected during roadside surveys 

within a 40km
2
 area in south-central Missouri. Territory size was nearly 3x larger (3.15ha) than 

in other portions of their range, possibly due to the lower density of birds and therefore lower or 

no constraints on movement. Percent canopy cover and percent ground cover were quantified in 

0.1 ha plots surrounding singing posts and nest sites. Norris and Elder found that Painted 

Buntings will tolerate a wide range of habitat characteristics, but preferred to establish territories 

in areas with an average of 80% ground cover. This study was conducted in the most northern 

part of the bunting’s range where the species distribution is sporadic and localized. There were a 

small number of birds sampled and nothing is known of their reproductive success of surveyed 

territories. 

  

Parmelee, D. F. 1959. The breeding behavior of the Painted Bunting in southern Oklahoma. 

Bird-Banding 30:1–18. 

Parmalee examined the breeding behavior of adult Painted Buntings, particularly the role 

played by each sex at the nest and in care of young, at a field station in south-central Oklahoma 

in 1957 consisting of agricultural fields with interspersed feral lands.  This is a comprehensive 
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natural history account of the species including extensive behavioral observations of adults and 

nestlings (territory defense, courtship, behavior at the nest, double-brooding, foraging, roosting, 

parent-offspring relations), habitat descriptions, nest characteristics (placement, construction), 

breeding success, territory delineations, and descriptions of predation events. Average territory 

size was 1.12ha. Despite active cowbird shooting in the area, Brown-headed Cowbirds 

parasitized 13 of 45 nests (28.9%). Nests averaged 39.7 inches above the ground but those found 

late in the breeding season were often placed higher than early nests due to a decrease in 

concealment provided by undercover species. This study was conducted to provide general 

knowledge of the species and therefore is limited to descriptions and does not attempt to quantify 

behavioral observations.  It also has limited extrapolation because it was conducted in a single 

season at a single field site. 

  

Springborn, E. G., and J. M. Meyers. 2005. Home range and survival of breeding painted 

buntings on Sapelo Island, Georgia. Wildlife Society Bulletin 33:1432–1439. 

Springborn and Meyers examined home range size and survival of 64 breeding Painted 

Buntings in two habitat types (grassland-shrublands and pine forests). They radio tracked adult 

birds of both sexes on Sapelo Island, GA, during the breeding season in 1997 and 1998 and 

constructed fixed-kernel home range sizes, and estimated adult breeding survival using the 

Kaplan-Meier method. They found that home ranges were smaller in maritime shrub than pine-

oak woodlands and birds in the woodlands often traveled >300m to foraging areas. The survival 

rate for breeding Buntings was high (0.96), which suggests that other factors such as low 

reproductive success, poor juvenile survival or habitat loss is contributing to the decline of the 

species and not breeding season survival. High survival rate, relatively small home-range size, 

and limited movements by Painted Buntings outside the core of their home range indicate that 

maritime shrub may be high-quality habitat for Painted Buntings. This study was conducted in a 

coastal area similar to parts of GCP LCC area. The study had a high sample size and even 

sampling of each sex and habitat type was adequate to answer their questions. 

  

Sykes, P., Jr., and S. Holzman. 2005. Current range of the eastern population of Painted Bunting 

(Passerina ciris). Part 1: Breeding. North American Birds 59:4–17. 
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Sykes et al. describe in detail the breeding range of the eastern population of the Painted 

Bunting.  A distribution map was created using data collected from the literature, citizen science 

programs, USGS banding lab data, and professional knowledge. Distribution of the bunting is 

habitat-dependent and individuals are concentrated on the southeastern coast and inland, along 

riparian corridors. Other non-riparian inland areas have patchy distribution. The eastern part of 

their range is 3.9% of the total range (1.4 million km
2
) making this eastern population more 

vulnerable than the western population to changes in population densities. This is an excellent 

summary of the distribution of the eastern population of the species. 

  

Sykes Jr, P., S. Holzman, and E. Inigo-Elias. 2007. Current range of the eastern population of 

Painted Bunting (Passerina ciris) Part II: Winter range. North American Birds 61:378–406. 

Sykes et al. describe in detail the wintering range of the eastern population of the Painted 

Bunting.  A distribution map was created using data collected from the literature, citizen science 

programs, USGS banding lab data, and professional knowledge. Buntings winter in high 

densities in southern Florida, but are rare on Cuba, the Bahamas, and not found on most other 

islands in the Caribbean. In Cuba, buntings are more common during spring and fall migrations 

therefore Sykes et al. suggested, based on circumstantial evidence, that buntings use Cuba as a 

stopover on their migration route with the Yucatan peninsula suggested as a probable final 

destination. It is also mentioned the buntings in Cuba are trapped to supply the pet-trade 

industry. Not much about the wintering grounds is known in detail but this is an excelent 

summary of available literature. 

  

Vega, J. H., and J. H. Rappole. 1994. Composition and phenology of an avian community in the 

Rio Grande plain of Texas. Wilson Bulletin 106:366–380. 

Vega et al. conducted a survey of birds in the arid thorn forest of the Tamaulipan Biotic 

Province located south of San Antonio between the Rio Grande and the Gulf Coast. Researchers 

placed 10 nets in each of 4 locations on a large ranch and documented all captures from October 

1998 to July 1990.  Painted Buntings were the fourth most commonly caught species. Breeding 

adults were present from late April through late July and hatch year birds remained in the area 

through late August. Researchers noted that annual rainfall was roughly half of the average 

during this study and the resultant decreased foliage likely influenced the abundance of shrub-
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nesting species in 1990. Research was conducted within the LCC GCP and notes the presence of 

breeding buntings in the region. 

  

Villaseñor, J. F., R. L. Hutto, M. Wilson, and S. Sader. 1995. The importance of agricultural 

areas for the conservation of neotropical migratory landbirds in western Mexico. Conservation of 

neotropical migratory birds in Mexico 727. 

Because the conversion of forests to agricultural land on the wintering grounds has been 

proposed as a reason for population declines of passerine species, Villaseñor et al. examined the 

patterns of relative use of agricultural fields, hedgerows, and adjacent forests by migratory bird 

species. They conducted between 20 and 30 10-minute point counts in areas with abundant 

hedgerows across 21 sites in western Mexico during January and February of 1991, 1992, and 

1993. Painted Buntings were present in lowland areas (<1500m) and were in the top 25 most 

commonly detected species in both agricultural lands and in hedgerows. Buntings were not 

detected in forested habitats so they are likely safe from the deforestation practices.  Large-scale 

agricultural practices such as pesticide and fertilizer use may have stronger conservation 

implications on the species. This is one of the few papers discussing wintering habitat. 

  

Whitehead, M. A., S. H. Schweitzer, and W. Post. 2000. Impact of brood parasitism on nest 

survival parameters and seasonal fecundity of six songbird species in southeastern old-field 

habitat. Condor 102:946–950. 

Whitehead et al. monitored 259 nests of six Brown-headed Cowbird (Molothrus ater) 

hosts within old-field habitat on James Island, South Carolina, during the 1997 and 1998 

breeding seasons to determine the effect of parasitism on three nest-survival parameters (clutch 

size, hatching rate, and number of fledglings). Painted Buntings accounted for 17 of these nests 

and 6 of these were parasitized. Clutch size (2.4 ±1.2) was reduced in parasitized bunting nests 

(1.5 ±0.7). Despite brood reduction, cowbird parasitism had little impact on season fecundity of 

buntings because of low parasitism intensity, double brooding behavior, and hosts’ ability to 

raise their own young with cowbird young. Inference is limited because of overall small sample 

size (n = 17) and low parasitism frequency. The coastal location is somewhat compatible with 

areas covered by the LCC GCP. 
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Wiens, J. A. 1963. Aspects of cowbird parasitism in southern Oklahoma. Wilson Bulletin 

75:130–139. 

Weins examined aspects of cowbird parasitism in southern Oklahoma in 1960 and 1961, 

specifically presence of parasitism and nesting success of host and parasite species. Once nests 

were located, they were monitored 3-4 times per week. He found only 2 Painted Bunting nests, 

one of which was parasitized. Both nests were found in winged elm (Ulmas alata) saplings and 

were 4 and 5.5 feet above the ground. The parasitized nest fledged one host young and one 

cowbird young. The non-parasitized nest fledged 2 host young. The sample size for this study 

was extremely small so inference is limited. 
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Appendix E: Conservation practices 

 

  

Cowbird Removal White-tailed deer Rio Grande Wild Turkey Northern bobwhite

Livestock Class: Best Cattle: yearlings Cattle: yearlings Cattle: yearlings

Habitat Goal Livestock should be used to maximize a diversity of brush, forb, 

grass species.  Grazers like cattle have the least amount of diet 

overlap with white-tailed deer. Competition for food resources 

between deer, sheep and goats can be intense as their diets can 

exhibit high levels of overlap in some seasons (Teer 1996). Having 

diverse foods throughout the year is important.

Livestock should be used to maximize a diversity of brush, forb, 

grass species.  Grazers like cattle can help balance grass and 

forbs, which provide cover and many cases food.  With proper 

grazing practices livestock can maintain clearings which are 

valuable to wild turkey in areas of increasing woody cover (Lindzey 

and Wanless 1973) 

Livestock should be used to maximize a diversity of brush, forb, 

grass species.  Grazers like cattle can help balance grass and 

forbes, which provide cover and many cases food. Grazing can used 

to manipulate the structure of vegetation which can help to maintain 

optimal habitat conditions (Hernandez and Guthery, 2012).  When 

cattle have a choice, their diet consists of more than 80% grass and 

usually less than 10% browse (Lyons and Wright, 2003)

Livestock Class: Second Cattle: cow/calf Cattle: cow/calf Cattle: cow/calf

Habitat Goal Resist the temptation to keep cows too long as range conditions 

deteriorate with advancing drought.  Drought Monitor Map

Resist the temptation to keep cows too long as range conditions 

deterioate with advancing drought.  Drought Monitor Map

Resist the temptation to keep cows too long as range conditions 

deteriorate with advancing drought.  Drought Monitor Map

Stocking Rate: Best Light Light Light

Habitat Goal Having too much grass is rare in western Texas, consequently 

limited grazing pressure will help assure adequate forage, thus 

limiting use of browse plants that persist longer that seasonal fruit-

bearing plants.  Stocking rates can be calculated with AgriLife 

Extension smartphone app Stocking Rate Calculator for Grazing 

Livestock.

Having too much grass is rare in western Texas, consequently 

limited grazing pressure will help assure adequate forage, thus 

maintaining a good balance of grass, woody plants, and forbs.  

Stocking rates can be calculated with AgriLife Extension 

smartphone app Stocking Rate Calculator for Grazing Livestock.

Having too much grass is rare in western Texas, consequently 

limited grazing pressure will help assure adequate forage, thus 

maintaining a good balance of grass, woody plants, and forbs.  

Remember that quail like to nest in grass clumps 12-24 inches in 

height and about the diameter of a basketball.  Growth to this size 

is carried over from the previous winter into the spring, with proper 

stocking rates.  Having 300-400 nest clumps per acre is optimum.  

Heavy stocking rates and improper grazing can eliminate nesting 

sites for quail.  Stocking rates can be calculated with AgriLife 

Extension smartphone app Stocking Rate Calculator for Grazing 

Livestock.

Stocking Rate: Second Moderate Moderate Moderate

Habitat Goal If excellent range conditions exists, cattle can be used to consume 

grass to help manage prescribed burning fuel loads.  Stocking rates 

can be calculated with AgriLife Extension smartphone appStocking 

Rate Calculator for Grazing Livestock.

If excellent range conditions exits, cattle can be used to consume 

grass to help manage prescribed burning fuel loads.  Cattle can also 

be used to create some bare ground to allow access to seeds 

created by forbs.  Stocking rates can be calculated with AgriLife 

Extension smartphone app Stocking Rate Calculator for Grazing 

Livestock.

If excellent range conditions exits, cattle can be used to consume 

grass to help manage prescribed burning fuel loads.  Cattle can also 

be used to create some bare ground to allow access to seeds 

created by forbs.  Stocking rates can be calculated with AgriLife 

Extension smartphone app Stocking Rate Calculator for Grazing 

Livestock.

Deferred Stocking Remove livestock prior to drought conditions Remove livestock prior to drought conditions Remove livestock prior to drought conditions

Habitat Goal A small amount of young tender grass will be consumed by deer, 

while mature grasses are important for fawning cover.  If grasses are 

limited due to extended drought, removing livestock for a period of 

time may be necessary to maintain existing vegetation and 

reestablish other plants.  Consult with your local County Extension 

Agent or Rangeland Specialist to learn more. Drought Monitor Map

If grasses are limited due to extended drought, removing livestock 

for a period of time may be necessary to maintain existing 

vegetation.  Consult with your local County Extension Agent or 

Rangeland Specialist to learn more. Drought Monitor Map

If grasses are limited due to extended drought, reducing or removing 

livestock for a period of time may be necessary to maintain existing 

vegetation.  Adequate nesting cover, preferably bunch grasses like 

little bluestem, from the previous growth season are needed for 

nesting sites.  Having at least 300-400 nest clumps per acre is 

optimum.  Consult with your local County Extension Agent or 

Rangeland Specialist to learn more.  Drought Monitor Map
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White-tailed deer Rio Grande Wild Turkey Northern bobwhite

Grazing System Rotational: High intensity, low frequency Rotational: High intensity, low frequency Rotational: High intensity, low frequency

Habitat Goal Rotational grazing is done to move cattle from pasture to pasture to 

give grasses rest from grazing to allow recovery.  See Grazing 

Systems for Profitable Ranching

Rotational grazing is done to move cattle from pasture to pasture to 

give grasses rest from grazing to allow recovery.  Short duration 

grazing had no acute effect on food supplies or home range for wild 

turkey on an area of moderate brush coverage, deep soils annual 

rainfall approaching 60 cm (Schultz and Guthery 1987).  SeeGrazing 

Systems for Profitable Ranching

Rotational grazing is done to move cattle from pasture to pasture to 

give grasses rest from grazing to allow recovery (Wilkins and 

Swank, 1992).  See Grazing Systems for Profitable Ranching

Grazing Exclosures Install at least a 10X10 ft grazing exclosure per habitat type on the 

property.

Install at least a 10X10 ft grazing exclosure per habitat type on the 

property.

Install at least a 10X10 ft grazing exclosure per habitat type on the 

property.

Habitat Goal Grazing exclosures allow for visual assessments between 

grazed/browsed and ungrazed/unbrowsed plants to monitor pressure 

on plants. This technique can be used to adjust stocking rates.

Grazing exclosures allow for visual assessments between 

grazed/browsed and ungrazed/unbrowsed plants to monitor pressure 

on plants. This technique can be used to adjust stocking rates.

Grazing exclosures allow for visual assessments between 

grazed/browsed and ungrazed/unbrowsed plants to monitor pressure 

on plants. This technique can be used to adjust stocking rates.

Water Distribution Water distribution of a site per square mile (typical recommendation 

for cattle) is adequate for white-tailed deer.

Water distribution of a site per square mile (same for cattle) is 

adequate for Wild turkey. Wild turkey will readily drink from ponds, 

streams, and water troughs.

Although Northern bobwhite get most of their required water from 

food, they will readily drink from ponds, streams, and water troughs. 

Water distribution of a site per square mile (typical recommendation 

for cattle) is adequate.

Habitat Goal Deer require 3-6 quarts of water per day to maintain good rumen 

health.  Some of the water they need is contained within the plants 

they eat, but they also readily drink from ponds, streams, and water 

troughs.

  

Herbicide Use When brush canopy coverage exceeds 60%, herbicides can be 

used to reduce coverage to more tolerable levels.

When brush canopy coverage exceeds 60%, herbicides can be 

used to reduce coverage to more tolerable levels.

When brush canopy coverage exceeds 60%, herbicides can be 

used to reduce coverage to more tolerable levels.

Habitat Goal Deer use brush for food and cover and they have a wide range of 

tolerance for density; 30-80%.  Use herbicides to reduce brush 

coverage when it exceeds 60% (Lyons and Ginnett, 2001). 

 However, not all brush is created equal. Not all brush provides food. 

 The key is to have many different kinds of brush to provide for 

multiple needs, like food, screening, or thermal cover.  Herbicides 

and brush species should be matched to maximize kill.  See RM-

1466 for species, herbicides and applications.

Wild turkey prefer brush coverage ranging from 50-70% within 10-15 

acre roost sites, although the vegetation understory beneath 

roosting trees should be minimal to allow wild turkey movement to 

and from roost trees (Cathey et al 2007).  Some brush is good and 

many species also provide food and cover.  Herbicides and brush 

species should be matched to maximize kill.  See RM-1466 for 

species, herbicides and applications.

Northern bobwhite are grassland birds.  When brush canopy 

coverage becomes excessive, herbicides can be used to reduce 

coverage to more tolerable levels.  Brush can outcompete grass for 

water and nutrients and if so, nesting cover may be lost.  Brush 

reduction may be needed to correct this situation.  See RM-1466 for 

species, herbicides and applications.

Hydraulic Shears When brush canopy coverage exceeds 60%, herbicides can be 

used to reduce coverage to more tolerable levels. 

When brush canopy coverage exceeds 60%, herbicides can be 

used to reduce coverage to more tolerable levels. 

When brush canopy coverage exceeds 60%, herbicides can be 

used to reduce coverage to more tolerable levels. 

Habitat Goal When ashe juniper canopy coverage becomes excessive, hydraulic 

shears can be used to reduce coverage to more tolerable levels. 

See Juniper Biology and Management in Texas

When ashe juniper canopy coverage becomes excessive, hydraulic 

shears can be used to reduce coverage to more tolerable levels. 

See Juniper Biology and Management in Texas

When ashe juniper canopy coverage becomes excessive, hydraulic 

shears can be used to reduce coverage to more tolerable levels. 

See Juniper Biology and Management in Texas

Hand Grubbing When brush canopy coverage is within tolerance levels, hand 

grubbing can be used to remove brush seedlings to help prevent re-

establishment. 

When brush canopy coverage is within tolerance levels, hand 

grubbing can be used to remove brush seedlings to help prevent re-

establishment. 

When brush canopy coverage is within tolerance levels, hand 

grubbing can be used to remove brush seedlings to help prevent re-

establishment. 

Habitat Goal Once tolerable levels of brush are achieved, preventing  the re-

establishment of brush species will extend the benefit of a previous 

treatment like herbicde use or mechanical applications like use of 

hydrolic shears.

Once tolerable levels of brush are achieved, preventing  the re-

establishment of brush species will extend the benefit of a previous 

treatment like herbicide use or mechanical applications like use of 

hydrolic shears.

Once tolerable levels of brush are achieved, preventing  the re-

establishment of brush species will extend the benefit of a previous 

treatment like herbicde use or mechanical applications like use of 

hydrolic shears.
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White-tailed deer Rio Grande Wild Turkey Northern bobwhite

Precribed Fire Prescribed fire can be used to suppress woody growth while 

improving grass and forb productivity.

Prescribed fire can be used to suppress woody growth while 

improving grass and forb productivity.

Prescribed fire can be used to suppress woody growth while 

improving grass and forb productivity.

Habitat Goal Burning conducted in winter and early spring are effective at 

suppressing woody plant growth, while improving grass and forb 

production and nutrient cycling.  Periodic fires are valuable for deer 

as it promotes growth of forbs that they use as food source.  Allow 

at least 60-90 days before allowing livestock to graze under normal 

rainfall conditions. Throughout much of central Texas, a burn interval 

of 5-7 years is considered desirable to keep juniper in check while 

promoting regrowth of broad-leafed plants and grasses.  

The Prescribed Burn Alliance of Texas has online courses on fire 

ecology and how to conduct a prescribed burn as well as links to 

prescribed burn associations around the state.

Burning conducted in fall and winter will benefit wild turkey.  Avoid 

burning in spring or early summer during nesting activities. Winter 

burning stimulates forb growth and invertebrates, both are used as 

food sources by wild turkey. Creating patchwork of burned and 

unburned areas promotes habitat diversity and leaves escape and 

nesting cover for wild turkey to use. Throughout much of central 

Texas, a burn interval of 5-7 years is considered desirable to keep 

brush in check while promoting regrowth of broad-leafed plants and 

grasses.  With normal rainfall, allow at least 60-90 days for plants to 

recover before grazing. SeeCathey et al (2007) for more thorough 

discussion.  The Prescribed Burn Alliance of Texas has online 

courses on fire ecology and how to conduct a prescribed burn as 

well as links to prescribed burn associations around the state.

Burning conducted in fall and winter will benefit Northern bobwhite. 

 Avoid burning in spring or early summer so as to not harm nesting 

activities. Burning during this time is effective at suppressing woody 

plant growth, while improving grass and forb production and nutrient 

cycling.  Valuable for northern bobwhite as it promotes growth of 

forbs that they use as food source.  Throughout much of central 

Texas, a burn interval of 5-7 years is considered desirable to keep 

juniper in check while promoting regrowth of broad-leafed plants and 

grasses.  With normal rainfall, allow at least 60-90 days for plants to 

recover before grazing.  The Prescribed Burn Alliance of Texas has 

online courses on fire ecology and how to conduct a prescribed burn 

as well as links to prescribed burn associations around the state.

Cowbird Removal Cowbirds have little effect on deer Cowbirds have little effect wild turkey Cowbirds have little effect on quail

Habitat Goal    

Game and Exotic Harvest Harvest white-tailed deer and exotic livestock to maintain habitat in 

good condition. A deer to 15-20 acres is a typical recommendation 

within the breeding range of Black-capped vireo.

Harvest white-tailed deer and exotic livestock to maintain habitat in 

good condition. A deer to 15-20 acres is a typical recommendation 

within the breeding range of Black-capped vireo.

Harvest white-tailed deer and exotic livestock to maintain habitat in 

good condition. A deer to 15-20 acres is a typical recommendation 

within the breeding range of Black-capped vireo.

Habitat Goal Harvest white-tailed deer and exotic livestock to maintain habitat in 

good condition. A deer to 15-20 acres is a typical recommendation 

within the breeding range of Black-capped vireo.

Harvest white-tailed deer and exotic livestock to maintain habitat in 

good condition. A deer to 15-20 acres is a typical recommendation 

within the breeding range of Black-capped vireo.

Harvest white-tailed deer and exotic livestock to maintain habitat in 

good condition. A deer to 15-20 acres is a typical recommendation 

within the breeding range of Black-capped vireo.
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Black-capped vireo Bell's vireo Painted bunting

Livestock Class: Best Cattle: yearlings Cattle: yearlings Cattle: yearlings

Habitat Goal Livestock should be used to influence habitat in a positive way that 

preserves nesting sites for Black-capped vireos. Grazers like cattle 

consume only limited amounts of brush/shrubs. Studies have shown 

that goats prefer browse species when available, while sheep will 

consume grass, forbs and browse. Shrubs like shinnery oak, 

redbud, hackberry, some juniper in kidney-shaped small mottes 

create nesting places for Black-capped vireos.

Livestock should be used to maximize a diversity of brush, forb, 

grass species.  Grazers like cattle can help balance grass and 

forbes, which provide cover and many cases food. Grazing can used 

to manipulate the structure of vegetation which can help to maintain 

optimal habitat conditions (Hernandez and Guthery, 2012).  When 

cattle have a choice, their diet consists of more than 80% grass and 

usually less than 10% browse (Lyons and Wright, 2003)

Livestock should be used to maximize a diversity of brush, forb, 

grass species.  Grazers like cattle can help balance grass and 

forbes, which provide cover and many cases food. Grazing can used 

to manipulate the structure of vegetation which can help to maintain 

optimal habitat conditions (Hernandez and Guthery, 2012).  When 

cattle have a choice, their diet consists of more than 80% grass and 

usually less than 10% browse (Lyons and Wright, 2003)

Livestock Class: Second Cattle: cow/calf Cattle: cow/calf Cattle: cow/calf

Habitat Goal Resist the temptation to keep cows too long as range conditions 

deteriorate with advancing drought.  Drought Monitor Map

Resist the temptation to keep cows too long as range conditions 

deterioate with advancing drought

Resist the temptation to keep cows too long as range conditions 

deterioate with advancing drought

Stocking Rate: Best Light Light Light

Habitat Goal Having too much grass is rare in western Texas, consequently 

limited grazing pressure will help assure adequate forage and 

reduce browsing woody shrubs.  Stocking rates can be calculated 

with AgriLife Extension smartphone app Stocking Rate Calculator 

for Grazing Livestock.

Having too much grass is rare in western Texas, consequently 

limited grazing pressure will help assure adequate forage, thus 

maintaining a good balance of grass, woody plants, and forbes.

Having too much grass is rare in western Texas, consequently 

limited grazing pressure will help assure adequate forage, thus 

maintaining a good balance of grass, woody plants, and forbes.

Stocking Rate: Second Moderate Moderate Moderate

Habitat Goal If excellent range conditions exists, cattle can be used to consume 

grass to help manage prescribed burning fuel loads.  Stocking rates 

can be calculated with AgriLife Extension smartphone appStocking 

Rate Calculator for Grazing Livestock.

If excellent range conditions exits, cattle can be used to consume 

grass to help manage prescribed burning fuel loads.  Cattle can also 

be used to create some bare ground to allow access to seeds 

created by forbs.

If excellent range conditions exits, cattle can be used to consume 

grass to help manage prescribed burning fuel loads.  Cattle can also 

be used to create some bare ground to allow access to seeds 

created by forbs

Deferred Stocking Remove livestock prior to drought conditions Remove livestock prior to drought conditions Remove livestock prior to drought conditions

Habitat Goal If grasses are limited due to extended drought, removing livestock 

for a period of time may be necessary to maintain existing 

vegetation.  Consult with your local County Extension Agent or 

Rangeland Specialist to learn more. Drought Monitor Map

If grasses are limited due to extended drought, removing livestock 

for up to 2 years may be necessary to maintain existing vegetation. 

 Adequate nesting cover, preferably bunch grasses like little 

bluestem, from the previous growth season are needed for nesting 

sites.

If grasses are limited due to extended drought, removing livestock 

for up to 2 years may be necessary to maintain existing vegetation. 

 Adequate nesting cover, preferably bunch grasses like little 

bluestem, from the previous growth season are needed for nesting 

sites.
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Black-capped vireo Bell's vireo Painted bunting

Grazing System Rotational: High intensity, low frequency Rotational: High intensity, low frequency Rotational; High Intensity, Low Frequency

Habitat Goal Rotational grazing is done to move cattle from pasture to pasture to 

give grasses rest from grazing to allow recovery.  See Grazing 

Systems for Profitable Ranching

Rotational grazing is done to move cattle from pasture to pasture to 

give grasses rest from grazing to allow recovery (Wilkins and 

Swank, 1992).  See Grazing Systems for Profitable Ranching

Rotational grazing is done to move cattle from pasture to pasture to 

give grasses rest from grazing to allow recovery (Wilkins and 

Swank, 1992).  See Grazing Systems for Profitable Ranching

Grazing Exclosures Install at least a 10X10 ft grazing exclosure per habitat type on the 

property.

Install at least a 10X10 ft grazing exclosure per habitat type on the 

property.

Install at least a 10X10 ft grazing exclosure per habitat type on the 

property.

Habitat Goal Grazing exclosures allow for visual assessments between 

grazed/browsed and ungrazed/unbrowsed plants to monitor pressure 

on plants. This technique can be used to adjust stocking rates.

Grazing exclosures allow for visual assessments between 

grazed/browsed and ungrazed/unbrowsed plants to monitor pressure 

on plants. This technique can be used to adjust stocking rates.

Grazing exclosures allow for visual assessments between 

grazed/browsed and ungrazed/unbrowsed plants to monitor pressure 

on plants. This technique can be used to adjust stocking rates.

Water Distribution Black-capped vireos meet water needs through their diet. Riparian areas are important nesting habitat for Bell's vireo. The 

majority of their water is attained through their diet.

 

Habitat Goal    

Herbicide Use When brush canopy coverage exceeds 60%, herbicides can be 

used to reduce coverage to more tolerable levels.

When brush canopy coverage exceeds 60%, herbicides can be 

used to reduce coverage to more tolerable levels.

When brush canopy coverage exceeds 60%, herbicides can be 

used to reduce coverage to more tolerable levels.

Habitat Goal When ashe juniper canopy coverage becomes excessive, hydraulic 

shear can be used to reduce coverage to more tolerable levels. 

See Juniper Biology and Management in Texas

Bell's vireo requires scattered brush and tree species (not too dense 

or sparse) with adequate understory vegetation of native grasses 

and forbs, especially in riparian areas.  Herbicides can be used to 

reduce canopy coverage. See RM-1466 for species, herbicides and 

applications.

Painted bunting thrive in partly open situations with scattered brush 

and trees, or scattered strips of woodlands between open or 

partically overgrown fields.  Herbicide can be used to reduce canopy 

coverage. See B-1466 for species, herbicides and applications.

Hydraulic Shears When brush canopy coverage becomes excessive, hydraulic shear 

can be used to reduce coverage to more tolerable levels.

When brush canopy coverage exceeds 60%, hydraulic shears can 

be used to reduce coverage to more tolerable levels.

When brush canopy coverage exceeds 60%, hydraulic shears can 

be used to reduce coverage to more tolerable levels.

Habitat Goal When ashe juniper canopy coverage becomes excessive, hydraulic 

shear can be used to reduce coverage to more tolerable levels. 

See Juniper Biology and Management in Texas

When ashe juniper canopy coverage becomes excessive, hydraulic 

shears can be used to reduce coverage to more tolerable levels. 

See Juniper Biology and Management in Texas

When ashe juniper canopy coverage becomes excessive, hydraulic 

shears can be used to reduce coverage to more tolerable levels. 

See Juniper Biology and Management in Texas

Hand Grubbing When brush canopy coverage is between 30-60%, hand grubbing 

can be used to remove brush seedlings to help prevent re-

establishment. 

When brush canopy coverage is within tolerance levels, hand 

grubbing can be used to remove brush seedlings to help prevent re-

establishment.

When brush canopy coverage is within tolerance levels, hand 

grubbing can be used to remove brush seedlings to help prevent re-

establishment.

Habitat Goal Once tolerable levels of brush are achieved, preventing the re-

establishment of brush species will extend the benefit of a previous 

treatment like herbicde use or mechanical applications like use of 

hydrolic shears.

Once tolerable levels of brush are achieved, preventing  the re-

establishment of brush species will extend the benefit of a previous 

treatment like herbicde use or mechanical applications like use of 

hydrolic shears.

Once tolerable levels of brush are achieved, preventing  the re-

establishment of brush species will extend the benefit of a previous 

treatment like herbicde use or mechanical applications like use of 

hydrolic shears.
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Black-capped vireo Bell's vireo Painted bunting

Precribed Fire Prescribed fire can be used to suppress woody growth while 

improving grass and forb productivity.

Prescribed fire can be used to suppress woody growth while 

improving grass and forb productivity.

Prescribed fire can be used to suppress woody growth while 

improving grass and forb productivity.

Habitat Goal 1. To control small juniper, cool season burns that are low intensity, 

small and scattered on the landscape, conducted prior to March 15, 

help maintain the open shrublands preferred by Black-capped vireos 

2. To create habitat, burning during late spring and early fall can be 

used to set back plant succession. Warm season burns should only 

be conducted in areas not occupied by Black-capped vireos 3. On 

grazed rangeland, prescribed burns should be coordinated with 

livestock rotation to allow for deferments to build adequate fuel 

loads. With normal rainfall, allow at least 60-90 days for plants to 

recover before grazing. 4. Throughout much of central Texas, a burn 

interval of 5-7 years is considered desirable to keep juniper in check 

while promoting regrowth of broad-leafed plants 5. Black-capped 

vireo habitat in the western Edwards Plateau and eastern Trans-

Pecos is more stable: consult your local NRCS, TPWD, or AgriLife 

County Extension Agent to better understand prescribed fire in 

these regions 6. The Prescribed Burn Alliance of Texas has online 

courses on fire ecology and how to conduct a prescribed burn as 

well as links to prescribed burn associations around the state.

Burning conducted in fall and winter will benefit Bell's vireo.  Avoid 

burning in spring or early summer so as to not harm nesting 

activities. Winter burning stimulates forb growth and invertebrates, 

both used as food sources by wild turkey. Creating patchwork of 

burned and unburned areas promotes habitat diversity and leaves 

escape and nesting cover for wild turkey to use. Throughout much of 

central Texas, a burn interval of 5-7 years is considered desirable to 

keep juniper in check while promoting regrowth of broad-leafed 

plants and grasses.  With normal rainfall, allow at least 60-90 days 

for plants to recover before grazing.  See Cathey et al (2007) for 

more thorough discussion.

Burning conducted in fall and winter will benefit Painted buntings. 

 Avoid burning in spring or early summer so as to not harm nesting 

activities. Winter burning stimulates forb growth and invertebrates, 

both used as food sources by wild turkey. Creating patchwork of 

burned and unburned areas promotes habitat diversity and leaves 

escape and nesting cover for wild turkey to use. Throughout much of 

central Texas, a burn interval of 5-7 years is considered desirable to 

keep juniper in check while promoting regrowth of broad-leafed 

plants and grasses.  With normal rainfall, allow at least 60-90 days 

for plants to recover before grazing.  See Cathey et al (2007) for 

more thorough discussion.

Cowbird Removal Initiate Brown-headed Cowbird Control Initiate Brown-headed Cowbird Contro Initiate Brown-headed Cowbird Control

Habitat Goal Black-capped vireos are susceptible to nest parasitism by cowbirds, 

who lay their eggs in the nest of others for the foster parent to feed 

and fledge.  Reducing cowbird numbers by trapping and shooting 

lessens the nest parasitism, which is especially important for rare 

species like the Black-capped vireo (Summers, Kostecke, and 

Norman, 2006). Learn the best trapping techniques at theTPWD 

Online Cowbird Certification Training website.

Bell’s vireos are susceptible to nest parasitism by cowbirds, who lay 

their eggs in the nest of others for the foster parent to feed and 

fledge.  Reducing cowbird numbers by trapping and shooting 

lessens nest parasitism. Learn the best trapping techniques at 

theTPWD Online Cowbird Certification Training website.

Painted buntings are susceptible to nest parasitism by cowbirds, 

who lay their eggs in the nest of others for the foster parent to feed 

and fledge.  Reducing cowbird numbers by trapping and shooting 

lessens nest parasitism. Learn the best trapping techniques at 

the TPWD Online Cowbird Certification Training website.

Game and Exotic Harvest Harvest white-tailed deer and exotic livestock to maintain habitat in 

good condition. A deer to 15-20 acres is a typical recommendation 

within the breeding range of Black-capped vireo.

Harvest white-tailed deer and exotic livestock to maintain habitat in 

good condition. A deer to 15-20 acres is a typical recommendation 

within the breeding

Harvest white-tailed deer and exotic livestock to maintain habitat in 

good condition. A deer to 15-20 acres is a typical recommendation 

within the breeding range of Black-capped vireo.

Habitat Goal Harvest white-tailed deer and exotic livestock to maintain habitat in 

good condition. A deer to 15-20 acres is a typical recommendation 

within the breeding range of Black-capped vireo.

Excessive browsing by white-tailed deer and exotic ungulates can 

impact brush species used as nesting cover.  Evidence of hedging 

or a browse line on brush species suggest overabundance of these 

animals and this should be corrected by increased harvest.

Excessive browsing by white-tailed deer and exotic ungulates can 

impact brush species used as nesting cover.  Evidence of hedging 

or a browse line on brush species suggest overabundance of these 

animals and this should be corrected by increased harvest.
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Appendix F: Proposed draft program agenda for field day 

Texas A&M AgriLife Extension Service  

Benefits of game management for Black-capped Vireos 

25 April 2014 

Kerr Wildlife Management Area, Ingram, TX 

Sponsored by: 

Texas Wildlife Association 

Texas Parks and Wildlife Department 

U. S. Fish and Wildlife Service  

 

Seminars 25 April 2014 

7:00 AM –   8:00 AM  Registration 

8:00 AM –   8:10 AM  Welcome and purpose 

Roy Walston, County Extension Agent, Texas A&M AgriLife  

Extension Service 

8:10 AM –   8:40 AM  Biology and population status of Black-capped Vireo 

Dr. Jim Cathey, AgriLife Extension Service 

8:40 AM –   9:10 AM  Black-capped Vireo habitat needs for nesting and brood rearing 

Dr. Andy Campomizzi; Institute of Renewable Natural Resources 

9:10 AM –  9:40 AM  Techniques for brush management to benefit game and rare species 

Brian Hays; Institute of Renewable Natural Resources 

9:40 AM - 10:10 AM  Mixing livestock and Black-capped Vireo management 

 

10:10 AM – 10:15 AM Break 

 

10:15 AM – 10:45 AM Importance of grassland-shrubland areas for game and Black-

capped Vireos species 

Steve Nelle, Natural Resource Conservation Service (ret.) 

10:45 AM – 11:15 AM Benefits of Landscape Conservation Cooperatives 

    Dr. Roel Lopez, Institute of Renewable Natural Resources 

11:15 AM – 11:45 AM Conservation efforts on the Kerr WMA 
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    Ryan Wright, Texas Parks and Wildlife 

12:00 PM –   1:00 PM Lunch 

 

Field Activities, 25 April 2014 

1:00 PM –   4:00 PM In the field 

 

Prescribed fire to enhance wildlife habitat 

Plant identification and important food items 

Predator management 

Thoughts of a land steward 

 

4:00 PM – 5:00 PM Evaluation and Adjourn 
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Appendix G: Roles of natural resource agency professionals 

Texas A&M AgriLife Extension Service 

Mission 

Improving the lives of people, businesses, and communities across Texas and beyond through 

high-quality, relevant education. 

Natural resource positions 

County Extension Agent: County Extension Agents are based in every county in Texas to serve 

the needs of the residents of that county.  These Agents provide information and resources on a 

wide scale covering agriculture and natural resources. 

Wildlife Specialist: Wildlife Specialists provide expertise related to wildlife species in a region to 

assist County Extension Agents.  

 

Natural Resources Conservation Service 

Mission Statement 

The Natural Resources Conservation Service (NRCS) is a federal agency that works hand-in-

hand with the people of Texas to improve and protect their soil, water and other natural 

resources. 

Natural resource positions 

District Conservationist: District Conservationists work at the field level, and assist in carrying 

out a comprehensive soil and water conservation program to meet the needs of the local 

landowners, farmers, and the community. 

Rangeland Management Specialist: Work with landowners to develop grazing management 

plans based on the soils and plant species on the property, as well as mapping services. 

 

Texas A&M Forest Service 

Mission 

Texas A&M Forest Service provides statewide leadership to assure the state's trees, forests and 

related natural resources are protected and sustained for the benefit of all. 
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Natural resource positions 

Staff Forester: Works with landowners to conduct forest management activities, including 

developing stewardship plans. 

Resource Specialist: Conducts wildfire suppressive activities and serves as emergency responder 

on a statewide basis. 

 

Texas Parks and Wildlife 

Mission 

To manage and conserve the natural and cultural resources of Texas and to provide hunting, 

fishing and outdoor recreation opportunities for the use and enjoyment of present and future 

generations. 

Natural resource positions 

Wildlife Biologist: Wildlife Biologists conduct habitat management activities on state-owned 

lands to enhance wildlife habitat and provides opportunities for hunting, fishing, and nature 

tourism to the public.  They also conduct outreach events for landowners to demonstrate 

different habitat management practices landowners can do on their land. 

Wildlife Diversity Biologist: Wildlife Diversity Biologists provide a local resource for 

landowners as well as leadership within local research, planning and outreach initiatives to 

conserve rare species and areas with high conservation value across the state. 

Technical Guidance Biologist: Provide advice and information to private landowners interested 

in the conservation and development of wildlife habitat on their property.  Assist interested 

landowners to develop a Wildlife Management Plan to guide habitat management activities on 

the property.
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Appendix H: Contact information for non-governmental conservation organizations 

Organization Name Website Phone 

Texas   

Central Texas Conservation Partnership texasconservation.org/ NA 

Dallas Safari Club www.biggame.org/ 972.980.9800 

Environmental Defense Fund www.edf.org/texas 512.478.5161 

Hill Country Alliance www.hillcountryalliance.org/HCA/Home 512.560.3135 

Keeping Texas First texasahead.org/texasfirst/ 512.389.3384 

National Wild Turkey Federation  www.nwtf.org/texas/ 817.437.3014 

Prescribed Burn Alliance of Texas www.tpwd.state.tx.us/landwater/land/technical_gui

dance/burn/ 

512.389.4800 

Quail Coalition quailcoalition.org/ NA 

Quail Forever www.quailforever.org NA 

Southwestern Cattle Raisers Association www.texascattleraisers.org/ 800.242.7820 

Taking Care of Texas www.takingcareoftexas.org/ 512.610.0043 

Texas Audubon tx.audubon.org/ 254.366.6280 

Texas Farm Bureau www.texasfarmbureau.org/ 254.772.3030 

Texas Organization of Wildlife Management Association www.towma.org/ 361.575.8007 

Texas Riparian Association texasriparian.org/ 979.575.4424 

Texas Wildlife Association www.texas-wildlife.org/ 800.839.9453 

The Nature Conservancy www.nature.org/ourinitiatives/regions/northameric

a/unitedstates/texas/index.htm 

800.628.6860 

Wildlife Habitat Federation www.whf-texas.org/ NA 

Oklahoma   

Environmental Defense Fund www.edf.org 512.478.5161 

Noble Foundation www.noble.org/ 580.223.5810 

Oklahoma Audubon Council www.okaudubon.org/ NA 

Oklahoma Farm Bureau www.okfarmbureau.org/ NA 

Oklahoma National Wild Turkey Federation www.nwtf.org/oklahoma/ NA 

Oklahoma Wildlife Federation www.okwildlife.org/ 405.721.3530 

The Nature Conservancy www.nature.org/ourinitiatives/regions/northameric 918.585.1117 
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a/unitedstates/oklahoma/index.htm 

Mexico   

Conservation International www.conservation.org/global/mexico/Pages/partne

rlanding.aspx 

NA 

Especies, Sociedad y Habitat, A.C. www.eshaconservacion.org/online/ NA 

Naturalia www.naturalia.org.mx/es/inicio/index.aspx NA 

Profauna www.profauna.org.mx NA 

Pronatura Mexico www.pronatura.org.mx NA 

The Nature Conservancy www.nature.org/ourinitiatives/regions/northameric

a/mexico/index.htm 

NA 

World Wildlife Fund wwf.panda.org/who_we_are/wwf_offices/mexico/ NA 
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Appendix I: Example evaluation of extension programming
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Appendix J: Social media outlets for communication and extension strategy 

Social media website URL 

Trinity Waters trinitywaters.org/ 

Trinity Waters Facebook www.facebook.com/TrinityWaters 

Trinity Waters Twitter twitter.com/trinityWaters 

Trinity Waters Scoopit www.scoop.it/t/trinity-river-basin 

WFSC AgriLife YouTube Channel www.youtube.com/user/WFSCAgriLife 

Wild Wonderings Blog, Texas A&M 

AgriLife Extension Service 

wild-wonderings.blogspot.com/ 

 


